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l. Quick Start
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Install and Run NL5

Install NL5

One of NL5 advantages is that it consists of only one file: n15.exe. NL5 does not require special
installation, simply copy n15.exe into any directory. You may have several copies of n15.exe in
different directories. To move NL5 to another computer, just copy n15.exe, that’s all.

The following files are not required, but, if used, should be located in the same directory as n15.exe:

o @ nl5.chm - NL5 help file.
e [@] n15.n11 - NLS5 license file.

To create NL5 icon in the desktop, right-click on n15.exe in the Windows Explorer and select Send To
| Desktop (create shortcut) command.

Latest revision of NL5 can be found at nl5.sidelinesoft.com.

12
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NL5 file types

There are several file types registered for NL5 schematic and analysis data. Each type has designated

extension and icon.

Icon Extension Description
T
nl5 Schematic
_—
nl5~ Schematic backup
A nlp Preferences
L1 1]
ih nlt Transient data (binary)
_—
E nlf AC data (binary)
_—
@ @ nll License file
@ @ nlc NL5 component

If NL5 is started from command line, one or more files of those types can be used as parameters. For

example:

>nl5.exe rc.nlb

>nl5.exe tran.nlt
>nl5.exe rc.nlb5 pref.nlp

- download schematic rc.nl15

- download transient data from tran.nit
- download schematic rc.n15 and preferences from pref.nlp

File with “txt” extension being used as a parameter in the command line is considered to be a script.
Script will be executed immediately. For example:

>nl5.exe script.txt

- download and run script from script.txt

13
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Run NL5

To run NL5, double click on n15.exe or on the NL5 icon @ . “Splash screen” window with version,
date, and license information will show up:

NL5 Circuit Simulator

Yergion 21 [Build 2, 04/02/2018]
Copyright ©71334-2016, A Smirnow

[E] Licenze |D: D984-EB1D-4717-84CF
Licensed to:

The window disappears in a few seconds.
NL5 can also be started from command line, with or without switches and parameters.

Switches. Switch is a text starting with ‘-’ or /> symbol. The following switches can be used in the
command line:

-http . start HTTP server
-scope . open Scope tool window
For example:

>nl5.exe -http

Parameters. Parameters are file names. One or more file names of different types can be used as
parameters. For example:

>nl5.exe rc.nlb - download schematic rc.nl15
>nl5.exe tran.nlt - download transient data from tran.nlt
>nl5.exe rc.nl5 pref.nlp - download schematic rc.n15 and preferences from pref.nilp

File with “txt” extension being used as a parameter in the command line is considered to be a script.
Script will be executed immediately. For example:

>nl5.exe script.txt - download and run script from script.txt

14
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Create and Simulate Your First Schematic

Enter schematic

Entering and editing can be done using keyboard keys, mouse, or both. Here are step-by-step
instructions how to enter a simple schematic using keyboard.

When NL5 opens, an empty schematic is created. A red cursor is located in the middle of the screen and
IS pointing to the right.

Press Space to switch to drawing mode.

Press Arrow Down several times to draw short wire downward.

Press V key and then press Enter to place a voltage source.

Press G key to place a ground. Now cursor is switched back to selection mode.
Press Arrow Up several times to move cursor back to the starting point.

Press Arrow Right to change direction; then press Space to switch to drawing mode.
Press Arrow Right several times to draw a short horizontal wire.

Press R key and then press Enter to place a resistor.

Press Arrow Right several times again; then press Arrow Down several times.
Press C key and then press Enter to place a capacitor.

Press G key to place a ground. Schematic is ready.

Here is what you are expected to see:

nl1 - Schematic (modified)

Sheet] [kt [ ol [ Click to seroll schematic
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Edit component parameters

Now you will use mouse to select a component, and keyboard to enter parameters.

e Double click on the voltage source V1. The Components window will show up. On the left pane
V1 should be selected. Right pane shows component name (V1), model (V) and parameters (just
one parameter, “V”).

e Click =1 button located right to the model name. A drop down window will show available
models for the voltage source.

e Select Pulse.

e Double click on the resistor R1 on the left pane. A resistance value “le+3” will be selected on
the right pane.

e Press 1 (“one”) key, resistance will change to 1 Ohm.

e Double click on the capacitor C1 on the left pane, then change capacitance “le-9” to “1”.

Components are ready. Here is a result:

nll - Components ﬂ

% | MIE| ¥1Q | #{e 0

E7
|Name ’Ualue ’ |E1 |E Izl
C F
Fi1 1

IC W

LAl Pulze
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Transient settings

Click Transient settings Toolbar button Y , or select Transient | Settings command in the Main
Menu. You don’t need to change anything here, but you can, if you wish. Click OK button.

Transient Settings

X

— Interval and calculation step

Iq Start, = Ilze curent screen
I'I 0 Screen, =
I'I &3 Calculation step, =

— Data zampling ztep
¥ Same az calculation [zave all data]

" Less than or equal to: I.I =3 .
" Equal bo:
— Optionz
[ Run unti: I

v Save data before Start

Advanced... | ] Cancel
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Transient data

E

Click Transient data Toolbar button | == |, or select Transient | Data command in the Main Menu.
Make sure Traces tab is selected.

e Inthe Add new trace box select V (voltage trace).

e Double-click on V1 and C1 in the components list. VVoltage traces will be added to the traces list.
e Click Close button.

Here is window view (before it closed):

x
EEEHB 2R | =X | nEe+sH
Traces | Su:reenl Eursu:ursl Table I Stnragel ¥ Check ta display on the graph

&dd new trace [ v
[¥IE1) 4 Add

— Trace: W[C1]

I.-’-'-.nalu:ug j tode

|'||:| j Scale

|o Mid 3

[+ Lines [~ Data points

o SiGE Checkal  Uncheckal
=1 =] widn

Epply Cloze
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Run transient

Click Start transient Toolbar button =
transient will be calculated and displayed:

nl1 - Transient ﬂﬂ

, or select Transient | Start command in the Main Menu. A

F Y

""" N vivy 8
v |

_______________________________________________________________________________________________________

___________________________________________________________________________________________________

Bun t= 10 21 MB Click to move cursor
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AC settings

Click AC settings Toolbar button T , or select AC | Settings command in the Main Menu.

e Click on the Name drop-down list in the AC source box and select V1.
e Click OK button.

AC Settings

x|

— AL zource kethod ; ILinearize schematic j
@ I‘ﬂ j M arme
[T Calculate DC operating paint
— Frequency : I [Rteryal TI
|1 e | Fram, Hz
|1 e+ To, Hz
|500 ~| Paints
ILu:ug j Scale
Uze current screen
— Eamma and WSwWH
|50 +i[0 Z0, Ohm
Advanced... | k. Cancel
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AC data

Click AC data Toolbar button i , or select AC | Data command in the Main Menu. Make sure

Traces tab is selected.

e Inthe Add new trace box select V (voltage trace).
e Double click on C1 in the components list. AC voltage trace will be added to the traces list.

e Click Close button.

Here is window view (before closing):

&
By e % = X b/ &

Traces | Sn::reenl Eurs::nrsl T able I Stn:nragel

=2 EE

—Add new trace

|ux[|:1]

L fdd

— Trace: W[C1]

I M agiPhaze j Dizplay

I'I vI WWidth

|1 vI Phase width

¥ Check to dizplay on the araph

Check all Uncheck all

Amply Cloze

21



Run AC

Click Start AC Toolbar button '™, or select AC | Start command in the Main Menu. An AC response
will be calculated and displayed:

-100 dB

Run Click to move cursor
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NL5 License

Without a license, NL5 operates as a Demo version. Demo version has all full-function features
available, however the total number of components in the schematic is limited to 20. Although Demo
version does not allow entering components above the limit, it still can read and simulate demo
schematic with an unlimited number of components, if that schematic was created with a special
License.

Several full-function license types can be ordered at NL5 website nl5.sidelinesoft.com. All licenses are
using license file n15.n11. This file should be located in the same directory as an executable file
nlb.exe.

Single PC License

Single PC License provides full functionality on a single PC only. The license is tied to a specific PC
hardware information: “PC fingerprint”. “PC fingerprint” can be obtained in the License and Support
dialog box (Help | License and Support), and then entered (pasted) into “PC fingerprint” window on
the license ordering form.

Please be aware that some changes in PC hardware, as well as upgrading/reinstalling operating system,
may change the “PC fingerprint”, and thus invalidate the Single PC License.

Single PC License is offered free of charge for limited period of time as a Trial License. After trial
period expired, temporary or permanent Single PC License can be purchased. Please visit NL5 website
nl5.sidelinesoft.com for details.

Personal License
Personal License allows unlimited use of NL5 on any PC. The license is issued to a person (not a

Company!), and can be installed only on computers where the license owner is using NL5 on regular
basis.

Company Licenses

Two types of Company licenses are provided: Subscription License, and Unlimited License. Please
visit NL5 website nl5.sidelinesoft.com for details regarding price, terms, and limitations of license types.
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NL5 DLL

NL5 DLL is a standard Windows dynamic-linked library (DLL) included into NL5 Circuit Simulator
package. It performs transient simulation of circuits created by NL5 Circuit Simulator, provides raw
simulation data, allows modification of circuit parameters, adding data traces, and some other operations
through DLL API functions. NL5 DLL can be used as an analog simulator which is started and
controlled from other applications and tools (MATLAB, Python, custom C/C++ code) , and as an analog
co-simulation tool working with digital simulation tools, for example SystemVerilog simulators
(through DPI interface).

Current released Version and Revision of NL5 DLL is always the same as Version and Revision of NL5
Circuit Simulator. This guarantees full compatibility in terms of components, models, features, and
performance. However, there is nothing wrong in using different Versions/Revisions of DLL and NLS5.

Current Build of DLL can be different from NL5, due to possible DLL and NL5 specific fixes and
modifications.

NL5 DLL is distributed as part of NL5 complete package, as well as separate, DLL only compressed
file. The package, all files, and documentation can be found at nl5.sidelinesoft.com.

NL5 DLL does not require a license. Instead, it can simulate only files created by NL5 Simulator
running with the License which has DLL option enabled. For demonstration purposes, small files
(containing not more than 10 components) still can be simulated without DLL option.

Please refer to NL5 DLL Manual for detailed information.
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NL5 Graphical User Interface (GUI) is based on a standard Microsoft Windows Multi-Document
Interface (MDI) architecture. It consists of different interface components, such as windows, dialogs,
menus, toolbars, etc. NL5 supports many commands and shortcuts that are commonly used in Windows
applications, for instance: Edit | Copy (Ctrl-C), Edit | Paste (Ctrl-V), Window | Tile, using of Ctrl
key along with mouse for select/copy operation, using window scrollbars, etc. Other commands are very
intuitive, so that it would not take long to start working with schematic.

Preferences are used to customize application “look and feel” and default parameters.
Printing allows convenient layout and formatting of windows to be printed.

Data format used in NL5 mostly complies with common engineering and scientific practice. It makes it
easy to learn and use by any person, familiar with other popular tools.
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Graphical User Interface

Main Window

NL5 Main Window and its components are shown below:

. (=[]
Main Menu Bl Edt Schematc Trarskerk &7 Tgos Widow el
Main Toolbar ——— [C=R & e|[Erv>-][@TRe 2dpX|[CTE s X |20s 2
Selection Bar ——————— | . % + @ — e e S Tk S S =

4
; ) e fa fe Ao AF {1 f0 fR A5 AT AV W e v
Navigation Bar ——— =@

I

Document Windows: «?
e Schematic o

e Transient ———> E

e Transient Tools #,

¢ AC Ea

e AC Tools

Other Windows

e Components -
e Variables ——|m
e Transient/AC Data
e Tools

Status Bar >

Document Toolbar
e Schematic
e Transient
e AC
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Main Menu

Main menu contains standard Windows menus (such as File, Edit, Window, Help), and NL5 specific
(Schematic, Transient, AC, Tools).

File:

Edit:

B %<
[ ]

Y5 X

New (Ctrl-N). Create a new document (schematic).
Open (Ctrl-O). Select a file and open NL5 document.
Save (Ctrl-S). Save active document into its current file.
Save As... Select file name and save active document.

Save As encrypted... Select file name and save active document with password. To open
encrypted document, the same password should be entered.

Save all. Save all currently opened documents.

Close. Close active document.

Properties... Open Schematic Properties dialog box.

Print Setup... Open Print Setup dialog box.

Preview and print...(Ctrl-P) Preview and print schematic and graphs.

<Most Recently Used files>. Shows up to 10 most recently used files. Click to open the file.
Exit. Close all documents and exit NL5.

Cut (Ctrl-X). Cut selection (copy to clipboard and delete).

Copy (Ctrl-C). Schematic: copy selection to clipboard. Transient and AC: copy all traces to
clipboard.

Paste (Ctrl-P). Schematic: paste from clipboard. Transient and AC: paste traces from clipboard
Delete (Del). Delete selection.

Undo (Ctrl-Z). Undo schematic and component parameters change.

Redo (Ctrl-Y). Reverse undo.

Select All (Ctrl-A). Select all schematic elements.

Select Net. Select schematic element and all wires connected to the element either directly, or
through labels (including other sheets).

Format... Format selected elements.
Preferences... Open Preferences dialog box.
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Schematic:

oo

)

Components (F3). Show/hide Components window.
Variables (F4). Show/hide Variables window.
Check. Check schematic, show warnings and errors.
Tools... Open Schematic Tools dialog box.
Sheets... Open Sheets dialog box.
Groups... Open Groups dialog box.
Parts list... Open Schematic Properties dialog box, Parts list tab.
Attributes
o Name. Show component name on the schematic.
o Value. Show component main value on the schematic.

B ¢ Image
o Copy to clipboard. Copy schematic image to the clipboard.
e o Save as BMP... Save schematic image in a file in bmp format.
I o Save as JPG... Save schematic image in a file in jpg format.
P o Save as PNG... Save schematic image in a file in png format.
Transient:

BYBPBED¥XT L L @

¥
[

Settings... Open Transient Settings dialog box.

Data... Show Transient Data window.

Start (F6). Start transient.

Pause (Space). Pause transient.

Continue (F7, Space). Continue transient.

Stop. Stop transient

Log... Show transient log.

Single transient mode.

Scope transient mode.

Continuous transient mode.

Sweep. Run series of transients transient while changing component parameter or variable.
Save IC. Save current states of all components into their initial conditions (IC).
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S I $ T

—]
o
=
)

il

1 8 T3

0@

Tools

# o DC sweep.

XY diagram.
Amplitude histogram.
Histogram.

FFT.

Eye diagram.
Markers.

o

(@]

Power.
Line snapshot.

FREREHE AN

o O O O O O

Settings... Open AC Settings dialog box.
Data... Show AC Data window.

Start (F9). Start AC analysis

Log... Show AC log.

Sweep. Run series of AC analysis while changing component parameter or variable.

Tools.

o Histogram.
Smith chart.
Nyquist plot.
Nichols plot.
Markers.

o O O O

2@

Script. Open, save, edit, and run script.

Console. Execute commands in the command line.

Sweep. Perform transient and/or AC sweep.
Optimization. Perform transient and/or AC optimization manually iterating schematic

parameters.

HTTP link. Configure and start NL5 HTTP server to provide link with external applications.

Scope. Control oscilloscope, obtain measured traces, and configure Waveform Generator.
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Window:

=
M e
e
B o
)
) o

Help:

Tile Horizontally. Tile all currently opened windows horizontally.
Tile Vertically. Tile all currently opened windows vertically.
Cascade. Cascade all currently opened windows vertically.
Schematic (F2). Show schematic window.

Transient (F5). Open/Show transient window.

AC (F8). Open/Show AC window.

Navigation Bar. Show/hide Navigation Bar.

Selection Bar. Show/hide Selection Bar.

Status Bar. Show/hide Status Bar.

<L.ist of opened windows>. Shows all currently opened windows.

Help (F1). Open context Help (nl5.chm).
About... Show information about NL5 version and license.

License and Support... Show information required for NL5 support, license request, and
Network license configuration.

Check for updates... Obtain information about latest updates (Internet connection required).
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Main Toolbar

Main Toolbar provides fast access to often used commands, and contains 5 groups of buttons:

“D@HI%I%I& EEXEER EREEEREEER A IEREIE S EEEE
- AN J _/ U J\ J
Y Y Y

' I
File/Edit Schematic Transient AC Tools

Move mouse pointer over the button to see a hint with button description.

Status Bar

Status Bar shows some application-related messages, such as:

e Opening documents.
e Saving documents.
e Checking for updates.

Select Window | Status Bar menu command to show/hide Status Bar.

Selection Bar

Selection Bar consists of tabs, one per letter (only if components are available for this letter). Each tab
contains symbols of components of the “letter” type, and 4 common schematic elements: ground, label,
connection point, and NL5 component. The tab “All” contains symbols of all components.

& %+ g@ﬂl'—i'tﬂt%%%%%ﬁﬁﬂ

Sl AAACAD AF AT AL AD AH A5 AT AW AW A=Y

Right-click =
ﬁ Larger

A Smaller

7% Hide Selection Bar

If some components are not visible, click on left/right arrow images to scroll.

Move mouse pointer over component symbol to see a hint with short description of a component.
Click on the symbol to place component on the schematic at current cursor position.

Right-click on the bar to see context menu with relevant commands.

Select Window | Selection Bar menu command to show/hide Selection Bar.
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Navigation Bar

Navigation Bar displays all opened documents and windows, and indicates active document and active

window with highlighted icon.

Active document
Active window

r Close icon

V_Step BJ| | SubCi_é 5| | Notch_AC
Right—cllck Right-click
5ave As... Lo [ Mew ChrhHh
E SEVE Ctr|+5 Eﬂ OpEI‘l CtrH‘O
Close

Schematic Fz

Transienkt FS

[rv] ac Fa

= Tile Horizontally
T Tile Wertically
B Cascade

< Hide Mavigation Bar

Move mouse pointer over the icon to see a hint.
Click on the tab to activate a document.

Click on the Close icon to close a document.

relevant commands.

Click on the window icon to activate a window.

= Tile Horizontally
T Tile Yertically
% Cascade

7 Hide Mavigation Bar

If some tabs are not visible, click on left/right arrow images to scroll.

Right-click on the document tab or empty space of the Navigation Bar to see context menu with

e Select Window | Navigation Bar menu command to show/hide Navigation Bar.

33



EBY NL5 circuit simulator User’s Manual

Document Windows

NL5 document may have several windows opened at the same time:
e Schematic
e Transient
e Transient Tools
e AC
e AC Tools

Schematic, Transient, and AC Windows are part of standard Multi-Document Interface, and basically
behave similar to other Windows applications. Document Windows:

Only one toolbar corresponding to active Document Window is visible at a time.

e Can be minimized and maximized.
e Can be arranged within Main Window (Window | Tile, Window | Cascade).
e Are listed under Window menu.
e Have a related Document Toolbar displayed at the right side of the Main Window.
e Closing Schematic window will automatically close the entire document.
e Use Navigation Bar or Window menu to navigate between these windows IE IE IE
and arrange them on the screen. by R
. . : s s
Transient Tools and AC Tools Windows are not part of the Multi-Document = o o
Interface, and behave different. Tools Windows:
] ++
e Are always “on top” of other windows.
e Are Iistedyunder Tr;ansient | Tools and AC | Tools menus. E
i 1
# X ¥
=]
O
B e«
Ny u
£ o 3
Document Toolbars provides fast access to commands related to active Document o S
window. There are 3 types of Document toolbar: g R W
| P9 BB
e Schematic toolbar - A E E
e Transient toolbar > E 2
e AC toolbar =
P
A -
2,
J7
o
et
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Other Windows

Other Windows are not part of the Multi-Document Interface, however they remain open all the time,
and do not need to be closed to switch to another window. These windows always show information
related to current active document. Switching between documents automatically updates information in
these windows. Those windows include:

e Components Window (Schematic | Components, or F3)
e Variables Window (Schematic | Variables, or F4)

e Transient and AC Data (Transient/Data, AC/Data)

e Tools (Tools | Script, Tools | Sweep, etc.)

Dialog boxes

Unlike Windows, Dialog boxes must be closed to return to the Main Window. Typically, Dialog boxes
have OK and Cancel buttons, and some have Close button. Examples of the Dialog box are:

Preferences (Edit | Preferences).
Schematic Tools (Schematic | Tools).
Transient Settings (Transient | Settings).
...and more.

Help

NL5 help file n15.chm should be located in the same directory as n15.exe. The file contains quick
reference information, such as description of operators, functions, commands, components, and models.
For detailed information refer to this Manual. To open Help select Help | Help Main menu command.

For context Help, click F1 hot key anywhere in the program, or Help button E , Which is available in
some windows and dialog boxes.

If you cannot see content of Help file, most likely the file is blocked. To unblock:
e Locate n15.chm file in the NL5 directory

¢ Right-click the file, and then click Properties
e Click Unblock
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Hot keys

F1 - Help

F2 - Show schematic window

F3 - Show/hide components window
F4 - Show/hide variables window
F5 - Show transient window

F6 - Start transient

F7 - Continue transient

F8 - Show AC window

F9 - Start AC
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Preferences

NLS5 preferences are used to customize different features of the application, such as “look and feel”
(fonts, colors), default parameters, memory management, etc. Preferences apply to the whole
application, not to the particular document (schematic). Changing preferences does not affect simulation
results.

Preferences are stored in the file n15.n1p, located in the same directory as n15.exe. Preferences are
saved into the file every time Apply or OK button in the Preferences dialog box is clicked, and on
exiting NL5. At start-up, NL5 loads preferences from the file.

Preferences can also be saved in a custom preferences file (extension “nlp”), and then opened back from
a file. This feature allows having different profiles for different tasks, and switching between them
easily.

Open Preferences dialog box from the Main menu using Edit | Preferences command. Many context
menus do have Preferences command as well, usually at the bottom of the list:

Aktribukes (Tab) ¥

E Image »

A preferences. ..

Selecting this command opens Preferences dialog box directly at context-related page. Preferences

A . . . :
button ' = is also available in some dialog boxes and windows.

The Preferences dialog box consists of several pages. Select the page by clicking on the page name in
the tree-view selection window. When any of parameters changed, Apply button is enabled. Then click:

e OK - accept changes, close the dialog box.

e Cancel — cancel changes, close the dialog box.
e Apply —accept changes without closing the dialog box.
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Preferences

Save/open preferences to/from a file and select color scheme.

%
----- Preferences: | FPreferences
- Application
- Document — Preferences
-+ Schematic & Save preferences.
- Compaonents
Symb_':'ls (& Openpreferences
- Drawings
- Warriings 7 Heszet preferences to default...
- Mouse
- Graphs
- Traces
— Color Sch
- Digital/Bus PeT S EhEmE
- Tahle MO Color with black background...
- Apnotation
o Tewt (1] Color with white background...
- Mouse
— Tranzient (] Black and white
-~ HTTF Link
- DLL Project
k. Cancel Smply
Preferences

E e Save preferences. Save preferences to a file.
= ¢ Open preferences. Open preferences from a file.
x> o Reset preferences to default.

Color scheme. Color scheme applies to all Document windows (Schematic, Transient, Transient
Tools, AC, AC Tools). Changing color scheme also changes colors of transient and AC traces.

M « Color with black background.
] e Color with white background.

m] e Black and white. This scheme can be temporary used to save black and white schematic or
graph image in the file, or copy to clipboard.
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Application

Set application options.

%

----- Preferences | Application
& Application
- Document — Automatically check for updates
- Schematic
- Compaonents IE'*"E'-'" 30 days j
S'I’Imb_':'ls MLE can automatically check for updates on the MLE website,
Drawmgs MLS does mot download and install updates: it only natifies
- W arnings if new update iz available.
- Mause If pour PC has antivires orfand firewall service active, you
- Graphs may be azked for granting permiszion to acces: NLS website.
- Traces
- Drigital/Bus
- Table 10 * | Most Recently Uzed files
- Apnotation
- Tt Library path for subcircuits, C-code, and DLL
- Mouze |u::'xF'rnieu:tanIE‘alil:-rary;c:'xTemp;
- Trangient
- HTTP Link [+ Beep on ermars and messages
- DLL Project
k. Cancel Apply

e Automatically check for updates. Can be set in the range “Never”...”Every 90 days”. NL5 can
automatically check for updates on the NL5 website. NL5 does not download and install updates:
it only notifies if a new update is available. If your PC has anti-virus or/and firewall service
active, you may be asked for granting permission to access NL5 website. If NL5 version,
revision and build are current, a message will be displayed in the Status bar. If new update is
detected, the dialog box with information about update and release notes will be displayed.

e Most Recently Used files. Can be set in the range 0...10. This is a maximum number of most
recently used files displayed under File menu.

e Library path for subcircuits, C-code, and DLL. A path to “Library” directory. If subcircuit
(SubCir model), DLL, or C-code file are located in the “Library” directory, a short name
(without path) can be used as a file name. Multiple Library paths can be specified. To edit

Library paths, click Edit button =:
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x

= || X
c:AProjectshnlGhibrary A
chTemp

" o

] | Cancel |

Enter Library paths one in a line and click OK.

e Beep on errors and messages. Produce sound signal when error or message window is
displayed. This option does not affect sounds generated by system messages (such as “file not

found”, “file already exists”, etc.).
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Document

Set default properties of a new schematic, and autosave/backup options.

x
----- Preferences | Document
- Application
B Document — Properties
- Schematic
. Components ALthar: ILInknu:uwn
- Gyrnbols o
. Drawings Organization: ILInknu:uwn
- W arnings
- Mouze — Autozave and backup
- Graph L
-r-?l?fches v Create backup when saving first time
- Digital/Bus [T Save automatically when analysiz starts
- Table [T Show areminder when |2EI vI changes are made
- Apnotation
- Tent — Undo
- Mouse —
— Tranzient ILInIlmlteu:I "I b ax number of Undo steps
- HTTP Link, .
- DLL F'r-:uli::ct v Clear Undo buffer on schematic save
k. Cancel Smply

Properties. This is default information to be set in the properties of a new schematic. To view and
edit schematic properties select File | Properties command.

e Author.
e Organization.

Autosave and backup

e Create backup when saving first time. If schematic was loaded from the file, edited, and then
IS being saved first time, the file it was loaded from will be converted into backup file with
extension “nl5~". This prevents from schematic loss by mistakenly overwriting the file.

e Save automatically when analysis starts. If selected, NL5 will save schematic automatically
every time transient or AC analysis starts.

e Show a reminder when NNN changes are made. If selected, NL5 will show a reminder after
specified number of schematic changes are made:
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L x|

"'-., This is a reminder that 5 changes have been made
L

"Yes" - save schematic now
"Mo" - continue what wou are doing, remind later
“Cancel" - disable this Feature

(2o ko Preferences to enabledisable this Feature

ko Zancel

Undo

e Max number of Undo steps. Although Undo/Redo buffer can be unlimited, its maximum size
may be specified as well. When new Undo information is being added and buffer size exceeds
specified size, the earliest data will be removed from the buffer.

e Clear Undo buffer on schematic save. If selected, Undo buffer will be cleared when schematic
is saved into file. Otherwise, all operations since opening or creating the schematic can be
reversed.
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Schematic

Set properties of schematic. New properties will be applied to all new and existing schematic elements,
except elements with customized (formatted) properties.

x
----- Freferences | Schematic
- Application .
Double click to change the color

- Documert |1 0 v'I Fort size = Font
B Schematic A A== - iﬁckgmund

- Camponents = [ ~ | Line width - B

- Syrbalz

. C t
- Drawings > IE vI Cursar width % Tz::pmen
- W arnings
C

- Mouse [1722 =] aurbutes grid = b
- Graphs

....Elrra,:es L. [ ]Selectsd

- Digital/Bus ==+ [ Show arid points I Disabled

- Tahle 123 [ Show node numbers

- Apnnotation .

Tt ] [V Show hints

- Mouze
- Trangient
-~ HTTP Link,
- OLL Project

] Cancel Apply

A « Fontsize. Set font size of component name and value.
%i e Font. Select font of component name and value.

= ¢ Line width. Set width of a line (wires and components).
> e Cursor width. Set width of a line of cursor image.

e Attributes grid. Select grid size for component attributes location (relative to schematic grid
size).
;1 e Show grid points. If selected, show schematic grid points.
123 ¢ Show node numbers. If selected, show schematic node numbers.
[z] o Show hints. If selected, show component name, model, and parameters in the hint box, when
mouse pointer is moved over component.
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e Colors. Double-click on the item in the list to change the color:

Background
Wire

Ground

Component
Text
Cursor

Grid

Selected
Disabled
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Components

Set properties of components and variables window and default parameters of a new component.

%

----- Freferences | Components

- Application

- Dacument — Components and wariables window

- Schematic
& Components A IE j,. Font size ib‘éi Font
- Symbolz
- Drawings Show Lnits with m color
- W arnings
- Mouse

- Graphs — Mew component

- Traces
- Digital/Bus [e+3 R. Ohm
- Table |1 & C.F
- Apnotation
o Test I-I &b L.H
- Mouse |D vd [Diode], 4

- Tranzient
- HTTF Link.

- DLL Project

k. Cancel Smply

Components and variables window.

A ¢ Fontsize. Set font size of components and variables window.

i e Font. Select font of components and variables window.
e Show units with [...] color. Select color to display units of the parameter in the components
window:
o None — do not show units
o Grey —show with grey color
o Black — show with black color

New component. Set default value of a new component:

R, Ohm — resistor

C, F — capacitor

L, H —inductor

Vd (Diode), V — diode forward voltage

45



EBY NL5 circuit simulator User’s Manual

Symbols

Select symbols of some component types.

%

----- Preferences | Symbols
- Application
Du:u:umerjt — “oltage source — 1 Curent zource — [ Controlled source —
- Schematic

- W arnings "

- Mouse

- Graphs
- Traces

- Drigital/Bus

- Table =
- Anrakation

=

- Companents . L @ :
& = ymnbols @ O
- Drawings

O |- @ -0

— Resistor

- Tt
- Mouze i
- Trangient

-~ HTTF Link
- DLL Project

k. Cancel Smply

e Voltage source. Symbol of voltage source, voltage controlled and current controlled voltage
sources.

e Current source. Symbol of current source, voltage controlled and current controlled current
sources.

e Controlled source. Symbol of controlled voltage and current source.
e Resistor. Symbol of resistor, potentiometer, voltage and current controlled resistors.
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Drawings

Set default properties of a new drawing. Default properties will be applied only to new drawings.
Existing drawings are not affected by default properties.

x

----- Preferences | Drawings
- Application

Double click to change the color
- Docurmett A |12 v'I Fant size i‘}i Fant -
- Schematic L] Line
- Companents

Text
[1 ~ | Line width ] Te

- Syrbalz
& Drawings 1432 = | Drawings grid

- W arning

- Mouze

- Graphs
- Traces

- Diigital/Bus

- T able

- Apnnotation

.

- Mouze

- Trangient

-~ HTTP Link,

- OLL Project

] Cancel Apply

A ¢ Fontsize. Set font size of a text.
*i ¢ Font. Select font of a text.
= ¢ Line width. Set width of a line, rectangle, and oval.

e Drawings grid. Select grid size for drawings (relative to schematic grid size).
e Colors. Double-click on the item in the list to change the color:

Line

Text — This is fext
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Warnings

Select warnings to be detected and shown during schematic check.

%

----- Preferences | Warnings

- Application

- Dlacument — v Wwiamings
- Schematic

- Compaonents
- Symbolz v Mon-connected components

[+ Floating pins

- Drawings [+ QOwerlapping components and wires

B arnings

- Mouse

- Graphs
- Traces

- Drigital/Bus

- T able

- Apnotation

o Tt

- Mouse

- Trangient

-~ HTTF Link

- DLL Project

[v Possibly floating schematic

k. Cancel Apply

Warnings. Unselect to disable all warnings.

Floating pins. Check for any floating pin of a component.

Non-connected components. Check for components with all pins disconnected.
Overlapping components and wires. Check for overlapping component with another
component and component with wire.

e Possibly floating schematic. Check if schematic has at least one ground or label with voltage
source model.
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Mouse (Schematic)

Set mouse wheel action and properties.

%

----- Preferences | Mouse
- Application
- Document — MMouse wheel action

- Schematic
- Components IZ':":"T' j"
- Symhbols Crl ; I Har zcroll b I
- Drawings _
- Wanings Shift I\-’ert zoroll - I
Ctrl+5Shift : I Hone - I
- Graphs
- Traces

- Digital/Bus [T lrevert Zoom
- T able

- Apnotation

o Tt

- Mouse

- Trangient

-~ HTTF Link

- DLL Project

k. Cancel Apply

Mouse wheel action. Select action to be performed on mouse wheel rotation, along with Ctrl
and/or Shift key state.

no key held — just mouse wheel rotation, no key held.

Ctrl — mouse wheel rotation, and Ctrl key held.

Shift — mouse wheel rotation, and Shift key held.

Ctrl+Shift — mouse wheel rotation, and Ctrl and Shift keys held.

Select action from:
o None
o Zoom
o Hor scroll
o Vertscroll

e Invert Zoom — invert Zoom In/Out operation.
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Graphs

Set properties of Transient, Transient Tools, AC, and AC Tools windows.

>

w
L=
Ia

{111 1

1

3.

Preferences

----- Freferences | Graphs
- Application .
Diouble click to change the color

- Document A |1EI "I Fontsize 4 Font |'
- Schematic = Eg;kgmund

- Components — |1 "I Diefault trace width 1 T;-ct

- Symbolz

) _ C
- Drawings = [ + | Default phase width g oot
- W arnings
_ Dirnmed st k
 Mouse = [T =] Makes vidh B o orege t2ce

g Traces [ Markers
. DigitaldB Gridlines interval [pixels] ] Mew tace 1
O [ ] Mew bace 2
-~ Table H I?E "I Wertical gridlines
- Annotation - C 1 EEW :race i
- Tedt F 60 | Horizortal gridires - i
- Mouse
i P e t G
- Transient ILeft "I Murnbers aligrment [ NZE t:E: -
- HTTP Link I
- DLL Project B e trace 8
OF. | Cancel | Apply

e Font size. Set font size of axes numbers.

e Font. Select font of axes numbers.

e Default trace width. Set width of a new trace.

e Default phase width. Set width of a new phase trace.
e Markers width. Set markers width.

Gridlines interval (pixels)

e Vertical gridlines. Set approximate interval between gridlines in pixels.
e Horizontal gridlines. Set approximate interval between gridlines in pixels.
e Numbers alignment. Select position of vertical scale numbers.
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e Colors. Double-click on the item in the list to change the color:

Background
Grid
Text

Cursor

Selection

Dimmed storage traces ——
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Traces
Set properties of the traces list, and Legend window.

%

----- Preferences | Traces
- Application
- Document — Legend

Diouble click to change the color
Analog background

- Schematic
. Companents ,A.IE "I Font size [ ] Digital background
[ ] Bus background

- Symbolz ;
- Drawings [v baw width:

- W arnings I‘I G % font height

- Mouze
- Graphs

- Drigital/Bus
- T able

- Apnotation
o Tt

- Mouse

- Trangient

-~ HTTF Link

- DLL Project

k. Cancel Smply

A o Legend font size. Set font size of a legend window.

e Max width. If unselected, the width of the Legend window will be automatically adjusted to fit
names of the traces. If selected, the width of the legend window will be automatically adjusted,
but only up to specified width (NNN * height of legend window font).

e Colors. Double-click on the item in the list to change the color.
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Digital/Bus

Set properties of digital traces and buses.

Preferences

----- Preferences | DigitalfBus
- Application
- Document A IE "I Fontsize 4 Font
- Schematic
- Components IE "I Interal
- Syumbols
- Drawings |12 "I Digital height
- W arnings
- Mouse |1E "I Bus height
- Graphs
- Traces |4 "I Buz tranzition

- Apnotation
o Tt

- Mouse

- Trangient

-~ HTTF Link

- DLL Project

- Table INDne "I Prefis for binary, octal, and hex numbers

Ok

Apply

A ¢ Font size. Set font size of digital/bus labels and bus numbers.
24 ¢ Font. Select font of digital/bus labels and bus numbers.
e Interval. Select interval between digital/bus traces in pixels.
o Digital height. Select height of digital trace in pixels.
e Bus height. Select height of bus in pixels.
e Bus transition. Select width of bus transition area in pixels.

e Prefix for binary, octal, and hex numbers. Select prefix display format.

3
Digital height _ﬂ

Interval _|
Bus height

Bus transition
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Table

Set properties of the transient and AC data table.

x
----- Preferences | Table
gpphcatm:‘ . Double click to change the color
- Dlacumen
. Test
- Schematic -
. Companents A I'I2 ‘I Fontsize -oj Font |- Phase text
- Gymbolz |:| Phaze background
- Drawings — Phaze |:| Binary background
-~ Warnings |:| Oectal background
- Mouse A IB ‘I Fontsize 2 Font | |[__] Hex background
- Graphs 5 :
IH ht "I Aligrmment
- Traces & <
- Diigital/Bus
& T able
- Apnnotation
- — Signifizant digitz [T able and Markers] —
- Mouze
- Trarsiant I E - I Time/Frequency
-~ HTTP Link,
- DLL Praject B =] Data
] Cancel Apply

Text. Set properties of the text in the table, other than phase in AC data table.

A o Fontsize. Set font size of the text.

abi

A ¢ Font. Select font of the text.

Phase. Set properties of the phase text in AC data table.

A e Fontsize. Set font size of the text.

abi

A ¢ Font. Select font of text.
e Alignment. Select alignment of the text.

Significant digits. Set number of significant digits for data table and Markers Tool.

e Time/Frequency.
e Data.

e Colors. Double-click on the item in the list to change the color.
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Annotation

Set properties of annotations in Transient and AC windows.

>

[
o
Ial

{0

%

----- Freferences

- Application
- Document
- Schematic

- Mouze
- Graphs
- Traces

- Table

- Tt

- Mouse
- Trangient
-~ HTTF Link

- Compaonents
- Symbolz

- Drawings

- W arnings

- Drigital/Bus

- DLL Project

|Annutﬂtiun

Diouble click to change the color
. abC
A IE I Font size g Font Line

= |1 "I Line width

[ Burow
[ Drraw line with bace color

[~ Drraw et with trace colaor

I T
[ ] Background

Significant digits

I = il I Time/Frequency
I B - I Data

k. Cancel Smply

e Font size. Set font size of annotation text.
e Font. Select font of annotation text.

e Line width. Set width of a line for an arrow pointer and a rectangle.
e Arrow. If selected, draw arrow pointer.
e Draw line with trace color. If selected, use trace color for an arrow pointer and rectangle.
e Draw text with trace color. If selected, use trace color for annotation text.

Significant digits. Set number of significant digits for time/frequency and data display.

e Time/Frequency.

e Data.

e Colors. Double-click on the item in the list to change the color:

Line O\
Text __i_=ﬁnr'|‘|:|tati|:|r'| .
Background 4/

—

55



EBY NL5 circuit simulator User’s Manual

Text

Set properties of a text in Transient and AC windows.

%

----- Preferences | Text
- Application

Diouble click to change the color
- Document I - I i oE
- Schematic A B Font size 4 Font [ ]Line

_ _ _ I T
Companents = |1 "I Lire width [_] Background

- Symbolz

- Drawings
- W arnings
- Mouse

- Graphs

- Traces

- Drigital/Bus
- T able

- Apnotation
= T et

- Mouse

- Trangient

-~ HTTF Link

- DLL Project

k. Cancel Smply

A o Fontsize. Set font size of a text.
*i e Font. Select font of a text.
= ¢ Line width. Set width of a line for an arrow pointer and a rectangle.

e Colors. Double-click on the item in the list to change the color:

Line H'x‘\\s
Text ——Jext |

/ 1
Background ——~ \
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Mouse (Graphs)

Set mouse wheel action and properties. These settings apply to Transient window, AC window, and
most of Transient and AC tools.

x

----- Preferences | Mouse
- Application
- Dacumet — Mousze wheel action

- Schematic
- Components IH':'r oom jv
- Symbals Cul: [Hor ol =]
- Drawings ;
W armings Shift I"-.-"ert goroll vI
- Mouse CubsShitt: [vertzoom =]
- Graphs
- Traces
- Digital/Bus [T Invert Zoom
- T able

- Anrakatian
- Tt

- Tranzient
-~ HTTF Link,
- OLL Project

] Cancel Apply

Mouse wheel action. Select action to be performed on mouse wheel rotation, along with Ctrl
and/or Shift key state.

no key held — just mouse wheel rotation, no key held.

Ctrl — mouse wheel rotation, and Ctrl key held.

Shift — mouse wheel rotation, and Shift key held.

Ctrl+Shift — mouse wheel rotation, and Ctrl and Shift keys held.

Select action from:
o None
Zoom (both horizontal and vertical)
Hor zoom
Vert zoom
Hor scroll
Vert scroll

O O O O O

e Invert Zoom — invert Zoom In/Out operation.
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Transient

Set transient simulation and memory options.

%

----- Freferences | Transient
- Application
- Document ¥ Suppress flickenng if graph updates in less than |3EIEI vI ma
- Schematic
- Components a0 ~| Status update interval, mz
- Spmbols
- Drawings Show natification if cannot pause in |3 "I geconds
- W arnings ~ Memory
- Mouse
- Grapha |4 "I t ax mermary per trace, MB
- Traces L
. a7 » | Max memary per delay and transmizzion line
~ Digital/Bus compaonentz, MB [warning)
- Table PENETES. J
- Apnotation
Tt — Export trace
- Mouse 00 = | Approsimate number of paints
B [ ransiert
~HTTF Link |'| 0aoo "I b & number of paints
- DLL Project

k. | Cancel Smply

Suppress flickering if graph updates in less than [...] ms. If this option is selected, the graph
is not being erased when transient reaches the end of the screen. Transient calculation continues
in the background, and graph is being updated when a new data for the whole screen is available.
As aresult, there is no “flickering” of the graph, and simulation is performed faster.

Status update interval, ms. Update transient status with specified interval.

Show notification if cannot pause in [...] seconds. If transient pause is requested, and transient
cannot be paused at that moment, a notification window will be displayed. The window can be
closed manually (by stopping the transient, or waiting for pause), or it will be closed
automatically when transient is finally paused.

Memory.

Max memory per trace, MB. Set maximum amount of memory allowed per one trace. If trace
memory exceeds this limit, the beginning portion of the trace will be deleted, and warning
message “One or more traces have been truncated” will show up in the transient status bar.
Max memory per delay and transmission line components, MB (warning). Set maximum
amount of memory allowed for delay and transmission line components. If estimated required
memory exceeds specified limit, a warning message will show up, with the option to continue or
stop simulation.
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Export traces.

Approximate number of points. When opening Transient Export/View dialog box, time step
value is automatically selected, so that number of points in the table is close to specified number.

Max number of points. Export/View time step cannot be too small, so that number of points in
the table to exceed specified number. Time step be automatically adjusted. This number also
applies to the script command tracename.
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HTTP Link

Set HTTP Link options.

%

----- Preferences | HTTF Link
- Application

- Documett
- Schematic [ Show log

- Corponents |1 1] "I M ax number of log lines

- Symbolz

- Drawings

- W arnings

- Mouse

- Graphs
- Traces

- Drigital/Bus

- T able

- Apnotation

o Tt

- Mouse

- Trangient

BSHTTF Lirk:

- DLL Project

k. Cancel Smply

e Show log. If checked, show HTTP log.

e Max number of log lines. Enter maximum number of log lines, or select from drop-down list.
When number of lines exceeds specified maximum, the very first lines will be removed.
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DLL Project

Set DLL Project preferences.

%

----- Freferences | DLL Project
- Application

- Document

- Schematic

- Compaonents
- Symbolz

- Drawings

- W arnings

- Mouse

- Graphs [+ Feload cpp file automatically, if madified by anather program
- Traces

- Drigital/Bus
- T able

- Apnotation
o Tt

- Mouse

- Trangient

-~ HTTF Link

DLL Project

Compiler:
I Microzaft Wisual C++ j

Compiler executable:
IE:'\P‘ngram Filez [#86]\Microzoft Wisual Studio 14.08Common?SDE\dey | |

[+ Save cppfile automatically before build

k. Cancel Smply

e Compiler. Select compiler used for DLL Project. Currently, only Microsoft Visual C++ is
available.

e Compiler executable. Select path and name of a compiler executable

e Reload cpp file automatically, if modified by another program. If checked, DLL Project cpp
file will be automatically reloaded to NL5, when NL5 receives an input focus.

e Save cpp file automatically before build. If checked, DLL Project cpp file will be
automatically saved before project build, if any changes to the code were made.
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Printing

Click Preview and print Toolbar button = , or select File | Preview and print command to open
Print dialog box. Typical view of the dialog box and its main components are shown below:

St =loix|
; . _ Printes Preview
Printer selection P> | [ Fhaio A0 Pirver 522 7] | Gewe.
and setup — : Mo title
Echematic
e L Pk
Window < Cormens T i _
selection list ———> Hoader A% B === u - Preview area
| | bl
Formatting area o™ AcqRE=E= 1™ 1
=l
=
L
_Coon |

e Select printer from drop-down Printer selection list. Click Setup button for printer setup.

e Select windows to be printed in the Window selection list. The list contains Title, Comments,
and windows of active document available for printing (opened):

Schematic.
Transient.
Transient Tools.
AC.

AC tools.

0 O O O O

Select checkboxes of windows to be printed.

Please note: if Schematic, Transient, or AC window is maximized, then only that window is
available for printing. In this situation warning message will be displayed below selection list.

e Select window name in the list and format window in the Formatting area.

e Edit windows layout in the Preview area. Click on the window image to select window. Click
on the window image and drag to move window on the sheet.

e Press Print button to print, or Cancel button to close dialog box.
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Format and layout

In the typical print layout, Title is displayed on the top of the sheet, and
Comments on the bottom. However, they can be moved anywhere on
the sheet. One or more Windows can be displayed anywhere on the
sheet, window size is adjustable in the Window format section. Each
window may have individual Header and Footer. Header is one line
text, and it is formatted in the Header section. Footer may have many
lines, and it is formatted in the Footer section.

The following format buttons are available:

Window
[[] e Maximize.
] e Larger.
o e Smaller.

Title

Window header

1

Ilindow Faoter

Cornments  Cormmments  Comments
Zomments  Commments  Comments
Cormments  Commments  Comments

e Black and white. Select to preview and print color window in black and white format.

Title, Comments, Header and Footer

| 3

A o Larger font.

4

o

e Smaller font.

w
L=
Ia

e Select font.

Select color.
e Align left.

e Center.

e Align right.

A B
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Data format

Data format used in NL5 mostly complies with common engineering and scientific practice. It makes it
easy to learn and use by any person, familiar with other popular tools.

Case-insensitivity

All the text data in the NL5, such as component names, variables, functions, commands, etc., are case-
insensitive, unless otherwise stated. Lower case and upper case letters are considered the same. For
example:

Rin = RIN = rin

sin (45) = SIN(45)

Numbers
Number format in NL5 is very flexible and complies with many commonly used styles and standards.
Boolean (boo1) number can be entered as false Or true (case-insensitive):

bool i = true;
bool retvalue = FALSE;

When converted to other types, true is considered as 1, false as 0. When other types are converted to
bool, Non-zero value is considered as true, zero value as false.

Integer (int, inte4) number can be entered in decimal, binary, octal, and hexadecimal formats.
For binary format, use *on’ or *oB’ prefix, then use numbers o and 1:

0b111111111, 0B10101010, 0b1lO

For octal format, start number with prefix o (zero), then use numbers o...7:

0377, 0123456

For hexadecimal format, use ‘o0x’ or *ox’ prefix. Then use numbers o..9, and capital or low-case letters
A, B, C, D, E, F.

OxFF, 0X1l0aa, 0x10000

If a value of a number exceeds 32-bit range, it will be automatically converted to inte64 type. Use “i64’
suffix to explicitly define 64-bit integer:

0i64, Oxfffffffficd
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Floating point (f1oat, double) number can use exponential multipliers E or e, and case-
sensitive letter multipliers:

Letter Multiplier
T 1012
G 10°
M, mg 10°
k, K 103
m 107
u, mk 10®
n 107
P 102
For example:
1.3e+3  47E-9 100k  0.33u 0.33mk  2.2M

Letter multiplier can be followed by any text, which is considered as units and will be ignored:
1.3kOhm  47nF  0.1mkH  333ps

Any text that does not begin with letter multiplier is considered as units and will be ignored:
1.30hm  0.001F 0.1H 333apples

Letter multiplier and units (with or without letter multiplier) can be used instead of a decimal point:
1k3  5n6  3nF3  47F0  2s2

Zero before decimal point or letter multiplier can be omitted. For example:

.47 n47 ukF5

A number can be entered in decibels, using suffix db (case-insensitive). It will be automatically
converted to a standard number (allowed for positive numbers only):

20db = 100
3.01dB = 1.41416472507
6DB02 = 1.99986186963

Infinite value is denoted by:

inf

Complex (comp1ex) number consists of real and imaginary parts of floating point type. Imaginary part
of a complex number has lower case letter ‘5’ at the end of a number. Letter ‘5’ cannot be used alone,
only as a suffix:

50+457

1+le-3j = 1+.00173

3073

1+3 : wrong! Correct format: 1+1j
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The following predefined constants (case-insensitive) can be used:

PI = Pi = pi = 3.14159265359
RAD = Rad = rad = 180/pi = 57.2957795131

Low = Low = low . low logical level, V
HIGH = High = high : high logical level, V

Constant rap can be used to convert degrees to radians and radians to degrees:

degrees = radians * RAD
radians = degrees / RAD

where degrees is value in degrees, and radians is value in radians.

All numerical component parameters, and most of other parameters in NL5 are floating point (double).
Those parameters can be entered in any format, however after that they are automatically converted and
stored in the floating point format.

When floating point number is displayed, an engineering notation, with exponential multiplier and
power of ten to be multiple of three, is used:

Entered Displayed
1k3 1.3e+3
47e-8 470e-9
5600000 5.6e+6

Names

Component. When a new component is created, it is assigned a default name: ‘letter’ plus number:

R1, V2, C123

Then the component can be renamed. The name is case-insensitive and may contain any (almost)
characters and symbols. When used in formula or function, the name is enclosed in quotes:

“R out”, “W pulse”, “+12V”

However, if the name starts with letter and contains letters and numbers only, it can be used without
quotes:

Rout, V123, Plusl2Vv

If the component has been renamed, its name will be automatically modified in all appearances of the
component name in trace names, formulas and functions.

To access component’s parameter in the formula, function, or script expression, use component name
followed by dot . and parameter name:

R1.R, V2.slope, C1l23.IC, “R out”.R
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If parameter name is not specified, a first parameter of the component will be used:

R1 = R1.R
C2 =

|
@)
N
Q

(Exception: when parameter is used in Function model, it should be explicitly defined). To access
component which is part of the subcircuit use subcircuit component’s name followed by dot ‘.” and
component’s name in the subcircuit. A nesting level is unlimited: components inside subcircuit, which in
turn is part of subcircuit, can be accesses by similar notation:

X1.R2
X1.F1.V3.period

where x1 and r1 are subcircuits.

To access global variable name of the C model of Code component x1 (in a script or command-line) use
the following notation:

X1.name
To access component’s model name (in a script or command-line) use component name followed by dot
> and “model™:

V1.model = pulse

Schematic variable. Schematic variable name has the same format as a component, except it does not
have parameters. For example:

Freq, “max limit”, Xl.var

Please note that this applies only to a schematic variable: a variable defined in the Variables window.
Variables used in C code (script, Code component) comply with C language standard.

Trace. The basic name of transient or AC trace that holds current simulation data consists of the letter
specifying type of the trace (v, 1, »), followed by component’s name in parentheses:

V(R1), I(C2), P(L3)

The trace can be renamed to an arbitrary text:

“Copy of V(R1)”
“new trace”
“W pulse”

Generally, the trace name does not need to be enclosed in quotes. However, if the name is used as a
parameter in another function, and contains characters other than letters, digits, or underscore, it should
be enclosed into quotes.
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Trace and cursors data. Trace and cursors data shown in the transient or AC table (value at cursor,
min, max, mean, etc.) and trace value at specified time can be used in the script expressions. The trace
should be added to the Transient or AC Data, but does not need to be displayed on the graph or in the
table. To access trace data use the following notation:

e Cursors (screen)

left — position of the cursor, or left edge of the screen
right — position of right cursor, or right edge of the screen
delta = right-left

e Transient amplitude

V(R1).(1.2) —value at t=1.2
V(R1) .left — value at the left edge of the screen or left cursor
V(R1) .right — value at the right edge of the screen or right cursor
V(R1) .delta = V(R1) .right-V(R1) .left
V(R1) .min — minimum
V(R1) .max — maximum
V(R1) .pp — peak-to-peak (max—min)
V(R1l) .mean — mean
V(R1l) .rms — RMS
V(R1) .acrms — RMS of the signal with subtracted mean value
e AC magnitude
V(R1).(1.2) —value at f=1.2
V(R1) .left — value at the left edge of the screen or left cursor
V(R1) .right — value at the right edge of the screen or right cursor
V(R1) .delta = V(R1) .right-V(R1) .left
V(R1) .min — minimum
V(R1) .max — maximum
V(R1) .pp — peak-to-peak (max—min)
V(R1) .slope — slope of the gain, dB/dec
e AC phase

el

.phase. (1.2) —Vvalue at f=1.2
.phase.left —value at the left edge of the screen or left cursor
.phase.right — Value at the right edge of the screen or right cursor

o

< < < << <<
s}
e T S
e
jon
)
)
[0}

.delta =V (Rl).right-V(R1l).left
R1) .phase.min — minimum
R1) .phase.max — maximum
R1l) .phase.pp — peak-to-peak (max—min)
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Operators

NL5 supports the following arithmetic and logical operators:

++ - + - * / %
! ~ << >> & ~
< <= > >= == 1=
&& [ ?:
+= —= * = /_ $=
&= N= = <<= >>=
and type-casting operators:
(bool) (int) (into64) (float) (double) (complex)

See full operators list with description in the Attachment 2.

Functions

NL5 offers many standard and NL5-specific functions. The functions can be used in the C code (script,
Code component), traces of Function type, and in Function model of some components.

For the convenience of users, there may be several names used for the same function (for example
log10 and 1g), so that the user can use the name he/she is more comfortable with. The following
functions are available:

sin sqgrt mag, abs par sum
cos sgr phase random, rand mean
tan, tg sq re gauss max
asin pow im limit, lim min
acos pwr sign islow bool
atan exp round ishigh int
atan?2 1n, log floor db into64
lg, loglO ceil float
1b, log2 double
complex

See full functions list, description, and examples in the Attachment 3.
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Expressions

Expression may consist of:

Numbers.

Predefined constants.

Names of components, parameters and variables.
Local script or C-code variables.

Operators.

Functions.

e Parentheses with unlimited nesting level.

For example:

2%2

2<<3

sin (2*PI*f) // “f” is a schematic variable
max (R1,R2,R3)

1/ ((R1+R2) *C1)

Expression can be used instead of number in most entry fields in the dialog boxes, and for some
component parameters. When Enter key is pressed, or OK or Apply button (if exists) is clicked, the
expression is immediately evaluated and replaced with the numerical value.

Please note that division of two integer values will produce rounded integer result according to
C-language rules only in expressions used in C-code and script. In all other places, integer values will be
considered as double values, and a result will be of double type. This is similar to how calculations are
performed in the calculators, Excel spreadsheets, etc. For example:

= 0.01 (would be 0 in C-code)
2.5 (would be 2 in C-code)
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C language

Simplified C language interpreter is implemented in the NL5. It is used in the script and in the C model
of Code component. Although not all standard C features are supported, it is quite sufficient for many
tasks.

The following C keywords, statements, and operators are available:

bool if.else continue
int for break
int64 while return
float do..while
double switch
complex case

default

The following C language features are currently not implemented in NL5:

Preprocessor

Structures and unions.
Pointers and references.
goto statement.
Multi-dimensional arrays.

Comments

Use // to comment text until the end of the line, or delimiters /* and */ to comment block of the text.
Delimiters /* and =/ can be nested.

for (i=0; 1i<10; ++i) // this is a comment

{

/* This block i1s commented out

X = 1*2;
*/
X = 1i;
}
Data types

The following data types are supported:

bool — boolean (true/false).

int — 32-bit signed integer.

int64 — 64-bit signed integer.

float — same as double.

double — 8-byte floating point.

complex — consists of double real and imaginary parts.
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Variables

All variables must be declared before use. To declare a new variable, use keyword bool, int, int64,
float, double, or complex with the variable name. A variable can be initialized in the declaration:

double x;

double x, vy, z;

double x = 1.0;

int 1 =2, j = 5;

bool flag;

complex ¢ = 0.5 + 0.57;

Arrays

Only one-dimensional arrays are supported. Index is zero-based. An array can be initialized in the
declaration:

double x[100];
int array([] = {1, 2, 3, 4, 5};

Statements and operators

if...else. Conditional statement.

if(i <= 0) R1 = 1.0k;

else if(i == 1) R1 = 2.0k;
else
{

R1 = 3.0k;

Cl = 1n;

}

for. Loop operator.

for (i=0; 1i<10; ++1i)
{

x[i] = 1<<i;

y += x[1];
}

“Foreach” loop operator. The code is executed for all values from the comma-separated list.

for(i = 1,5,10,50,100)
{
y *= 1i;

}
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while. Loop operator.

i=0;

while (i < 10)

{
x[1] = 1<<i;
++1;

do...while. Loop operator.

i=0;

do {
x[1] = 1<<i;
++1i;

}
while (i < 10);

switch. Selective structure.

switch (1)

{
case 1: x = 1; break;
case 2: X = 2; break;
default: x = 3; break;

continue. Skip the rest of the code in the current loop.

for (1=0; 1<10; ++1)

{
x[1] = 1<<1i;
if (i==5) continue;
y += x[1];

}

break. Leave current loop or switch statement.

for (1i=0; 1<10; ++1i)
{
x[1] = 1<<i;
if (i==5) break;
y += x[1];
}

return. Stop execution of the code immediately and exit.

for (i=0; 1i<10; ++1i)

Please refer to publicly available resources for general C language syntax description and reference.
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Script

Script is a program which allows automating simulation process. Using script you can open/close
schematic files, modify component parameters, run simulation, analyze the data, save/export simulation
results etc.

Script can be executed from NL5 command line, or at Script page of Tools window. Script commands
can also be executed from command line in the Console page of Tools window, and through HTTP link
from external applications. This allows using NL5 as an “add-on” simulation engine with popular
engineering tools such as MATLAB®, Python, and others.

Script syntax

Script is written on C language, and is executed by C language interpreter built in NL5. All C operators
(Attachment 2) and functions (Attachment 3) can be used in the script. In addition, NL5-specific script
commands (Attachment 4) can be used to run simulation, analyze data, and save simulation results.

Component parameters and schematic variables can be used in expressions and can be modified
similar to C variables:

Rl = tau / C1;
freq = 1. / Vl.period; // “freq” is schematic variable

Trace and cursors data can be used in expressions. The data correspond to the values displayed in the
Transient or AC Data table. In order to use trace data, the trace should be added into the Transient or AC
data, but does not need to be displayed on the graph or in the data table. For example:

x = V(out) .max - V(out) .min;
if( V(C1l).(3.45) > threshold ) break;
charge = I(Cl).mean * delta;

Script commands

Script commands are used to open schematic, control simulation process (run and continue simulation),
and save simulation data in different formats. The following general script commands are available:

ac exit return stop
clear export rununtil store
close logdata save storetext
cmd open savedata traces
cont pause saveic tracename
cursors ready sleep tran
display
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Script commands related to Scope tool:

scope.cmd scope.off scope.select
scope.get scope.on scope.single
scope.getn scope.read scope.status
scope.image scope.refresh scope.stop

scope.log scope.run scope.update

See full script commands list, description, and examples in the Attachment 4.

Please note that unlike standard C function calls, script commands parameters do not need to be
enclosed into parentheses. However, for consistency of the code, parentheses can be used as well. For
example:

open( rc.nlb5 );
open rc.nlb;
tran( 0, 1, 1m );
close ()

clear;

Script examples

Set component parameters. Component parameters have been calculated in external application (for
instance, Excel), or entered manually and saved into the text file in the name=value format:

R1 = 5.1;
Cl 12e-9;
V3.period = 0.01;

Run the script to apply new parameters to components.

Sweep parameter. Component parameter is changing in specified range, transient analysis performed
for each parameter, results placed into storage:

for( R1=1; R1<=10; R1+=1 )
{

tran;

store R1;

}

Sweep parameter from the list. Component parameter is assigned value from the list, AC analysis
performed for each parameter, results placed into storage:

for( Vl.period = 1m, 2m, 10m, 50, 100m )
{

ac;

store Vl.period;

¥
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Sweep variable. Local variable is changing in some range, component parameters modified, transient
analysis performed, results placed into storage:

double freqg;
for( freg=1l; freg<=10; freg*=1.1 )
{

V2.period = 1 / freq;

R2 =1/ (freq * C5);

tran;

store freq;

Wait for condition. Transient is running until peak-to-peak value of the trace is less than specified
threshold. When done, Initial Conditions are saved.

double threshold = le-6;

tran;

while( v(cl).pp > threshold ) cont;
saveic;

Perform analysis for specified file, save data, exit application. Schematic file is loaded into NL5,
component parameters changed, transient analysis performed, traces exported into “csv” file, NL5
closed. This script can be executed from command line.

open lcr.nlb5;
R1=100;

Cl=1n5;

tran;

export data.csv;
exit;

Perform analysis for specified file, log data, exit application. Schematic file is loaded into NL5,
component parameter swept, transient analysis performed, traces data logged into text file, NL5 closed.
This script can be executed from command line.

open lcr.nl5;
logdata lcrdata.csv, rl, v(rl).mean, v(rl).rms;
for( R1=100; R1<=1000; R1+=100 )
{
tran;
logdata;
}

exit;
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I11. Schematic
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The following simplified diagram shows schematic structure and operations:

Schematic Window

)y | Schematic

Components

Variables I

Tools
Sheets
Graups
Format

Schematic is shown and can be edited in the Schematic window. Any document must have Schematic
window: closing Schematic window will automatically close the entire document. Components and
variables are shown and can be edited in the Components Window and Variables Window. Several
Dialog boxes, such as Tools, Sheets, Groups, Format, are used to perform other operations on the
schematic and Schematic Window. Schematic data is used for Transient and AC analysis.
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Schematic window

Typical view of schematic window and its main components are shown below:

nl1 - Schematic

Schematic area —

Right-click
Zopy ZEr| 1T
. . ik Chrl
Right-click : _| s Cu '
Sheetl Skt | Ol Chick to scroll schematic R paste iZhrl
7 Delete el
sheets... _ _ Select Al Chrl+a
X Sheet selection Shift/Ctrl Status bar
=P Add sheet... indicators Ematble
Rename sheet. ., Disable
Y Farmat...
Copy sheet
ﬁ Paste sheet Add trace L4
mm [elete sheet Zoom L
Attributes (Tab)  #
E Image L

é; Preferences...

e Schematic is shown in the Schematic area.

e Sheet selection area contains sheet tabs. Click on the tab to select sheet.

¢ Right-click on the Sheet selection area to see context menu with relevant commands.

e Shift/Ctrl indicators are highlighted when Shift and/or Ctrl key are depressed.

e Status bar shows hint related to current position of mouse pointer and Shift/Ctrl state.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
Sheet selection area.

e Right-click on the schematic to see context menu with relevant commands.
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Schematic area contains schematic elements, drawings, grid points, and cursor.

Cursor Schematic grid points

Schematic elements

Drawings
Label

Lines
Component

Rectangle
Wire
Connection Oval
Attributes . . .
e Value W olCeter
Ground

e Schematic elements include wire, connection, ground, label, and component. Schematic
elements represent “electrical” part of the schematic used for simulation.

e Drawings include line, rectangle, oval, and text. Drawings are used for comments and notes.
e Grid points are reference points for cursor and schematic elements.
e Cursor is used to place/select schematic elements and can be placed at grid points only.

Most of editing commands apply both to schematic elements and drawings. Unless otherwise stated, the
word “drawings” is omitted in the description of those commands.

All elements are initially placed on the schematic with default properties (color, width, style, font, etc.),
defined on Schematic page of Preferences dialog box. Properties of any element can be customized by
formatting. Changing default properties of schematic elements applies to all existing elements on the
schematic, except elements with custom properties. Changing default properties of drawings does not
affect existing drawings.
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Editing schematic

Schematic editing and navigation can be performed by commands available in the Main Menu,
schematic context menus, Main Toolbar, Schematic toolbar, shortcuts, keyboard keys, and mouse. NL5
supports many commands and shortcuts that are commonly used in Windows applications (such as Edit
| Copy (Ctrl-C), Edit | Paste (Ctrl-V), and more), using of Ctrl key with mouse for select/copy
operation, using window scrollbars, etc. Other commands are very intuitive, so that it would not take
long to start working with schematic.

Very often, the same operation can be performed by different ways. For instance, selecting and placing
new component on the schematic can be done using keyboard keys only, mouse only, or both. It is
user’s choice to select the most effective and convenient one. A complete commands list is provided.

There are 6 schematic editing modes:

[; o Selection. Select elements, blocks; place components.
b e Wire. Draw wire, place components.

M e  Scrolling. Scroll schematic.

%= e Line. Draw line.

[] e Rectangle. Draw rectangle and square.

i e Oval. Draw oval and circle,

The editing mode can be selected by clicking the button on the schematic toolbar. Also, there are some
quick ways to switch between most often used modes:

. . . Space
e Press Space to switch between Selection and Wire modes: [} ———— &
Shift down
e Point mouse pointer to empty space, press and hold Shift, P
click and drag mouse to scroll schematic. Release Shift R ~_ 0
to return to Selection mode: Shift up
Space, Esc
e Press Esc or Space in all modes to switch to Selection mode: by —— ..
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Cursor

Cursor is used as a marker to place a new schematic element: wire, ground, connection, component, or
label. Cursor is used in two modes: Selection and Wire:

Selection mode Wire mode

e Use Left, Up, Right, Down keys to change cursor direction and move cursor.

e To change cursor direction by mouse, click close to the corner pointing to a new direction.
e Click on the schematic to move cursor to a new point.

e Press Home to center cursor on the screen.

e Press Space to switch between Wire and Selection modes.

e In Selection mode, move cursor on the element and click to select the element.

e In Wire mode, move cursor to draw a new wire.

e When cursor reaches the edge of schematic window, the window will scroll automatically.

Wire
The following examples show how to place wire using keyboard and mouse.

Keyboard. Move cursor to the starting point using arrow keys (Left, Up, Right, Down). Press Space to
switch to Wire mode, then move cursor using arrow keys. A new wire appears in selected state. To
complete the wire, press Space to switch back to Selection mode, or change cursor direction and
continue new wire in another direction:

Press Space Press Right... Press Up Press Up... Press Space

Mouse. Click Wire button % | to switch to Wire mode. Click on the wire starting point, hold mouse
button, and drag to the ending point of the wire, then release mouse button. You can do two orthogonal
pieces of wire at once. Click Selection button [; = to switch back to Selection mode:

Click Wire button Click and drag right, then up Release left button Click Selection button

82



EBY NL5 circuit simulator User’s Manual

You can use both keyboard and mouse to draw wires. For instance, use Space key to switch between
Selection and Wire modes, and use mouse to draw wires.

To draw diagonal wire hold Ctrl key while dragging and releasing mouse button. Another way to make
diagonal wire is to select existing wire, then click and drag the end of the wire:

Hold Ctrl key, click and drag Click to select Click and drag the end

Connection

Three wires coming to one point are always connected. Connection point will be automatically placed
here during schematic check. Two crossing wires are not connected by default. To connect these wires
place connection point: move cursor to the crossing and press ¢.” (dot) key, or move mouse pointer over
crossing and click on Connection image ( +4- ) in the Selection Bar.

Automatic No connection Press <.’ Connection Diagonal wire
connection not connected!

All the unnecessary connection points will be automatically deleted during schematic check.

Warning: diagonal wire may be not connected to other wires even if connection point is placed at the
crossing. Try to avoid connection of two diagonal wires at one point.

Ground

To place a ground press ‘G’ key or click on Ground image ( <L-) in the Selection Bar. The ground is
common for entire document, including all sheets and all subcircuits.
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Component
Each component type has a designated letter and symbol.

Letter identifies functional group of a component. For instance, all component types with letter ‘S’ are
switches. Selection Bar has a tab designated for each letter. When placing component by keyboard, the
letter key is used to select component type. Default name of a component begins with this letter.

Symbol is an image of a component type: how component is displayed on the schematic. Selection Bar
contains symbols of all available component types.

Some component types are “customized’: symbol of those components, as well as number of pins, pins
location and names, can be edited in the Edit Component dialog box. The dialog box shows up
automatically at the moment when component is being placed, and can be opened any time later. See
Editing customized component chapter for details.

The following diagram and example show the process of placing component.

Select letter
Keyboard Selection Bar

b R e
i o e L F 4+ = @\:ﬁ: = @)

— Al AAACAD AFATALADAR LS AT A0 4w

Press ‘V’, Enter

Select model

\ 4

Schematic Window Components Window

B ( YIE|¥Im e

| I ame "‘v’alue ’ | W1

Double-click

on Component W1 Y10
i) v |
Slope /| Linear -

Gdit parameters Rise —"< |0
Delay z (0
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Selection Bar. Select tab with required
component type (V), then click on + | &= :Ehhﬁ -

component symbol to place component s
AT AD AF A

(“Voltage controlled voltage source”). New Valkage controlled

voltage source

component shows up in “selected” state, so
you can immediately rotate, mirror, flip, or
select view as needed.

Keyboard. Press key with the letter —_—
designated to the component type (V). _ = szl au £ b £ 4 ray £ -
If several components types are o T

available for this letter, press letter key ADAFAILAL ADAF A1 AL ADAF A1 AL ACADAF A1 AL
again until desired type of a component
shows up. Use arrow keys to move a
new component, or click and drag new
component by mouse. To place
component press Enter, or double-click
the mouse. To cancel, press Delete or
Esc.

Schematic with a new component, which is not set yet and is shown in cursor’s color is sometimes
called to be in New component mode.

When component is placed above existing wire, a
piece of the wire underneath the component is
automatically removed, so that no editing of the wire
IS required.

A new component has automatically generated name. The name begins with type specific letter,
followed by unique number. Then, the component can be renamed in the Components window.

Once component is placed on the schematic, its image can be modified (flipped, mirrored, rotated) to fit
schematic better. In addition, some component types may have several views. Commands that modify
image and change views are also applied to a new component while placing component using keyboard,
before pressing Enter.

A new component will also show up in the Components window. In this window, you can see all the
models available for component type. When model is selected, parameters of the model are shown and
available for editing. See Components Window chapter for details.

To switch to Components Window from schematic, place cursor on the component and press Enter, or

double-click on the component. In this case, if you finish editing parameters by pressing Enter or Esc,
you will switch back to the schematic.
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Component View

Some component types have several views: almost identical images with slight modification. Different
views may have different pinouts, or indicate some functionality difference. A few examples of different
Views:

e Polarity of control signal and source:

e Logical function of logical components: :" ﬁ
e Inverted and non-inverted inputs/outputs:

To change the view of the component, use the following buttons and shortcuts:

T+ e Nextview. Select next view of a component with multiple views.

-

e ‘+’ ‘" keys. Select next/previous image of a component by changing view, mirror and/or flip
component, whichever is applicable.

These commands can also be applied to a new component while placing component using keyboard,
before pressing Enter.
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Label

Label is similar to component, except that there can be many labels with the same name in the
schematic. All labels with the same name are electrically connected. (Labels in the subcircuit are local to
the subcircuit and are not connected with the main schematic). Labels can be used:

To connect different points of the schematic without wire.
To connect parts of the schematic located on different sheets.
As a simulation “probe” (V trace).

e Asavoltage source.

The following diagram and example show the process of placing label.

Keyboard Selection Bar

Click on label

(prsEner >— OR
l

x

Enter new label name ar select
existing label from drop-dow list: Select model

Labell =l
] I Ean.:e|| Components Window
#|
l Wb % | M LE ¥NIN e
Mame |V alue Labell Label
Schematic Window ‘| abell
YIiC
R ]

() Double-click
on label

Edit parameters

To place label press Enter on the wire or empty space, or click on Label image (E'CE,E ) in the Selection
Bar. Label dialog box will show up. Enter new label name or select existing label trom drop-down list
and click OK. A label will immediately show up on the schematic and in the Components Window. To
set up model and parameters of the label, place cursor on the label and press Enter, or double-click on
the label to switch to Components window.
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When entering label name in the Label dialog box, a message will notify whether such a label already
exists. This will prevent from connecting different schematic points by mistake:

X x

Enter new label name or select Enter new label name or select
exizting label fram drop-down list; exizting label from drop-dow list;
Iinpuﬂ | I*’1 0] =
New label Existing label

k. I Cancel I k. I Cancel |

Attributes

Attributes of the component and label include Name and Value. The following attributes display modes
are available:

No attributes MNarme
Name only ;

Value only
Name and Value

[ ]
[ ]
° = ..

Value
[ ]

Press Tab key to toggle attributes display mode, or select attributes under Schematic | Attributes Main
Menu item.

Attributes can be placed with resolution higher than schematic grid. The “attributes grid” can be set up
in the range “1/1” down to “1/32” of schematic grid. Attributes grid can be changed on Schematic page
of Preferences dialog box.

To move an attribute, select component first, the click on the attribute and drag it:

Click (select)...  Click... Drag... Release... Unselect

To change attributes orientation select component and or click Rotate attributes button A or press
Ctrl-T.

By default, Value is either first parameter of the component’s model, or model name. List of parameters
displayed for specific component can be customized in the Format dialog box. Right-click on the
component, select Format command in the context menu, then select Attributes page. Select one or
more components in the Component list, then select format and parameters to display. Use Ctrl-click to
select multiple components.
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If parameter is defined as a formula, it can be displayed as a resulting value of a formula, as a formula
expression, or in a "Formula = value” format.

romat x

Selection  Attributes |

— Schematic
[+ Show names
[+ Show values
— Component
E— s | P
" Mone [ model=Pulze
W1=10
" Default Wil=0
r" "o Period=1
.23 Ok [ Slope=Linear
., ., [] Rize=0
* "R=123 1 Fall=0
© Ret23ohme | | e
— Mumber
e Yalue
= Farmula
" Formula = value [+ Subcircuit labels
] Cancel Apply

Parameters will be displayed only if selected components are of the same type, and have the same
model.

For components with subcircuit model (SubCir), pin labels are shown by default (see T1 image). If
label locations are obvious due to specific component symbol, those labels can be hidden (see T2
image). To hide labels, unselect Show subcircuit label.
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Drawings (line, rectangle, oval)

Drawings (line, rectangle, oval) do not affect functionality of the schematic and are used solely as a
“decoration”. Drawings can be placed with resolution higher than schematic grid. The “drawings grid”
can be set up in the range “1/1” down to “1/32” of schematic grid. Drawings grid can be changed on
Drawings page of Preferences dialog box.

e Toplace line, click Line button %= to switch to Line mode.
e To place rectangle, click Rectangle button [] to switch to Rectangle mode. .
e To place oval, click Oval button <> to switch to Oval mode.

Click on the starting point, hold mouse button, and drag to ending point of the drawing, then release
mouse button:

Line Rectangle (square) Oval (circle)
To draw square or circle, hold Ctrl key while dragging and releasing mouse button.

Click Selection button % | to switch back to Selection mode. To change size and/or shape of the
drawing select drawing, then click square marker and drag:

Click to select Click and drag

When placed, drawings show up in a default format. To change color, line width and type of drawings,
select drawings, then select Edit | Format command from Main menu, or right-click on the drawings
and select Format command from context menu. To format just one drawings element, simply double-
click on the element.
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Text and Variables

To enter text click Insert text button .Text dialog box will show up:

=
== =00 A%
Thiz iz bewt ;I

" o

[~ Dutline [~ & [ ] Tet
[~ Paointer I- Lockponter [ ] Line

[ =] Linewidh

Enter text in the text box. The text will be simultaneously shown on the schematic:

This is text

The text can be formatted using toolbar buttons and controls:

Alignment. Set alignment of multi-line text.

Align left.
Center.
Align right.

Orientation. Change orientation of the text.

£i o Rotate left.
¢ Rotate right.

Font. Change size of the font or select specific font type and options.

A e Larger font.
a o Smaller font.
*1 ¢ Select font.

91



EBY NL5 circuit simulator User’s Manual

e Run script. Run script from the text (the text is considered to be a script, and will be executed).

Outline and pointer options
Outline _

Outline. Draw outline rectangle.

Pointer. Draw pointer line from the text to specified point.
Arrow. Draw pointer line with arrow.
Lock pointer. Lock the end of the pointer: the end of the pointer [N
will not move even when text is being moved. e

Paointer

e Line width. Specify line width of the outline and pointer.
e Color. Double-click on the item in the list to change the color.

Click Close button when done to close dialog box.

To edit the text, double-click on the text, or right-click on the text and select Edit text command from
context menu. The same Text dialog box will show up.

To move the text, click on the text and drag. If pointer is locked, Move text —=
only text will move. To move the pointer only, click on the text to _
select, then click and drag square marker at the end of pointer. Move painter

To place list of variables on the schematic click Insert variables
button . Variables and their values will be shown similar to a
text. The text can be formatted, but cannot be manually edited: it will be automatically updated as
variables or their values change.
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Scrolling and Zooming

To scroll schematic use any of the following methods:

Move schematic cursor to the edge of schematic window, the window will scroll automatically.

Move mouse pointer to the edge of schematic window. Mouse pointer will take “big arrow”
shape. Click or hold left mouse button to scroll schematic:

nll - Schematic 10| x|

Sheet] shift | Chil | Click t

In Selection mode  [; , point mouse pointer to empty space, hold Shift key, and then click and
drag schematic. Shift key will temporary to Scrolling mode.

Hold Ctrl key and rotate mouse wheel to scroll horizontally.

Hold Shift key and rotate mouse wheel to scroll vertically.

Use Shift-Up, Shift-Down, Shift-Right, Shift-Left keyboard shortcuts.

In Scrolling mode <M click and drag schematic, or press Up, Down, Right, Left keys.
Press Home to center cursor on the screen

Point and double-click on the schematic to set cursor and center it on the screen

To zoom schematic use any of the following methods:

Rotate mouse wheel to zoom-in and zoom-out.

Click schematic toolbar buttons or use keyboard shortcuts:
& o PgUp -zoom-in

=, o PgDn - zoom-out

| o Ctrl-Home - fit all schematic to the screen

9 o Shift-Home - fit selection to the screen

Right-click on schematic window to open context menu, select Zoom item, then select
schematic scale in percent (25%...250%).
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Select and Unselect

e To select one schematic element, point and click on the element.

e To select a block, point on the empty space, click and drag selection rectangle. Depending on
state of Ctrl and Shift keys at the moment of releasing mouse button, the following selection can
be done:

o No keys depressed. Only components completely located in the selected area; only part of the
wires located in the selected area. Selection is bounded by a rectangle.

o Ctrl key is depressed. All components and wires with any part in the selected area. Selection
is not bounded by a rectangle.

o Shift key is depressed. Only components and wires completely located in the selected area.
Selection is bounded by a rectangle.

No keys depressed Ctrl key depressed Shift key depressed

e To add new selection to existing one, press and hold Ctrl key, then select a new element or a
new block.

e To select all elements, press Ctrl-A.
e Right-click to select element and open context menu.

e Select Net command in the context menu selects schematic element with all wires connected to
the element either directly, or through labels (including other sheets).

e Moving schematic cursor automatically selects element under the cursor.

e To unselect, point and click on empty space, or press Esc.

e To unselect a block, point and click on empty space outside the block, or press Esc twice.
Pressing Esc first time removes block rectangle, pressing second time unselects all elements.

Schematic with selection bounded by a rectangle is sometimes called to be in Block selected
mode.
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Delete

To delete elements, select elements or block, then press Del, or click Delete button x :

To delete entire sheet, right-click on Sheets selection tab, then select Remove sheet command in the
context menu. The sheet will be deleted permanently and can’t be restored. Schematic should contain at
least one sheet, so the last sheet cannot be deleted.

Move and Copy

e To move element: click on the element and drag to a new location:

e To move schematic element with rubber bands: hold Shift key, click on the element and drag to
a new location:
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e To move block with rubber bands: hold Shift key, click on selection and drag to a new location.

e To copy schematic element with rubber bands: hold Ctrl and Shift keys, click on the element
and drag to a new location.
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e To copy block with rubber bands: hold Ctrl and Shift keys, click on the element and drag to a
new location.

Move/copy operations can also be done with standard commands and shortcuts Edit | Copy (Ctrl-C),
Edit | Cut (Ctrl-X), and Edit | Paste (Ctrl-V). Use these commands to move/copy elements to another

sheet, document, or NL5 application as well.

When component is moved/copied above existing
wire, a piece of the wire underneath the component
will be automatically removed, so that no editing of
the wire is required:

Disable and Enable

Schematic elements can be disabled. Disabled elements are shown in “disabled” color and are not used
for simulation. Disabling elements allows temporary exclude elements from simulation without deleting.
To disable, right-click on selection and select Disable command from context menu. To enable, select

Enable command.
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Mirror, Flip, Rotate

To change orientation of a schematic element, use Rotate, Mirror, and Flip commands:

+ o Rotate right (Ctrl-R). Rotate right (clockwise).
4. o Rotate left (Ctrl-L). Rotate left (counterclockwise).
~i» ® Mirror (Ctrl-M). Mirror (flip around vertical axis).
g~ o Flip (Ctrl-F). Flip (flip around horizontal axis).

Select element

Rotate right Rotate left Mirror

Those commands can be applied to selected block as well:

Select block

Mirror Flip
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To rotate block, select the block, then place cursor to the center of rotation inside the block:

Select block

Rotate left

v

Format

All elements are initially placed on the schematic with default properties (color, width, style, font, etc.).
After that properties of any element can be customized by formatting. To format selected elements,
right-click on the selection, and select Format command from context menu, or select Edit | Format
command in the Main menu. Format dialog box will show up:

Format x|
Selection | Attributes I

[T Show selection in nomal colors

— Schematic
= |1 vl Line wadth . EEE
B Ground
A I'IEIEI vl Fomnt size: [%] [ Component
[ ] Amributes
Feset to default |
— Drawings
= |1 vl Line wadth | |Line
[ Tex
= | —— xlswe
A _—E = = Textaioment 4 Select Font
Cancel ][I
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Only properties applicable to selected elements will be enabled. For instance, if only wires are selected,
all fields except Schematic Line width and Wire color will be disabled. If selected elements have
different value of the same property, corresponding field will be enabled, but left blank. Leave it blank
to keep individual values unchanged, otherwise they will be set to the same value.

e Show selection in normal colors. When Format dialog box opens, all selected elements have
the same, “selected” color. Select this checkbox to see all elements in their normal color.

Schematic.

e Line width. Line width of all selected schematic elements: wires, components, labels, and
grounds.

A o Fontsize. Font size of component attributes.
e Color. Double-click on the item in the list to change the color.

e Reset to default. Click the button to reset custom properties back to default.

Drawings.

e Line width. Line width of all selected drawings: lines, rectangles, ovals and texts.

e Style. Line style for line, rectangle, and oval.

e Arrows. Arrows control for lines.

> 1T

Text alignment. Alignment of multi-line text.

w
(=
Ia]

Select font. Select font of the text.

i

e Color. Double-click on the item in the list to change the color.

e OK. Accept changes and close the dialog box.
e Cancel. Ignore last changes and close the dialog box.
e Apply. Accept changes without closing the dialog box.

Undo and Redo

To undo schematic and component parameters changes, click Ctrl-Z, or click Undo button «» . To
reverse undo operation, click Ctrl-Y, or click Redo button . . An unlimited number of undo
operations may be reversed with the redo command.

Size of the Undo buffer is unlimited, and by default the buffer keeps all changes since the document is
created or loaded from the file, and buffer is cleared when schematic is saved into the file. However, for
optimal performance the size (number of undo steps) may be specified on the Document page of
Preferences dialog box. Also, unselecting option “Clear Undo buffer on schematic change” allows
keeping all changed done since the file was created or loaded from the file, and never clear the buffer.

Undo operation does not apply to component parameters changed during Sweep, Optimization, Script
execution, or done from Console tool.
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Schematic editing commands

The following schematic editing commands, buttons, and shortcuts are available in the Main Menu,
Main Toolbar, Schematic Toolbar, and schematic context menu.

o
W

R

b

Show schematic window (F2).

Schematic Tools.

Check schematic.

Sheets. Open Sheets dialog box.

Groups. Open Groups dialog box.

Parts list. Show parts list in the Properties dialog box.
Attributes P

o Name. Toggle attribute name display.
o Value. Toggle attribute value display.

Image »

o Copy to clipboard. Copy image of schematic window to the clipboard.
e o Save as BMP. Save image of schematic window to a file in BMP format.
s o Save as JPG. Save image of schematic window to a file in JPG format.
m: o Save as PNG. Save image of schematic window to a file in PNG format.
Cut (Ctrl-X). Cut selection (copy to clipboard and delete).

Copy (Ctrl-C). Copy selection to clipboard.

Paste (Ctrl-V). Paste from clipboard.

Delete (Del). Delete selection.

Undo edit (Ctrl-Z). Undo schematic and component parameters change.

Redo edit (Ctrl-Y). Reverse undo.

Select All (Ctrl-A). Select all schematic elements.

Select Net. Select element, and all wires connected to the element either directly, or through
labels (including other sheets).

Format. Format selected elements.
Preferences. Open Preferences dialog box.

Help (F1). Press F1 to get help on schematic. To get Help on component, select the component
and press F1.

Toolbar and context menu

I
&

M o

Selection. Switch to Selection mode.
Draw wire. Switch to Wire mode.
Scrolling. Switch to Scrolling mode.
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= e Draw line. Switch to Line mode.
e Draw rectangle. Switch to Rectangle mode.
e Draw oval. Switch to Oval mode.
| o Insert text. Enter and place text on the schematic.
e Insert variables. Place list of variables on the schematic.

=

]

-

=

&, e Zoom-in (PgUp). Center cursor and zoom-in schematic.

=, e Zoom-out (PgDn). Center cursor and zoom-out schematic.

[l o Schematic to the screen (Ctrl-Home). Fit schematic to the screen.

4 o Selection to the screen (Shift-Home). Fit selection to the screen.

. e Rotate right (Ctrl-R). Rotate selected element, block, or new component right (clockwise).

£i e Rotate left (Ctrl-L). Rotate selected element, block, or new component left (counterclockwise).

=» o Mirror (Ctrl-M). Mirror selected component, block, or new component (flip around vertical
axis).

- o Flip (Ctrl-F). Flip selected component, block, or new component (flip around horizontal axis).
+ o Next view. Select next view of selected or new component with multiple views.

A* o Rotate attributes (Ctrl-T). Rotate attributes of selected component.

25| o« [Edit text. Edit selected text.

e Run script. Run script from selected text.

1F o Edit component. Open Edit component dialog box. Available for “customized” components.
=S

e Open subcircuit/file. Open subcircuit schematic file for components with SubCir model (only
if subcircuit file name is defined), or open file or attachment for components with File model (if
file name is defined, or attachment exists).

E ¢ Save component. Save selected component in the NL5 component file.
e Encrypt/Decrypt. Encrypt/Decrypt selected component.
e Enable/Disable. Enable/Disable selected elements.

e Add trace »

W o Voltage. Add transient voltage trace for selected component. If wire is selected, adds
label first, and then adds voltage trace for label.

Current. Add transient current trace for selected component.
o Power. Add transient power trace for selected component.

o AC Voltage. Add AC voltage trace for selected component. If wire is selected, adds label
first, and then adds voltage trace for label.

I o AC Current. Add AC current trace for selected component.

ot

o Set AC Source. Set selected component as an AC source for AC analysis.

2 2 2

e Zoom )
o 25%...250%. Zoom schematic to specified percentage.
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Keyboard keys and shortcuts

The following keyboard keys and shortcuts can also be used to edit schematic.

e Space.
o Selection mode: switch to Wire mode.
o Other modes: switch to Selection mode.

e Home. Center cursor on the screen.
e Tab. Toggle attributes display (name and value).

e Enter.
o New component mode: place component.
o On the component or label: switch to Components Window to edit parameters.
o On wire or empty space: place label.

e Esc.

New component mode: cancel.

Block selected mode: remove block rectangle.

While drawing wire, line, rectangle, or oval: cancel.
While dragging selection by mouse: cancel.

All modes other than Selection: switch to Selection mode.
Unselect all.

e Right, Up, Left, Down.
o New component mode: move component.
o Block selected mode: move selection.
o Selection mode: change cursor direction, move cursor.
o Wire mode: change cursor direction, draw wire.
o Scrolling mode: scroll schematic.

e Shift-Right, Shift-Up, Shift-Left, Shift-Down. Scroll schematic.
e ¢ (dot) . Place connection.

0O O O O O

O

e ‘G, ‘g’. Place ground.
o ‘A7, ‘a’...’7’. Select new component of “letter” type.

o ‘+’ °-‘  Select next/previous image of a component by changing view, mirror and flip
component, whichever is applicable.
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Mouse operation

The following mouse operation can be used to edit schematic.

e Click (left button).

On empty space: unselect all, place cursor.
o On selected block: place cursor.

o On element: select element.

o Wire mode: place cursor.

(@]

e Ctrl-click. Same as click, but do not unselect (add to selection).
e Right-click. Same as click, plus open context menu.

e Double-click.
o On the component or label: select and switch to Components Window.
o On the line, rectangle, or oval: format element.
o On empty space: set cursor and center the screen.

e Click and drag.

On empty space: select block.
o On attribute: move attribute.
o On selection: move selection.
o Wire mode: draw wire.

O

e Ctrl-click and drag.
o On empty space: add block to selection.
o On selection: copy selection.
o Wire mode: draw diagonal wire.

e Shift-click and drag.
o On empty space: scroll schematic.
o On selection: move selection with rubber bands.

e Ctrl-Shift-click and drag.
o On selection: copy selection with rubber bands.

e Mouse-wheel. Zoom-in/zoom-out. Schematic is zoomed relative to mouse pointer position.
e Ctrl-mouse wheel. Scroll horizontally.
e Shift-mouse wheel. Scroll vertically.
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Components and models

NL5 supports over 75 component types. Each component type has a designated letter, symbol, and
models.

Letter identifies functional group of a component. For instance, all component types with letter ‘S’ are
switches. Selection Bar has a tab designated for each letter. When placing component by keyboard, the
letter key is used to select component type. Default name of a component begins with this letter.

Symbol is an image of a component type: how component is displayed on the schematic. Selection Bar
contains symbols of all available component types.

Some component types are “customized”: symbol of those components, as well as number of pins, pins
location and names, can be edited. See Editing customized component chapter for details.

Model defines functionality of a component. For instance, voltage source models include Pulse, Sin,
Step, File, and more. Each model has set of parameters specific to the model. Model and parameters of
the component can be set up in the Components window.

This chapter provides general information, which applies to all components, as well as some specific
details on several component types, models, and parameters. See Attachment 1 for detailed description
of all component types, models and parameters.

Formulas

Most of component parameters (numbers) and all variables can be defined as a formula. Formula is an
expression that may contain other parameters and variables, and is automatically recalculated when any
of those parameters change. Formula always starts with equal sign ‘=":

=Varl*2
=R1/2
=max (R1,R2,R3)

To enter formula write expression started with equal sign ‘=" and press Enter. The formula will be

evaluated and its current numerical value will be displayed along with =l button. Click on the button to
view/edit formula:

R Ohm [=R1%2 —Enter . R Ohn |[OEE 5|> ok
R Ohm |EEERE I?l

If formula expression has an error and can’t be evaluated, #var text will be displayed instead of a
number.
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To clear formula, enter new expression or number without equal sign instead of numerical value, or
click =] button to switch to edit mode, erase formula, and press Enter.

If formula contains name of a component, and the component has been renamed, the formula will be
updated automatically. Formula cannot contain time and values that are changing during calculation,
such as voltage, current, and power. Circular references (when some of the parameters in the formula
finally point to this formula) are not allowed, and error message will be displayed.

Please note that an expression entered equal sign ‘=’ is not a formula: it will be immediately evaluated
and replaced by its numerical value.

Functions

Some component parameters can be defined as a function. Function is an expression, which is
recalculated at every transient or AC calculation step. In addition to numbers and names, some functions
can also use the following variables:

t — current transient time, s.

f — current AC frequency, Hz.

w — angular AC frequency, w = 2nf.

s or p— Laplace parameter, s = p = j*2nf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings dialog box.
x,y — Input signals for Function model.

V(name) — Vvoltage on the component name. V trace should be available for the component.
I(name) — current on the component name. | trace should be available for the component.
P(name) — power on the component name. P trace should be available for the component.

Function is entered as an expression, without equal sign. For example:

sin (t*1000) * (1+cos (t*10))
(£%$2>1)721:-1

mag (x,y)

sq(V(rl))/rl

1/ (1+s*R1*C1)

1000*f
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Editing customized component

When placing a component of customized type, an Edit Component dialog box shows up first. In the
dialog box you can specify component dimensions, number and location of pins, signal names.
Configure parameters and click OK to place a new component. To modify existing component, select
the component, then right-click on the component and select Edit component command from context
menu, or click Edit component button { on the Components window toolbar:

nll1 - Components

% | VI E|XIQ|0ie [0

g3 Edit omporent...___

Copy Ctrl+C
¥ cut Crl+¥
ol -

<no coder

i [ N s

Edit Component dialog box look varies for different component, since parameters and features
available for each component type are different. In all dialog boxes:

e Select new dimensions from Width and Height drop-down boxes to change symbol size.
e Click on rectangle markers to add/remove pins.
e Click OK to accept changes and close dialog box, or Cancel to ignore changes, and close dialog

box.

The following dialog boxes are available for different component types:

F - Custom function

X
[27 =] widh
[+ =] Heign e Maximum width: 32.
¥ Lise defauit names e Maximum height: 8.
n - Jou | e Number of inputs: 0...8.
W =l o  Number of outputs: 1.
w3 e Number of clocks: 0...1.

e Select Use default names checkbox to use default pin names, or unselect Use default names to
enter custom pin names on the In and Out tabs.
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L - Custom coupled inductors
W - Custom transformer

i

|1 "I Width

Heih e Maximum width: 1.
’ e Maximum height: 32.

e Number of windings: 1...9.

= d Cancel |
e Click on rectangle markers to select the winding.
e Click on circles to select beginning and end of the winding.

X - Custom block (Subcircuit)

e Maximum width: 32,
e Maximum height: 32.
e Total number of pins: 0...128.
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X —NL5 circuit (Subcircuit)

x|
T =] wi e Maximum width: 32,
|2—;| r;ldt:t e Maximum height: 256.
’ e Number of left pins: 0...256.
Lok | Fight | e Number of right pins: 0...256.
1 ;I

e Enter subcircuit label names on the Left and Right tabs.

X —C-code

«
2 =] wien e Maximum width: 32.
[3 =] Heigh e Maximum height: 256.
¥ Use default names e Number of inputs: 0...256.
n - Jou | e Number of outputs: 0...256.
«l = e Number of clocks: 0...1.

%3

e Select Use default names checkbox to use default pin names, or unselect Use default names to
enter custom pin names on the In and Out tabs.
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X — DLL (DLL model)

x|
|2 *I Width
[F =] Heigh Maximum width: 32.

I Lise cefoul Maximum height: 256.
" Selga:u Ta;nes | Number of inputs: 0...256.
- - = I Number of outputs: 0...256.

H% Number of clocks: 0...1.

o o

=

e Select Use default names checkbox to use default pin names, or unselect Use default names to
enter custom pin names on the In and Out tabs.

e To access internal variables of dll without creating output pins, add component variable names
on the Var tab:

n Jow Var |

iy _war_1 ﬂ
my_war_2

[

Component variables can be displayed on the graph as a trace of Function type, using the
following notation:

component name.variable name.

For example:

X1l.my var 1

Initial values of outputs and component variables can be assigned in the Out and Var tabs:

outl =

1.0
my var 2 =

3.333
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X —DLL (Project model)

W3 Edit X1 x|
_ e Maximum width: 32.
|__l|2 r i e Maximum height: 256.
e e Number of inputs: 0...256.
e Number of outputs: 0...256.

nJow lva | e Number of clocks: 0...1.
w1 ;I
He
W

e Input, output, and variable names are specified in the DLL Project tool window, and cannot be
edited here. Number of input/output pins of the symbol is the same as number of In/Out names,
and cannot be changed.

e You can change pins location (add/remove spaces between pins). To move pin down, click on
the existing pin: it will be moved down, if empty space exists. To move pin up to an empty
space, click on the empty space.

Y — Custom logic

x
[ ] i . )
[ =] Heign e Maximum width: 32.
e Maximum height: 32.
e Number of inputs: 1...32.
e Number of outputs: 1.
5 d Cancel |

e Logical function of the component and inverted/non-inverted output option is selected by
changing view of the component (use Next view command, or 13 button).

111



EBY NL5 circuit simulator

User’'s Manual

Y — Logical function

x|
|2 'l ‘width
[ =] Heignt
Bl
Kl _'ld
Cancel |

Maximum width: 32.
Maximum height: 8.
Number of inputs: 0...8.
Number of outputs: 1.
Number of clocks: 0...1.

e Select Use default names checkbox to use default pin names, or unselect Use default names to

enter custom pin names on the In and Out tabs.

Y — Bus (digital-to-bus converter)

x|
= |2 'l width
[EI =] Heign
Cancel |
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Working with Subcircuits

Subcircuit model (SubCir) allows creating simple and readable schematic by substituting some part of
the schematic with one component (symbol). When simulation starts, the component with SubCir
model is replaced by actual schematic loaded from subcircuit file. SubCir model is available for almost
all components. Some X components are dedicated for SubCir model only: Block-2, Block-3, Block-4,
Block-6, Block-8, and Custom block.

SubCir model has the same parameters for all component types (except NL5 circuit component):

SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

“File” is a file name of subcircuit schematic file. Enter file name manually, or click = | hutton and
select file name in the dialog box. File extension “.nl5” can be omitted.

Generally, a full path to the file can be used. For example:

C:\Program files\NL5\Projects\Modulator\clock gen.nl5

However, if subcircuit file is located in the same directory as a main schematic file, or in the directory
defined as Library path on the Application page of Preferences dialog box, only “short” file name
without path can be used (“clock gen”). The short name is displayed on the schematic. It is
recommended to keep subcircuit files in the same directory as a main schematic file or in the “Subcircuit
Library”, since it allows using short names only and makes the project “portable”.

Parameters “Pinl”...”PinN” are used to assign component pins to the labels 2 '
defined in the subcircuit. When label name is defined, it is displayed on the B
ﬂiLl I:ne.sE'L_|

zl

drain

component image. Any of “PinN” parameters can be empty, i.e. not assigned to
the label. If no label name entered for a pin, the pin number in parentheses is
displayed on the component image.

SOLrCe

To hide labels display on the component image, select the component, then select Format menu item,
Attributes page, and unselect “Show subcircuit labels” option.

“Cmd” is a command string applied to subcircuit schematic when subcircuit is loaded from the file. The
string consists of commands in “name=value” format, separated by semicolon (*;”’). This allows using
the same subcircuit file with modified values for different components. For example:

R1=1k;R2=12k;Cl=5n
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where r1, R2, and c1 are subcircuit components.
“IC” is a text string similar to “Cmd” string, but it consists of initial conditions of the subcircuit
components. For example:

C1.1C=10;02.1IC=0
where c1 and o2 are subcircuit components. Unlike “Cmd” parameter, “IC” string can be automatically
modified by some commands. Command Transient | Save IC fills in the string by current IC’s of all

components in the subcircuit. Command Schematic | Tools, Initial Condition page, check box Set
subcircuits to empty (no 1C) will clear this string up.

Parameters “Cmd” and “IC” can be edited in the parameter line. To edit parameters in the edit dialog

box, click 2 button.

Subcircuit is always loaded from the file when simulation starts. If subcircuit has been modified, it
should be saved into the file before running or continuing simulation. An exception is if subcircuit and
main schematic are opened in the same instance of NL5 application. In this case subcircuit will be taken
directly from the NL5 memory, so that saving changes into the file is not required.

An example of using subcircuit:

Schematic Subcircuit

bW (VI RIXIE|N =
Name [Value ES | SubCi B

HWF: Ut - = in |Etr| |EI||:k to ztart zelection
FinZ oLt
Crnd
IC

If transient was paused, and subcircuit modified, it should be “reloaded” , in order to continue transient
simulation with proper state (“initial conditions™) of subcircuit components. To reload subcircuit, right-
click on the component with subcircuit, then select Component | Reload command. If subcircuit is
attached to the component, if will be reloaded automatically.
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Working with PWL model

PWL (“Piece-Wise Linear”) model is used to represent non-linear characteristic of the component with
piece-wise linear approximation, and to describe a characteristic of voltage or current controlled
components.

For non-linear components, model parameter “pwl” is a “step-like” function describing differential
value of the parameter as a function of voltage across the component or current through the component.
For instance, “pwl” parameter for non-linear resistor specifies differential resistance as a function of
voltage across the resistor. Resulting piece-wise linear Volt-Ampere characteristic of a resistor is
calculated automatically. Similarly, “pwl” parameter for non-linear capacitor specifies differential
capacitance as a function of voltage across the capacitor; resulting piece-wise linear Volt-Coulomb
characteristic is calculated automatically. The following table shows “step-like”” parameter and
corresponding piece-wise linear characteristic for non-linear components available in NL5:

“Step-like” parameter | PWL characteristic Component
R(V) I(V) Resistor, diode, zener
R(I) V(1) Resistor
C(V) Q(V) Capacitor
L(I) H(l) Inductor
K(V) V(V) Voltgg_e controlled voltage source, operational
amplifiers
K(I) V(I) Current controlled voltage source
K(V) I(V) Voltage controlled current source
K(I) I(1) Current controlled current source

For voltage or current controlled components, “pwl” is a “step-like” function describing absolute
value of the parameter as a function of external control voltage (Vin) or current (lin). For instance,
“pwl” parameter for voltage controlled resistor specifies absolute resistance as a function of control
voltage. The following table shows “step-like” parameter for voltage or current controlled components
available in NL5:

“Step-like” parameter Component

R(Vin) Voltage controlled resistor

R(lin) Current controlled resistor
C(Vin) Voltage controlled capacitor
C(lin) Current controlled capacitor
L(Vin) Voltage controlled inductor
L(lin) Current controlled inductor
K(Vin) Voltage controlled amplifier
K(lin) Current controlled amplifier
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PWL model for non-linear resistor (“R”) is described below as an example; PWL models for other
components are similar with just slight appropriate modifications.

A “step-like” parameter “pwl” is a string with comma-separated values, defined in the following format:
RO,V1,R1,V2,R2,..,VN,RN
where:
RO IS resistance while voltage across the resistor is less than vi.
R1 IS resistance while voltage across the resistor is between v1 and v2.
RN IS resistance while voltage across the resistor is greater than v.
Values vi..vn should be given in ascending order. Resulting PWL characteristic is calculated
automatically and always passes through the origin (0,0 point). For voltage or current controlled
components, PWL characteristic is not applicable.
“Step-like” function defined by parameter “pwl” can be symmetrical or non-symmetrical.

Please note that only numbers can be used for PWL definition: formulas are not allowed.

Symmetrical function is defined in the interval from zero to plus infinity; the negative part is
symmetrical to positive one. Only positive part of

the symmetrical function is defined: all voltages Bﬂll i 1)

v1..VN in the “pwl” string are positive. The 3 |_

following R(V) and I(V) graphs represent 2

parameter and PWL characteristic defined by the L]

string: 5 2 123
1,1,2,3,5

Non-symmetrical function defined in the whole range: from minus to plus infinity. For non-
symmetrical function, voltages v1..vn in the “pwl”

string can be negative and positive, however one AIv] i V]

of the voltages must be zero. Zero voltage is 3

indicator of non-symmetrical characteristic. The 2

following R(V) and I(V) graphs represent L — /
parameter and PWL characteristic defined by the 3 2 - I

string:

.5,-1,1,0,1,1,2,3,5

“pwl” parameter can be easily edited in the PWL dialog box. Click button right to the “pwl”

parameter to open dialog box:
(i 1.1.2 P
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Typical view of PWL dialog box and its main components are shown below:

CEFTE Ed

Toolbar —» ﬁn|+_x|l£j}|f

PWL characteristic
——

PWL parameter

S

| s | _@

From, ¥ R. Ohmn [To, v
0 1.01 980446707 200e-3
200e-3 1.1410B826231 400e-3
F0e-2 1,61 489352047 A0e-2
B00e-2 2 42REIETERTE 1

Tab selec 1 30456595745 inf

ap selection
D ——
[ Ii‘—' ‘Fx I T I aE. | Cancel

Upper pane of the window contains graphs of “step-like” function of “pwl” parameter and resulting
PWL characteristic (if available for this type of a component). Lower pane contains 4 tabs for entering
data and configuration.

e Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.
e Right-click on the graphs area to see context menu with relevant commands.

e Click OK to accept changes and close dialog box, or Cancel to cancel changes.

e Click Toolbar buttons to perform the following operations:

o Open PWL data from the file (in “csv” format).

o Save PWL data into the file (in “csv” format).

o Split selected row.

o Remove selected row.

Clear all data.

o Symmetrical PWL parameter.

o Non-symmetrical PWL parameter.

A HF B X1+ 0E
o

o Refresh graphs
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E ¢ “Table” tab. Provides “pwl” parameter data in the table form for editing.

o

Select symmetrical or non-symmetrical type of parameter using toolbar buttons. Note that
first “From” value is zero for symmetrical parameter, and “-inf” for non-symmetrical
parameter.

Select enabled (non-grey) cell of the table to edit the number. Enter only “To” value:
corresponding “From” value is updated automatically.

Arrow in the first column indicates selected row. To select a row, click the cell in the PWL
data area.

To create a new row, click Split button to split selected row, or enter a number instead of
“inf” in the last row and press Enter. Rows will be automatically sorted out.

To remove a row, select it and click Remove button.
To update graphs, press Enter or click Refresh button.

+ o “Add/remove” tab. Use this tab to add or remove points (rows) in the specified range.

_,.ul &dd paints in the range IEI Frarm
. 1
-l Remaove paints in the range I Ta
|.1 Irkereal

¢ o Add points (rows) in the From...To range with Interval.

= o Remove points (rows) in the From...To range.

fx o “Approximate” tab. Use this tab to approximate arbitrary function.

1) | flrl = fwisort(1+"2)
= Approgimate using = Approgimate I_-| Fram
exizting points in the range
[T Automatic update To
10 | Intervalz

Bz £ [T
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“pwI” parameter or PWL characteristic can be automatically approximated to fit an arbitrary
function. To perform approximation:

o Select PWL parameter or characteristic (if available) from drop-down list. For example, for

o

PWL resistor select R(V) or (V).
Enter f(x) as a function of parameter x. For example, for I(\V) characteristic enter function:

x/sqrt (1+x*x)

Press Enter or click Refresh button ¥ | to update graphs. If I(\V) characteristic is selected,
corresponding function for R(V) parameter will be automatically calculated; if R(V)
parameter is selected, corresponding function for 1(\V) characteristic will be automatically
calculated. Calculated functions will be shown on the graph.

(V) 1(v) 1

To approximate function using existing points (rows in the table), create rows in the data
table manually or using Add points in the range button on the Add/remove tab. You will be
able to add/remove rows or adjust values to obtain better accuracy when approximation is
done.

Click Approximate using existing points button | = . “pwl” parameter is calculated so that
PWL characteristic fits the function. Results are displayed on the graph.

Adjust points (To values in the data table), or add new points (rows) to obtain required
accuracy of the approximation. Select Automatic update check box to perform
approximation automatically on any changes in the data table (adding/removing rows), or
modifying function (when Enter button clicked).

To approximate function with automatic points selection, specify the range of the function
(From, To), and select number of intervals in the range (Intervals).
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Click Approximate in the range button i . “pwI” parameter is calculated so that PWL
characteristic fits the function. Intervals between points are automatically selected to
minimize approximation error across the range. Results are displayed on the graph.

T e “Settings” tab. Use this tab to configure the graph.

¥ Show Pl graphs v Show gridlines
v Shaow data points v Show numbers
[ Show function

[~ Show approximation error, multiplied by: |1 0

ERIENFA

Since approximation error is typically very small, use multiplier to scale error on the graph as
needed.
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Working with PWL source
PWL (“Piece-Wise Linear”) model is also used to describe piece-wise linear voltage or current source.

“pwl” parameter of the model defines time/value pairs in the following format:

T1,V1,T2,V2,.., TN, VN

where Ti,vi pair defines value of the signal (voltage or current) at specified time. Signal value between
specified points is linearly interpolated. Signal value before T1 is vi, signal value after T~ is vn.
Values T1..Tn should be given in ascending order. Although the signal is defined on the interval T1..TN,
it can be repeated continuously or delayed by setting component parameters “Delay” and “Cycle”.
Please note that only numbers can be used for PWL definition: formulas are not allowed.

“pwl” parameter can be easily edited in the PWL dialog box. Click button right to the “pwl”

parameter to open dialog box:
[pu 1112

Typical view of PWL dialog box for sources and its main components are shown below:

%

Toolbar —» ﬁrﬂ|>‘<|f|

PWL graph —>

PWL data —

oo W e

K
Tab selection —— IT I - |

Upper pane of the window contains graph of the signal. Lower pane contains 2 tabs for entering data and
configuration.
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e Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.
e Right-click on the graphs area to see context menu with relevant commands.

e Click OK to accept changes and close dialog box, or Cancel to cancel changes.

e Click Toolbar buttons to perform the following operations:

& o Open data from the file (in “csv” format).

E o Save data into the file (in “csv” format).

X o Clear all data.

W o Refresh graphs. This operation also sorts out data points to be in ascending order, and
place each time/value pair on separate line.

e “List” tab. Provides “pwl” parameter data in the text form for editing. Simply enter time/value
pairs in arbitrary format. Click Refresh button to sort it out and display on the graph.

T o “Settings” tab. Use this tab to configure the graph.

v Show gridlines
[+ Show numbers

B
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Working with List model

List model describes switching sequence of the Switch component, and logical signal of the Logic

Generator component.

“List” parameter of the model defines time/value pairs in the following format:
T1,S81,T2,S2,..,TN, SN

where Ti, si pair defines state of the signal at specified time:

e Positive value corresponds to On state of the switch, or High state of the logical generator;
e Zero or negative value corresponds to Off state of the switch, or Low state of the logical
generator.

Signal state before T1 is s1, signal state after T~ is sn. Values T1i..Tn should be given in ascending
order. Although the signal is defined on the interval T1..Tn, it can be repeated continuously or delayed
by setting component parameters “Delay” and “Cycle”.

Please note that only numbers can be used for List definition: formulas are not allowed.

“List” parameter can be easily edited in the List dialog box. Click button located right to the “List”
parameter to open dialog box:

[List [20.31.4051 60,1 n,&>

Typical view of the List dialog box and its main components are shown below:

%

Toolbar —» @E|x|f|

PWL graph — :

|»

PWL data —

N 4= L fa — &
e

E.0 -
10,0

KN
Tab selection —— IT I ok |
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Upper pane of the window contains graph of the signal. Lower pane contains 2 tabs for entering data and
configuration.

e Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.
e Right-click on the graphs area to see context menu with relevant commands.

e Click OK to accept changes and close dialog box, or Cancel to cancel changes.

e Click Toolbar buttons to perform the following operations:

& o Open data from the file (in “csv” format).

E o Save data into the file (in “csv” format).

¥ o Clear all data.

w o Refresh graphs. This operation also sorts out data points to be in ascending order, and
place each time/value pair on separate line.

e “List” tab. Provides “List” parameter data in the text form for editing. Simply enter time/value
pairs in arbitrary format. Click Refresh button to sort it out and display on the graph.

T o “Settings” tab. Use this tab to configure the graph.

[+ Show gridlines
[+ Show numbers

Br]
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Working with Table model
Table model describes look-up table of the Function component.

“Table” parameter of the model defines input/output pairs in the following format:
X1,Y1,X2,Y2,..,XN,¥YN

where xi,vi pair defines input value (x) and output value (v). Output value between specified points is

linearly interpolated. Output value below x1 is linearly extrapolated using x1..x2 interval data, output

value above xn is linearly extrapolated using x (N-1) .x~ interval data. Values x1..xn should be given
in ascending order.

Please note that only numbers can be used for Table definition: formulas are not allowed.

“Table” parameter can be easily edited in the Table dialog box. Click button located right to the
“Table” parameter to open dialog box:

[Table 12,111 ,-1,-.5,-.?,|1|1.E>

Typical view of the Table dialog box and its main components are shown below:

x

Toolbar —» Iﬁ?'n|><|f|

PWL graph ——*
2 -1 ] 1 2
215 | C
111
PWL data —— [-2+7
5.7
111
215
kil ;IJ

Tab selection ——— -

Upper pane of the window contains graph of the function. Lower pane contains 2 tabs for entering data
and configuration.

e Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.
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e Right-click on the graphs area to see context menu with relevant commands.
e Click OK to accept changes and close dialog box, or Cancel to cancel changes.
e Click Toolbar buttons to perform the following operations:

& o Open data from the file (in “csv” format).

E o Save data into the file (in “csv” format).

> o Clear all data.

W o Refresh graphs. This operation also sorts out data points to be in ascending order, and
place each X/Y pair on separate line.

e “List” tab. Provides “Table” parameter data in the text form for editing. Simply enter X/Y pairs
in arbitrary format. Click Refresh button to sort it out and display on the graph.

T o “Settings” tab. Use this tab to configure the graph.

[+ Show gridlines
v Show numbers

B r]
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Working with 2D Table model
Table model also describes 2D (two-dimensional) look-up table of the Function-2 component.

“Table” parameter of the model defines output value z as a function of x and v inputs of the component
in the following format:

211,%212,..,21N,221,222,.., 22N, .., ZM1, ZM2, ..., ZMN

where:
e 717 defines output of the function for input values xi and v3;
e 1 is total number of x points, defined by “X” parameter of the component;
e M is total number of v points, defined by “Y” parameter of the component.

Output value between specified x and y points is linearly interpolated on both coordinates. Output value
below x1 is linearly extrapolated using x1..x2 interval data, output value above xn is linearly
extrapolated using x (v-1)..xn interval data. The same rule is applied to v coordinate.

Please note that only numbers can be used for Table definition: formulas are not allowed.

“Table” parameter can be easily edited in the Table dialog box. Click button located right to the
“Table” parameter to open dialog box:

Table  [[21.1.1 ,-1,-.5,-.?,D,EL.E>

Typical view of the Table dialog box and its main components are shown below:

e

Toolbar —» @E|){|f||§@

________________________________________________

PWL graph —>

1 |-5 |0 O

-1 A 0B 1]
PWL data — |-5 06 04 1]
1] n 1] 1]
] 1 - 0E 1]
1 -2 i1z 1]

4| 2+

Tab selection — B | T e | — |
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Upper pane of the window contains graph of the function. Lower pane contains 2 tabs for entering data
and configuration.

e Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.
e Right-click on the graphs area to see context menu with relevant commands.

e Click OK to accept changes and close dialog box, or Cancel to cancel changes.

e Click Toolbar buttons to perform the following operations:

o Open data from the file (in “csv” format).

o Save data into the file (in “csv” format).

o Clear all data.

X 0 §

W o Refresh graphs.

B o Show z (x) traces: each trace represents one line of the table. Total number of traces is w,
highlighted trace corresponds to the selected cell of the table.

B o Show z(v) traces: each trace represents one column of the table. Total number of traces
is v, highlighted trace corresponds to the selected cell of the table.

B o “Table” tab. Provides “Table” parameter data in the table form for editing. Rows consist of data
with constant v value, columns — with constant x value. Click Refresh button to update the
graph.

T e “Settings” tab. Use this tab to configure the graph.

[+ Show data points
v Show grdlines
[+ Show numbers

B 7
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Working with C-code

In C-code component, the component function code can be written in C language. The code will be
interpreted by NL5 during transient simulation. Although C code interpretation is relatively slow, using
C-code component allows very fast iterations of the code. When the code is finalized, it can be compiled
and built as DLL for faster simulation (see Working with DLL chapter).

Execution. A principle of C-code execution is shown on the following diagram:

! double in: double out;

in + / \ ,/ \ ot

if (in<=0) ouc=0;
elze out==sgrt(in):

Each input/output pin with a name has a variable of the same name associated with the pin. A voltage on
the input pin of the component (for example, “in”) is measured by a voltmeter, and is assigned to the
variable of the same name (double in). While C-code is executed, a new value of output variable
(double out) is evaluated. A voltage equal to out value is set to a grounded voltage source, connected
to the output pin of the same name (“out”).

Inputs and outputs. Input pins are considered as voltmeters with infinite input impedance. Output pins
are grounded voltage sources with zero output impedance. Input values (voltage measured by the
voltmeter) and output values (voltage of the voltage source) are

accessed through variables of doub1e type, with the same names as  —»t vl —{*[0] ylol—
pin names (for example x1, x2, =3, y1, vy2, y3).Inputsand —x2 vz 1] 1]~
outputs can also be assigned to array elements (for example x(o07, — —s3 3~ —L2] 21—

x[1], x[2]).

Input/output variables (arrays) are global variables and should be declared as variables (arrays) of
double type in the beginning of the code, outside of init Or main functions. (See global variables
chapter below for details). If not explicitly declared, all required input/output variables and arrays of
appropriate size will be created automatically during initialization phase of the analysis at t=0.

Code structure. A typical code structure is the following:

/* Global variables */

/* Initialization code */
init () {

}

/* Main code */
main () {

}
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If complex initialization of global variables is not required, an initialization code can be omitted. Then
the code will look like this:

/* Global variables */
/* Main code */
main () {

}

And finally, if global variables (other than inputs and outputs) are not used, both initialization and main
functions can be omitted. All the code is considered as a main function code:

/* Main code */

Global variables. Global variables are public variables of the code. They can be accessed outside the
C-code: from the script (for example, for data logging), from the command line, displayed on the
transient graph, used in the expressions for /I sources, etc. Also, global variables are static: they persist
and keep their values during entire transient simulation.

Global variables can be used for storing code data that are calculated once, and then are used in the main
code on each simulation step. Global variables can also be used for storing values that are calculated on
one simulation step, and then are used on the next simulation step (in the main function).

Global variables should be declared in the beginning of the code, outside of init and main functions.
Variables can also be initialized during declaration. However, if some code is required for initialization,
it should be done in the init function.

Although input/output variables are always global, they can be explicitly declared as global variables as
well. If not explicitly declared, all required input/output variables and arrays of appropriate size will be
created automatically during initialization phase of the analysis at t=0.

To access global variables outside the C-code use the following notation:

component name.variable name

For array elements, use the following notation:

component name.array name [index]

For example, to display global variable on the transient graph, add a trace of function type, and enter
variable name (or any expression containing the variable):

X1.outl

Xcode.array[3]
X1.X2.temp (x1 — subcircuit, x2 — Code component)
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Initialization code is executed once at the beginning of simulation at t=0. The name of the initialization
function should be init. Initialization code is used to initialize global variables, if some complex code
is required for initialization. Initialization code is optional and can be omitted.

Main code calculates output variables using current values of input T I i
variables during transient simulation. If clock pin does not exist, the Je wk B
code is executed on every calculation step. If clock pin exists, the code is

executed only on rising edge of logical clock signal. The name of the JLEcly J=EwehLiy
main function should be main. clock

Variables declared in the main code are local, and persist only during execution of the main code at each
time step. Use global variables for storing values that are calculated on one simulation step, and then are
used on the next simulation step.

Along with global and local variables, the following read-only variables can be used in the main code:

Component parameters (such as r1, c2, V.period, etc.),
t - current time

V(name) - voltage on the component name

I(name) - current through the component name

P(name) — power on the component name

where name is the name of any component in the schematic, and V, 1, or P value is available for that
component..

Main code can be modified during transient simulation: just pause the transient (Transient | Pause),

make changes, and continue transient (Transient | Continue). The changes will take effect immediately.

Initial conditions (IC). Initial conditions (“IC” parameter) is a text string that may contain the code
assigning initial values to output variables and global variables of the code. For example:

yl=1.2;y2=0;y3=2.345;integral=-4.19;counter=100

where y1, y2, and y3 are output variables; integral and counter are global variables.
“IC” string will be automatically modified by the following commands:

e Transient | Save IC: fills in the string with current variable values.
e Schematic | Tools, Initial Condition page, check box Clear C-code IC: clears this string up.

If not empty, “IC” code will be executed right after initialization code (init function), and before the
first transient simulation step at t=0.
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Editing C-code. To edit C-code click button on the parameter line. The following dialog box
shows up:

SE| X0 v e %

X

ak | Cancel |

=

i

Enter code in the edit area, then click OK to accept changes and close dialog box, or Cancel to ignore
changes and close dialog box.

Click Toolbar buttons to perform the following operations:

u

= o
E.
4 °
[j °

Open code from the text file.

Save code to the text file.

Clear code.

Clear code and set template. The following template code will be set for your convenience:

FE X0 v 5

x

Jf Define global wariables here...

initc() {
S Write initialization code here...

¥

main() {
S Write main code here...

¥

kil

IIIKl

-

vl

Cancel |
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+ o Check code. A message box with results of the check will be shown.

123 ®* Show line numbers (no editing allowed in this mode). Show the code with line numbers. All
operations and code editing are not allowed in this mode:

PP X1.Main x|
w Wl | X v || Y
| 1: for(i=size-1l:ix0:;i-=1) { ;I
2: x[i]==x[i-1]:
3}
4: x[0]=input;
5:
6: y=0;
T: for(i=0;i<=zize;i+=1) {
8: v o+= ®[i] * k[i]:
9: }
10: output=y;
w,
KN -
[ | Cancel |

abi

A e Select font of the text.

e Help . Click to open Help. To see Help topic on specific statement, operator, or function,
Help (F1). Click t Help. T Help topi ific stat t t functi
place cursor on the word in the code and click the button, or press F1.

== NI USRI JE 1 for

ff this iz code

Loop operator. Example:

for( i=0; i<10; ++i ) {

for| i=0; i<10; 4+4+i )} {
wli1=2"*49 =«

Place cursor on for operator Click Help button Help on for operator is displayed
or press F1
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Working with DLL

In DLL component, the component function code can be written in standard C/C++ language, compiled
by C compiler, and built as DLL (Dynamic-Linked Library). DLL functions will be called by NL5
during transient simulation. DLL code will be executed much faster than in C-code component.
However, changing the code requires recompiling the code and rebuilding the DLL.

Execution. A principle of DLL code execution is shown on the following diagram:

I double data[]

1
i + / oLt
1
! mainit, data] '
1
: o | main{ double t, :
: S| dacarz) = data[tl]* '
: return [: '

[13P¥e}]

A voltage on the input pin of the component (“in”) is measured by a voltmeter and is assigned to the
corresponding element of the array data 0of double type. The pointer to the array is passed as a
parameter to the DLL function main. The function is executed; a new value of output variable “out” is
evaluated and assigned to the corresponding element of the array data. A voltage equal to that value is
set to a grounded voltage source, connected to the output pin “out”.

Inputs and outputs. Input pins are considered as voltmeters with infinite input impedance. Output pins
are grounded voltage sources with zero output impedance. Array double data[] IS used to pass
input/output values to/from DLL function. Array size is <number of inputs> + <number of outputs>.
When calling DLL function, first <number of inputs> elements of the array are filled by input values, in
the same order how pins are shown on the component symbol (left side, top-to-bottom). Output values
calculated in the DLL are placed in the next <number of outputs> elements of the array, in the same
order how pins are shown on the component symbol (right side, top-to-bottom). For example, if the
component has three inputs and two outputs, the following code will assign minimum input value to the
first output, and maximum input value to the second output:

%l min—
data[3] = min( data[0], min(data[l], datal[2]) ): —tyz max
data[4] = max( data[0], max(data[l], datal[2]) ); 3

Component variables. Unlike in C model of the Code component, variables declared outside of DLL
functions are static, and not accessible by NL5. Component variables are used for storing values that
are accessible both from DLL and NL5. Component variables can be used, for example, for debugging
purposes: they can be displayed on the graph as a trace without using output pins of the component.
Component variables can be changed by NL5 from the script or command line when simulation is
paused. Also, values of component variables are saved as initial conditions in the “IC” parameter of the
component.

Component variables are instantiated in NL5. NL5 sends pointer to component variables to DLL when
DLL function is called. DLL can modify component variables during DLL execution.
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Create component variables by adding their names into the “Var” tab in the Edit Component dialog box
(see Editing customized component, X - Code chapter). The size of the data ] array should be <number
of inputs> + <number of outputs> + <number of variables>. When calling DLL functions,
corresponding elements of the array (following output values) are filled in with current values of
component variables. DLL can modify component variables by assigning new values to corresponding
elements of the array.

For example, if variable counter is a component variable in the previous example, it can be modified by
NL5 using following natation;

component name.counter = 0;

DLL, in turn, can modify value of counter as:

data[5] = counter;

Variable counter can be displayed on the graph as a trace of Function type using the following

notation:
component name.counter

DLL functions. DLL functions should be declared as follows:

extern "C" _ declspec (dllexport) int NAME (double t, double* data);

where:

name — function name, for instance main
t — current time
data — pointer to the array with input/output data

Function returns zero if no errors occur, or user-defined non-zero integer error code. The error code will
be displayed in the error message window.

For example, function sum calculates sum of 8 inputs:

—x1

extern "C"  declspec (dllexport) int sum(double t, double* x) G

{ —{=z
double y=0; —xa curm —

for( int i=0; 1<8; ++i ) { s

y += x[i];

} —{xk

x[8] = y; —«F

return 0; — %8

Initialization function is executed once at the beginning of simulation at t=0. Initialization function is
optional. Leave “Init” parameter of the model blank if initialization function is not used.
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The function is used to assign initial (default) values to outputs and component variables (if defined) by
setting corresponding elements of the array data[], and to declare and initialize static DLL variables
and arrays. Static DLL variables can be used for storing algorithm parameters that are calculated once,
and then are used in the main function. Static DLL variables can also be used for storing values
calculated on one simulation step, in order to use those values on the next simulation step.

Please note that if several components are using the same DLL, only one copy of DLL is loaded into
memory, so that the same static variables will be shared by all components. If you need several
components to use the same DLL with separate static variables, you should use several copies of the
DLL file with different names. Another solution would be attaching DLL to a component. In this case
NL5 will create a unique temporary DLL file for each component during simulation, so that each
component will be using its own DLL copy.

Main function calculates output variables using current values of . e .
input variables. If clock pin does not exist, the function is executed on > 21— 2 -
every calculation step. If clock pin exists, the function is executed only {5 51 3 -
on rising edge of logical clock signal. i
clock

Exit function is optional. It is called when DLL is being closed, and DLL component destroyed. Use
this function to perform operations required to prevent from memory leak (for example, free the memory
allocated ib the initialization function), or finalize some activity performed in the main function (for
example, flush and close file used by DLL component for data logging). Unlike initialization and main
functions, the exit function has fixed name, and must be declared as:

extern "C" _ declspec (dllexport) void dll exit();

Initial conditions (IC). Initial conditions (“IC” parameter) is a text string that may contain the code
assigning initial values to outputs and component variables. For example:

min=-1.23;max=4.56;counter=100

where min and max are outputs, and counter IS component variable.
“IC” string will be automatically modified by the following commands:

e Transient | Save IC: fills in the string with current variable values.
e Schematic | Tools, Initial Condition page, check box Clear C-code IC: clears this string up.

If not empty, “IC” code will be executed right before initialization function, so that initialization
function can use parameters defined in the “IC” string.

Creating DLL. The code can be compiled, and then the DLL created, using standard C/C++
development tools. Currently, it was tested with Borland C++ Builder and several versions of Microsoft
Visual C++. Borland C++ Builder 6 DLL project examples are located in the Examples/Components/X
folder of the NL5 complete package download zip file.
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Working with DLL Project

Project model of DLL component offers an easy way of configuring DLL component, creating and
editing DLL code, and building DLL. Code development in DLL Project tool is started by configuring
component inputs and outputs. Based on the component configuration, DLL functions code template is
automatically created. Then the user adds a C-code converting input data to output data. Once the code
is ready, a DLL is compiled and built by Microsoft Visual C++ compiler, which is called directly from
DLL Project tool. In case of compilation errors and warnings, you will see error messages in NL5, so
you could fix the problem, rebuild DLL, and run simulation instantaneously. The user is also free to use
an external IDE editor with better editing capabilities, as well as build DLL with a C-compiler of user’s
choice.

Creating your first DLL Project. Here are step-by-step instructions of creating a simple code, and
building DLL for binomial low-pass filter.

If you are going to use Microsoft Visual C++ to build DLL, create a DLL project first. This process is
quite similar for different versions of VC++. Here are just a couple of examples.

To create a new project with Microsoft Visual C++ 2010 Express:

Start Microsoft Visual C++ Express.

Click New Project... (File/New/Project...).

Select Win32 Project.

Enter project Name and Location (for example: “MyDLL”, “C:\Projects\”).
Select Create directory for solution, if needed. Click OK.

In the Win32 Application Wizard dialog window click Next.

Select Application type: DLL, click Finish.

To create a new project with Microsoft Visual C++ 2015 (Microsoft Studio Community 2015):

Start Microsoft Visual Studio.

Click File/New/Project...

On the left pane, select Installed/Templates/Visual C++/Win32

On the middle pane, select Win32 Project

On the bottom, enter project Name and Location (for example: “MyDLL”, “C:\Projects\”).
Select Create directory for solution, if needed. Click OK.

In the Win32 Application Wizard dialog window click Next.

Select Application type: DLL, click Finish.

You also need to configure DLL Project tool to use a specified compiler for building a project. To do
that:

e Go to Edit/Preferences, select DLL Project page.
e Select Compiler executable. Please note that the executable name could be different for
different versions of VC++. For example:

o Microsoft Visual Studio 2010: vCEexpress.exe
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o Microsoft Visual Studio Express 2012 for Windows Desktop: wpExpress.exe
o Microsoft Visual Studio Community 2015: devenv.exe

A path to the executable looks similar for all those versions, for example:

C:\Program Files (x86)\Microsoft Visual Studio 14.0\Common7\IDE\devenv.exe

It is also recommended to select “automatic reload” and “automatic save” options, to avoid
warning messages.

Now let’s create a new DLL component, and start DLL Project tool.
e Place a new DLL component (X, DLL):

oo 0] o B{=
WA

e Select model = Project:

Wb % | ML E ML MLk O]

L=

| M ame "’v’alue ’ | =1 |Z|
DLL =
IC E]
ICS

e Click Open project button:

nll1 - Components
BV IE|YLIE| 8 @R

| M ame "'-.falue ' | X1 | Project
|
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e Select DLL project directory. If you already have Microsoft Visual C++ project set up, select a
project directory which contains *.vcxproj file (please note: you have to double-click on
directory name to select it):

Select Directory ﬂ

Directory Mame:
C:AProjectsihyDLLypDLL

Directaries: Files: [7.%]
= G dlirnain. cpp
. MyDLL. cpp
(= Proiects MyDLL wexproj
= MyDLL MyDLL. vesproj filers
P MuD ReadMe. t«t
stdafs cpp
ztdafsh

I« L D

Diives:
IEI c: [oz]

ak. I Cancel

|

e When you open a new project for the first time, the following message will show up:

B A

The following file will be created:

C:\Projects MyDLL\MyDLLYMyDLL . 3emi
Please keep this file in the project directory

e Click OK. DLL Project tool window will show up:

R vc project - C:\Projects\MyDLL\MyDLL _IEI ﬂ
B H|Bots ]| @ =% 4 8[%H AT
i | out | var | static | Code ILng |
Mame finclude "stdafx.h"™ 1=
Type: /f--- static code. Enter here:

//--- end of static code

static double t_last;

extern "C" _ declspec (dllexport] int init({ double t, double* data )
1

ff--- init code. Enter here:
ff=-- end of init code
t_last = ©;
return 0;
1
extern "C" _ deeclspec (dllexport) int main( double t, double* data )
1
//--— main code. Enter here:

//--— end of main code

t_last = t;
return 0;

i
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e If you are going to build DLL with another compiler, select any directory for DLL code (please
note: you have to double-click on directory name to select it):

Select Directory ﬂ

Directory M ame:
C:"Projectz\MyProject

Directories: Files: [%.%]

= CA
(== Projects

Drives:

IEI c: [og] ;I

e Two messages will show up, click OK in each of them:

T ¢

WC project not found. The following file will be ceated:

. You can still areate DLL code in this tool, C:¥ProjectsMyProject MyProject. i

and then build DLL with a compiler of your choice Please keep this fle in the project dir v

e DLL Project tool window will show up:

B=IE]
ﬁ’,|n||§|Debug 'l|+-x|f“i2i ﬂl

| aut Ivar Istallc | Code |

/f{-—— static code. Enter here:

|»

MName :

T //--— end of static code

static double t_last;

extern "C" _ declspec (dllexport) int init{ double t, double* data )
{

ff/--- init ecode. Enter here:
f/--— end of init code
t_last = t;

return 07

i

extern "C" _ declspec (dllexport) int main{ double t©, double* data |
{

f/--- main code. Enter here:

/f——— end of main code

t_last = t;
return 07 -

-]

1

Since you do not have VC++ project associated with DLL Project, build-related controls in this
window are disabled.
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In the Code tab you can see an initial template for init and main DLL functions. The tool is ready for
configuring inputs and outputs:

Select in tab.

Click Add button ™
Change Name to “input”.
You can see a new line added in the main function of the code:

double input = datalO0];
//... custom code here can use variable input

This creates a variable input associated with the data passing to DLL through the first input pin.

Select out tab.

Click Add button = .
Change Name to “output”.
You can see several lines added in the init and main functions of the code:

double output = 0; [/ init function creates variable and assigns initial value
/I ...custom code here can assign a new initial value to the variable output
data[1l] = output; /I init function passes the data to the output pin

double output; /I main function creates variable associated with output pin
/I ...custom code here calculates and assigns a value to the variable output
data[l] = output; //main function passes the data to the output pin

Select var tab, and add component variables here. We don’t need it for this example.

Select static tab.

Click Add button ™,

Change Name to “d[SIZE]”.

Click Add button again.

Change Name to “k[SIZE]”.

You can see two static arrays added in the “static variables” section of the code:

static double d[SIZE];
static double k[SIZE];

In addition, 3 new functions are added: create (), get_1C(), and set_1c (). These functions are
responsible for automatic saving of static variables as an Initial Conditions.
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Now it’s time to add a custom code. Custom code can be entered only in 3 designated areas, between
commented lines:

static code, between the following comment lines:

//--- static code. Enter here:
..user’s code..
//--- end of static code

initialization function, between the following comment lines:

//--- init code. Enter here:
..user’s code..
//--- end of init code

and main function, between the following comment lines:

//--- main code. Enter here:
..user’s code..
//--- end of main code

You can enter and edit the code in those areas directly in the Code tab of DLL Project tool, or open
“cpp” file in any external editor, and edit it there. Once you return to NLS, it will detect if changes were
made, and reload a new code (automatically, or with a prompt). Please note that all the changes made
outside the designated areas will be ignored.

Add the following code in the “static code” designated area:

F === static code. Enter here:
fdefine S5IZE B
Ff——— end of static code

A custom code is displayed in a red color, as a reminder that it can be changed.

Add the following code in the “init code” designated area:

Ff—— init code. Enter here:
k[0] = 1.0;
for(int i=1; i<SIZE; ++i)
k[i]l = 0.0;
foriint j=i; j>0;| —37 kI[3j]1 = k[3j] + k[j-11;
}
doubkle sum = 0;
for (int i=0; i<S5IZE; ++i) sum += kl[i]l;
for (int i=0; i<SIZE; ++i) kl[i] = kli]/sum;
Fif—— end of init code

This code performs initialization of static arrays, which will be used for calculating LPF response in
the main function.
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e Add the following code in the “main code” designated area:

Ff——— main code. Enter here:

for(int i=SIZE-1; i»0; —-—i) 4d[i] = d4[i-1];

d[0] = input;

cutput = 0;

for(int i=0; i<S5IZE; ++i) output += 4d[i] * kIl[i]l;
Fif—— end of main code

This code calculates response of LPF filter on input signal.

The code is ready for build.

e Click Build button . If build is successful, you’ll see confirmation on the status bar:

| Building MyDLL... OK

Otherwise, select Log tab to identify problems occurred during build.

e Click OK button ﬂl to close DLL Project tool. A warning message may show up, click
Yes:

B x

The code has been medified.
& I_l Do you want to save the changes?

e If a number of inputs or outputs changed (as in this example), a custom component editing
window shows up:
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x|
|2 v| width
iroutput [z =] Heigh

In |Dut I\-"ar I

inpLt ;l

]|

i3 Edit x2 B
|4 'l Width
input  output T -] Heih

In |Dut IVal I

input ;l

=

Set Width parameter to 4, Height parameter to 1, select one of clock pins, and click OK:

A DLL component is ready to use, and its DLL path is already set up in the Components window:

]
&ML E[Y I NS 0
Hame |%alue |><1 i
DL CAProjectghWuDLLNDebugMyuDLL dll ﬂ
IC
ICS
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e Enter the rest of schematic, with the following component parameters:

input output

A A
% E| £
______________ |V1 |F'u|se E Mame I\-‘alue I |\.,f2 |F'u|se |Z|
A— V1 v [10 L Pulse V1 v [10
ulze i3
Wi W F Wi W
1 Project - =1 Froject -
Period = |1 Period = | 10e-3
aut oLk
Width z | B00e-3 Width @ |Bed
Slope Linear - Slope Lirear -
Rize = |0 Rize z |0
Fall z |0 Fall = |0
Delay z |0 Delay z |0

e Add Voltage traces for V1 source and out label.
e Select Transient/Settings, set Screen = 2.
[ ]

Click Start transient. That’s what you will see:

e Modify the code: right-click on the X1 component, select Open project, click OK.
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e Change s1zE value to 32:

ff——— static code. Enter here:
gdefine SIZE 37|
F === end of static code

e Click Build, then click OK.
e Click Start transient. That’s what you will see:

400e-3!

Now you can do iterations in the code, rebuild DLL, and get simulation results immediately.
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Working with DLL Project tool.

Click Toolbar buttons to perform the following operations:

=

€ P X

w
T
~

< b

Open project. This operation is similar to opening a project from the Components Window.
For a new project, NL5 will create a new configuration file (extension “xml”), and an empty C-
code template. For existing project, NL5 reads existing configuration file, and C-code file
(extension “cpp”) from the project directory.

Save project. Save configuration file (“xml”), and C-code (“cpp”) into project directory.

“Debug/Release”. Select build type. This control is enabled only if DLL project is created by
Microsoft Visual C++.

Build project. Build a DLL using specified C compiler (Edit | Preferences | DLL Project).
This button is enabled only if DLL project is created by Microsoft Visual C++.

Add. Add a variable. When added, a variable has a default name, which can be changed to
anything meaningful in the Name window.

Remove. Remove a selected variable. You can also erase the variable name in the Name
window: a variable will be removed automatically.

Delete all. Delete all variables from the list.

Move up. Move selected variable up in the list.
Move down. Move selected variable down in the list.
Font. Select font for Code and Log tabs.

OK. Close DLL project tool.

Add, Remove, Delete all, Move up, and Move down commands apply to currently opened variables
tab: in, out, var, or static.

Variables. Different types of variables can be specified at the following tabs:

in: DLL input pins, and variables corresponding to DLL inputs. NL5 will automatically create
input pins of DLL component symbol; the order of pins on the symbol is the same as the order of
variables in the list. Edit the name in the Name window.

i |-:|ut I wear I static |

in 2 Mame: |in_3

Type: double

out: DLL output pins, and variables corresponding to DLL outputs. NL5 will automatically
create output pins of DLL component symbol; the order of pins on the symbol is the same as
order of variables in the list. Edit the name in the Name window.
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Output variable may have an initial value, which will be used in the DLL init function, to set up
initial output voltages of the component. Enter initial value in the Init value window. If blank,
initial value will be set to zero.

in outt | war I shatic I
23:_12 Mame : Iu:uut_3
T

Type: double

[t walue : IEI. 1]

var: DLL component variables. Component variables are used for storing values that are
accessible both from DLL and NL5. Component variables can be used, for example, for
debugging purposes: they can be displayed on the graph as a trace without using output pins of
the component. Component variables can be changed by NL5 from the script or command line
when simulation is paused. Also, values of component variables are saved as initial conditions in
the “IC” parameter of the component. Edit the name in the Name window.

Component variable may have an initial value, which will be used in the DLL init function, to
calculate initial output voltages of the component. Enter initial value in the Init value window. If
blank, initial value will be set to zero.

i I auk war |stati|: I
war_1
var 2 Mame : Ivar_S

Type: double
it walue IEI.EI1

static: DLL static variables. Static variables are used to store some values between DLL calls at
different simulation steps. Static variable cannot be accessed from NL5. Edit the name in the
Name window, and variable type in the Type window.

Static variable may have an initial value, which will be assigned to the variable in the DLL

initialization function. Enter initial value in the Init value window. If blank, initial value will be
set to zero. Static variable cannot be accessed from NL5.

it Iu:uut Ivar static |

zhatic 1

E= Istatin::_E

Type: Iu:ln:nul:-le

[t walue ; |1.EI
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To create static array, simply add an array size to the variable name. Initial values for an array
can be specified as a comma separated string of values. If Init value field is blank, an array will
not be initialized.

i Ium Ivm static |

static_1
static_ 2

Mame : IsmHC_SHD]

Type: Idnubh
Init value - ||11 234567845

Automatically created static variables are saved as Initial Conditions (IC) on Transient | Save
IC command, and placed into “ICS” parameter of the component in text form. If you pause
simulation, save IC, and the start simulation from t=0, static variables will be set to saved IC
values.

A special static variable + 1ast is automatically created by NL5. It is used to store a time,
passed to the main function, and can be used to obtain time interval between function calls,
which is current simulation step. It is not saved into Initial Conditions.

Please note that if several components are using the same DLL, only one copy of DLL is loaded
into memory, so that the same static variables will be shared by all components. If you need
several components to use the same DLL with separate static variables, you should use several
copies of the DLL file with different names. Another solution would be attaching DLL to a
component. In this case NL5 will create a unique temporary DLL file for each component during
simulation, so that each component will be using its own DLL copy.

C-code. NL5 automatically creates a C-code which takes care about definition of inputs, outputs, and
variables, transferring data to/from DLL, and saving/restoring Initial Conditions. User responsibility is
to create a functional part of the code, which can be done in 3 designated areas of the code only.

A complete C-code is shown in the Code tab, and it can be edited only in the areas:

e static code, between the following comment lines:

//--- static code. Enter here:
..user’s code..
//--- end of static code

Use static code area for:

o adding #include and #define statements, if needed for user’s code. For example:

#include <math.h>
#define ARRAY SIZE 100

o adding custom static variables, other than defined on the static tab. Please note that those
variables will not be saved in the “Initial Condition” string.
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o adding custom functions, other than init and main. For example:

double square (double x)

{

return x*x;

}

initialization function, between the following comment lines:

//--- init code. Enter here:
..user’s code..
//--- end of init code

Use initialization code area for:

o Setting initial values to static variables, which require complex calculations, and cannot
be done as a simple initial value assignment.

o Assigning initial values to component outputs and component variables. To do this,
simply assign a value to a variable with the name, same as output or component variable
name. Those variables are automatically created in the beginning of init function.

and main function, between the following comment lines:

//--- main code. Enter here:
..user’s code..
//--- end of main code

Use main code area for:

o Calculating component outputs and component variables based on component input
values, current time, and values of all other variables available in the code. In the
beginning of the main function, NL5 automatically creates variables related to inputs,
outputs, and component variables. “Input” variables and “component” variables are
initialized with the values, passed to the main function. Perform required calculations,
and assign new values to the “output” and component variables. “Output” and component
variables will be passed to NL5 upon return from the main function.

o Updating values of static variables, if needed for the algorithm.

You can enter and edit the code in those areas directly in the Code tab of DLL Project tool, or open
“cpp” file in any external editor, and edit it there. Once you return to NL5, it will detect if changes were
made, and reload a new code (automatically, or with a prompt). Please note that all the changes made
outside the designated areas will be ignored.

Log and Errors. When building a project with Microsoft Visual C++, NL5 downloads a build log file
from the project directory, and shows it in the Log tab. If errors or warnings exist, it also displays short
error description on the panel below C-code window. If you click on the line with the error description, a
corresponding code line will be highlighted, so you can fix it immediately:
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P® vC project - C:\Projects\MyDLL\MyDLL - || x|

= | H|Boebs =] =X | 48[4 7 Ok
Tin Iout WAl |static I Code |Log I
[
LEREE ff——— static code. Enter here: _J
Type: fdefine SIZE Z
int bbb= hhh;
Ik ; ff—-—— end of static code

static double t_last;

ff——— static wariables

-
1] | r
2 emors, Click on the emor to show the code. >

"hhh' -
{31): error CZ20€5: "xl':

| Building MyDLL... Failed

Component symbol. When OK button is clicked, and number of input/output variables does not match
current number of pins of the component symbol, Edit Component dialog window will show up:

%
|2 'l Width
|3 'l Height

iroutput

In |E|ut I\-"ar I

input A:J

ol

Number of pins of the symbol is always the same as number of input/output variables: you can only
change pins location (add/remove spaces between pins). To move pin down, click on the existing pin: it
will be moved down, if empty space exists. To move pin up to an empty space, click on the empty space.
If clock pin is not selected, the DLL will be executed on every calculation step. If clock pin is selected,
the DLL will be executed only on rising edge of logical clock signal.
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Working with Files and Attachments

Some components (SubCir models, File models, DLL component) are using data which are stored in
the files, and are uploaded into NL5 at the beginning of simulation.

When file name is selected for SubCir and File models, the file can be opened for reviewing and editing
by clicking Open Subcircuit/File button at the Component window toolbar:

B VI E VNI #EE b

L=

Name_[Value |1 (File K3
File C:\Projects\Cinif. cay ﬂ
Cycle Ma -
Delay z |0

The same button is also available on the top of schematic context menu:

= E

Copy Ctrl+C
3 cut

ﬁ Paste

< Delete

A

To make NL5 design easy for distribution, the data from the file can be attached to the NL5 schematic
file, so there is no need to handle separate files for a design. To attach the data, click (check)
Attachment button at the Component window toolbar:

4
b % | M I E VI M ]
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To detach the data, click (uncheck) Attachment button at the Component window toolbar:

nll - Components ﬂ

% ¥ IP VIR M6

Please note that attaching DLL data may result in large size of the schematic file, since binary data of
the dll file are converted into text format.

Attached data can be opened for reviewing and editing by clicking Open Attachment button at the
Component window toolbar:

nll - Components ﬂ
% | MIP(YIQ®E6®

|Name "‘v"alue ' W1 [File Open attachment| ||

NL5 will open appropriate dialog window for reviewing and editing the attached data.

Please note that if you open and edit attached subcircuit (SubCir model), you can save it back to the
attachment by selecting File | Save attachment command. Doing so, you can keep subcircuit schematic
in the attachment only, not saving it in a separate file at all. Then all your design, including subcircuits
(which can be nested as well), will be located just in one schematic file.
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Working with NL5 Component Files

Any NL5 component can be saved into a file with “nlc” extension. Such a file can be loaded and placed
onto schematic as a normal component. For components with external data (SubCir and File models,
DLL), attach the data to the component first, then save it in the component file: then the file can be
distributed without additional files, since all the required information will be included into the
component file.

To save a component into a file, right-click on a component, and select Component | Save component
command from the context menu:

) o
L, IO
¥ cut Cirl+%

2 Paste Cirl 4

To place component onto schematic, click on Open component image in the component Selection bar:

|
\J
T E A4 = O X

Sl AAACAD AFATALAD AR A5 AT A0 80w

In the file selection dialog, select the file, and click OK.

You can also encrypt component in the schematic before saving it in the schematic file. To encrypt a
component, right-click on a component, and select Component | Encrypt command from the context
menu. Encrypted component is a full-functional component; however its model and parameters are non-
visible and non-editable. An encrypted component can be distributed to other users with guarantee that
its content will remain unknown for those users.
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Components Window

To open/hide Components window:

e Select menu command Schematic | Components, or
e Press hot key F3, or
e Double-click on the component on the schematic.

Components window always shows components of active document (schematic). Typical view of
Components window is shown below:

Selected component
@ Name Model Parameters

nll - Zomponents
P | ]
Ju I+
Name"‘v‘alue | |"J'I = |F'ulse s |E|
211 13'93 W1 v [10
Components list —— |y - Wi |0
Output Period z (1
Width = (B00e-3
Slope Linear -
Rize z (0
Fall z |0
Drelay z |0

e Toolbar provides fast access to often used component-related commands.
e Components list shows all components and allows selecting component for editing.

e Selected component area shows name, model, and parameters of a selected component and
provides selecting the model and editing parameters.

e Move mouse pointer over “splitter” areas @ , then press left mouse button and drag to resize
panes and columns.
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Toolbar

Click toolbar buttons to perform the following operations:

A o

1B (@) 2 2 3 B 34

Rename a component. Click to rename selected component. Rename dialog box will show up:

x

Enter new name:
A1

(] I Cancel |

Enter new component name and click OK. If such a name already exists, an error message “This
name is used by another component” Will be displayed. A new name may consist of any
characters and symbols, however it is recommended to use letters and numbers only, and have
the name started with a letter. In this case, if the name is used in formula or function, there is no
need to enclose it in quotes. The name is case-insensitive. If the component has been renamed,
its name will be automatically modified in all appearances of the component name in trace
names, formulas and functions.

Set a group. Click to set a group for selected component. Group dialog box will show up:

GroupRL x|

Enter new group name or select
exigting group from drop-dow lizk:

Group] j

|Gru:uups...| | k. I Eancell

Enter group name or select existing group from drop-down list and click OK. Click Groups
button to open Groups dialog box for advanced groups management. To remove existing group
(“ungroup” component), open Group dialog box, erase group name, and click OK. See Groups
chapter for details.

Add transient voltage trace. Click to add transient voltage trace for selected component.
Add transient current trace. Click to add transient current trace for selected component
Add transient power trace. Click to add transient power trace for selected component.
Add AC voltage trace. Click to add AC voltage trace for selected component.

Add AC current trace. Click to add AC current trace for selected component.

Set AC source. Click to set selected component as an AC source for AC analysis.

Find component. Click to show selected component on the schematic. The component will be
selected (highlighted) and centered on the screen.
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{F o

= o

[@] o

D e

Edit component. Click to edit symbol and pins. The button is enabled only for components of
customized types.

Open subcircuit, file, or attachment. Click to open subcircuit schematic file, data file, or
attachment. The button is enabled only for components and models which are using external data
from the file, or allow attachments. Also, either a file name should be selected, or attachment
should exist.

Attachment. Attach or detach data from the file to the schematic. The button is enabled only for
components and models which allow attachments.

Help (F1). Select component and click to open Help topic on component model.

Components list

Components list shows all components and allows selecting component for editing.

Column Name shows name of the component.
Column Value shows either first parameter of the component, or model name.
Column Group is automatically displayed if at least one component is assigned to a group:

M ame |Vahe |Emup |
A1 Te+3 Group_R
Rz Te+3 Group_R
C1 Te9 Group_C

L1 16

W1 10

Click on the list to select a component. The component selected in the list will also be selected
(highlighted) on the schematic.

Press Enter or double-click on the component to edit component parameters. In this case, if you
finish editing parameters by pressing Enter or Esc, you will switch back to components list.
Press Tab to switch between components list and component parameters.

Selecting Model

Select model of a component from a drop-down list by clicking E button:

1 v || «—— click

Step
Sin
Function
File
SubCir
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Editing Parameters

Edit component parameters in the parameters list. Click on the line to select the parameter and then use
one of the following methods for different parameter types.

e Number.

o Enter numerical value: R Ohm|1k§

o Enter expression and press Enter. The expression will be evaluated and
replaced with numerical value:

R Ohm|R1%2 _Enter R Oh |

o Enter formula and press Enter. The formula will be evaluated and its
current numerical value will be displayed. Click =]| button to view/edit

formula:
R Ohm |=R1<2 _ Enter _ g [ _
>C|ICk
R =|
e Initial Condition (IC) (voltage, current, charge).
o Enter numerical value: IC v (25

o Enter expression and press Enter. The expression will be evaluated and
replaced with numerical value:

IC v vizd | —Enter_ Iig V| |

o Leave parameter blank (no IC): |IC vi |
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Function.
o Enter function as an expression
with proper variables:
List.
o Click [*] button and select
value from drop-down list:
File name.
o Enter file name:
o Click & button to select file
box:
- =1 click
File | =l ——
Text.

o Enter text:

PWL (piece-wise linear).

o Enter pwl parameter manually: |pwi

Fl=.u] W sl |
lick
Slope Limear ce
Traa
Cos
Exp
File Filker 5 Jﬂl
in the dialog

Crnd

R1=5k.C2=1nd]

112 |

o Click button to edit PWL in the
dialog box (see Working with PWL

chapter for details):

=

¥ | =X|l4H
i

click
[ R |
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e C-code.
o Click button to edit code in the
dialog box (see Editing C-code 5@ xv as -
chapter for details): Pt .
click s
Main farli=size-1.>0- =1 - o
= | _em |
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Variables Window
To open/hide Variables window:

e Select menu command Schematic | Variables, or
e Press hot key F4

Variables window opens automatically while opening schematic from a file, if schematic has defined
variables. Variables window always shows active schematic variables. Typical view of Variables
window is shown below:

Name Value

nl1 - Yariables ]
Toolbar —— | == X | x

frequ'ency 13 56e+5 ¥
impedance i)
power A 10

\

)

e Toolbar provides access to variable-related commands.
e Variables are shown in the Name/Value columns.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
columns.

Toolbar

Click toolbar buttons to perform the following operations:

€» e Add avariable. Click to add a new variable. Add variable dialog box will show up:

Add variable x|

Enter variable name:

(] 4 I Cancel |

Enter variable name and click OK. If a new name already exists, an error message “This name is
used by another component” will be displayed.

= ¢ Remove a variable. Click to remove selected variable.
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» o Delete all variables. Click to delete all variables.
e Rename a variable. Click to rename selected variable. Rename dialog box will show up:

x

Enter new narme;

Cancel |

Enter new variable name and click OK. If such a name already exists, an error message “This
name is used by another component” Will be displayed. A new name may consist of any
characters and symbols, however it is recommended to use letters and numbers only, and have
the name started with a letter. In this case, if the name is used in formula or function, there is no
need to enclose it in quotes. The name is case-insensitive. If the variable has been renamed, its
name will be automatically modified in all appearances of the variable in trace names, formulas
and functions.

2 e Add variable trace. Click to add transient trace of selected variable.

JuUL

Editing variable

e Enter numerical value: power |10k

e Enter expression and press Enter. The expression will be evaluated and replaced with numerical
value:

f—— Enter i
power |1 2/impedance |—> power  |E

e Enter formula and press Enter. The formula will be evaluated and its current numerical value
will be displayed. Click ‘=] button to view/edit formula:

o |=R-f‘| “2/impedance] |—>Enter poer |E _|= | ;
> Click
| |

poer | =1 "2 impedance
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Sheets

Schematic may contain several sheets. Electrical connection between schematic sheets can be done
through labels and functions. In the following example, “Clock” sheet consists of pulse generator, and

“Main” sheet consists of main schematic. Labels “clock” and “gate” provide electrical connection
between sheets:

nll - Schematic =10 x|

TSk [l [Cicke

Existing sheets are shown at Sheet selection area of Schematic window. Right-click on the selection
area to access relevant commands in the context menu, such as: Add, Rename, Copy, Paste, Delete.
Also manage sheets in the Sheets dialog box.
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To open Sheets dialog box: select Schematic | Sheets command, or right-click on the Sheet selection
area and select Sheets command from context menu:

x|
S EE| =D e

| Clack,

Cloze |

Select sheet in the list and click toolbar button to perform the following operations:

Zr o Add new sheet. Add sheet dialog will show up:

x

Enter sheet name;

Cancel |

Enter sheet name and click OK.

e Copy sheet to clipboard.

[ e Paste sheet from clipboard.

= ¢ Remove selected sheet.

ab ¢ Rename selected sheet. Rename dialog will show up:

Rename Clock x|

Enter new name:

[CiocH

(] I Cancel |

Enter new sheet name and click OK.

4 « Move selected sheet up (or left in the Sheet Selection area).
¥ ¢ Move selected sheet down (or right in the Sheet Selection area).
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Groups

Group is a set of components that always have the same model and parameters. When model or
parameter of any component in the group changes, all other components automatically change as well.
For example: resistors R1...R4 belong to group Groupl. Changing R1 value from 1e+3 to 100
automatically changes all resistors in the group.

2] £
W MIEIYIO Me MW MIE|I¥YI®| e

M arne Walue [Eraw | A1 | A | : | M ame Walle [araLy | A1 A :
R2 terd Groopl B Ohm | R2 100 Growp? (P 0 [T

R3 1e+3 Groupl R3 100 Groupd

R4 Te+3 Groupl R4 100 Group

R& Te+3 R5 Te+3

RE Te+3 RE Te+3

R¥ Te+3 RY Te+3

[« | ja 4] | i

To assign one component to a new or existing group, select component in the Components Window
and click Group button = . To manage all groups, or assign a number of components to groups, use
Groups dialog box.

To open Groups dialog box select Schematic | Groups command. Typical view of the dialog box is
shown below:

X
Toolbar —» =P = X
" Value ) [aroup |
Cap R 1e+3 Res

Rz Te+3 Res
Groups list —> Or3 le+3 <«——1—— Components list

Or4 1e+3

OrRs 1e+3

Ors 1e+3

Or7 1e+3

RS le+3 Rez

R9 Te+3 Rez

Orio 1e+3

Cloze |
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e EXxisting groups are shown in the Groups list. Click on the group name to display components.

e Components are shown in the Components list. The components shown either belong to
selected group (have a check mark in the list, and are selected on the schematic), or are of the

same type and can be assigned to the selected group.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
columns.

Click toolbar buttons to perform the following operations:

¢ o Add new group. Add group dialog will show up:

x

Enter group name:

[Group3
s I Cancel |

Enter group name and click OK. A new group will be added to the Groups list, and all the
components will be displayed in the Components list. Check a component to assign it to the
group. When at least one component is assigned to the group, only components of the same type

will be displayed in the list.

e Rename selected group. Rename group dialog will show up:

Rename Groupl El

Enter new name:

Groupl

(] I Cancel |

Enter new group name and click OK.

= ¢ Remove selected group. Components will not be removed!

< o Delete all groups. Components will not be removed!
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Check Schematic

Check Schematic command performs schematic check for potential problems, and component
parameters check for errors. To check schematic:

e Select menu command Schematic | Check, or
e Click Check schematic toolbar button = .
e Check Schematic is automatically performed at Transient and AC analysis start.

Typical view of Check Schematic window and its main components are shown below:

nll - Check schematic |
< Click here ko check agan >
'Q YW1 . R2 Dverlapping components

Warnings ——»

'Q W3 Mot connected

'Q A1 Owerlapping component and wire

'Q D4 Floating pin . .
& D4 vd<D Right-click

Errors — ]
=R Peniad <=0 ’

7 Close windaw
w Check

A preferences. ..

e Messages with warning icon ( 2 ) notify about potential problems in the schematic, and do not
prevent from running Transient and AC analysis. Click on the message line to see problematic
schematic elements: they will be selected and centered on the screen. The following potential
problems of the schematic are currently detected:

o Floating pins. One or more pins of the component are not connected to another
component, wire, or ground.

o Non-connected components. All pins of the component are not connected to another
component, wire, or ground.

o Overlapping components and wires. An image of schematic element (component, wire,
ground) is overlapping with another schematic element. This may result in non-expected
connection, or lack of connection.

o Possibly floating schematic. Schematic does not have any ground or defined potential
(voltage source or label) in it. This may cause convergence problems.

Go to Warnings page of Preferences to disable all warnings or selected warning types from

being displayed. Disabled warnings will still be reported in the Transient/AC log, and can be
seen by selecting Transient | Log or AC | Log command.
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Messages with error icon (& ) notify about errors in component parameters, such as value out
of valid range, or error in formula. If errors exist, Transient and AC analysis will not be
performed. Click on the message line to select component or variable with the error. Errors are
also reported in the Transient/AC log, and can be seen by selecting Transient | Log or AC | Log
command.

Right-click on the window to see context menu with relevant commands.

Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
columns.
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Schematic Tools

To open Schematic Tools dialog box select menu command Schematic | Tools, or click Schematic
tools toolbar button a» . Select Tools page in the selection list.

Renumber

Renumber components on the schematic. Select Order and Names option, see example of renumbering
in the Example window, click Execute button to proceed.

“Numerical” name is the name that starts with letter, and the rest of the name is a number. Otherwise the
name is considered as “text”. Default (automatic) component name is numerical. For example:

R123, C2 - numerical
V12V, Rout - text

Initial Conditions

Set Initial Conditions (IC) of selected component types to specified value. Select component types and

IC values, click Execute button to proceed. Click Check all and Uncheck all buttons to check/uncheck
all components.

Clean Up

Clean up schematic. Select options, click Execute button to proceed. Click Check all and Uncheck all
buttons to check/uncheck all options.

Formulas

Replace all formulas with values. Select option, click Execute button to proceed.

Parameters

Set selected parameters of all components to specified value. Select parameters, enter new parameter
value, or select from drop-down list, click Execute button to proceed.

e Set diodes. Set Vd parameter of all diodes and zeners and/or Vbe parameter of all transistors.

e Set period. Set Period parameter of all Sin and Pulse voltage and current sources, and Pulse
switches. Width, Rise, Fall, and Delay values will be adjusted proportional to period.
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Transform

Frequency. Transform frequency response of the schematic by changing R, C, and L values. Enter f1
and 2 values, or place cursors at f1 and 2 frequencies on the AC graph (active cursor at f2). Select one
of the following options, then click Execute button to proceed:

e R =const. C and L will change as follows: c=c*f1/f2, L=L*f1/f2
e C=const. R and L will change as follows: rR=r*f1/f2, L=L*(f1/£2)?2
e L =const. Rand C will change as follows: rR=r*f2/f1, c=C*(f1/£2)?

Example: notch frequency of the filter moved from 317 kHz to 100 kHz, keeping C = const.

Calculate AC response. Set cursors at notch frequency and 100 kHz (active cursor), open Schematic
Tools dialog box, Transform page, select C = const, click Execute. Calculate new AC response. Notch
frequency has moved to 100 kHz.

317kHz notch
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Impedance. Transform schematic impedance from rl to r2 by changing R, C, and L values. Enter r1 and
r2 values, then click Execute button to proceed. R, C, and L values will change as follows:

R=R*r2/rl
C=C*rl/r2
L=L*r2/rl

Example: change characteristic impedance of the filter from 1 to 50 Ohm.

Calculate AC response and input impedance. Open Schematic Tools dialog box, Transform page, enter
rl1 =1 Ohm and r2 =50 Ohm, click Execute. Calculate new AC response and input impedance. AC
response is the same, input impedance has changed as requested.

100e-k&

10e-2
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Properties

Select File | Properties command. Properties dialog box will show up:

i

Summary | Statistics | Parts list | Save |

Title: |Nn title

Revizion: I'I .0 Froject: ILInknu:uwn

Avthor: ILInknu:uwn

Crgarization: ILInknu:uwn

Created: 9/15/2006 12:27:43 AM
Modified: 10/8/2008 171:24:47 FM

Location: |C:s\Projectzhnlhe. nlh

Comrments:

o of
Cancel |

Summary page shows general document and file information. Fields Author and Organization of a
new schematic are set to the values specified on the Document page of Preferences dialog box. Most of
the fields can be edited.

Statistics page shows schematic statistics information.

Parts list page shows components list in short or detailed format. Click Copy to clipboard button to
copy parts list to the clipboard.
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Save page consists of document saving options:

x

.Summar_l,ll Statisticsl Parts st Save |

[~ Save with franzient data
[T Save with AC data
[T Save with script

Ok |

e Save with transient data. Select this option to save schematic with all existing transient data
(traces).

e Save with AC data. Select this option to save schematic with all existing AC data (traces).

e Save with script. Select this option to save schematic with current script.
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V. Transient Analysis
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The following simplified diagram explains transient simulation process:

Transient Control

EEEIEEEIEEIL.

Transient Settings l

‘ Transient Tools

Transient Data

Simulation —
data
X disgram
FFT
Histogram
Eve diagram

Markers

Transient Window

Simulation algorithm is configured by Transient Settings dialog box, and controlled by Transient
Control commands (Main Menu and Toolbar). The results of Schematic simulation are stored into
Simulation data, and simultaneously displayed as a graph in the Transient Window. Transient Data
window is used to configure what simulation data are to be stored, and how the data are displayed. In
addition, the data can be used by Transient Tools, which offer a variety of transient data analysis and
data presentation.
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Simulation

Simulation algorithm

NLD5 is a piece-wise linear (PWL) simulator. All the components in the NL5 are either linear or piece-
wise linear: consisting of a number of linear segments. For instance, a diode is either open or closed, so
that its PWL representation consists of just two segments. As long as all of the components are staying
within their current linear segment, the circuit is described by the same system of linear differential
equations. The system is modified only at the moments when at least one component changes its linear
segment. When this happens, the current linear range simulation ends, and another one starts. Typical
NL5 simulation consists of DC operating point calculation (at t=0), followed by one or more linear
range simulations. The performance of the algorithm can be optimized by a number of parameters,
located in the Transient Settings and Advanced Settings dialog boxes.

DC operating point. Simulation always starts at t=0. First, Direct Current (DC) operating point is
calculated. The calculation is performed considering Initial Condition (IC) of the components. For
instance, capacitor is replaced by voltage source if IC voltage is specified, or ignored (open circuit) if IC
is not specified (blank). Inductor is replaced by current source if IC current is specified, or by a short
circuit if IC is not specified. Diode is considered an open circuit if IC state is “Off”, and short circuit if
IC state is “On”.

If circuit has more than one steady state, it can be set to a specific state by defining proper ICs. Another
way to do that is using label (model Label), and specifying VIC parameter of the label. If VIC is not
blank, the temporary voltage source VIC is connected to the label through resistor R only during DC
operating point calculation. When calculation is done, voltage source is removed.

The result of DC operating point calculation is known voltages, currents, and states of all components.
When DC operating point is found, a first linear range simulation starts.

Linear range simulation. In the linear range, the circuit is described by the system of linear differential
equations, which is solved by Trapezoidal integration method. The method provides sufficient accuracy
with reasonable robustness and calculation speed. During linear range simulation, the algorithm is
performing “switching point detection”: checking conditions on all components that may change their
state (diodes, switches, logical components), linear segment (PWL models), or change the amplitude or
slope (Pulse and Step models). If any change occurred, the current linear range ends, and another one
starts.

Calculation step. Unlike many analog simulators, NL5 does not perform automatic step control.
Selecting calculation step is user’s responsibility. This gives user full control on simulation, although
requires certain experience and understanding of the process. The rule of thumb is keeping calculation
step below smallest time constant in the circuit, otherwise the integration method may get unstable and
produce “numerical” oscillations. NL5 detects such oscillations and displays warning message: in this
case it would be useful to investigate the problem and either reduce calculation step or ignore
oscillations as non-significant.

However, having calculation step to satisfy “smallest time constant” condition is not necessarily

required. Sometimes even high enough calculation step provides good stability, while simulation speed
can be significantly increased. To find out an optimal calculation step, run simulation several times with
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different step and compare simulation results. As a rule, reducing calculation step below some level does
not have any visible effect on results. Selecting calculation step close to this level would give the best
simulation performance.

The following example shows how : *’”’W :
calculation step affects simulation : '
of a simple schematic. The time
constant of the RC chain is 1s, so
that calculation step is supposed to
be < 1s.

When 1s, 2s, and 3s step is selected,
the transient waveform is wrong. The
overshoot and further oscillations exist
at 3s step. However, if exact waveform
is not of interest, and if it does not
affect functionality of the rest of the
circuit, these steps could be used. The
“numerical oscillation” warning can be
turned off by Do not detect
oscillations checkbox.

Calculation steps below 1s produce very
accurate waveforms. For instance,
difference between traces with 0.5s and
0.1s steps can be noticed only at the very
beginning of the transient, and it is
extremely small.

1 B00e-3

Simulation with small steps

Automatic step reduction. Although calculation step is specified by user, NL5 still can automatically
reduce the step to satisfy the following conditions:

Period of sine source contains at least 16 steps.

Pulse or switch “On”/“Off” state contains at least 4 steps.

Non-zero rising or falling edge contains at least 4 steps.

Interval between two points in models, which perform interpolation of the signal between those
points, contains at least 4 steps.

e Delay time of transmission line and “delay” component contains at least 2 steps.

The following example shows how the calculation step is reduced during the pulse edges:
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Automatic step reduction may also be used to provide better time resolution of switching point
detection. If time constants of the circuit are large, and high calculation step can be used for linear range
simulation, reducing the step only at switching points may significantly improve simulation
performance. The Step Reduction parameter specifies how much step resolution during switching point
detection is better than specified calculation step.

For instance, Step Reduction = 0.1 means that switching

points will be detected with time resolution approximately E_
ten times better than calculation step. The following graph o S
shows waveforms obtained with calculation step = 1s,and : : ; : !

step reduction 1, 0,1, and 0.01. Sl ; i i i e

Using automatic step reduction does not affect calculation ... |stepRedution=0.1]| 1.
speed much. Number of additional calculation steps is ! ! : : ' '
approximately equal to -log,(Step Reduction). For step R : ' o - o
reduction = 0.01, there will be only 6 additional steps. : :

However, if constant calculation step is preferred, any : : . . : :
change of calculation step can be disabled. For example, ' : : : : '
Function model of some components has output signal ' ' '
always delayed by one calculation step. If step is constant, this can be considered as a known constant
delay, which can be properly taken care of. If calculation step is changing, the resulting variable delay
might be really hard to deal with, especially in the systems with closed loop. Select Do not reduce
calculation step check box to disable automatic step reduction.

. [step Feduction = u'.l:u1|

________

- Sy - BT FToTTTTT T3 kD

Data sampling step. For accurate simulation, the calculation step may be required to be very small.
However, storing all the simulation data in the memory is not needed, if the signal of interest is smooth
and changing relatively slow. Data sampling step options allow performing simulation with as small
step as needed, but storing only part of the data, thus saving significant amount of memory. The
following options are available:

e Same as calculation (save all data). All the
calculated data are saved into memory. This
option provides most accurate data display and
analysis with the highest memory consumption.

e Less than or equal to. If selected, a maximum
sampling step should be entered as well. The data
are saved with specified sampling step. In
addition, it saves all the “critical” data points,
such as extremes (max and min), sharp edges,
switching points, etc. This provides sufficient
memory saving with yet reliable displayed data.

e Equal to. If selected, a sampling step should be
entered as well. Data will be saved with the
constant sampling step only, which may give
significant memory saving. However, some
important details of the transient may be lost, as
well as risk of aliasing exists for fast changing
signals.
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Regardless of which Data sampling option is selected, if several data points in a row have the same
amplitude, only first and last point of such sequence are being stored. This makes possible to reduce
memory consumption significantly for some type of signals. For example, constant voltage source will
need to store only the very first and the very last point. Digital signals with two logical levels will have
to store only two points for each level transition.

Handling infinite voltage and current pulses. Unlike many SPICE-based tools, NLS5 is capable to
simulate circuits with true ideal components. An example of such a component is an ideal switch,
which has zero impedance when closed, infinite impedance when open, and instantaneous switching
from one state to another. When an ideal switch is used for charging or discharging capacitors, an
infinitely short current pulse with infinite amplitude may occur. Although amplitude of the pulse is
infinite, the area (integral over time) is limited and is equal to the total charge coming to or out of the
capacitor at the moment of switching. Similar situation may occur when current through the inductor is
discontinued, which results in an infinite voltage pulse across the inductor. Integral of the voltage over
time corresponds to a magnetic flux in the inductor.

Such an infinitely short pulse with infinite amplitude and limited area is :

usually referred to as a Dirac pulse, or delta-function. Since showing true Step
delta-function on the transient graph would be problematic, the following V=1 : IC;lu
approach is implemented in NL5. The current or voltage delta-function is l
shown as a triangle pulse with the duration of each slope equal to minimal

calculation step used at that moment, and the area satisfies charge or magnetic
flux conservation law. If calculation step is reasonably small, the displayed
pulse will be short and will have high enough amplitude to be visually
considered as a delta-function. At the same time, the integral of the pulse

will give true value of the charge (for current pulse) or magnetic flux

(voltage pulse). Changing calculation step will change duration and

amplitude of the displayed pulse, however the integral of the pulse will stay
the same.

Convergence. In SPICE-based simulators convergence problem may occur any time: during DC
analysis and transient analysis. Since NL5 is piece-wise linear simulator, most of the time it is dealing
with linear systems, which do never experience convergence problem. The only time NL5 simulation
may have some difficulties, is the moment when one or more components change their state or linear
segment.

For systems with ideal piece-wise linear components, a typical situation is +

when several components have to change states exactly at the same moment,

otherwise the system won’t converge. For example, in a standard four-diodes CD %
bridge rectifier, diodes are always switching by pairs, or even all diodes at a B

time. With ideal diodes having zero resistance when closed, and infinite

—
Off
Off
_—
resistance when opened, a simple algorithm may have some trouble resolving A
Off
E
o

switching process. Possible solution would be adding non-zero resistors in
series and/or large resistors in parallel to the diodes. However, this may
produce very small time constants, which results in very small calculation
step, so that all the benefits of using ideal components vanish.

!

179



EBY NL5 circuit simulator User’s Manual

Since traditional iterative methods do not work reliable for such systems, NL5 uses robust proprietary
algorithm. So far, the algorithm works perfect for all circuits tested, however nobody could prevent
users from designing something special, which may have convergence difficulties.

Another problem, common for any software that uses floating-point arithmetic, is loss of accuracy due
to rounding errors. Those errors may also affect convergence at switching points, as well as linear range
simulation.

If simulation slows down at switching points, stops with “No solution” error message, or if simulation
produces obviously wrong results, the following options and parameters may help:

e Change states one at a time. Selecting this checkbox may improve convergence at switching
points.

e Machine precision. (AKA “machine epsilon”). This parameter specifies the minimum relative
difference between two floating point numbers, which can be reliably recognized. This value affects
not only convergence at switching points, but overall simulation results, and can be changed in really
wide range (le-6...1e-15).

If schematic consists of many non-linear components, it may happen that resolving switching point will
take a long time. In this case, simulation can be stopped manually, or automatically after specified
Time-out time interval.

Simulation data

Traces. During simulation NL5 is storing data into memory. The data to be stored is selected by user as
traces in the Transient Data window. Several types of transient traces are available: V (voltage), |
(current), P (power), Variable, Function, and Math.

When simulation starts, all traces are automatically cleared, and then start storing new simulation data.
A new data is displayed in the Run tab of Transient Window. The last data can be moved into storage
with special tab in the Transient Window assigned to it. Storage data is not automatically cleared, and
can be used for comparing results of different simulation runs

If special option Store last Run is selected, then when new simulation starts, current simulation data
(Run) will be moved into storage under the name Last. If run with the name Last already exists, it will
be overwritten. Thus, previous simulation data will always be in the storage under the name Last and
can easily be compared with the current simulation data.

A special type of a trace is Math (post-processing). That trace is calculated from other traces (sources)
using some algorithms, and usually it requires the whole data of the sources to be already available.
That’s why a trace of Math type is calculated and updated only when simulation is paused, stopped, or
when the trace algorithm has been changed. Math data cannot be moved into storage: Math storage data
is calculated automatically as a function of source storage data.

Traces can be copied to clipboard, saved into binary “nlt” data file, or exported into text file in “csv”

(comma-separated values) or “txt” format. In turn, the trace can be pasted from clipboard, loaded from
“nlt” data file, imported from a text or binary file, or downloaded from the oscilloscope. Such a trace is
permanent. It is always displayed in the Transient Window, regardless what data tab is selected. It is
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not cleared when new run starts, and can be used as a reference trace for simulation or stimulus signal
for voltage and current sources.

Memory. Simulation data is stored in the operating memory. The memory is allocated as needed by
relatively small blocks. If available operating memory is not enough for storing continuously increasing
amount of simulation data, the operating system starts saving data to the disk, which may slow down
simulation and display significantly. To prevent from this, the following mechanism is used: when
amount of memory required for the trace exceeds the maximum value specified on Transient page of
Preferences dialog box, the block of the memory currently storing the very beginning of the trace will
be released and allocated again for the new data. Thus, the trace will be truncated at the beginning in
order to keep the latest data. At the first time this happens for one or more traces, the warning message
will be displayed in the status bar of Transient Window.

Please be aware that regardless of the size of operating memory on your computer, only 2GB can be
used by NL5 due to restriction of 32-bit Windows application. If simulation data takes a large amount of
memory, so that it is close to 2GB, the traces will most likely be truncated.

The total amount of memory currently used by the document (schematic) for simulation algorithm and
all traces is always displayed in the Memory used field of Transient Window status bar, so that user
can take proper action if needed.

If multiple documents are being simulated, the total amount of memory used by all documents cannot
exceed 2GB. If amount of available operating memory allows, it might be beneficial running several
copies of NL5 application and simulate only one document in one instance, rather than simulating
several documents in one NL5 instance.

Performing simulation

Use Menu commands, Toolbar buttons, or hotkeys to perform transient simulation.

=r e Start transient (Transient | Start, or F6). When transient starts, the Transient Window opens
up, and the time range of the screen is set to the values specified in the Transient Settings dialog box:
Start is left edge of the screen, Screen is size of the screen. Although simulation always starts at t=0,
the results will be displayed on the graph only from Start time. Depending on Save data before Start
checkbox state, the simulation data prior to Start can be ignored, or saved into the memory to be
available for display later.

={] ¢ Pause transient (Transient | Pause, or Space).

[» ¢ Continue transient (Transient | Continue, or F7, or Space).

ok e Stop transient (Transient | Stop). When transient stopped, the memory allocated by some
components is being released, so the transient cannot be continued and should be started again from the

beginning. However, all the data (traces) obtained during transient are still available for display.

Bl e Single transient mode (Transient | Single). Transient pauses when reaches the end of the
screen. Click Continue transient button [ , Or press Space to continue.
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[2] e Scope transient mode (Transient | Scope). When transient reaches the end of the screen, the
Start value of the screen is incremented by Screen amount, and transient calculation continues.

F* o Continuous transient mode (Transient | Continuous). Transient is running continuously
without pausing and modifying screen Start value. Use this mode to view the graph while transient
calculating is running.

e Transient Log (Transient | Log). Log information shown in the dialog box may be useful for
troubleshooting. The last log is saved into schematic file. When submitting schematic file to Customer
Service for help, please save schematic after simulation, in order to have last log included into the file.
Click Copy to clipboard button to save log text into clipboard.

& o Sweep (Transient | Sweep) performs series of transient runs while changing component
parameter or variable in specified range, and storing transient data in the storage. Sweep is performed
using script commands, and is configured on Sweep page of Tools window. See Tools, Sweep chapter
for details.

= e SavelC (Transient | Save IC) saves current states of all components into their IC (Initial
Conditions), if 1C parameter exists for a component. This function can be used to store components
states when periodic steady-state point is found, so that next simulation can be started already at steady
state, without performing long simulation of settling process again. Please note that Save 1C command
will also modify Delay parameter of periodic sources and switches, to provide accurate phases of such
sources at t=0.

While transient is running, the results are immediately displayed in the Transient Window. Current
simulation time is shown in the Simulation progress field with green background, if transient is
currently running, or yellow background, if it is paused. The amount of memory used for simulation and
traces is shown in the Memory used field.

The transient can typically be paused at any time. However, it cannot be paused while the algorithm
performs some critical calculations (iterations), which cannot be interrupted. In this case, the simulation
will continue until the critical section of the algorithm is completed. If it takes longer than the time
specified on Transient page of Preferences dialog box, a notification window will be displayed:

Not paused yet... 14 seconds ﬂ

Transient i still perfarming iterations and cannot be paused.
f'ou can continue waitng, or ztop simulation at any time.

% Stop transient now |

As the window says, you can ignore this message and continue waiting until iterations are completed,
and then this window will be automatically closed. Or, you can stop transient immediately by clicking
Stop transient now button.

Almost all operations in NL5 can be performed only when transient is paused or not running. However,
you can change component’s parameters, component’s model, and schematic variable at any time, even
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while the transient is running. The change will be accepted immediately, and the transient will continue
with a new component parameter. All those values can be changed from the Components window or
Variables window, Console page of the Script window (command line), and through HTTP link.
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Transient Settings

Click Transient settings toolbar button T, or select Transient | Settings command. Transient
Settings dialog box will show up:

x
— Interval and step
IEI Stait, = Uze cunent screen
{10 Screen, s
[1e-3 Calculation step, s

— Data zampling step
' Same as calculation [save al data)

" Less than or equal bo: I-l o3
£ Equal to: i

— Options
[ Run unl |

W Save data before Start

Advanced... Cancel |

Interval and step. When simulation starts, the transient window time range is automatically set to
specified interval (Start and Screen).

Start, s. Left edge of the transient window.
Screen, s. Transient window size.

Calculation step, s. Maximum calculation step. Actual step can be reduced by the algorithm as
needed.

Use current screen. Click to use current transient screen settings as a new simulation interval. Start
and Screen parameters will be set according to what is currently displayed on the transient graph.

Data sampling step. Specify data sampling (saving) step equal or different than calculation step. This
option does not affect calculation, it only reduces amount of stored data.

Same as calculation (save all data). All the calculated data are saved into memory.

Less than or equal to. If selected, a maximum data sampling step should be entered as well. When
possible, the data are saved with specified data sampling step. In addition, all the “critical” data
points, such as extremes (max and min), sharp edges, switching points, are saved.

Equal to. If selected, a data sampling step should be entered as well. Data will be saved with a
constant step.
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Options.

e Run until. If selected and expression is entered in the window, the expression will be evaluated at
each step of transient simulation, and simulation will be paused immediately as soon as result of the
expression is positive value. Then simulation can be continued. Expression may use variable t —
current simulation time, voltage, current, and power at any component in the form: V(name),
I(name), and P(name), where name is the name of the component (V, I, or P traces should be
allowed for the component). The expression will not be evaluated while t < Start. Examples of Run

until expressions:

(C1)>5.0
I(R2)>1m) && (£t>10)
P

\Y
(
(P(Rload)>3.3) || (£t>100)

e Save data before Start. If selected, all the simulation data prior to Start are stored into memory and
available for display. Otherwise, the data prior to Start are lost, providing some memory saving.

Advanced. Click to open Advanced Settings dialog box.
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Advanced Settings

Advanced settings apply both to transient and AC analysis.

Advanced Settings Kl |
AW PCIM Europe 2020 - stand: 6 351 - exhibi

— Tranzient calculation step Cogical levels

[ Do not detect ozcillations ID— Ly, 3

Do not reduce calculation ste
3 "5 High, v
|1 Oe-3 Step reduction I—
25 Threshald, 3

— Conwergence — £ parameter

[ Change states one at a time 7= I j

|1 Oe-12 M achine precizian
IEI Time-out, 2 Cancel |

Transient calculation step. Some options related to calculation step.

e Do not detect oscillations. Do not display warning messages if “numerical” oscillations detected.
e Do not reduce calculation step. Always use specified calculation step only.

e Step reduction. Specifies how much step resolution during switching point detection is better than
calculation step.

Convergence. Parameters that may affect convergence of DC operating point calculation and switching
points calculation.

e Change states one at a time. Specifies switching iteration mode.

e Machine precision (“machine epsilon”). The minimum relative difference between two floating
point numbers, which can be reliably recognized.

e Time-out, s. Maximum time allowed for one calculation step. If one calculation step takes longer
than specified time, simulation is stopped with error message. If time-out occurred due to unresolved
switching iterations, the error message will indicate a component that started switching process.
Time-out may also occur due to infinite while/do/for loops of C-code. If set to zero, the time-out
detection is disabled.

Logical levels. These settings apply to logical components, and some models with logical type of input.

e Low, V. Low logical level. Must be < High.
e High, V. High logical level. Must be > Low.

e Threshold, V. Logical threshold: the voltage below threshold is considered Low, above threshold is
considered High. Threshold must be between Low and High.
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Z parameter. Define custom formula for Laplace-space approximation of z-transform parameter z, or
select formula from drop-down list. For example:

exp (s*1le-6)
exp (s*T)
(24s*T) / (2-s*T)

If a parameter is used in the formula (7), it should be defined as a schematic variable in the Variables
Window.
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Transient Data

Click Transient data toolbar button EZl | or select Transient | Data command. Transient Data
window will show up. The window always shows data of active document (schematic). Switching to

another document automatically updates the data in the window. The window consists of Toolbar, Trace
list, and 5 pages used for the following operations:

e Traces: add traces, set up individual trace scales and width.

e Screen: set up graph scales, gridlines, and other screen options.
e Cursors: set up and configure graph cursors.

e Table: configure data table.

e Storage: manage storage data.

»
EaEE BET =X DHEH

Traces | Screenl Eursu:ursl Tahble | Stnragel ¥ Check ta display on the graph

WICT

Funchian
b ath
— Trace: Y1)
I.-’-‘-.nalu:ug j tode
I'ID j Scale
|o Mid I »
v Linez [ Data points
0 .
! Sl Checkall  Uncheck al
F— I'I TI Width
Smply Cloze

|

Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.

Trace list shows all currently available traces. Checkbox indicates the following trace property
depending on selected page:

e Trace, Cursors, and Screen page — trace is shown on the graph.
e Table page — trace is shown in the table.
e Storage page — storage is allowed for trace.
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One or more traces can be selected in the list using mouse, Ctrl, and Shift keys. Click Check all to
check all al traces, Uncheck all to uncheck all traces. Most of toolbar commands apply to selected traces
only.

Please note: selected trace is a trace, highlighted in the list, and trace selection state is not related to
trace checkbox state. On the screenshot above, both traces are “checked”, and only V(V1) is selected.

Traces in Digital and Bus mode are always located on the top of the list, and traces in Analog mode are
located on the bottom of the list. If trace mode is changed, its position in the list can be automatically
changed if needed. Also, depending on the mode, traces will have a different background color in the
list:

ETE
I i4)

[ ]wiout)

] vi2)

£ i)

B i)

B o)

2]

[ ]vIv3)

M e

The color can be selected on the Traces page of Preferences dialog box.

Double-click on the trace to change the color of one trace.
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Toolbar

Toolbar button commands apply to all or selected traces. Some of those commands are also accessible
through context menus in the Transient Window.

@ e Open file. Load traces from “nlt” data file.

e Import traces from a text or a binary file, created by other software tools or measurement
instruments. The following file format are currently supported:

TXT — text format;

CSV - comma-separated values;

WFM - Tektronix waveform format;

ISF — Tektronix internal format;

BIN — Keysight Technologies (Agilent) binary format;
TRC - LeCroy binary format.

RAW — LTSpice data format (binary);

O O 0O 0O O O O

File type is recognized by its extension (txt, csv, wfm, isf, bin, trc, raw) and is converted to NL5
trace format accordingly.

If data from text file (TXT, CSV) is imported, its contents will be displayed in the Import
Traces dialog box:

o]

Hz inpLk trace 2
1] 100
01 1.1 a0
0z A1 a0
0.3 7h 70

[T Skiplines IEI 0.
[T Skip n::n:nlumns:l[l

[ Inzet header line

In this dialog, the beginning of the data will be shown for verification. Format of the text file
(“txt, “csv”) accepted for import is the following. First, empty lines and comment lines started
with ;> symbol are automatically skipped. The first line (after skipped) can be a header line,
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having any text in the first column (for example “t(s)”), followed by comma, space, or Tab
separated names of the traces. If name of the trace consists of symbols other than numbers and
letters, it should be enclosed in quotes. All other lines are considered as trace data. The first
column of the data consists of time (in seconds), other columns consist trace data. The data can
be comma, space, or Tab separated. For example:

input, "trace 2"

t(s),
0,0,10.0
0.1,1.1,9.0
0.2,5.1,8.0
0.3,7.5,7.0

The following options might help importing data, if file format is different from required:

o Skip lines. If selected, specified number of lines in the beginning of the file will be skipped.
Otherwise, only empty lines, and comment lines started with *;” will be skipped
automatically.

o Skip columns. If selected, specified number of columns (starting from the left) will be
skipped.

o Insert header line. If selected, the header line “time,tracel,trace2 ...” will be added.
Otherwise, a first line (after skipped) of the file will be used as a header.

Click OK to confirm import. New traces will be created and shown on the graph.

If data from LTSpice RAW format is imported, a list of traces (variables) available in the file
will be displayed in the Select traces to import dialog box:

Select traces to import

LIl
[ Y[p00z]
[ v(p0i3)
] (p004)
] v(p00s)
] (p00s)
] (p0i07)
] v(p00g)
] (p00g)
L] Y[p0i0)
] (plr1]
T (pl2)
] (pl3)
] W(plr4)
] (plrs)
] Y(pl1E)
] W(pl7)
L] Y[p01d]
] (plrg)
] (pli20)
1 wlp021) -

LA P

Check all  Uncheck all

ak | Cancel |
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=8
=@ .

Select traces and Click OK to confirm import. New traces will be created and shown on the
graph.

Other formats (WFM, ISF, BIN) do not require user’s assistance: the data will be loaded and
converted into NL5 trace immediately after file is selected.

Please be aware that not all format versions and format-specific options are implemented and
tested. If you receive error or warning message, please contact us to provide details about the
failure: it would help us fixing the problem and adding new features and options. If you want
more formats to be implemented in the NL5, feel free to contact us as well.

Save selected traces into “nlt” data file. Only traces selected (highlighted) in the Trace list will
be saved into the file.

View/Export selected traces. Only traces selected (highlighted) in the Trace list will be viewed
and exported into text or “csv” file. View/Export dialog box will show up:

B= Yiew/Export Traces - Ol x|
hmelz] [input | bace 2 -
1] 10 — Interyal

1ed |11e3 999 0 From
2e-d |22¢3 998 T

303 |33e3 997 e-3 Lo
de-3  |44e-3 996 1e-3 Step
Be-d  |55e3 995 T —

fe-3  |BEe-3 994
7e-d |77e-3 993
Be-d |B6e-3 992
Se-3  [99e-3 991
10e-3 1103 99 Significant digits

11ed [121e3 989 6 =] Tine

12e-3 |132e-3 986

13e-3 |143e-3 9.687 B "I Data

14e-3 |154e-3 986
15e-3 |165e-3 985

1623 |176=-3 984 ﬂ Expart... |

177 ANTe T TmT

Selected traces are shown as a text in the table. Initially, traces are shown in the time interval
between cursors, or, if cursors are disabled, in the full screen. Change From and To values and
press Enter, or click Update table button to change interval. Traces are shown with fixed time
step specified in the Step value. Initial step is automatically set so that number of points is close
to the value specified by Approximate number of points parameter on Transient page of
Preferences dialog box (but not exceeds Max number of points, defined on the same page).
Number of significant digits for time and data columns can be specified.

Click Export to save the table into the text file as comma-separated values.
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e Copy selected traces to the clipboard. Only traces selected (highlighted) in the Trace list will be
copied in the clipboard.

& o Paste traces from the clipboard. Traces from the clipboard will be added to the Trace list.

T e Duplicate selected traces. This operation is equivalent to Copy/Paste operations. Only traces
selected (highlighted) in the Trace list will be duplicated.

= ¢ Remove selected traces. Only traces selected (highlighted) in the Trace list will be removed.
» o Delete all traces.

e Edit trace. Only one trace should be selected. Depending on the type of the trace, one the
following dialog boxes will show up.

o V, I, P, and Variable traces:

B

M ame

Funchion

|vw1]

Enter or edit Name of the trace (can be blank), and click OK to accept changes.

o Function trace:

Edit trace: v(vl) * 2 ﬂ

M arme

Function

va1]*2 Eancell

Enter or edit Name of the trace (can be blank), edit Function, and click OK to accept
changes. (See Traces chapter for details).
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-4
°

o Math trace:

e
M arme
| ok |
Operation
IMin j Cancel |
Trace
[vtv1) =]
— Ranoge
IEursnrs vI Fram : |1.32343
Ta: |4.22?2?

Enter or edit Name of the trace (can be blank), select or edit specific trace parameters,
and click OK to accept changes. (See Traces chapter for details).

Set color of selected traces. Double-click on the trace in the Trace list to set a color of one trace.

Move selected traces up. This operation changes the order of traces in the list, on the graph, and
in the data table. Please note that traces in Analog mode are always located below traces in
Digital and Bus mode, and cannot be moved above them.

Move selected traces down. This operation changes the order of traces in the list, on the graph,
and in the data table. Please note that traces in Digital and Bus mode are always located above
traces in Analog mode, and cannot be moved below them.

Find component. If selected trace is V, |, or P of the component, click to show the component
on the schematic. The component will be selected (highlighted) and centered on the screen.
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Traces

Traces page of Transient Data window is used to add and remove traces, and set up individual trace
mode and parameters.

B rc - Transient Data ﬂ

R R =X DR

Traces | Su:reenl Eursu:ursl Table I Stnragel ¥ Check to display an the graph

—Add new trace
) & Add e ] W)

— Trace: W]
I.-’-'-.nalu:ug j tdode
I'ID j Scale
|o Mid 3
v Linez [ Data points

Shift, =

I'I vI *idth

Check all Uncheck all

([

Smply Cloze

Add new trace. Select trace type in the left list:

V — voltage.

| — current.

P — power.

Variable — schematic variable defined in the Variables window.
Function — function.

Math — post-processing.

V, I, P traces

If V, I, or P trace is selected, the right list will show components available for this trace type: the model

of the component should support selected type. Select component, and click Add button * , or
double-click on the component name to add a new trace to the trace list. The name of the trace consists
of the letter followed by the name of component in parentheses:

V(R1), I(C2), P(L3)
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V, |, and P traces can also be added from Schematic context menu, and by Components Window toolbar
buttons:

Dizable
Format...
rc - Components
Add trace r F,.L Voltage
ZFoom ¥ J.:,_[,.L Current
Attributes (Tab) k :]E:.:. Power
E Image

g
V' AC valtage
,{, AC Current

et AC Source

E Save component. ..

W1 [AC) Pulse

#ﬁ Preferences...

Variable trace

If Variable trace is selected, the right list will show all variables available in the schematic. Select

variable, and click Add button - , or double-click on the variable name to add a new trace to the
trace list. The name of the trace is the same as variable name.

To add several V, I, P, or Variable traces at a time, select several components using mouse, Ctrl, and
Shift keys, then click Add button

B rc - Transient Data ﬂ

o ZEE R =XEEe s

Traces | Screenl Eursu:ursl T able I Stnragel ],,'_':hECk to display on the graph
&dd nes trace ] i)
|v[c1];v[m];vw1] b Add M vict)

— Ma races selected

Check all Uncheck all

Smply Cloze
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When a new trace is added, NL5 checks if such a trace already exists. If it does exist, and if it does have
a simulation data, NL5 copies a data into a new trace, and shows a new trace immediately.

Function trace

If Function trace is selected, click Add button -

Add trace dialog box will show up:

»

M arme

Function

to configure a new trace and add it to the trace list.

Enter Name of the trace (can be blank), and Function, then click OK to add a new trace.

The function may consist of arithmetic operators and functions, component parameters, global variables
of C-code components, names of existing traces, current transient time +, and V, I, and P on the
component:

sin(t*1000) * (14+cos (t*10))
V(in) /I (Al)
Cl*V(Cl)*Vv(Cl)/2
sq(V(rl))/rl

Use trace name to access a data of a trace at current simulation time:

V(Cl)-old trace

Here o1d trace is a name of a permanent trace, that already exists. If a trace name contains characters
other than letters, digits, or underscore, it should be enclosed into quotes:

V(Cl)-"trace #5"
To display V, I, and P on the components inside the subcircuit, use the following notation:

V(X1.V1)
P (X1.X2.R3)

To access global (defined in the initialization code) variables and arrays of Code component, enter
variable name (or any expression containing the variable) in the following format:

component name.variable name.

For element of array, use the following format:

197



EBY NL5 circuit simulator User’s Manual

component name.array name[index].
For example:

X1l.size
Xcode.array[3]

X1.X2.temp (x1 — subcircuit, x2 — Code component)

Please note that Function trace is calculated only during transient simulation.

Math trace (post-processing)

If Math trace is selected, click Add button * to configure a new trace and add it to the trace list. An
Add trace dialog box will show up:

x

M ame
| ok |
Operation
IFunu:tiu:un j
Funchian
| =

— Range
IFm| vI me:l

TDZI

Enter Name of the trace (can be blank), select Operation type, then select/edit specific operation
parameters, trace Range, and click OK to add a new trace.

Range. Select a time interval for the trace:

e Full. Calculate the trace in the whole time interval where source data are available.
e Cursor. Calculate the trace between cursors. Please note that the trace will be calculated only if
cursors are shown (enabled). If cursors are disabled, the trace won’t be calculated.
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e Fixed. Calculate the trace in the fixed time interval. Enter interval range in the From and To
windows. When switching to Fixed mode from Cursors mode, current cursors values will be
automatically transferred into From and To windows.

Math trace will be automatically calculated when it is created, trace operation or parameters changed,
trace range changed (Cursors or Fixed range mode), or when any of trace sources changed. The trace is
calculated in the time interval specified in Range settings, and where trace source data exists. When
transient simulation is running, and trace source is recalculated during simulation, the Math trace will
be updated at simulation pause and stop.

Math trace is also applied to source storage data, and is displayed as a Math trace storage. While
normal trace storage is never changing, Math trace storage is automatically recalculated in case of
operation or parameters changed, or trace range changed.

Please note that for some operations, a time interval of a resulting Math trace could be smaller than that
of a source trace. For example, one moving average data point is using a source data in the time interval
of an averaging window size. That’s why moving average trace will start a half of an averaging window
size later, and stop a half of an averaging window size before a source trace. If Cursors or Fixed Range
mode is selected, make sure a selected interval is wide enough for requested operation.

Math trace operations
The following Operation types are available:

e Function. Calculate arbitrary function.

Operation

I Funchian j

Function

! =

Enter a function expression in the Function window. The function may consist of arithmetic
operators and functions, component parameters, global variables of C-code components, any
other traces, current transient time t. For example:

sin (£*1000.) * (1+cos (t*10.))
V(R1l) / RL.R
old trace + new trace
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If a trace name consists of characters other than letters, digits, or underscore, it should be

enclosed into quotes:

"trace #1" / 1000.

To access a specific storage data, use a trace name.storage name notation; use quotes for
trace name and/or storage name if needed:

trace.Runl - trace.Run2
"trace #1"."storage #5"

Click the arrow-down button E to see a list of traces:

Select the trace from the list to add it into expression at current cursor position):

Example:

Funtion

Funtian

T =l

[ vicy)
VR

I vic1) +vR1)

l o)+ —I —I
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e Min, Max, Mean, RMS, AC RMS. Calculate specified value of a selected trace.

Operation

| Min =]

Trace

| [

Trace — select a source trace from the drop-down list.

Example:

|_| V1)

] Min of v(v1)
[ Max of vivi)
B Mean of vV 1)
B RS of vive)

||:| AC RMS of V{V1)
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LPF, HPF. Apply low-pass or high-pass filter to a selected trace.

Operation

|LPF =]

Trace
| =

Time conztant, &
1

Trace — select a source trace from the drop-down list.
Time constant — specify time constant of a filter.

Example:

vivi)
[ LPF of w(v1)
[ |HPFofv(v1)
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e Moving average, Moving RMS, Moving AC RMS. Calculate specified function of a selected
trace.

Operation

| M oving &verage ﬂ
Trace

| =
Window,

[100e-3

Trace — select a source trace from the drop-down list.
Window — specify size of averaging window.

Examples:
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e Integral. Calculate integral over time of a selected trace.

Dperation

| |nteqral ﬂ

Trace

| =

Trace — select a source trace from the drop-down list.
Integral value starts from zero.

Example:
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e Regression. Calculate polynomial regression of a selected trace.

Operation
| Rearezsion ﬂ

Trace
| =

Palynirmial arder

I

Trace — select a source trace from the drop-down list.

Polynomial order — select order of a regression polynomial, 0...5.
0 — constant (mean value)
1 — linear approximation
2 — second-order polynomial approximation

Example:

e ek - - ___"l._______.

Regression of V(V1)
3rd order

Regression of V(V1)
1st order

Regression of V(V1)
0 order
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e Counter. Counts specified transitions of a selected trace.

O peration

| Counter ﬂ

Trace

| =
Threzhold, W

e

Edge
p -

Trace — select a source trace from the drop-down list.
Threshold — transition threshold.
Edge — transition direction, Up/Down.

Example:

K-Jn

: S —
Counter of VSDS ' 0 :':: 1 :': 2 :': 3 :':

] v(sos)
[ | Counter of v(503)
[ ] Counter of w{50S)

PR il

]
T
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1

T
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

T
1
1
1
1
1
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e F-V converter, T-V converter. Frequency-to-Voltage and Time-to-VVoltage conversion. Trace
voltage is equal to a frequency or a period of the source trace signal, calculated using the time
between transition with specified threshold and direction.

O peration
|F-"-.J' corvverter ﬂ

Trace

| =
Threzhold, %

e

Edge
p -

Trace — select a source trace from the drop-down list.
Threshold — transition threshold.
Edge — transition direction, Up/Down.

Example:

100e-3
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Trace mode and parameters

Select one or more traces in the Trace list, change parameters and press Enter, or click Apply button (if
enabled). If selected traces have different values for some parameter, the corresponding field will be left
blank. Leave the field blank to keep individual values unchanged, or enter a new value to apply it to all
selected traces.

The following trace parameters can be set for all trace modes:

Mode. A trace can be displayed on a graph in an Analog, Digital, or Bus mode. Traces in
Digital and Bus mode are always located on the top of the list, and traces in Analog mode are
located on the bottom of the list. If trace mode is changed, its position in the list can be
automatically changed if needed. Also, depending on the mode, traces will have a different
background color in the list, in the legend, and in the data table. The color can be selected on the
Traces page of Preferences dialog box.

Shift, s. Trace time shift.
Width. Width of the trace line in pixels.

The following individual trace parameters can be set for Analog trace mode:

16

— Trace: W[W1]
I.-i'-.nalu:ug j tode
I'IU j Scale
o Mid 3

v Linez [ Data points

Shift, &

|n
= |1 vI Wwidth

Scale. Trace value for half of the screen. Click the arrow-down button E to see a list of previous
scale values, select a value to set this scale again.

Mid. Trace value in the middle of the screen.

Fit the Screen. Automatically set Scale and Mid values so that the trace fits current screen.
Reset. Reset Scale and Mid values to default settings.

Lines. Display straight lines between data points of the trace.

Data points. Display data points of the trace. Please note that data points will also be displayed
if Data points option is selected at the Screen page of Transient Data window.
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The following individual trace parameters can be set for Digital trace mode:

— Trace: W3]
| Digital | Mode
|25 Threshald

o

Shift, =

I'I - I “idth

[

e Threshold. If trace value exceeds Threshold, it will be displayed as a high logical level (“17),
otherwise as a low logical level (“0”).

& e Reset. Reset Threshold to a default value.

The following individual trace parameters can be set for Bus trace mode:

— Trace: W[out] — Trace: Wout]
IBus j Mode IEus j Mode
IBinar_l,l j Format ITE:-:t j Fuarrnat
ID | Fived pairt
[~ Show bus content [T Show bus content
|o Shift, ¢ |0 Shift, s
=1 =] widn =1 =] widn

e Format. Number display format, could be:
o Binary

Octal

Hexadecimal

Decimal

Text

o O O O

Numbers in Binary, Octal, and Hexadecimal format can be displayed with a prefix. Prefix format
can be selected on the Digital/Bus page of the Preferences dialog box.

¢ Fixed point. Defines quantity of fractional bits of a bus number in fixed point format. This
parameter is not available in Text mode.

e Show bus content. Select this option to display individual bits of the bus below the bus trace.
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If Text format is selected, click Edit text button to enter and edit texts corresponding to bus value.

x

=
0.zem ;I

o

O, | Cancel |

The text is specified in the “value, text” format, where value is an integer value, and text can
contain any symbols, including space, comma, quote, etc. If bus value is not found in the list, no text
will be displayed. Text is also displayed in the Data table, with specified background color. The
background color can be selected on the Table page of Preferences dialog box.
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Screen

Screen page of Transient Data window is used to configure graph windows, scales, gridlines, and other
graph features.

ﬂ
EEHE BEY | =X HErH
Traces Screen |Eursu:urs| Tahble I Stnragel ¥ Check to display on the graph

[T Datapoint: [ Preview [W[41)
[v Mumbers [~ Digital/bus [ ic)
[+ Legend [~ Diigital labels

[T Separate traces

— Harizontal
|5.32I3I321 E893 Start, &
|31 2.50e-3 Screen,

[+ Show gridines

— YWertical
|5I]e-3 b ultiplier
|1 Offzet

1t Beset
¥ Show gridiines

 sh scal Check all Uncheck all
o all zoales

Smply Cloze

e Data points. Select to show calculated data points of all traces as small squares. This option may
be useful for troubleshooting and calculation step selection. Please note that Data points option
for individual traces only can be selected at Traces page of Transient Data window.

e Numbers. Select to show scale numbers.

e Legend. Select to show Legend window. Also use Legend button H on the Toolbar, or
context menu command.

e Preview. Select to show Preview window.

e Digital/bus. Select to show Digital/bus window.

e Digital labels. Select to show labels of digital and bus traces.
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I

Separate traces. Also use Separate traces toolbar button or press Tab in the Transient
Window. Traces will be separated vertically, which helps to distinguish similar traces.
Horizontal gridlines are used to divide traces, and vertical scales are not shown. When zooming
graph by mouse, only horizontal zoom will work for separated traces. “Separated traces” mode
applies only to Analog traces.

] Vi
i |
C_1Fikil

IR}

".H;--..' = 3 3L 1.5ME | 3k ¥ c:dcb J'ZIH;--..' e OT_OET JETT:] :Icrl-
Normal mode Separated traces

Horizontal. Set up horizontal scale and gridlines.

Start. Time at the left edge of the screen.
Screen. Time per screen.
Show gridlines. Select to show gridlines.

Vertical. Set up vertical scale and gridlines.

Multiplier. Screen scale multiplier: applied to all traces.
Offset. Screen offset: applied to all traces.

Reset. Reset vertical multiplier to 1 and offset to 0.
Show gridlines. Select to show gridlines.

Show all scales. Show scales for all traces in trace colors.
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Cursors

Cursors page of Transient Data window is used to set and configure graph cursors.

x
EaHdE ey =X HETD
. Tracesl Screen  Cursors I Table I Stu:uragel ¥ Check to displ

v Show cursors
[T Lock interval
[ Lock position

ay on the agraph

[W[v1)
[ ]wvic1)

|2 Left
E Right
|3 Interwal

Check all Uncheck all

Smply Cloze

e Show cursors. Select checkbox to show (enable) cursors.

e Lock position. Lock cursors at current position, so that cursors cannot be moved.

e Lock interval. Keep current interval between cursors. If one cursor is being moved, another one
will automatically follow it, to maintain specified interval.

e Left, Right, Interval. Enter new cursors position or interval; press Enter to apply or Esc to
cancel. If Interval value is modified, an active cursor will move.
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Table

Table page of Transient Data window is used to configure Data table, select parameters and traces
displayed in the table.

By 0 % == X b 4™

¥ Check ta shaw in the table

= 2 E
.Tracesl Su:reenl Curzors  Table |Stnrage|

[+ Show table
[T Show table in separate window

[~ Show tirme on the header
[+ Show tirne in the table

left
fight
delta
iy
max
PR
frean
ms
ACIms
freq
eriod

Check. al ncheck all

X

Check all

e vn)
YC1)

Apply

Uncheck all

Cloze

Show table. Select to show table.

Show table in separate window. If selected, the table will be displayed as a separate window.

Show time on the header. If selected, cursors
position will be shown in the header line, in the
left, right, and delta columns.

Show time in the table. If selected, cursors
positions will be shown in separate row.
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Cursors | 3.67505 B, 46035 |2.?853
[]wiv) o 10 10
[Jwic1) |2.79145 3.90708 1.11563
left | right | detea
Cursars 367505 6.46055 2.7853
[Jviviy |o 10 10
[[Jwic1) |z.72145 3.90703 1.11563
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e Table values. Select values to display in the table:

O O O O O O O o0 o

O

left — trace value at left cursor.

right — trace value at right cursor.

delta — right minus left.

min — trace minimum between cursors.

max — trace maximum between cursors.

pp — trace peak-to-peak value between cursors.

mean — trace averaged value between cursors.

rms — trace RMS (root-mean-square) value between cursors.

acrms — trace AC RMS value between cursors: RMS calculated on the trace with
subtracted mean value.

freq — calculated frequency of the signal between cursors. Frequency is calculated based
on number and intervals between points where the trace is crossing its mean level.
period — 1/ freq

When Table page is selected, checkboxes in the trace list specify traces shown in the table.

Click on the table to select a trace.

Right-click on the table to see and execute command from the context menu:

[E] Data...
Hide V{V1)

Separate window

A preferences. .,
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Storage

Storage page of Transient Data window is used to configure transient storage:

B rc- Transient Data ﬂ

EaEE 2R =X DHE*H
. Tracesl Screenl Eursu:ursl Table Storage | F Check to allw starage
[~ Stare last Run

[v Use time shift [Scope] [ ]wvict)

Digplay storage
" Selected oy
f* Selected and dimmed

Al
e X |0+ ¥
Fiun 1
Run 2
Fun 3

Check all Uncheck all

Amply Cloze

e Store last Run. Select this option to compare new simulation with previous one. When new
simulation starts, current simulation data will be moved into storage under the name Last. If run
with the name Last already exists, it will be overwritten. Thus, previous simulation data will
always be in the storage under the name Last.

e Use time shift (Scope). This option is available only when Scope Tool window is visible. It is
used to select how segmented memory data are being displayed. See details at Working with
segmented memory chapter of the Scope tool description.

Display storage

e Selected only. Only selected data is shown on the graph.

e Selected and dimmed. Selected data is displayed with normal trace colors, other data is
displayed with dimmed color, specified at Graphs page of Preferences.
e All. All data is displayed with normal trace colors.
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Example:

Fun 1 aFun 2 3 Fun 3 4Fun 4

Run 1 ARun 2 4 Run 3 4Run 4 YBun 1 ABun 2 ) Fun 3 4Fun 4/

Selected only Selected and dimmed All

¢ o Move Run to storage. Move current simulation data into storage. Add Storage dialog box will

show up:
x

I amne:
Hun 1

s I Cancel |

Enter new storage name or leave suggested default name and click OK. A new tab with storage
name will be created in the Data selection area of Transient Window

= ¢ Remove selected storage. Last Run data can be removed as well.
# e Clear storage. Delete all storage data.
ab) ¢ Rename selected run. Rename dialog box will show up:
x|
M arne:
Run 1
Ok, I Cancel |
Enter new storage name and click OK. Names “Run” and “Last” are reserved and not allowed.

4 ¢ Move selected up.
4 ¢ Move selected down.

When Storage page is selected, checkboxes in the trace list specify traces with storage allowed. Please
note that unchecking the trace in the list will not delete existing storage data of the trace.
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Transient window

Typical view of transient window and its main components are shown below:

[E] Data...

EH:' Cursars, .. [=l Data...
FEH Table Hide {1
"EI Legend Right-click Right-click == Remave
Zoom k alb| Remame. ..
) Graph area S Duplicate
= Move Run ta storage B2 comy

7% Clear storag rc - Transient

23| Insert bext.

S_\ &nnotate

=10l |

(1) |
[ Jwici

ke, L4

Traces RS,
E Image
#ﬁ Preferences
0
. -
v left right I dalta I i I mak I PR I mean I 1S I a
Cursors 37911 i3.39458 (460348
Data table |:|'\.-'va'1) a 10 10 a 10 1n E.20157 721197 4 Right-click
|:|'-.-'(C1) 73ge-3 1.49093 752923 731.888e-3  1.49093 FEA.041e-31.11293  1.13246 2
< | 2+
Right-click  ™run fRun1/ |||I:= 20,0001 | 1.0MB | Shitt | Ol | Click ko move cursar
Data selection Simulation  Memory Shift/Ctrl  Hint
progress used indicators
\ A \ A
M= Data... Right-click = Data...
Y Hide W{1)
alb| Rename. .. v Progress
: v Memary Separate window
= Move Run to starage Shift / Cirl
) B LT 4L Preferences. ..
Cursors
> Clear storage Interval
Frequency

Selected only
|7 Selected and dimmed
&l

|7 Staore lask Run
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e Graph area contains traces with annotations, cursors, and text.

e Legend window contains list of traces shown on the graph. Click on the gray header bar of the
legend window @ and drag to move legend window.

e Data table contains cursors/screen information and calculated traces data.

e Data selection area contains last simulation and storage data tabs. Click on a tab to select Run or
storage data.

e Simulation progress area shows current simulation time and status (running/paused).
e Memory used indicator shows amount of memory used for simulation and traces.

e Shift/Ctrl indicators are highlighted when Shift and/or Ctrl key are depressed.

e Hint area shows hint related to current position of mouse pointer and Shift/Ctrl state.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
Storage selection area.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
data table.

e Right-click on the graph, legend, Data table, Data selection area, or Status bar to see context
menu with relevant commands.

e Common properties of Transient Window, such as colors, fonts, and some options, can be
customized on Graphs, Table, Annotation, and Text pages of Preferences dialog box.
Properties specific to the document (schematic) can also be set up in the Transient Data
window.

Graph area and its components are shown below:

Cursors Text

O |

Gridlines

Annotation

Traces ———
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Graph

A simple graph contains analog, digital, and bus traces in the same area. Digital and Bus traces are
always shown on the top of the graph, and they cannot be scrolled. Analog traces can overlap with
digital and bus traces.

rc - Transient
— 1 1 1 —19» =

Fiun |[t=s | 73ME |

Digital/bus window shows only digital and bus traces, so that analog and digital traces are completely
separated. Enable/disable Digital/bus window on the Screen page of Transient Data window, or right-
click on the graph, then select Digital/bus command in the context menu.

Digital and bus traces and can be scrolled within the window. Use “splitter” between analog and
digital/bus areas to resize the window:

rc - Transient

Digital/bus
~<— scrolling bar

Analog
scrolling bar
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Preview window shows entire data of just one selected trace, and two cursors, corresponding to the left
and right edge of the main graph. It allows selecting a desired time interval to be displayed on the main
graph. Enable/disable Preview window on the Screen page of Transient Data window, or right-click on
the graph, then select Digital/bus command in the context menu.

Use “splitter” between graph and preview area to resize the window. Right-click on the window to select
a trace for preview:

-=T
vy
R @
al V(YD) ~
A I i) '
AL ver

[ S W (13)
A (vs)

E 7 Hide Preview

4 -
4 [
Run |[[t=5 | B3MB | Cil | Shitt |Preview

Use mouse in the preview area to scroll and change screen size:

Click to move Click and drag Click and drag Click and drag
the screen here  to move the left edge  to scroll the screen  to move the right edge
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Graph navigation can be performed by commands available in the transient context menus, transient
toolbar buttons, shortcuts, keyboard keys, and mouse. Very often, the same operation can be performed
by different ways. For instance, zooming graph in/out can be done using keyboard keys only, mouse
only, or both. It is user’s choice to select the most effective and convenient one.

There are 3 graph operation modes:

[; e Cursors. Moving cursors.

‘¥ o Zoom. Zooming graph using mouse.
M o Scrolling. Scrolling the graph.

The mode can be selected by clicking button on the transient toolbar. Also, there are quick ways to
switch temporary from Cursors mode to Zoom and Scrolling modes:

Ctrl down
e Press and hold Ctrl, click and drag mouse to zoom the graph. s e
Release Ctrl to return to Cursors mode: ~—_
Ctrlup
Shift down
e Press and hold Shift, click and drag mouse to scroll the graph. " S
Release Shift to return to Cursors mode: h Y~ 0
Shift up

Analog traces are shown on the graph with their individual scales, width, and colors, defined on Traces
page of Transient Data window. When graph zooming is performed, it does not change scales of
individual traces. Instead, it changes screen Multiplier and Offset parameters, which are applied to all
traces. Scale of selected trace is shown on the graph. If trace selection changes, scale numbers and
gridlines position may change too.

Digital and Bus traces are shown on the graph with their individual width and colors, defined on Traces
page of Transient Data window. Scales and interval between those traces are fixed, and can be set up
on the Digital/bus page of Preferences dialog box.

Gridlines spacing is selected automatically so that last significant digit step is 1, 2, or 5, and distance
between gridlines is approximately equal to the value specified on the Graphs page of Preferences
dialog box as Gridlines interval in pixels.

Scales, gridlines, and some other options of the graph can be changed on Screen page of Transient
Data window.
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Legend
Legend window contains list of traces shown on the graph.
e To show/hide legend click Legend button H on the Toolbar or in the

context menu, or use Show legend checkbox in the Screen page of Transient
Data window.

e Click on the trace to select the trace. Selected trace will be shown on top of all traces.
e Double-click on the trace to select trace and to open Transient Data window.

e Right-click to select trace and open context menu. The menu will contain some common
commands, and commands related to selected trace.

e Click on the gray header bar of the legend and drag to move the window.

e Legend font size and window width limit can be selected on the Legend page of Preferences
dialog box.

Depending on the mode, traces will have a different background color in the legend:

The color can be selected on the Traces page of Preferences dialog box.
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Cursors

Cursors are used mostly for selecting time interval on the graph for Data
table calculations. Selected (active) cursor is shown with solid colored
square on the top. To show/hide (enable/disable) cursors click Show/hide
cursors Toolbar button qp .

Select Cursors mode ( [} ) to move cursors on the graph by mouse.

e Double-click on the graph to set both cursors to the same point. This will also enable cursors, if
they were disabled.

e Click on the graph to move nearest cursor to this point.

e Click and drag to select and move cursor.

Use Ctrl-Right, Ctrl-Left, Shift-Right, Shift-Left, Ctrl-Shift-Right or Ctrl-Shift-Left keys to move
the selected cursor with different resolution.

To place cursors to specific positions, and for other options, right-click on the graph and select Cursors
command gp from context menu: It will open Cursors page of Transient Data window.

The following toolbar buttons can be used to move cursors:

2k e Right maximum. Move selected cursor to the nearest right maximum of selected trace.
A~ o Left maximum. Move selected cursor to the nearest left maximum of selected trace.
=l. ¢ Right minimum. Move selected cursor to the nearest right minimum of selected trace.
J~ e Left minimum. Move selected cursor to the nearest left minimum of selected trace.

f2+ ¢ Maximums. Move one cursor to the nearest right maximum, and another cursor to the nearest
left maximum of selected trace.

{l e« Minimums. Move one cursor to the nearest right minimum, and another cursor to the nearest left
minimum of selected trace.
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Text.

To add text on the graph right-click on the graph and select Insert Text command [&] from the
context menu. Text dialog box will show up:

Ejrest x|
=== |40 A H
Enter text :I

n o

v Outine [ Amow -

W Poirter [ Lock pointer ||| Background

[ =] Line widn I Lie

Enter text in the text box. The text will be simultaneously shown on the graph:

Enter text

The text can be formatted using toolbar buttons and controls:

Alignment. Set alignment of multi-line text.

Align left.
Center.
Align right.

Orientation. Change orientation of the text.

£ e Rotate left.
e Rotate right.

Font. Change size of the font or select specific font type and options.
A o Larger font.
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a4 o Smaller font.
1 o Select font.

Outline and pointer options

Cutling ——=

e Outline. Draw outline rectangle.

e Pointer. Draw pointer line from the text to specified point.

e Arrow. Draw pointer line with arrow.

e Lock pointer. Lock the end of the pointer: the end of the Ao ———3
pointer will not move even when text is being moved.

Pointer —__

————

e Line width. Specify line width of the outline and pointer.
e Color. Double-click on the item in the list to change the color.

If graph is zoomed or scrolled, the text stays at the same place, anchored to left-top corner of the graph
window. To move the text, click on the text and drag. If pointer is locked, only text will move. To move
the pointer only, click on the end of the pointer and drag.

To edit the text, double-click on the text, or right-click on the text and select Edit text command
from context menu. The same Text dialog box will show up.

To delete the text, right-click on the text and select Delete text command = X from context menu.
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Annotation

Annotation is a text with a pointer, which always points to the same data point of a trace, even when
graph is zoomed or scrolled. Annotation belongs to a trace, so if trace is deleted, all trace annotations are
deleted as well. If trace data is cleared, and there is no data point where annotation points to, it will be
hidden. However, after a new simulation, it will be shown again.

To add annotation, set active cursor to the time point where annotation is
needed, right-click on the graph, select Annotate, then select Selected trace

= or Alltraces & command. The same buttons are available in the
Transient toolbar. Annotation(s) will be added only if trace data exists at
cursor’s time. If cursors are disabled, annotation will be added approximately at
1/3 of a screen.

Annotation font, colors, number of significant digits, and some other properties can be specified on
Annotation page of Properties. To change annotation text and annotation-specific properties, double-
click on the annotation, or right-click on the annotation and select Edit annotation command
from context menu. Annotate dialog box will show up.

Annotations defined for transient traces, can be also displayed in the XY diagram, and Eye diagram
Transient Tools.
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x

¥ Name ===|40
[T Time

[ Yalue [ Apply to all annotations
Erter text here ;I

Enter text in the text box. The text will be simultaneously shown on the annotation. The following
options and formatting are available:

e Name. Display trace name in the text.
e Time. Display time of the annotation in the text.
e Value. Display trace value (amplitude) in the text.

Alignment. Set alignment of multi-line text.

Align left.
Center.
Align right.

Orientation. Change orientation of the text.

e Rotate left.
e Rotate right.

e Apply to all annotations. Select to apply current settings to all annotations on the graph.

To move annotation text keeping pointer at the same trace point, click on the annotation text and drag.
To move the pointer, click on the end of the pointer and drag. The pointer will follow the mouse pointer,
staying at the nearest trace point, so you can easily select a point with required amplitude even on a very
sharp slope. Annotation text will move with the pointer.

To delete annotation, right-click on the annotation and select Delete annotation command . from

context menu. To delete all annotations, right-click on the graph, select Annotate, then select Delete all
command | x
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Data table

The Data table shows cursors position, trace values, and some characteristics of the traces calculated
between cursors, such as: mean, max, min, rms values, and more. If cursors are disabled, the table shows
the data at the left and right edges of the screen, and values calculated between left and right edges of

the screen:

left rlght delk; left rlght delk
Cursors  E3.05609 £,92456 3.86 O =0 =0
vy 1o 0 10 Jvv |o 0 0
[]wicty [2.23082 363322 1.40 [Jwct o 466321 466
Cursors enabled, active cursor is highlighted Cursors disabled, screen size = 20

e To show/hide Data table click Table toolbar button B8 | or right-click on the graph and select
Table command from context menu.

e Click on the trace row to select the trace. Selected trace will be shown on top of all traces.

e Double-click on the table to open Transient Data window.

e Right-click to open context menu. The menu will contain some common commands, and
commands related to selected trace.

e Colors, fonts, and number of significant digits used in the table can be customized on Table page
of Preferences dialog box.

The table can be displayed on the bottom of the Transient Window, or as a separate window: right-
click on the table and select Separate window command:

l Ly (=¥ )

3 [ o e e L " ) ™

i L I
= [T » " ] 1] ] anman (2]
W 18 e ST et TEERT RS FI

L] L]
P k= 20,000 [l NENET
Table in the Transient Window Table in separate window
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The values shown in the table, as well as other table options, can be selected on the Table page of
Transient Data window:

5
EREHE ey | =X | nEeyn
'TracESI Su:rEEf'II Curzorz  Table |Stu:urage| J Check ta shaw in the table

[+ Show table T
[~ Show table in separate window |:| W[C1)

[~ Show time an the header
v Show time in the table

It
right
delta
min
mas
pp
MMEAT
s
acims
freq
period
inteqral

Check all Uncheck all

Check. all Incheck all Amply Cloze

When Table page is selected, checkboxes in the trace list specify traces shown in the table.
Click on the table to select a trace.

Right-click on the table to see and execute command from the context menu:

:Z| Data...
Hide V(v 1)

Separate window

A preferences. ..
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Depending on the mode, traces will have a different background color in the list:

left [ right | delta

Cursors 300e-3 3.739058 3.450!
v o 1 1
v o 0 0

[ v(out) |1.4 2.0 1.5
v 1 1 ]
v |1 0 -1
v |o 0 ]
Il v(out) |3 6 3
Wy |5 5 ]
[Jvera) o 5 5
[Jvira) |3 5 3

The color can be selected on the Traces page of Preferences dialog box.

Table fields for bus traces will also have different background color, depending on number format:

left right | delta I min | max | PP | mean I rms
Cursors 300e-3 3.75058 3.45053
E) 0 1 1 0 1 1 521.703e-3
v 0 0 0 0 1 1 453.691e-3
[ ]V(out) -Binary  [1.1 11.0 1.5 0.0 111.1 7.5 3.63013
I vout -octal |3 & 3 0 17 15 7.26025
[]v(Out) - Hex 3 3 3 0 F 15 7.26025
[ v(out) - Decimal |3 & 3 0 15 15 7.26025
v 1 1 0 0 1 1 478.348e-3
v 1 0 -1 0 1 1 507.219e-3
IS 0 0 0 0 5 5 2.31845 3.40467
-'I.-'[:Dut:l 3 B 3 -0 15 15 7.2603 8.55521

This is done because some numbers for bus trace are always decimal, and color background will make it
clear what number format is. The color can be selected on the Table page of Preferences dialog box.
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Storage

The results of the last simulation run are always shown in the Run tab of the Transient Window.
Simulation data can be moved to the storage, so that results of previous runs are always presented on
the graph. Storage data belongs to the trace, so that if trace is deleted, storage data for this trace will be
deleted as well.

List of available storage data, storage-related commands, and storage display selection can be found at
Storage page of Transient Data window:

B rc- Transient Data ﬂ

EaEE 2R =X DHE*H
. Tracesl Screenl Eursu:ursl Table Storage | F Check to allw starage
[~ Stare last Run )

v Usze time shift [Scope]

Digplay storage

" Selected oy

f* Selected and dimmed
Al

- X |0+ $

Fiun 1
Run 2
Fun 3

Check all Uncheck all

Amply Cloze

Some commands can also be accessed by right-clicking on the graph or Data selection area, then
selecting command from context menu:
[l Data...

alb| Rename. ..

+ Move Run to storage
= [emove
75 Clear storage

Selected only
|T Selected and dimmed
All

+ Move Run to storage
75 Clear storage

Store last Fun

AE] Theart fout

Graph Data selection
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To move current run data into storage, use one of the following methods:

e Right-click on the graph, and select Move run to storage “* command from the context menu;

e or Right-click on the Data selection area of the graph, and select Move run to storage -
command from the context menu;

e or click Move run to storage “* putton at Storage page of Transient Data window.
Only data of the traces selected in the trace list at Storage page are moved to the storage.

Each storage data has a tab on the Data selection area of the graph assigned to it:

1
YFiun 1 ABun 2 hFun 3 AFRun 4/

Storage data can be selected by clicking on the tab.
Storage data can be displayed in the following ways:

e Selected only. Only selected data is shown on the graph.

e Selected and dimmed. Selected data is displayed with normal trace colors, other data is
displayed with dimmed color, specified at Graphs page of Preferences.

e All. All data is displayed with normal trace colors.

Fun 1 ARun 2 4Fun 3 ARun 4 Fun 1 ARun 2 AFun 3 ARun 4 YFun 1 ARun 2 4 Fun 3 ARun 4/

Selected only Selected and dimmed All

Store last Run is a special feature of the storage. If selected, a last transient run data will be
automatically moved to the storage under the name Last, every time a new transient simulation starts, so
you can always see the difference between a new and previous run.
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Scrolling and Zooming

To scroll graph use any of the following methods:

e Move mouse pointer to the left or right edge of the graph. Mouse pointer will take “big arrow”
shape. Click or hold left mouse button to scroll graph.

e Cursors mode I3 : hold Shift key, then click and drag graph.

e Scrolling mode <M : click and drag graph.

e Hold Ctrl key and rotate mouse wheel to scroll horizontally.

e Hold Shift key and rotate mouse wheel to scroll vertically.

e Press Right and Left keys.

e Press End to center beginning of the traces (set to the middle of the screen).
e Press Ctrl-End to center end of the traces.

e Press Shift-End to center middle of the traces.

To zoom graph use any of the following methods:
e Rotate mouse wheel to zoom horizontally.
e Hold Ctrl and Shift key and rotate mouse wheel to zoom vertically.

e Click toolbar buttons, or use keyboard shortcuts, or right-click on the graph, select Zoom, then
select command:

+« Horizontal Zoom-in (Ctrl-PgUp).

++ Horizontal Zoom-out (Ctrl-PgDn).
Fit the screen horizontal (Ctrl-Home).
kB Fit cursors to screen.

1+ Vertical Zoom-in (PgUp).

I Vertical Zoom-out (PgDn).

Fit the screen vertical (Home).

kg Fitthe screen (Shift-Home).

1&r Reset vertical scale (set Multiplier=1, Offset=0).
o Zoom-in (Shift-PgUp).

o Zoom-out (Shift-PgDn).

To zoom selected area

e Zoom mode i : click and drag to select area.
e Cursors mode [; : hold Ctrl key, then click and drag to select area.

Selection area depends on how mouse pointer is moving relative to starting point.
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If mouse pointer is moving only up or down, two horizontal lines will be
shown. When left button released, selected area will be zoomed-in
vertically.

If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

To Undo and Redo scrolling and zooming click toolbar buttons:

K7 e

d e

Undo scrolling or zooming.
Redo scrolling or zooming.
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Transient commands

The following commands, buttons, and shortcuts are available in the Main menu, Main Toolbar,
transient toolbar, and transient context menus.

[ e

EMYRHEXT LIS

¥
[

Open/Show transient window (F5).

Transient Settings. Open Transient Settings dialog box.

Transient Data. Show Transient Data window.
Start (F6). Start transient.

Pause (Space). Pause transient.

Continue (F7, Space). Continue transient.
Stop. Stop transient

Single transient mode.

Scope transient mode.

Continuous transient mode.

Log. Show transient log.

Sweep. Run series of transients transient while changing component parameter or variable.

Save IC. Save current states of all components into their initial conditions (IC).

Preferences. Open Preferences dialog box.

Toolbar and some context menus:

[; o

i
EH o

Cursors mode.

Zoom mode.

Scrolling mode.

Horizontal Zoom-in (Ctrl-PgUp).
Horizontal Zoom-out (Ctrl-PgDn).
Fit the screen horizontal (Ctrl-Home).
Fit cursors to screen.

Vertical Zoom-in (PgUp).

Vertical Zoom-out (PgDn).

Fit the screen vertical (Home).

Fit the screen (Shift-Home).

Reset vertical scale (set Multiplier=1, Offset=0).

Undo scale (Backspace). Undo scale.
Redo scale.

Show/hide Cursors.
Show/hide Data Table.
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[E] « Show/hide Legend.

e Separate traces.

EX ¢ Show/hide Digital/bus window.

E3 e Showr/hide Preview window.

7k o Right maximum. Move selected cursor to the nearest right maximum of selected trace.
A~ o Left maximum. Move selected cursor to the nearest left maximum of selected trace.
=l ¢ Right minimum. Move selected cursor to the nearest right minimum of selected trace.
L~ e Left minimum. Move selected cursor to the nearest left minimum of selected trace.

f2+ o Maximums. Move one cursor to the nearest right maximum, and another cursor to the nearest
left maximum of selected trace.

BB ¢ Minimums. Move one cursor to the nearest right minimum, and another cursor to the nearest left
minimum of selected trace.

Graph commands (context menu):

1F o Open Cursors page of Transient Data window.
e Traces » (Commands apply to all traces displayed on the graph)
@ o Open. Load traces from “nlt” data file
o Import traces from text or “csv” file.
IE o Save traces into “nlt” data file.
o View/Export. View traces as a text and save into text or “csv” file.
o Copy traces to clipboard.
g o Paste traces from clipboard.

2 ¢ Image >
o Copy to clipboard. Copy image of transient window to clipboard.
BMP o Save as BMP. Save image of transient window to file in BMP format.
e o Save as JPG. Save image of transient window to file in JPG format.
PC o Save as PNG. Save image of transient window to a file in PNG format.

Storage commands:

¢ ¢ Move Run to storage.
= ¢ Remove selected storage.
X e Clear storage.

e Rename selected storage.

e Store last Run. Move current Run into storage “Last” when new simulation starts.
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e Selected only
e Selected and dimmed } Storage display mode
o All

Annotation commands:

. ¢ Annotate selected trace.
2 e Annotate all traces.

e Edit annotation.

& e Delete annotation.

# e Delete all.

Text commands:

e Insert text on the graph.
2] o Edit text.
» o Delete text.

Data table commands:

e Hide trace name: do not show trace in the Data table.

e Separate window. Show Data table in the Transient Window or as a separate window.

Legend commands:

e Hide trace name: do not show trace on the graph.
e Remove selected trace.

e Rename selected trace.

e Duplicate selected trace.

Copy selected trace to clipboard.

e Paste traces from clipboard.

F @ L]

Keyboard keys and shortcuts

The following keyboard keys and shortcuts can also be used:

e Space. Pause or Continue transient.
e Tab. Separate traces.
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e Left, Right. Scroll graph.

e Up, Down. Select trace.

e End. Center beginning of the traces (set to the middle of the screen).
e Ctrl-End. Center end of the traces.

e Shift-End. Center middle of the traces.

e Shift-PgUp. Zoom-in.

e Shift-PgDn. Zoom-out.

e Ctrl-Right, Ctrl-Left, Shift-Right, Shift-Left, Ctrl-Shift-Right, Ctrl-Shift-Left. Move
selected cursor with different resolution.

Mouse operation

The following mouse operation can be used.
e Right-click. Open context menu.
e Mouse-wheel. Horizontal zoom-in/zoom-out.
e Ctrl-mouse wheel. Scroll horizontally.
e Shift-mouse wheel. Scroll vertically.

e Ctrl-Shift-mouse-wheel. Vertical zoom-in/zoom-out.

Cursors mode [ :
e Click (left button). If cursors visible, move nearest cursor.

e Click and drag.
o On annotation: move annotation text or pointer.
o On text: move text or pointer.
o Otherwise: move cursor.

e Double-click.
o On annotation: edit annotation.
o On text: edit text.
o Otherwise: show cursors, move both cursors.

e Click and drag. Select and zoom.
e Double-click. Center screen.

Scrolling mode &M :

e Click and drag. Scroll graph.
e Double-click. Center screen.
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Transient Tools

Transient Tools offer different ways of presenting simulation results. To open Tool go to Transient |
Tools, and then select the line with required Tool.

The following Tools are currently available:

e DC sweep

e XY diagram

e Amplitude histogram
e Histogram

e FFT

= e Eye diagram

Hii o Markers

(P] o Power

e Line snapshot
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DC sweep
To open DC sweep tool go to Transient | Tools, then select DC sweep.
DC sweep tool performs calculation of DC operating point while changing specified component

parameter or variable in specified range, and plots transient traces as a function of that parameter. The
name of the parameter “swept” is shown in the header line.

DC_sweep_example - DC sweep - vl

e+ o3 % ¢ 2K 4D |x

T e Settings. Opens Settings dialog box:

]

— Sweep — Scale
[v1 =] Name [-12 Left
[12 From [12 Right
I'IE Ta v Use tranzient zcale
[100 ~| Paints | ' muliplier
|0 't offset

Cloze |
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= o

o
EVE )
o
1 o
*o
o

e

o Sweep.

= Name. Name of the parameter to be changed. Enter parameter name manually, or select
from drop-down list. The list shows all numerical parameters of the component, which is
currently selected in the schematic or in the Components Window.

= From. Start parameter’s value.
= To. End parameter’s value.
= Points. Number of points.
o Scale.
= | eft. Parameter’s value on the left edge of the screen.
» Right. Parameter’s value on the right edge of the screen.

= By default, the vertical scale is the same as transient screen vertical scale. Uncheck Use
transient scale checkbox and enter Y axes multiplier and offset.

Start DC sweep.

Stop DC sweep.

Use transient scale for Y axes.
Horizontal Zoom-in.
Horizontal Zoom-out.

Fit the screen horizontal.
Vertical Zoom-in.

Vertical Zoom-out.

Fit the screen vertical.

Fit the screen.

View/Export. View DC sweep data in the text table, export to text or “csv” file. View/Export
dialog box will show up:
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ol
vl YD1 ViDZ) WD) 2N
12 12 3
11.9 5 113 3 |'12 From
11.8 5 118 3 IE To
1.7 5 17 3 _
16 5 16 3 [100 Peints
115 5 115 3
11.4 5 11.4 3
1.3 5 1.3 3 (pdate table |
11.2 5 1.2 3
1 ] 4 g 1 1 ] i — Significant digits
109 5 1049 3 |E 'I Time
10.8 5 108 3 .

B -
107 5 07 3 Data
106 5 0.6 3
s 3 10.9 -3 Export... | Claze
10.4 5 0.4 3
10.3 5 0.3 3
0.2 5 0.2 3
101 5 01 3 =
| | _>I_I

Number of significant digits for the data can be specified.
Click Export to save the table into the text file as comma-separated values.

e Right-click on the window to access relevant commands.
e Double-click on the window to center screen.
e Left-click on the window and drag to select zoom-in area.

o If mouse pointer is moving only up or down, two horizontal lines will
be shown. When left button released, selected area will be zoomed-in
vertically.

o If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

o If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
Transient Window.
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XY diagram
To open XY diagram tool go to Transient | Tools, then select XY diagram.

XY diagram shows all traces as a function of selected trace. Selected trace name (X axis) is shown in the
header line. The diagram shows traces between cursors only (or on the screen, if cursors are disabled).

ler - X=v{L1)

@ o E £ $E|x

T e Settings. Opens Settings dialog box:

4_pll - X=V{down) settings ﬂ

— Scale — Traces
¥ Usze transient scale [+ Usze tranzient races
|2 &4 multiplier B ioac)
I iref)
| -500e-3 ¥ offset i)
2 Y multiplier B idowr)
| -500e-3 v offset

o Scale. By default, diagram X and Y axes scales are the same as transient screen vertical
scale. Uncheck Use transient scale checkbox, and enter individual X and Y axes
multipliers and offsets.
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o Traces. By default, XY diagram shows traces that are visible at transient screen, with an
active trace to be an X axis. Uncheck Use transient traces checkbox, and select (check)
traces for XY diagram independently of transient screen traces. Select (highlight) a trace
to be used as an X axis.

=)

e Use transient scale.

e Horizontal Zoom-in.

e Horizontal Zoom-out.

e Fit the screen horizontal.
e Vertical Zoom-in.

e Vertical Zoom-out.

Fit the screen vertical.
Fit the screen.

ol o3t 2

Show annotations. Display annotations that are currently displayed in the transient window.
Annotations are shown with the same format/properties as in the transient window. Click on the
annotation and drag to move annotation text box. Annotation pointer, however, can be moved
only in transient window.

e Right-click on the window to access relevant commands.
e Double-click on the window to center screen.
e Left-click on the window and drag to select zoom-in area.

o If mouse pointer is moving only up or down, two horizontal lines will
be shown. When left button released, selected area will be zoomed-in
vertically.

o If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

o If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
Transient Window.
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Example: schematic, transient, and XY diagram.

cauer_lc - Schematic

Fiin t= 100.001 0.1 KB Click. ta scroll
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Amplitude histogram
To open Amplitude histogram tool go to Transient | Tools, then select Amplitude histogram.

Amplitude histogram calculates amplitude distribution of the traces within specified amplitude range. It
is calculated for visible traces between cursors only (or on the screen, if cursors are disabled).

nl2 - Amplitude histogram

R« oE f ¢ |x

T e Settings. Opens Settings dialog box:

]

— Histogram — Scale — Traces
v Usze ransient traces

|-1 From |-1 Left
[1 To [1 Right I_I EDSFI]:]
W e
[100 | Bins |1 Top B[] Viup)
ID Eottom Bl (down)

¥ Linear interpalation
[between tranzient data poinksz]

E Autozelect hiztogram range and scales

o Histogram. Enter new value and press Enter to recalculate the histogram.
= From. Bottom value of the amplitude range.
= To. Top value of the amplitude range.
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= Bins. Number of bins within amplitude range. (Enter manually select from the drop-down
list)

= Linear interpolation (between transient data points). NL5 calculates transient response
at discrete time points, and then displays traces, connecting those points by straight lines.
If Linear interpolation option is selected, such linearly interpolated signal will be used
as a source for amplitude histogram. For analog signal which changes slowly (comparing
to simulation step), linear interpolation provides good approximation of a real signal, so
that amplitude histogram will give quite accurate and reliable results.

However, if the signal is supposed to have only discrete amplitude levels, with very fast
transition between those levels comparing to simulation step, such an interpolation may
produce wrong results. For example, circuits with sample-hold components might show
wrong amplitudes at the histogram, which also depend on simulation step. Switching
linear interpolation option on and off, and comparing results, may give an idea on
which method is more accurate.

o Scale. Enter new value and press Enter to redraw the histogram.

o Traces. By default, amplitude histogram shows traces that are visible at transient screen
Uncheck Use transient traces checkbox, and select (check) traces for amplitude histogram
independently of transient screen traces.

M o Autoselect histogram range and scales. Select histogram range based on minimum and
maximum of the signal.

e Horizontal Zoom-in.

e Horizontal Zoom-out.

e Fit the screen horizontal.

e Vertical Zoom-in.

Vertical Zoom-out.

e Fit the screen vertical.

e Fit the screen.

¢ Right-click on the window to access relevant commands.
e Double-click on the window to center screen.

e Left-click on the window and drag to select zoom-in area.

EA N IR R F B S

o If mouse pointer is moving only up or down, two horizontal lines will
be shown. When left button released, selected area will be zoomed-in
vertically.

o If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

248



EBY NL5 circuit simulator User’s Manual

o If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and
zooming, exactly as in Transient Window.
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Histogram
To open Histogram tool go to Transient | Tools, then select Histogram.
Histogram presents trace values and some characteristics of the traces calculated between cursors (or on

the screen, if cursors are disabled), in a graphical format. Histogram can also show “cross-section” of
traces or storage data.

5
T
1
b4
VVl) | V(CD) V(@)
‘T e Settings. Opens Settings dialog box:
A
T A — ' snale
L active * Traces [¥ ilze ransient scals
left F St RS WETIEIE] SEEls
i ge . .
!IQERL IEEIEIE-E b ultiplier
L] min Ty | 1 Offset
[ max F‘I'IDH_ : I
Ol pp istagran
E mean £ Line v Show vertical gidines
O rargfms [V Sheaw names
[ freq
[ perind Close |

o Y values. Select variables to be displayed on Y axis. “Active” is currently selected cursor
(left or right). Other values are similar to what is displayed in the transient Data table.

o X. Select histogram mode: what is shown on X axis.
= Traces. Show “cross-section” of all traces currently displayed on the graph.
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= Storage. Show “cross-section” of the storage for all traces currently displayed on the
graph.

o Type. Select histogram type for Storage mode:

= Histogram.
= Line.

o Y scale. By default, histogram Y scale is the same as transient screen vertical scale. Uncheck
Use transient scale checkbox to enter Y scale Multiplier and Offset

= Show vertical gridlines. Check to show vertical gridlines dividing histogram data.
= Show names. Check to show trace or storage names on the X axis.

e Use transient scale.

4+ o Vertical Zoom-in.

¥ ¢ Vertical Zoom-out.

e Fit the screen vertical.
e Right-click on the window to access relevant commands.
e Double-click on the window to open Settings dialog box.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
Transient Window.

Traces mode, or “traces cross-section”, can be used to display “spatial” distribution of the signal in the
schematic. The following example shows modeling of heat conduction through the rod using electrical
analogy. RC chain models 1-dimensional rod with temperature source (V1) applied to one end. Traces
show temperature at certain distance from the end. When temperature changes as a step, temperature
front propagates through the rod. Histogram shows temperature distribution along the rod at t=1 (left
cursor), and t=16 (right cursor).

Ic_line - Schematic

Sheet! ||| Shitt | Cil | Click bo start sele
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rc - Transienkt

Run |||I:= 20,001 | DA4ME | Skt | ol | Click ko move

x

Storage mode, or “storage cross-section”, can be used to display how trace values at specific time
depend on schematic parameters. The following example shows modeling of previous schematic, with
resistance (reciprocal of heat conductance) changing from 0.125 to 16, with X2 step using transient
sweep. Each run is saved into storage. X axis of histogram is storage data (i.e. resistance). The lines of
different colors show temperature at certain distance from the end at t=16 (active cursor), as a function
of resistance.
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rc - Transient

4
4 125e-3 {2503 f600e-3 )1 42 £4 f8 16/ ||| | 29ME | Shift | Col | Click ko mave

One should notice that “cross-section” of Storage histogram at R=1 is the same as upper line of Trace
histogram shown in the previous example.

rc - Histogram
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FFT

To open FFT tool go to Transient | Tools, then select FFT.

FFT (Fast Fourier Transform) is calculated between cursors only (or on the screen, if cursors are
disabled), for all traces displayed on the graph. FFT graph does not show phase.

I R+ o3 T 3 |x

T e Settings. Opens Settings dialog box:

4 _pll - FFT settings

~ FFT

|2EI¢18 "I Puaints
|>< 4 "I Zerm padding

I Harming j i o

[T Calculate phase

— Trace
[+ Line

[~ Hiztagram
[~ Bars
[~ Puoints

— Traces

[+ Use transient traces

— Graph
[+ Logscale
[ Dan't show F=0

I (o)
I lref)
1 viup]
B o)

o FFT.

= Points. Number of FFT points, 256...1048576 (28...2%).
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= Zero padding. Adds zeroes to transient samples. Can be None to X16. Zero padding is a
standard technique to improve spectral resolution.

=  Window. Windowing is a standard technique to reduce leakage effects and improve
spectral resolution. 10 windows (including rectangle) are currently available.

= Calculate phase. Although phase does not make much sense for FFT and is not
displayed on the FFT graph, it can be calculated and displayed in AC window (see Show
in AC window).

The following example shows Zero padding and Window effect on FFT result:

Fode-3

No zero padding X16 zero padding No zero padding X16 zero padding
No window No window Hamming window Hamming window

o Trace. Several trace options can be selected at a time.

= Line. Show straight lines between points.

= Histogram. Show histogram-like traces.

= Bars. Show vertical lines from zero to the trace point. Not available for Log scale.
= Points. Show data points as squares.

__.JIH i

Line Histogram Bars Points
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o Graph.
= Log scale. If selected, amplitude is shown in dB.

Linear scale Log scale

= Don’t show F=0. If selected, zero frequency point is not shown on the graph. Select this
option if DC component of the signal is not of interest.

o Traces. By default, FFT graph shows traces that are visible at transient screen Uncheck Use
transient traces checkbox, and select (check) traces for FFT graph independently of
transient screen traces.

Horizontal Zoom-in.
Horizontal Zoom-out.
Fit the screen horizontal.
Vertical Zoom-in.
Vertical Zoom-out.

Fit the screen vertical.
Fit the screen.

View/Export. View FFT data in the text table, export to text or “csv” file. View/Export dialog
box will show up:
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_lojx
freqHz I[L1 YT YICT] -
575 51e-3 -13.5803 -1 3.5934_'
587, 7h5e-3 [-24.1503 -13.6077F 13.7514
BO0e-3 -26. 606G 14,214 14,4073 £ All points

E12.245e-3 [-31.7926 15479 157359  Step, Hz [

E24.49e-3 |-31.8918 17,3291 -17.5804

B3E. 735e-3 |-23.6255 18,3634 18197 Significant digits
640,983 [-18.2584 159397 153312

B61.224e-3 [-14.3479 12009 11,395 [6 =] Freauency
7346903 [-11.232 048632  .7.94591 E =] Data

BES. 7143 | -B.62187 -5,54447 -5, 0633
B57.959e-3 | -6, 36808 -3,0698 2,62

710.204e-3 | -4.36319 -920,098e-3 | -503,044
722.449-3 | -2 B1145 953 2452-3 1 1.34403
734.694=-3 |-1.01505 261439 2.99067
746.939-3 [432.98-3 410148 44673

759.184=-3 |1.7525E 544217 5.80045
771 A~ 2 |7 aFooo C CREZNC 7 nnnilll EHpDrt... Cloze
4

4

Text table shows amplitude of all FFT traces. Select Display mode to show:

o Screen. Show points in the frequency range visible on the screen only.

o All points. Show all calculated FFT points.

o Step, Hz. Show points with specified frequency step. This mode can be used to see only
harmonics of specified frequency.

Specify Significant digits for Frequency and Data columns of the table.

Click Export to export the table into text or “csv” file.

Show in AC window. If selected, FFT traces will be shown in the AC window as well as in the
FFT window. The name of the traces will be “FFT of trace name”. If option is unselected, FFT
traces will be deleted in AC window. If FFT window is closed with option selected, the traces
will not be deleted. Working with AC traces in AC window allows convenient zooming and
scrolling, using of cursors and Data table, and it also shows phase. FFT traces can be duplicated
in AC window to be used as a reference for future FFT analysis. Please note that FFT of storage
is not shown in AC window.

257



EBY NL5 circuit simulator User’s Manual

FFT window AC window
i 51
e [ IFFTafIiL1Y
[ FFT oF wiv1y
I FFT of w(C1)
1
¥
-100 dE
left right I delta min I max -
CUFEarE 7943783 244692 1.6E254 |-

I:lFFT af IIL1) -44. 763367 -45 636903 -873.6160%-3 -45 859174 20023894
I:lFFT af Wil |-43.411604 -5 424869 -15.013265 -76. 382440 -28. 256257

|- FFT af WicT) |-36.621976 -42,909002 -F2Br0ze2 -42,124929 19952065 vI
4 »

IIJ [ Shitt [ Ol [ click and drag ke

e Right-click on the window to access relevant commands.
e Double-click on the window to center screen.
e Left-click on the window and drag to select zoom-in area.

o If mouse pointer is moving only up or down, two horizontal lines will
be shown. When left button released, selected area will be zoomed-in
vertically.

o If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

o If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
Transient Window.
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Eye diagram
To open Eye diagram tool go to Transient | Tools, then select Eye diagram.

Eye diagram is used to analyze periodical signals jitter and distortion. Although it is mostly applicable to
telecommunication and digital processing, it might be useful for analog electronics as well. The eye
diagram window is similar to oscilloscope, continuously running with specified trigger interval. The
diagram shows traces between cursors only (or on the screen, if cursors are disabled).

E lcr - Eye diagram

Wl [+ o 2] D |x

T e Settings. Opens Settings dialog box:

4 pll - Eye diagram settings ﬂ

Interval, = — Traces
|1 00e-9 i [¥ Use transient haces
7 zcale I /(0sc]
[v Use transient scale [ iref]
] %iup)
[2 Multiplier I '/ (dovn)
| -500e-3 Offzet

o Interval, s. Eye diagram width (sampling period).
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qp © Get cursors interval. Click to copy interval between cursors to the Interval window.

o Y scale. By default, diagram Y scale is the same as transient screen vertical scale. Uncheck
Use transient scale checkbox to enter Y scale Multiplier and Offset.

o Traces. By default, eye diagram shows traces that are visible at transient screen Uncheck
Use transient traces checkbox, and select (check) traces for eye diagram independently of
transient screen traces.

Use transient scale.

Vertical Zoom-in.

Vertical Zoom-out.

Fit the screen vertical.

Use horizontal scroll-bar to change sampling phase.
Right-click on the window to access relevant commands.
Double-click on the window to open Settings dialog box.

Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
Transient Window.

Show annotations. Display annotations that are currently displayed in the transient window.
Annotations are shown with the same format/properties as in the transient window. Click on the
annotation and drag to move annotation text box. Annotation pointer, however, can be moved
only in transient window.
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Markers
To open Markers tool go to Transient | Tools, then select Markers.
Markers tool provides a convenient way to monitor traces amplitudes at specified points. Unlike cursors,

markers always stay at specified position. Number of markers is not limited. Below you can see 4
markers shown on the transient graph, with traces amplitude displayed in the Markers table.

rc - Transient

d
dh owm X | I | g @. v Shaow on the graph

Fun ||[t= 20.0001 | o 220508 [425532  [g2esza |s2o11e |
i) F1o 10 10 10
ViC1) |1.90423 29334 3E1757 403599

e Markers table consists of the traces displayed on the graph.
“* ¢ Add new marker. Marker time is a time of selected cursor.

= o Remove marker from the table. Select (click) any cell in the table, which belongs to the marker’s
column, then click the button. On the example above, the first marker (t=2.20503) will be
removed.

# o Delete all markers.

E o Export markers table in the text or “csv” file.

=. ¢ Annotate selected trace at markers positions on the transient graph.
2 o Annotate all traces at markers positions on the transient graph.

e Show on the graph. Select to show markers on the transient graph. Markers width and color can
be changed on Graphs page of Preferences dialog box.
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Power
To open Power tool go to Transient | Tools, then select Power.
Power tool calculates Power Factor and THD (Total Harmonic Distortion).

Select Power Factor page to calculate voltage and current RMS, power, and Power Factor.

_iojx

Powveer Factar |THD |

" hrace |x.f[|:|1] j
| ace ||[,f_~.,1] j

Y RMS I?D?.332341 J01e-3
| RMS IESE.?E'I 5787 76e-3
Power IEDD.?E?#ES?ESE-S

FF IE#?JD'I 343003e-3

03B | Shit | Col | Click ko move

e V trace. Select voltage trace from the drop-down list.
e | trace. Select current trace from the drop-down list.

Power

Power factor PF is calculated as: PF=—————
VRMS x IRMS

All parameters are calculated between cursors only (or on the screen, if cursors are disabled), so make
sure selected interval consists of integer number of signal cycles.
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Select THD page to calculate Total Harmonic Distortion.

thd - Transient

|

Power Factor  THD |

Trace |\.r[|:;1] j

Harmaonicz I‘I 5 vI

THD, % |24.5224?2

| &mpl |«
165.4932e-3 lick:
36.042836e-3
136042483 |
5.E339651 e-3
11.420562e-3
772835326
144 599596 |

=

IS N g I OO R L

e Trace. Select trace from the drop-down list.
e Harmonics. Enter or select from drop-down list number of harmonics to calculate (max=40).

W2V +VE + ..
Vl

THD is calculated as: THD =

, Where V, is amplitude of n™ harmonic.

THD is calculated between cursors only (or on the screen, if cursors are disabled), so make sure selected
interval consists of exactly 1 period of the signal fundamental (1% harmonic). There are several
convenient ways to make such a selection easy. For example:

e Double-click on the transient graph to set both cursors at one point, between signal maximums.
Click Maximums button ., one cursor will be moved to the nearest right maximum, and
another cursor to the nearest left maximum. This method may not work right if the signal has
local maximums.

Double-lick Click Maximums button
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e If period of fundamental is known, Right-click on the transient graph and select Cursors
command. In the Cursors window, enter period value in the Interval window and select Lock
interval checkbox. Now interval between cursors will always be equal to the period of
fundamental.

 Show

444 57427 A0S -3 Laht

1,484874 27456 Fiighl
1 Irteresl
. [~ Lock postion
:-: Mirde Rin ko shorags " LI:ICkII‘fC:".Ici Clogs
'E‘ Trrast bawk
Right-click, select Cursors Enter Interval,

select Lock interval

If calculation step is big enough,
some higher harmonics may not
satisfy Nyquist criteria: harmonic
frequency exceeds half of
“discretization” frequency. Such
harmonics will be marked with an
asterisk (*) symbol in the
harmonics list.

x

Power Factor  THD |

Trace |ﬁ,.f[|:|1 ] j
Harmaonics |4|:| - I

THD, % |1E.?EEEEEI

N | Ampl [ «
1 161.3316263
2 28.019797e3
3 1054085663
4 3.083486503
4146552066
E  EA253502e6
7 477427196
8+ 563056146
9% 45E07674eE
10% 589505166
11+ 95819296
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Line snapshot

To open Line snapshot tool go to Transient | Tools, then select Line snapshot.

Line snapshot shows voltage and current profile inside the transmission line. It also shows forward and
reflected waves of voltage and current. All signals can be shown during transient simulation, being
updated either on every simulation step, or with predefined update rate. When simulation paused or
stopped, the current (last) profile is shown.

m try_line - Line snapshot ﬂ
Forward — t=3.552 <--Reflected
i i "l.n'_cnltage: X1 ! M i ’_
Fh— . I e = S I
0 400e-3 800e-3 1.2 1.6 2
T o o o o .
2 e e e = e
Current: X1 .
wes [ T O 1
0 400e-3 auue? 1.2 \ 1.5 ] ]
2083 o o o S A

e Right-click on the window to access relevant commands.
e Double-click on the window to open Settings dialog box:

try_line - Line snapshot settings ﬂ

[1 >| Line v “altage

[+ Current
IF U!:udate.inte.wal, %
[=irlation time]
[+ Signal [.1]
— Crale [w Fonward
I2 W scale [+ PFeflected
ID v mid [~ Show data pointz
I3EIE-3 | zcale
|o | mid
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o Line. Select existing transmission line component from drop-down list.

o Update interval, s. Select simulation interval to update graphs. If interval is zero, graphs will
be updated on every simulation step.

o Scale. Select voltage and current scales. Press Enter to accept changes.
o Voltage. Display voltage graph.
o Current. Display current graph.

o Signal (V, I). Display voltage and/or current signals (superposition of forward and reflected
waves).

o Forward. Display forward voltage and/or current waves separately.
o Reflected. Display reflected voltage and/or current waves separately.
o Show data points. Select to mark calculated data points as small squares.

e Click Close to accept changes and close Settings dialog box.
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V. AC Analysis
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The following simplified diagram explains AC simulation process:

AC Control

~ T B =%

AC settings l /
— —) Simulation ¢==p | Transient

AC data l AC tools

Simulation
data >
Histogram
Smmith chart
Myquizt phot
Michals plot

Markers

AC window

Simulation algorithm is configured by AC Settings dialog box, and controlled by AC Control
commands (Main Menu and Toolbar). The results of Schematic simulation are stored into Simulation
data, and simultaneously displayed as a graph in the AC Window. AC Data window is used to
configure what simulation data are to be stored, and how the data are displayed. In addition, the data can
be used by AC Tools, which offer a variety of AC data analysis and data presentation. Transient is used
for Sweep AC source simulation method.
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Simulation

There are three methods of AC analysis in NL5: Linearize schematic, Sweep AC source, and Z-
transform.

Linearized schematic method

Linearize schematic is a standard low-signal AC analysis. First, all non-linear components are replaced
with linear equivalents at their operating point. Second, a signal of specified frequency with unit
amplitude and zero phase is applied to the input node, and signals at other nodes are found by solving a
system of linear equations. The process is repeated for specified number of frequencies.

In order to linearize schematic, state of all components should be known. It can be done manually by
setting Initial Conditions (IC) for all non-linear components, diodes, and controlled switches, or by
automatic calculation of DC operating point (Calculate DC operating point check box in the AC
Settings dialog box). DC operating point is calculated exactly as in transient analysis.

The method always works for linear circuits. The method can be also used for circuits
with non-linear components, only if those components can be properly linearized at
operating point: infinitely small amplitude of input AC signal should not change state
of the components. For instance, the following circuit can’t be correctly analyzed by
this method, as the diode will change its state every time input AC signal changes

polarity.

The method can’t be used for switching-type circuits, since all the switches will be set to either open or
closed state, and will not be switching as required.

Sweep AC source method

Sweep AC source method allows calculating AC response for any type of circuit. A real sine-wave
signal of specified amplitude and frequency is applied to the input node; the transient analysis is
automatically performed; finally, the harmonic of specified frequency is extracted form signals of
interest by Discrete Fourier Transform (DFT). AC response is calculated by comparison of the harmonic
amplitude and phase of the specified signal to the input signal. This process repeats for specified
frequency range.

Transient simulation is automatically started and controlled by the method. You don’t need to define
Transient traces: all the required traces will be automatically created and removed when AC analysis is
complete. A number of parameters required for the method can be set up in the AC Settings dialog box.

Method. Select Sweep AC source.

Transient calculation step is the only transient-related parameter to be set up here. Set it to the value
you would use for a normal transient analysis of the schematic. When AC analysis is running, transient
simulation step may be automatically decreased as needed, in order not to exceed 1/16 of the AC source
period.

AC source amplitude (voltage or current) can be a constant, or a function of AC source frequency f.
Frequency-dependent amplitude may be helpful to provide reliable operation of the method at different
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AC source frequency. For instance, if switching-mode circuit has a gain significantly changing with
frequency, it might be helpful to have AC source amplitude frequency-dependent, in order to increase
signal-to-noise ratio.

Error. When AC source is given a specific frequency, transient simulation is performed for time
interval, equal to some number of periods of that frequency. The more periods of AC source are used for
calculations, the better accuracy of AC response can be achieved. However, this may result in extremely
long simulations time, especially at low frequencies. To set up a desired balance between accuracy and
simulation time, the Error parameter can be used. In fact, this is more qualitative description of the
expected simulation performance, rather than actual simulation error. The following values of the Error
parameter can be used:

Error = 0 — at each AC frequency, transient simulation will be performed for 128 periods of the
frequency. This is the most accurate option, however it could be a very long simulation time.

0 < Error < 100 — number of periods at each frequency will be automatically selected between 2 and
128 based on circuit response. Expected accuracy is very high for numbers 1 and below, good for 10 to
50, and fair for 50 and above. Respectively, higher accuracy requires longer simulation time.

Error =100 - at each AC frequency, transient simulation will be performed only for 2 periods of the
frequency. This is the fastest option, however the accuracy could be extremely poor.

Recommended simulation strategy is the following. First, evaluate schematic at value 100, just to see if
the method works in general and circuit behavior is somewhat close to expected. Then use value 10 to

perform circuit analysis with reasonable accuracy and simulation speed. If better accuracy is needed, or
simulation result does not look correct (which may happen for some specific circuit types), use value 1.

Find periodic operating point. To perform AC analysis of switching circuit, a “periodic steady state”
(“periodic operating point™) should be found first. If Find periodic operating point option is selected,
NL5 will automatically run transient with zero amplitude of AC source until periodic steady-state
condition is satisfied, and only after that AC analysis will start. If Find periodic operating point option
is unselected, it is highly recommended to find periodic steady state condition manually, by running
transient with zero amplitude of AC source. When periodic steady state is reached, save current state of
the circuit into Initial Conditions (select Transient | Save IC in the Main menu). If circuit is not in its
periodic steady state, the correct results of AC analysis are not guarantied.

Sweep frequency from high to low. When this option is selected, simulation will start from higher
frequencies, where it usually takes much less simulation time per one frequency. Thus, simulation
results will appear on the graph faster, and user can make a decision to stop simulation without waiting
for lower frequencies results, if needed.

Show transient data option makes transient simulation data visible during AC simulation, and keeps

the data available when AC simulation is complete. Transient data might be useful for finding optimal
AC analysis settings and for troubleshooting.
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Z-transform method

Z-transform method can be used for calculating AC response of circuits with periodical processes:
switching-mode converts, digital filters, etc.

Principle of operation. If switching circuit is in “periodical steady state” with constant switching period
T, all the signals in the circuit at time t and t+T, as well as the value of the signal averaged (integrated)
over period T, are identical, even if the signals change significantly during the switching period. If some
“disturbance” is applied to the circuit (external source changed, component parameters changed, etc.),
those “sampled” or “averaged” (integrated) values will change too, reacting on the “disturbance”.

S1 52 S3

| Disturbance I Disturbance

Sampling Averaging (integration)

By detecting those changes, and applying Z-transform mathematical methods to the data, a circuit
transform function in z-domain H(z) can be calculated. After applying z to s conversion, a low signal AC
transfer function H(s) can be obtained. It happens that many methods of linear circuit stability analysis
based on low signal AC response of the circuit may also be applied to the switching-mode circuit,
simply considering “sampled” or “averaged” signals to be smooth continuous signals.

NLS5 calculates low signal AC transfer function for “sampled” or “averaged” signals by running transient
analysis of the circuit, applying “disturbances” to the circuit as needed, and analyzing circuit response
on those “disturbances”. Read more about principle of operation in the “Using Z-transform Method for
AC Analysis” document on the NL5 website.

The following parameters for Z-transform method should be set up in the AC Settings dialog box.

AC source. AC source for Z-transform method can be voltage source, current source, or label. To
simplify calculations and avoid any confusion, please set the AC source as a constant voltage or current
source (model “V” or “I””) with value = 0. Such a source would not affect normal transient analysis, its
only purpose is specify an input node for AC response analysis, where input “disturbance” will be
applied.
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Method. Select Z-transform.

Sampling period should be set to switching period of the circuit. To calculate AC response of the non-
switching circuit (which is possible, although does not make much sense), set sampling period to the
value 100...1000 times smaller than the smallest time-constant of the circuit. Then adjust this value
based on required accuracy of the results.

Data collection. The preferable and most accurate option is Sampling, except if it does not provide
reliable results for some types of circuits and signals. The difference between data collection options is
described in details in the “Using Z-transform Method for AC Analysis” document on the NL5 website.

Z to s conversion. Use exponential z = e*" or bilinear z = (2+sT)/(2-sT) conversion method to display
the results in desirable way (T is sampling period).

Simulation data

During simulation NL5 is storing data into operating memory. The data to be stored is selected by user
as traces in the AC Data window. Several types of transient traces are available: V (voltage), |
(current), Z (impedance), Gamma, VSWR, Function, and Math.

When simulation starts, all traces are automatically cleared, and then start storing new simulation data.
A new data is displayed in the Run tab of AC Window. The last data can be moved into storage with
special tab in the AC Window assigned to it. Storage data is not automatically cleared, and can be used
for comparing results of different simulation runs.

If special option Store last Run is selected, then when new simulation starts, current simulation data
(Run) will be moved into storage under the name Last. If run with the name Last already exists, it will
be overwritten. Thus, previous simulation data will always be in the storage under the name Last and
can easily be compared with the current simulation data.

A special type of a trace is Math (post-processing). That trace is calculated from other traces (sources)
using some algorithms, and usually it requires the whole data of the sources to be already available.
That’s why a trace of Math type is calculated and updated only when simulation is completed. Math
data cannot be moved into storage: Math storage data is calculated automatically as a function of source
storage data.

Traces can be copied to clipboard, saved into binary “nlf” data file, or exported into text file in “csv”
(comma-separated values) or “txt” format. In turn, the data can be pasted from clipboard, loaded from
“nlf” data file, or imported from a text or binary file. Such a trace is permanent. It is always displayed
in the AC Window, regardless what data tab is selected. It is not cleared when new run starts, and can
be used as a reference trace for simulation.
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Performing simulation
Use Menu commands, Toolbar buttons, or hotkeys to perform AC simulation.

= o Start AC (AC | Start, or F9). When AC simulation starts, the AC Window opens up, and the
frequency range and scale (log/lin) of the screen is set to the values specified in the AC Settings dialog
box. While simulation is running, results are immediately displayed in the AC Window, and a progress
bar is shown in the status bar of the window.

%% « Stop AC. While AC simulation is running, this is the only button available.

e AC Log (AC | Log). Log information shown in the dialog box may be useful for
troubleshooting. The last log is saved into schematic file. When submitting schematic file to Customer
Service for help, please save schematic after simulation, in order to have last log included into the file.
Click Copy to clipboard button to save log text into clipboard.

& o Sweep (AC | Sweep) allows running series of AC runs while changing component parameter or

variable in specified range, and storing AC data in the storage. Sweep is performed using script
commands, and is configured on Sweep page of Tools window. See Tools, Sweep chapter for details.

273



EBY NL5 circuit simulator User’s Manual

AC Settings

Click AC settings toolbar button [T, , or select AC | Settings command. AC Settings dialog box will
show up:

AC Settings x|

— AL zource Method : ILinearize schematic j
I"»-"'I j M arme _ _
v Calculate DC operating point

— Freguency : Im

|1 e-3 Fram, Hz

|1 e+3 To, Hz

|500 ~| Paints

ILn:ng j Scale

Lze curment screen

— Gamma and WS'wH
|50 +i|0 Z0, Ohm

Advanced... | Cancel |

AC Source. Enter the name of AC source component, or select the name from drop-down list. Any
voltage source, current source, or label can be used as AC source. The AC source component may have
any model (except File and SubCir), so that there is no need to set the model of the component to Sin:
the model will be set to Sin automatically and restored back what AC analysis complete. When AC
analysis is being performed, the DC voltage/current of the component will be set to its DC value at t=0,
and AC voltage/current required for AC analysis will be added to that DC level. AC source component
name will be marked with (AC) text on the schematic and in the Components window. AC source
component can also be selected from Schematic context menu, and by Components Window Set AC

@ .

source button

Frequency. Select the method of how frequency simulation points are specified. When simulation starts,
AC window frequency range is automatically set to the range between minimum and maximum
specified frequencies.

e Interval. Specify frequency interval, number of simulation points, - Frequency - ||ntewa| v|

and scale.
o From, Hz. Start frequency. |1E-3 Fram, Hz
o To, Hz. End frequency. [1e+3 To, Hz
o Points. Number of simulation points. [500 x| Points
o Scale. Frequency scale: |Log | Seale
= Log. Logarithmic. Use cument screen

= Lin. Linear.
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o Use current screen. Click to use current AC screen left frequency, right frequency, and scale
as a new simulation interval. From, To, and Scale parameters will be set according to what is
currently displayed on the AC graph.

e List. Specify custom frequencies. This method can be used to ~ Frequency : |List *I
specify more frequency points in the range where AC response is ] = W
changing fast, in order to optimize simulation time (especially for 2
Sweep AC Source simulation method). Enter frequencies one 150
number per line. Frequencies can be entered in any order. Click gg
Sort and refresh button ¥ to verify and sort entered numbers. 100

;'

Click Edit frequency list button to edit frequency list in the
Frequency List dialog box.

x
B[4 =X
12 :I — Interval
i |1 Frar, Hz
5 10 Ta Hz
? I'Iﬂ j Fairts
: fLin | Scale
10
LI ak. | Cancel |

The dialog box allows entering frequencies in the list manually, as well as performing the following
operations:

@ o Open frequency list from the text file.
E o Save frequency list to the text file.
w o Sortand refresh frequency list.

4= o Add interval. Add frequencies specified in the Interval box (From, To, Points, and Scale
parameters) to the frequency list. Frequencies currently existing in the list will not be removed.

= o Remove interval. Remove frequencies specified in the Interval box (From, To) from the
frequency list. All frequencies in the From...To interval will be removed.

> o Delete all. Clear frequency list.

Gamma and VSWR parameters.

e Z0, Ohm. Characteristic impedance for Gamma and VSWR traces.

Advanced. Click to open Advanced Settings dialog box.
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Method. Select AC simulation method. See Simulation Algorithm chapter for details on simulation
methods.

o Linearize schematic.

b ethad : ILinearize zchematic j

[v Calculate DC operation paint

= Calculate DC operating point. If selected, DC operating point will be calculated prior to
AC analysis. This option is not required for linear circuits, or if Initial Conditions for all
components are manually defined.

o Sweep AC source.

bethod : |Sweep AL spurce j
I'I e-3 Tranzent calc step, =
|n.1 AL amphitude [F)
[10 Enor, %

v Find penodic opesating poiné
[+ Sweep frequency from high to low
[~ Show hansient

e Transient calc step, s. Transient calculation step.

e AC amplitude ( f). Amplitude of AC source. V for voltage source and label, A for current
source. Amplitude can be a constant, or a function of frequency f. For example:

0.1
Im*f
1000/f

e Error, %. Expected error of AC analysis. See Sweep AC source method chapter for details.

e Find periodic operating point. Run transient prior to AC analysis, until periodic steady
state is reached.

e Sweep frequency from high to low. Perform AC simulation starting from higher
frequencies.

e Show transient. Show transient data during AC simulation, and keep transient data after AC
simulation is complete.
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o Z-transform.

b ethod IE-transtrm j
|'| Sampling peniad, s
ISampIing j [rata collection
IEHpDnentiaI j £ to = converzion

e Sampling period, s. Data collection interval. For switching circuits, should be the same as
switching period of the circuit.

e Data collection. Method of data collection:
o Sampling
o Integration
o Delayed integration

e Zto s conversion. Method of conversion of z-domain parameter z to Laplace parameter s:
o Exponential: z=¢°"
o Bilinear: z = (2+sT)/(2-sT)

where T is sampling period.

Advanced Settings

Advanced settings are described in the Transient Analysis section.
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AC Data

Click AC data toolbar button 3 , or select AC | Data command. AC Data window will show up. The
window always shows data of active document (schematic). Switching to another document
automatically updates the data in the window. The window consists of Toolbar, Trace list, and 4 pages
used for the following operations:

Traces: add traces, set up individual trace scales and width.
Screen: set up graph scales, gridlines, and other screen options.
Cursors: set up and configure graph cursors.

Table: configure data table.

e Storage: manage storage data.

B rc-ACData ﬂ

= EEHE 2R =X D
Traces | Sn::reenl Eurs::nrsl T able | Stn:nragel J Check ta display on the graph
—add new trace
O wict
[viR1) 4r Add 0
I
z W1
Gamma
WEWA
Function
M ath
— Trace: W[R1]

I tag/Phaze j Dizplay

|1 TI [
Phaze width Check all Uncheck all
|1 TI “width

Move cursor over “splitter” area @ , then press left mouse button and drag to resize panes.

Smply Cloze

Trace list shows all currently available traces. Checkbox indicates the following trace property
depending on selected page:

e Trace, Cursors, and Screen page — trace is shown on the graph.
e Table page — trace is shown in the table.
e Storage page — storage is allowed for trace.
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One or more traces can be selected in the list using mouse, Ctrl, and Shift keys. Click Check all to
check all al traces, Uncheck all to uncheck all traces. Most of toolbar commands apply to selected traces
only.

Please note: selected trace is highlighted in the list, and trace selection state is not related to trace
checkbox state. On the screenshot above, both traces are “checked”, and only V(R1) is selected.

Double-click on the trace to change the color of the trace.

Toolbar

Toolbar button commands apply to all or selected traces. Some of those commands are also accessible
through context menus in the AC Window.

@ e Open file. Load traces from “nlf” data file.

e Import traces from a text file, created by other tools. Format of the file is similar to the export
format. The first line is a header line: it may have any text in the first column, and trace names in
other columns. The first column consists of frequency (in Hz), other columns consist trace data.
Trace data may have one column per trace, or two columns per trace. The first trace column is
magnitude (absolute value, or dB), and it has trace name in the header line. The second trace
column, if exists, is phase (in degrees), and it has “phase” text in the header line. If second trace
column does not exist, trace phase is set to zero. If trace name consists of symbols other than
numbers and letters, it should be enclosed in quotes. The data and names can be comma, space,
or Tab separated. For example:

f(Hz),V(Cl),phase,V(R]1)
1,-1,-15,0

3,-2,-30,3

10,-8,-40,4
30,-20,-50,5
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When file is loaded, its contents will be displayed in the Import Traces dialog box, for

verification:
[o]x

fiHz YIC1 phaze |G |
1 15 0
3 2 -30 3
10 8 -40 4
30 -20 50 5

[~ Skiplines: IEI 0K
[T Skip n::n:nlumns:l[l

.......................................... Cancel

.........................................

[v DataindB

o Skip lines. If selected, specified number of lines in the beginning of the file will be skipped.
Otherwise, only empty lines, and comment lines started with ;” will be skipped
automatically.

o Skip columns. If selected, specified number of columns (starting from the left) will be
skipped.

o Insert header line. If selected, the header line “f(Hz),tracel,trace2 ...” will be added.
Otherwise, a first line (after skipped) of the file will be used as a header.

o Datain dB. If selected, a magnitude is considered to be in dB.

Click OK to confirm import. New traces will be created and shown on the graph.
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B ¢ Save selected traces into “nlf” data file. Only traces selected (highlighted) in the Trace list will
be saved into the file.

e View/Export selected traces. Only traces selected (highlighted) in the Trace list will be viewed
and exported into text or “csv” file. View/Export dialog box will show up:

_ioix

f[Hz ICT Phase |VIR1) -
1e-3 1.79341 -30.0613 ~ Interval

1.01863-3 |-4. 4579263 -1.83413 23,9011 o3 B
1.03761e3 | -4 6316423 186837 29741 T—
1.05693=-3 |-4. 805363 190375 235008

1.07662-3 |-4.97908e3 193853 -29.4207 500 Paints

1.098682-3 | 515283 -1.97331 -29.2606
11171123 | 5.36056e3 201134 231004
1.13792e-3 | 5569763 20495 283403 Updaztable |
1159123 | 5.77896e-3 208766 -28.7802

1180713 | -5.98516e-3 212583 286201

limg *| Scale

1.20271e-3 |-6.19736e-3 -216339 -28.46 — Significant digits
1.22511e-3 | -6.44582e-3 -2 20556 -78.2993 m I
1.24794e-3 | -6 697733 224743 281395

1.27118-3 | -6.945964=-3 228931 -27.97%8 B 'I Data

1.29486e-3 | -7 201563 -233118 278197
1.31893e-3 |-7.45347e-2 237305 -27.6550
1.34356e-3 |-7. 700573 -24185 -27453% ﬂ Export...

4 Arnchn- T [N ] = [ P | s inr F N T e

Selected traces are shown as a text in the table. Initially, traces are shown in the frequency
interval between cursors, or, if cursors are disabled, in the full screen. Change From, To, Points,
and Scale values and press Enter, or click Update table button to update table data. Number of
significant digits for frequency and data columns can be specified.

Click Export to save the table into the text file as comma-separated values.

e Copy selected traces to the clipboard. Only traces selected (highlighted) in the Trace list will be
copied in the clipboard.

e Paste traces from the clipboard. Traces from the clipboard will be added to Trace list.

= e Duplicate selected traces. This operation is equivalent to Copy/Paste operations. Only traces
selected (highlighted) in the Trace list will be duplicated.

= o Remove selected traces. Only traces selected (highlighted) in the Trace list will be removed.

7~ o Delete all traces.
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e Edit trace. Only one trace should be selected. Depending on the type of the trace, one the
following dialog boxes will show up.

o V,I,Z, Gamma, and VSWR traces:

»

M arme

Function

|vw1]

Enter or edit Name of the trace (can be blank), and click OK to accept changes.

o Function trace:

Edit trace: v({vl) * 2 ﬂ

M ame

Funchion

IVW1]*2 Eancell

Enter or edit Name of the trace (can be blank), edit Function, and click OK to accept
changes. (See Traces chapter for details).
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4.

¥ o

-4
.

o Math trace:

e
M arme
| ok |
Operation
IMin j Cancel |
Trace
[wiC1) =l
— Ranoge
IEursnrs vI Fram : |?4.29533-E
Ta: |1?E|.4EI?

Enter or edit Name of the trace (can be blank), select or edit specific trace parameters,
and click OK to accept changes. (See Traces chapter for details).

Select color of selected trace. Only one trace should be selected. Double-click on the trace in the
Trace list performs the same operation.

Move selected traces up. This operation changes the order of traces in the list, on the graph, and
in the data table.

Move selected traces down. This operation changes the order of traces in the list, on the graph,
and in the data table.

Find component. If selected trace is V, I, Z, Gamma or VSWR, click to show the component on
the schematic. The component will be selected (highlighted) and centered on the screen.
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Traces

Traces page of AC Data window is used to add and remove traces, and set up individual trace scales

and width.

B nl1 - AC Data x|

=2 H
Traces | Su:reenl Eursu:ursl Tahble I Stnragel

—Add new trace

[¥IR1) o Add

Open loop _I
-

Furinrtinmn

— Trace: W[R1]
IMagx’P‘hase j Digplay

|1 vI Phasze width
|1 vI Wwidth

By 02 % | = X b/ B &+ & # 5

¥ Check to dizplay on the graph

C1wvict
Check all Uncheck all
Smply Cloze

Add new trace. Select trace type in the left list:

V — AC voltage.

I — AC current.

Z — impedance.

Gamma — reflection coefficient.

VSWR - Voltage Standing-Wave Ratio.
Open loop — open loop transfer function.
Function — arbitrary function.

Math — post-processing.

V and | traces

If V or | trace is selected, the right list will show components available for this trace type: the model of

the component should support selected type. Select component and click Add button
click on the component name to add a new trace to the trace list. The name of the trace consists of the

letter followed by the name of component in parentheses:
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V(R1), I(C2)

V and | traces can also be added from Schematic context menu, and by Components Window toolbar
buttons:

Disable
Format...
rc - Components ﬂ
= Y. votag S| VIR YI®]|8 ¢ w03
Zoom b & Current
Attributes (Tab) r J.E Power i......lll_:; ................... ||:1 ||: |E|
> ke C F [100e-3
bt 1mage V. AC voltage R 5
[ save comporent... IC

L ALC Current W1 [ALC] Pulse

A preferences...

Z, Gamma, and VSWR traces

If Z, Gamma, or VSWR trace is selected, click Add button | to add a new trace to the trace list.
Traces show Z, Gamma, and VSWR relative to AC source.

Open loop trace

If Open loop trace is selected, click Add button ™ to add a new trace to the trace list. Open loop
trace shows open loop transfer function of the circuit operating in close loop mode. To use Open loop

trace, insert AC source at proper place inside the closed loop, for example:

0 r.jE‘j

.
( Ty Vi(AQ)
<0

- -50 1B
R1 -100

—
oo

c 10 e:'J
—A =
100e-9

x,

I 1a+3

Please use public resources to get more information on the method.
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Function trace
If Function trace is selected, click Add button -
Add trace dialog box will show up:

»

M arme

Function

to configure a new trace and add it to the trace list.

Enter Name of the trace (can be blank), and Function, then click OK to add a new trace.

The function may consists of arithmetic operators and functions, component parameters, names of
existing traces, V and | on the component, and the following variables:

£ — current AC frequency.

W —angular AC frequency, w = 2nf.

s Orp — Laplace parameter, s = p = j*2nf.

z — Z-transform parameter, should be defined by custom formula in the Advanced Settings
dialog box.
For example:

V(C1)/I(C1)

V(X1.V1)

1/ (1+s)

V(R1) *f

(z=1)/ (142*z+z*z)

Use trace name to access a data of a trace at current simulation time:

V(Cl)-old trace

Here o1d_trace is a name of a permanent” trace, that already exists. If a trace name contains
characters other than letters, digits, or underscore, it should be enclosed into quotes:

V(Cl)-"trace #5"

To display V and | on the components inside the subcircuit, use the following notation:

V(X1.C1)
I(X2.R2)

Please note that Function trace is calculated only during AC simulation.
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Math trace (post-processing)

If Math trace is selected, click Add button -

Add trace dialog box will show up:

»

M ame

| ok |

Operation

I Function j

Function

! =~

to configure a new trace and add it to the trace list. An

— Range

IFu" vI From : I
To: I

Enter Name of the trace (can be blank), select Operation type, then select/edit specific operation
parameters, trace Range, and click OK to add a new trace.

Range. Select a time interval for the trace:

e Full. Calculate the trace in the whole frequency range where source data are available.

e Cursor. Calculate the trace between cursors (only if cursors are shown).

e Fixed. Calculate the trace in the fixed frequency range. Enter interval range in the From and To
windows. When switching to Fixed mode from Cursors mode, current cursors values will be
automatically transferred into From and To windows.

Math trace will be automatically calculated when it is created, trace operation or parameters changed,
trace range changed (Cursors or Fixed range mode), or when any of trace sources changed. The trace is
calculated in the frequency range specified in Range settings, and where trace source data exists. The
Math trace will be recalculated and updated only when AC simulation is completed.

Math trace is also applied to source storage data, and is displayed as a Math trace storage. While
normal trace storage is never changing, Math trace storage is automatically recalculated in case of
operation or parameters changed, or trace range changed.
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Math trace operations
The following Operation types are available:

e Function. Calculate arbitrary function.

Operation

I Funchian j

Function

! =

Enter a function expression in the Function window. The function may consist of arithmetic
operators and functions, component parameters, any other traces, and the following variables:

£ — current AC frequency.

W —angular AC frequency, w = 2nf.

s orp — Laplace parameter, s = p = j*2nf.

z — Z-transform parameter, should be defined by custom formula in the Advanced

Settings dialog box.

For example:

V(Cl)/ R1.R

1/ (1+s)

V(R1)*f

new trace - old trace

If a trace name consists of characters other than letters, digits, or underscore, it should be
enclosed into quotes:

"trace #1" / 1000.

To access a specific storage data, use a trace name.storage name notation; use quotes for
trace name and/or storage name if needed:

trace.Runl - trace.Run2
"trace #1"."storage #5"

Click the arrow-down button E to see a list of traces:
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1000 =
WIC1]
YIR1]

Select the trace from the list to add it into expression at current cursor position):

1000 *(C1]

Furictiaon

Example of Function operation:

]
]
]
'

a
]
]
'
'
r
]
'

289



Min, Max. Calculate specified value of a selected trace.

Operation

| Min =]

Trace

| [

Trace — select a source trace from the drop-down list.

Example of Min and Max operations:

: v(c1)
§|[] Min of v(C1)
M| Max of v(C1)

Please note that Min and Max operation applies to the magnitude only: the phase of the Math
trace is the phase at frequency point with Min or Max magnitude.
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Trace parameters

The following individual trace parameters can be set:

e Display. Specifies what is displayed on the graph and shown in the Data table:

Mag/Phase. Magnitude and phase.

Mag. Magnitude only (absolute value)

Phase. Phase only.

Re. Real part. Can be used to display R of Z trace.

Im. Imaginary part. Can be used to display X of Z trace.

O O O O O

e Phase width. Width of the phase trace line in pixels.
e Width. Width of the magnitude trace line in pixels.

Select one or more traces in the Trace list, change parameters and press Enter, or click Apply button (if
enabled). If selected traces have different values for some parameter, the corresponding field will be left
blank. Leave the field blank to keep individual values unchanged, or enter a new value to apply it to all
selected traces.

To display both Re and Im of the trace, add this trace into trace list twice, then select Re for one trace,
and Im for another trace.
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Screen

Screen page of AC Data window is used to configure graph windows, scales, gridlines, and other graph

features.
%
EE2EHD 2Re% =X HHEe 8
Tiaces Screen | EL,I[SI:IrSI Table I Stnragel J Check to display on the graph
[ Data paints
[v Mumbers [ wic)
|+ Legend
— Horizontal
[+ Logscale
EE Left, Hz
f1e+3 Right. Hz
— Yertical
[+ Logscale v dB
L Top
|-2E1 Biattamm
— Phase: ISeparate "I
180 *| Top
I J Check all Uncheck all
f-180 ~| Battom
Smply Cloze

e Data points. Select to mark calculated data points of all traces as small squares.

e Numbers. Select to show scale numbers.

e Legend. Select to show Legend window. Also use Legend button H on the Toolbar or
context menu command.

Horizontal. Set up horizontal scale and gridlines.

e Log scale. Select for logarithmic frequency scale.
e Left. Frequency at the left edge of the screen.
e Right. Frequency at the right edge of the screen.

Vertical. Set up vertical scale and gridlines.

Log scale. Select for logarithmic magnitude scale.
dB. Select to show vertical scale in decibels.

Top. Magnitude at the top of the screen.

Bottom. Magnitude at the bottom of the screen.
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Phase. Select phase display mode:

e Off. Do not show phase.
e On. Show magnitude and phase in the same area of the graph.
e Separate. Show magnitude and phase in separate areas of the graph.

Phase Off Phase On Separate

Press Tab in the AC Window to toggle Phase display mode.

e Top. Phase at the top of the screen.
e Bottom. Phase at the bottom of the screen.
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Cursors

Cursors page of AC Data window is used to set and configure graph cursors.

EREHE Be | =X BEedn

. TracE$| Coreen  CUrsors I Table I Stnragel J Check to display on the graph

X

v Show cursors
[T Lock interval
[ Lock position

| Left
|1 B3 Right
IE!E!EI |rteral

Check all Uncheck all

Smply Cloze

e Show cursors. Select checkbox to show (enable) cursors.

e Lock position. Lock cursors at current position, so that cursors cannot be moved.

e Lock interval. Keep current interval between cursors. If one cursor is being moved, another one
will automatically follow it, to maintain specified interval.

e Left, Right, Interval. Enter new cursors position or interval; press Enter to apply or Esc to
cancel. If Interval value is modified, an active cursor will move.
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Table

Table page of AC Data window is used to configure Data table, select parameters and traces displayed
in the table.

%
EaEHE BRET =X @HEH

: TraI:ESI Su:reEFII Cursorz 1 able | Stnragel J Check to show in the table

r Sh-:uwtal:ules
[T Show table in separate window - Y[CT)

[ Show frequency on the header

[+ Show frequency in the table

left

fight

delta

iy

max

PR

zlope

Check all Uncheck. all
Check. all Idhcheck all Apply Cloze

e Show table. Select to show table.
e Show table in separate window. If selected, the table will be displayed as a separate window.

Cursars 12.6624e-2 | 281.024e-2 |253.351e-3 |
[ |Wel Fe8e9ze2te3i.2 5032154  -2.4963461

e Show frequency on the header. If selected, cursors

position will be shown in the header line, in the left, orER0TA L4406 39462152
i ViRl |-zs.013582 -3.585363 24428219 .
rlght’ and delta columns. |- 87 721793 4355964 | -39,1R2152
left right | delta |
e Show frequency in the table. If selected, cursors R 2 Eo2de-2  {28102de-3  |268.301e-3
141 H i Wic1) |-B.2R92R25e-3 |-2.5032154 -2 96346 1
positions will be shown in a separate row. L e e | <t nze |39 162152

[wirL) |-2e.013882 3.E8E363 24.428219
87721793 43.EE964  -39.162152
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e Table values. Select values to display in the table:

left — trace value at left cursor.

right — trace value at right cursor.

delta — right minus left.

min — trace minimum between cursors.

max — trace maximum between cursors.

pp — trace peak-to-peak value between cursors.

slope — magnitude slope between cursors, in dB/decade. If cursors are located at the same
frequency, slope is calculated as magnitude derivative at this frequency. Otherwise slope
is calculated as (Mag right — Mag iet) / (f right — T 1eft).

O 0O 0O O O O O

When Table page is selected, checkboxes in the trace list specify traces shown in the table.
Click on the table to select a trace.

Right-click on the table to see and execute command from the context menu:

=l Data...
Hide V(v 1)

Separate window

A preferences. ..
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Storage

Storage page of AC Data window is used to configure AC storage:

x|
EaEE 2R =X DHE*H
.Tracesl Screenl Eursu:ursl Table Storage | F Check to allw starage

[~ Stare last Run

I~ Wze time shift (Scope] ] vic1)

Digplay storage
" Selected oy
" Selected and dimmed

......

Al
e X |0+ ¥
Fiun 1
Run 2
Fun 3

Check all Uncheck all

Smply Cloze

e Store last Run. Select this option to compare new simulation with previous one. When new
simulation starts, current simulation data will be moved into storage under the name Last. If run
with the name Last already exists, it will be overwritten. Thus, previous simulation data will
always be in the storage under the name Last.

Display storage
e Selected only. Only selected data is shown on the graph.
e Selected and dimmed. Selected data is displayed with normal trace colors, other data is

displayed with dimmed color, specified at Graphs page of Preferences dialog box.
e All. All data is displayed with normal trace colors.
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Example:

100e-32

100e-2

10e-3 00e% 1y

4 I .I
" Fiun 1 4Fun 2 Fun 3 ARun 4/ % Fun 1 iFun 2., Fun 3{Fun 4/

Selected only Selected and dimmed All

Fiun 1 ARun 2 4Bun 3ARun 4/

When Storage page is selected, checkboxes in the trace list specify traces with storage allowed.

<» e Move Run to storage. Move current simulation data into storage. Add Storage dialog box will

show up:
x

M ame:
Fun 1

(] I Eancell

Enter new storage name or leave suggested default name and click OK. A new tab with storage
name will be created in the Data selection area of AC Window

Remove selected storage. Last Run data can be removed as well.
Clear storage. Delete all storage data.
Rename selected run. Rename dialog box will show up:

x

M ame:
Fun 1

(] I Eancell

& X1

Enter new storage name and click OK. Names “Run” and “Last” are reserved and not allowed.

4 ¢ Move selected up.
4 ¢ Move selected down.

When Storage page is selected, checkboxes in the trace list specify traces with storage allowed. Please
note that unchecking the trace in the list will not delete existing storage data of the trace.
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AC window

Typical view of AC window and its main components are shown below:

=] Data. ..
EH:' CUrsars, ., =] Data,..
HEH Table Hide ¥{C1)
"E[ Legend
, Right-click Right-click == Remawve
Fhase (Tah) alb| Remame. ..
k .
ZE Graph area ¥ Duplicate
1 H‘.‘h i
= Move Run t
_|O) =
< Clear stora =101 x|
FN
Inserk bexk ER »
S.\ Annotate
Traces CES...
E Image
R -
é; Preference _@
-
S : | :
¥ left right delta Irrm Irnax I PP I slope
Cursors  fI2.6E24e-3 28102403 258.351e3
Data table ——»l[_|WiSl) |-6.86926252-3 25032154 24963461 25032154 686926253 2493461  |-1.354 Right-click
-2. 2782074 -4 436 -39.16215.7 -41.44036 -2 2782074 39.162152 1
[ '..'rTﬁ PR nizEa -2 ERCTET Fd ARG o AR -2 D3R 2d 422219 12 1dE]|
4 [
Right-click ™y g, fRun 1/ | Shit | Tl | Click ko move curso
Data selection @ Simulation Shift/Ctrl Hint
progress indicators
\ A \ A
= . . =] Data...
I Data... Right-click _
v Hide %i{C1)
alb] Rename: .. v Progress
; 3 Separate window
= Mowve Run to starage DL BE
Cursors A
= Remove 2L Preferences. ..
Interval

7 Clear skorage

Selected anly

|7 Selected and dimmed

Al

|T Stare last Fun
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e Graph area contains traces with annotations, cursors, and text.

e Legend window contains list of traces shown on the graph. Click on the gray header bar of the
legend window @ and drag to move legend window.

e Data table contains cursors/screen information and calculated traces data.

e Data selection area contains last simulation and storage data tabs. Click on a tab to select Run or
storage data.

e Simulation progress shows current simulation status as a progress bar.
e Shift/Ctrl indicators are highlighted when Shift and/or Ctrl key are depressed.
e Hint area shows hint related to current position of mouse pointer and Shift/Ctrl state.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
Storage selection area.

e Move mouse pointer over “splitter” area @ , then press left mouse button and drag to resize
data table, and magnitude/phase separator.

e Right-click on the graph, legend, Data table, Data selection area, or Status bar to see context
menu with relevant commands.

e Common properties of AC Window, such as colors, fonts, and some options, can be customized
on Graphs, Table, Annotation, and Text pages of Preferences dialog box. Properties specific
to the document (schematic) can also be set up in AC Data window.

Graph area and its components are shown below:
Cursors Text

Gridlines

Annotation

Magnitude traces

H—

Phase traces

100e-32
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Graph

Graph navigation can be performed by commands available in the AC context menus, AC toolbar
buttons, shortcuts, keyboard keys, and mouse. Very often, the same operation can be performed by
different ways. For instance, zooming graph in/out can be done using keyboard keys only, mouse only,
or both. It is user’s choice to use the most effective and convenient one.

There are 3 graph operation modes:

[; e Cursors. Moving cursors.

I e« Zoom. Zooming graph using mouse.
M o Scrolling. Scrolling the graph.

The mode can be selected by clicking the button on the AC toolbar. Also, there are quick ways to switch
from Cursors mode to Zoom and Scrolling modes:

Ctrl down
e Press and hold Ctrl, click and drag mouse to zoom the graph. s e
Release Ctrl to return to Cursors mode: ~—_ 'k
Ctrl up
Shift down
e Press and hold Shift, click and drag mouse to scroll the graph. N " S
Release Shift to return to Cursors mode: Y~ 0
Shift up

Traces are shown on the graph with their individual width and colors defined on the Traces page of AC
Data window. All traces have the same horizontal and vertical scale.

Gridlines spacing is selected automatically so that last significant digit step is 1, 2, or 5, and distance
between gridlines is approximately equal to the value specified on Graphs page of Preferences dialog
box as Gridlines interval in pixels. If scale is logarithmic, gridlines are automatically adjusted to
provide best view.
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Scales, gridlines, and some other options of the graph can be changed on Screen page of AC Data

window:
x
E2EE BEET =X DHE
Traces Screen |Eursu:urs| Table I Stnragel ¥ Check to display on the graph
[~ [Drata paoints
[+ Mumbers v ] vIET)
¥ Legend
— Horizontal
[+ Log zcale
f1e-2 Let, Hz
f1e+3 Right, Hz
— Yertical
[+ Logszcale [ dB
|2n Tap
I-EEI Bottom
— Phase: ISeparate "’I—
180 *| Top
I J Check: all Uncheck sl
f-180 ~| Bottam
Apply Cloze |
Legend
Legend window contains list of traces shown on the graph. [ vir1)

e To show/hide legend click Legend button [l on the Toolbar or context
menu, or use Show legend checkbox in the Screen page of AC Data window.

e Click on the trace to select the trace. Selected trace will be shown on top of all traces.
e Double-click on the trace to select trace and to open AC Data window.

e Right-click to select trace and open context menu. The menu will contain some common
commands, and commands related to selected trace.

e Click on the gray header bar of the legend and drag to move the window.
e Legend font size can be selected on the Legend page of Preferences.
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Cursors

Cursors are used mostly for selecting frequency interval on the graph for
data table calculations. Selected (active) cursor is shown with solid colored
square on the top. To show/hide (enable/disable) cursors click Show/hide
cursors Toolbar button 9 .

Select Cursors mode ( I3 ) to work with cursors on the graph.

e Double-click on the graph to set both cursors to the same point. This will also show cursors, if
they were not shown.

e Click on the graph to move nearest cursor to this point.

e Click and drag to select and move cursor.

Use Ctrl-Right, Ctrl-Left, Shift-Right, Shift-Left, Ctrl-Shift-Right or Ctrl-Shift-Left keys to move
the selected cursor with different resolution.

To place cursors to specific positions, and for other options, right-click on the graph and select Cursors
command gp from context menu. It will open Cursors page of AC Data window.

The following toolbar buttons can be used to move cursors:

2k e Right maximum. Move selected cursor to the nearest right maximum of selected trace.
A~ o Left maximum. Move selected cursor to the nearest left maximum of selected trace.
=l. ¢ Right minimum. Move selected cursor to the nearest right minimum of selected trace.
J~ e Left minimum. Move selected cursor to the nearest left minimum of selected trace.

2. e Right unity gain. Move selected cursor to the nearest right frequency with unity gain
(magnitude=1) of selected trace.

=7 o Left unity gain. Move selected cursor to the nearest left frequency with unity gain
(magnitude=1) of selected trace.
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Text.

To add text on the graph right-click on the graph and select Insert Text command [&] from the
context menu. Text dialog box will show up:

x|
=== &0 AsH
Enter text :I

n o

v Outine [ Amow -

W Poirter [ Lock pointer ||| Background

[ =] Line widn I Lie

Enter text in the text box. The text will be simultaneously shown on the graph:

The text can be formatted using toolbar buttons and controls:

Alignment. Set alignment of multi-line text.

Align left.
Center.
Align right.

Orientation. Change orientation of the text.

£ e Rotate left.
e Rotate right.

Font. Change size of the font or select specific font type and options.
A o Larger font.
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a4 o Smaller font.
1 o Select font.

Outline and pointer options

Cutling ——=

e Outline. Draw outline rectangle.

e Pointer. Draw pointer line from the text to specified point.

e Arrow. Draw pointer line with arrow.

e Lock pointer. Lock the end of the pointer: the end of the Ao ———3
pointer will not move even when text is being moved.

Pointer —__

————

e Line width. Specify line width of the outline and pointer.
e Color. Double-click on the item in the list to change the color.

If graph is zoomed or scrolled, the text stays at the same place, anchored to left-top corner of the graph
window. To move the text, click on the text and drag. If pointer is locked, only text will move. To move
the pointer only, click on the end of the pointer and drag.

To edit the text, double-click on the text, or right-click on the text and select Edit text command
from context menu. The same Text dialog box will show up.

To delete the text, right-click on the text and select Delete text command X from context menu.
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Annotation

Annotation is a text with a pointer, which always points to the same data point of a trace, even when
graph is zoomed or scrolled. Annotation belongs to a trace, so if trace is deleted, all trace annotations are
deleted as well. If trace data is cleared, and there is no data point where annotation points to, it will be
hidden. However, after a new simulation, it may be shown again.

To add annotation, set active cursor to the time point where annotation is
needed, right-click on the graph, select Annotate, then select Selected trace

= orAlltraces & command. The same buttons are available in the AC
toolbar. Annotation(s) will be added only if trace exists at cursor’s frequency. If
cursors are disabled, annotation will be added approximately at 1/3 of a screen.

Annotation font, colors, number of significant digits, and some other properties can be specified at the
Annotation page of Properties. To change annotation text and annotation-specific properties, double-
click on the annotation, or right-click on the annotation and select Edit annotation command
from context menu. Annotate dialog box will show up.

Annotations defined for AC traces can be also displayed in the Smith chart, Nyquist plot, and Nichols
plot AC Transient Tools.
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x

¥ Name E==|dn
[~ Frequency
[ Walue [ Apply to all annotations

Enter text herel LI

Enter text in the text box. The text will be simultaneously shown on the annotation. The following
options and formatting are available:

e Name. Display trace name in the text.
e Frequency. Display frequency of the annotation in the text.
e Value. Display trace magnitude and phase (is phase trace is shown) value in the text.

Alignment. Set alignment of multi-line text.

Align left.
Center.
Align right.

Orientation. Change orientation of the text.

£ e Rotate left.
. ¢ Rotate right.

e Apply to all annotations. Select to apply current settings to all annotations on the graph.

To move annotation text keeping pointer at the same trace point, click on the annotation text and drag.
To move the pointer, click on the end of the pointer and drag. The pointer will change frequency, yet
following trace amplitude. Annotation text will move with the pointer.

To delete annotation, right-click on the annotation and select Delete annotation command . from

context menu. To delete all annotations, right-click on the graph, select Annotate, then select Delete all
command % from context menu.
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Data table

The Data table shows cursors position, trace values, and some characteristics of the traces calculated
between cursors, such as: mean, max, min, and more. If cursors are disabled, the table shows the data at
the left and right edges of the screen, and values calculated between left and right edges of the screen:

-60 dB
102-3 100e-3
left right d left right d
Cursars 100,42e-3 1.0135 9 Screen 10e-3 10e+3 9,
|:| WiC1d |-10.395306  |-30.066285 -1 |:| W(C1) |-408.852e-3
72411132 -88.201624 -17.441312

Cursors enabled, active cursor is highlighted Cursors disabled, screen is used

e To show/hide Data table click Table toolbar button B |, or right-click on the graph and select
Table command from context menu.

e Click on the trace row to select the trace. Selected trace will be shown on top of all traces.
e Double-click on the table to open AC Data window.

e Right-click to open context menu. The menu will contain some common commands, and
commands related to selected trace.

e Colors, fonts, and number of significant digits used in the table can be customized on Table page
of Preferences dialog box. Phase and magnitude have separate font and color settings.

The table can be displayed on the bottom of the AC Window, or as a separate window: right-click on
the table and select Separate window command:

=101 x|

A
left | righe | 2elts | rroms mat [ |
men m
Sirman La-3 |1a#3 EE R
CIwich) |42 ss233%et EAMIIIE | ATAEZIHes —
179, 5184103 P 1P saseme 4
Ell.nm‘l:l ERUETE -E0DST0LE s s — _' e -
33320001 23T 12e-3 £, 22000 1 :?éf;::: . -+
3 v
[al] 5| - n
\Bun/ Dokl YR [ |

Table in the AC Window Table in separate window
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The values shown in the table, as well as other table options, can be selected on Table page of AC Data
window:

B rc-ACData ﬂ

EREHE ey | =X | nEeyn
. TracESI Su:rEEf'II Curzorz  Table | Stnragel J Check ta shaw in the table
Show table in separate window - +IC)
[~ Show frequency on the header
v Show frequency in the table
It
right
delta
min
mas
pp
slope
Check all Uncheck all
Check. all Ihcheck all Smply Cloze

When Table page is selected, checkboxes in the trace list specify traces shown in the table.
Click on the table to select a trace.

Right-click on the table to see and execute command from the context menu:

:Z| Data...
Hide V(v 1)

Separate window

Preferences...
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Storage

The results of the last simulation run are always shown in the Run tab of the AC Window. Simulation
data can be moved to the storage, so that results of previous runs are always presented on the graph.
Storage data belongs to the trace, so that if trace is deleted, storage data for this trace will be deleted as
well.

List of available storage data, commands, and storage display selection can be found on Storage page of
AC Data window:

B rc- ACData ﬂ

EaEE 2R =X DHE*H

. Tracesl Screenl Eursu:ursl Table Storage | F Check to allw starage
[ Store last Run
I~ Wze time shift (Scope] ] vic1)

Digplay storage

" Selected oy

i+ Selected and dimmed
Al

- X |0+ $

Fiun 1
Run 2
Fun 3

Check all Uncheck all

Smply Cloze

Some commands can also be accessed by right-clicking on the graph or Data selection area, then
selecting command from context menu:

:=| Data...

alb| Rename. ..

<* Move Run to storage
== Femove
X Clear storage

Selected only
|T Selected and dimmed
all

+ Move Run to storage
7% Clear storage

Store last Run

EZ] Theart faut

Graph Data selection
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To move current run data into storage, use one of the following methods:

e Right-click on the graph, and select Move run to storage “* command from the context menu;

e or Right-click on the Data selection area of the graph, and select Move run to storage -
command from the context menu;

e or click Move run to storage “* putton at Storage page of AC Data window.
Only data of the traces selected in the trace list at Storage page are moved to the storage.

Each storage data has a tab on the Data selection area of the graph assigned to it:

Fiun AFun 1 4 Fun 2 ARun 3/

Storage data can be selected by clicking on the tab.

Storage data can be displayed in the following ways:

e Selected only. Only selected data is shown on the graph.

e Selected and dimmed. Selected data is displayed with normal trace colors, other data is
displayed with dimmed color, specified on Graphs page of Preferences dialog box.

e All. All data is displayed with normal trace colors.

Example:

100e-32

100e-2

10e-3 10 Oe-% '1

4 I .I
" Fun 1 ARun 2 4Fun 3 ARun 4/ %WFiun 1 ARun 2 i Fun 30Fun 4/

Selected only Selected and dimmed All

Fiun 1 ARun 2 4Bun 3ARun 4/

Store last Run is a special feature of the storage. If selected, a last AC data will be automatically moved
to the storage under the name Last, every time a new transient simulation starts, so you can always see
the difference between a new and previous run.
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Scrolling and Zooming

To scroll graph use any of the following methods:

Move mouse pointer to the left or right edge of the graph. Mouse pointer will take “big arrow”
shape. Click or hold left mouse button to scroll graph.

Cursors mode [ : hold Shift key, then click and drag graph.
Scrolling mode <M : click and drag graph.

Hold Ctrl key and rotate mouse wheel to scroll horizontally.
Hold Shift key and rotate mouse wheel to scroll vertically.
Press Right and Left keys.

To zoom graph use any of the following methods:

Rotate mouse wheel to zoom horizontally.
Hold Ctrl and Shift key and rotate mouse wheel to zoom vertically.

Click toolbar buttons, or use keyboard shortcuts, or right-click on the graph, select Zoom, then
select command:

+ Horizontal Zoom-in (Ctrl-PgUp).

+ Horizontal Zoom-out (Ctrl-PgDn).
Fit the screen horizontal (Ctrl-Home).
kR Fit cursors to screen.

t+ Vertical Zoom-in (PgUp).

1 Vertical Zoom-out (PgDn).

Fit the screen vertical (Home).

kR Fit the screen (Shift-Home).

o Zoom-in (Shift-PgUp).

o Zoom-out (Shift-PgDn).

To zoom selected area

Selection area depends on how mouse pointer is moving relative to starting point.

Cursors mode [; :hold Ctrl key, then click and drag to select area.

If mouse pointer is moving only up or down, two horizontal lines will be shown.
When left button released, selected area will be zoomed-in vertically.

If mouse pointer is moving only left or right, two vertical lines will be shown.
When left button released, selected area will be zoomed-in horizontally.
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e If mouse pointer is moving diagonally, rectangle will be shown. When left
button released, selected rectangle area will be zoomed-in to fit the screen.

In the phase graph area only horizontal scroll and zoom can be performed.

To Undo and Redo scrolling and zooming click toolbar buttons:
«>» e Undo scrolling or zooming.
4 e Redo scrolling or zooming.
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AC commands

The following commands, buttons, and shortcuts are available in the Main menu, Main Toolbar, AC
toolbar, and AC context menus.

> B X 3@ QL

Open/Show AC window (FS8).

AC Settings. Show AC Settings dialog box.

AC Data. Open AC Data window.
Start AC (F9). Start AC analysis.
Stop. Stop AC analysis.

Log. Show AC log.

Sweep.

Preferences. Open Preferences dialog box.

Toolbar and some context menus:

D R+ o BRI ¥ T B

B =

[E] e

Cursors mode.

Zoom mode.

Scrolling mode.

Horizontal Zoom-in (Ctrl-PgUp).
Horizontal Zoom-out (Ctrl-PgDn).
Fit the screen horizontal (Ctrl-Home).
Fit cursors to screen.

Vertical Zoom-in (PgUp).

Vertical Zoom-out (PgDn).

Fit the screen vertical (Home).

Fit the screen (Shift-Home).

Undo scale (Backspace). Undo scale.
Redo scale.

Showr/hide Cursors.

Show/hide Data Table.

Show/hide Legend.

Right maximum. Move selected cursor to the nearest right maximum of selected trace.

Left maximum. Move selected cursor to the nearest left maximum of selected trace.

Right minimum. Move selected cursor to the nearest right minimum of selected trace.

Left minimum. Move selected cursor to the nearest left minimum of selected trace.
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A

Right unity gain. Move selected cursor to the nearest right frequency with unity gain
(magnitude=1) of selected trace.

Left unity gain. Move selected cursor to the nearest left frequency with unity gain
(magnitude=1) of selected trace.

Graph commands (context menu):

P e

Open Cursors page of AC Data window.
Phase (Tab) »

o Off. Do not show phase.
o On. Show magnitude and phase in the same area of the graph.
o Separate. Show magnitude and phase in separate areas of the graph.

Traces » (Commands apply to all traces displayed on the graph)

@ o Open. Load traces from “nlf” data file

o Import traces from text or “csv” file.

IE o Save traces into “nlf” data file.

o View/Export. View traces as a text and save into text or “csv” file.
o Copy traces to clipboard.

g o Paste traces from clipboard.

Image »

o Copy to clipboard. Copy image of AC window to clipboard.

BMP o Save as BMP. Save image of AC window to file in BMP format.
e o Save as JPG. Save image of AC window to file in JPG format.

. o Save as PNG. Save image of AC window to a file in PNG format.

Storage commands:

B X0 4
[

Move Run to storage.

Remove selected storage.

Clear storage.

Rename selected storage.

Store last Run. Move current Run into storage “Last” when new simulation starts.

Selected only
Selected and dimmed Storage display mode
All

Annotation commands:

S e

Annotate selected trace.

315



EBY NL5 circuit simulator User’s Manual

2 o Annotate all traces.
e Edit annotation.

X e Delete annotation.
# o Deleteall.

Text commands:

e Insert text on the graph.
2] o Edit text.
> o Delete text.

Data table commands:

e Hide trace name: do not show trace in the Data table.
e Separate window. Show Data table in the AC Window or as a separate window.

Legend commands:
e Hide trace name: do not show trace on the graph.
e Remove selected trace.
e Rename selected trace.
e Duplicate selected trace.
Copy selected trace to clipboard.
e Paste traces from clipboard.

e Find component: V, I, Z, Gamma, and VSWR traces only. Click to show the component on the
schematic.

T B o E )

Keyboard keys and shortcuts

The following keyboard keys and shortcuts can also be used:
e Tab. Toggle phase display mode.
e Left, Right. Scroll graph.
e Up, Down. Select trace.
e Shift-PgUp. Zoom-in.
e Shift-PgDn. Zoom-out.

e Ctrl-Right, Ctrl-Left, Shift-Right, Shift-Left, Ctrl-Shift-Right, Ctrl-Shift-Left. Move
selected cursor with different resolution.
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Mouse operation

The following mouse operation can be used.
¢ Right-click. Open context menu.
e Mouse-wheel. Horizontal zoom-in/zoom-out.
e Ctrl-mouse wheel. Scroll horizontally.
e Shift-mouse wheel. Scroll vertically.
e Ctrl-Shift-mouse-wheel. Vertical zoom-in/zoom-out.

Cursors mode [ :

e Click (left button). If cursors visible, move nearest cursor.

e Click and drag.
o On annotation: move annotation text or pointer.
o On text: move text or pointer.
o Otherwise: move cursor.

e Double-click.
o On annotation: edit annotation.
o On text: edit text.
o Otherwise: show cursors, move both cursors.

e Click and drag. Select and zoom.
e Double-click. Center screen.

Scrolling mode <™ :

e Click and drag. Scroll graph.
e Double-click. Center screen.
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AC Tools

AC Tools offer different ways of presenting simulation results. To open Tool go to
AC | Tools, then select the line with required Tool.

The following Tools are currently available:
e Histogram

e Smith chart

e Nyquist plot

e Nichols plot

i o Markers
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Histogram
To open Histogram tool go to AC | Tools, then select Histogram.

Histogram presents trace values and some characteristics of the traces calculated between cursors (or on
the screen, if cursors are disabled), in a graphical format. Histogram can also show “cross-section” of
traces or storage data.

lc_Line_AC - AC Histogram

40 dB

[l ¢ & (2] B |x

T e Settings. Opens Settings dialog box:

lc_Line_AC - ACHistogram =

= — — ' zcale
active = Traces [~ Use AC scale
[t -5e AL Cals
T right " Starage |4EI T
| delta
L] min Type————— | |80 Bttom
E g';” ! Histagranm
(] slope ! Line ¥ Show vertical gridlines

¥ Show names

Cloge |

o Y values. Select variables to be displayed on Y axis. “Active” is currently selected cursor
(left or right). Other values are similar to what is displayed in the AC Data Table.

o X. Select histogram mode: what is shown on X axis.

= Traces. Show “cross-section” of all traces currently displayed on the graph.
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= Storage. Show “cross-section” of the storage for all traces currently displayed on the
graph.

o Type. Select histogram type for Storage mode:

= Histogram.
= Line.

o Y scale. By default, histogram Y scale is the same as AC screen vertical scale. Uncheck Use
AC scale checkbox to enter Y scale Top and Bottom.

o Show vertical gridlines. Check to show vertical gridlines dividing histogram data.
o Show names. Check to show trace or storage names on the X axis.

e Use AC scale.

e Vertical Zoom-in.

e Vertical Zoom-out.

Fit the screen vertical.

¢ Right-click on the window to access relevant commands.

[ 4+ & (2]
[ ]

e Double-click on the window to open Settings dialog box.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
AC Window.

Traces mode, or “traces cross-section”, can be used to display “spatial” distribution of the signal in the
schematic. The following histogram shows attenuation on each stage of RC filter at 1 Hz.

_iojx

|[Shift [ Cul [Click ta seroll s
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-100.dEe

-200-dB

le-3

Fun Click b

rc - AC Histogram
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Storage mode, or “storage cross-section”, can be used to display how trace values at specific time
depend on schematic parameters. The following example shows modeling of previous schematic, with
resistors changed from 0.125 to 16, with X2 step using AC sweep. Each run is saved into storage. X axis
of histogram is storage data (i.e. resistance). The lines of different colors show attenuation on each stage
of RC filter at f=1 Hz (active cursor), as a function of resistance.

-100 de

-200-de
1e-3

4
" 125e-3 f 250e-3 A 500e-3 4,1 fZ A8 ABA1B/ | Shift [ Ctl [ Click b

rc - AC Histogram

-150 dB

One should notice that “cross-section” of Storage histogram at R=1 is the same as upper line of Trace
histogram shown in the previous example.
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Smith Chart

To open Smith Chart tool go to AC | Tools, then select Smith Chart.

This is a standard Smith Chart, plotting complex reflection coefficient. Please note that Smith chart is
supposed to plot Z (impedance) and Gamma (reflection coefficient) traces only, although it plots all
types of AC traces, interpreting them as complex impedance. The chart shows traces between cursors

only (or on the screen, if cursors are disabled).

rc - Smith chark

M @BBED S |x

R=54.74 [%=4,107 7=54.80  [Phase=4.29 ,.E

T e Settings. Opens Settings dialog box:

3
[ L VewR ddes M 500 2 i B o il L T—
ap e X [+ Show frequency marker IV Use AC traces
[12 — Status — Giid o EED
2 WV R t* Impedance % E;]]
g v % = Admittance
v Z { Abs+Phase
v Phase = Gamma [Palar]
v Gamma
[ Click on chart ta v v5Wh
center WSWE circles I1 Z0. Ohm
Cloze |

o VCWR circles. Show circles with specified VSWR values around selected point. Values are
shown in the VSWR list.
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=  Add VSWR circle to the list.
=  Remove VSWR circle from the list.
= Delete all.

= Click on chart to center VSWR circles. If checked, VSWR circles will be shown
around arbitrary selected point on the chart:

rc - Smith chart

bl EL

(i @SRIHL® D |x

R=-17.09  |[%=73.74 |[Z=75.7 Phase=103 ,;E

If unchecked, VSWR circles will be shown around the center of the chart.
o Show Z and Gamma traces only. Ignore all other trace types (such as V, I, etc.).

o Show frequency marker. Show frequency marker for each trace, frequency slider bar, and
current frequency at the status bar:

lcr - Smith chart

M b |@SRIHD A |x

Ll —

F=426.6e-3 R=-170.4e-3 [x=607.5e-3 |Z=631e-3
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Move slider by mouse, mouse wheel, or use Arrow Right, Arrow Left, PgUp, PgDn,
Home, or End keys to move the marker.

o Status. Show selected values in the status bar. The values are shown for mouse pointer
position.
o Grid. Select from the following grid types:
- Impedance
- Admittance
- Abs+Phase (Impedance)
- Gamma (Polar)

Impedance Admittance Abs+Phase (Impedance) Gamma (Polar)

o Z0, Ohm. Characteristic impedance of the chart. Please note that for Gamma trace,
characteristic impedance of the Smith chart should be the same as the impedance defined at
the AC Settings.

o Traces. By default, Smith Chart shows traces that are visible at AC screen Uncheck Use AC
traces checkbox, and select (check) traces for Smith Chart independently of AC screen
traces.

Zoom-in,

Zoom-out.

Fit the screen.

Reset scale.

Select grid. Click to switch to the next available grid.
Show/hide VSWR circles.

Show frequency marker.

Show annotations. Display annotations that are currently displayed in the AC window.
Annotations are shown with the same format/properties as in the AC window. Click on the
annotation and drag to move annotation text box. Annotation pointer, however, can be moved
only in AC window.

Right-click on the window to access relevant commands.
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e Double-click on the window to center screen.

e Left-click on the window and drag to select zoom-in area. When left button
released, selected rectangle area will be zoomed-in to fit the screen. Please note
that function does not work if Click on chart to center VSWR circles option is
selected.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly as in
AC Window.
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Nyquist plot
To open Nyquist plot tool go to AC | Tools, then select Nyquist plot.
Nyquist plot shows complex AC response in polar coordinates. The diagram shows traces between

cursors only (or on the screen, if cursors are disabled). Unity gain circle is shown by dotted line, “X”
marker shows unity gain point with —180 degrees phase.

lcr - Nyquist plot

Gl b [ D@ x

T e Settings. Opens Settings dialog box:

]

v Show frequency marker ~ Traces
v ilse AC races
— Scale B
[ EEE
314677356453 Scale T
IEE?.394EEDE?EE-3 = center ViR

|-35.1 434007262e-3 ¥ center

Cloze |
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o Show frequency marker. Show frequency marker for each trace, frequency slider bar, and
current frequency at the status bar:

lcr - Nyquist plot

-400e-3

-800e-3

[F=501.2e-3 | A

Move slider by mouse, mouse wheel, or use Arrow Right, Arrow Left, PgUp, PgDn,
Home, or End keys to move the marker.

o Traces. By default, Nyquist plot shows traces that are visible at AC screen Uncheck Use AC
traces checkbox, and select (check) traces for Nyquist plot independently of AC screen
traces.

& e Zoom-in.

=, e Zoom-out.

[ o Fit the screen.

&2 o Show frequency marker.

=. ¢ Show annotations. Display annotations that are currently displayed in the AC window.
Annotations are shown with the same format/properties as in the AC window. Click on the
annotation and drag to move annotation text box. Annotation pointer, however, can be moved
only in AC window.

e Right-click on the window to access relevant commands.
e Double-click on the window to center screen.

e Left-click on the window and drag to select zoom-in area. When left button
released, selected rectangle area will be zoomed-in to fit the screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and
zooming, exactly as in AC Window.
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Nichols plot
To open Nichols plot tool go to AC | Tools, then select Nichols plot.

Nichols plot shows logarithm of the magnitude as a function of the phase. The diagram shows traces
between cursors only (or on the screen, if cursors are disabled).

lcr - Nichols plot

-40 dB

ol o3t $ D |x

80 dB|
|
-540

T e Settings. Opens Settings dialog box:

ric - Nichols plot settings ﬂ

¥ Shaw frequency marker ~ Traces
W lse AC hraces
— Scale S
[ KR
|-21 1592437433 Tap ] L)
|-?2.:33329m 373 Battam B iF)
|-39. 9270741792 Left
|a?.41 113242 Right

Cloze |
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o @ e e o3 33

o Show frequency marker. Show frequency marker for each trace, frequency slider bar, and
current frequency at the status bar:

lcr - Michols plot

-40 dB

WA BB+ o3t T B |x

|
-80 dB/
-540f

[F=3.02 | A

Move slider by mouse, mouse wheel, or use Arrow Right, Arrow Left, PgUp, PgDn,
Home, or End keys to move the marker.

o Traces. By default, Nichols plot shows traces that are visible at AC screen Uncheck Use AC
traces checkbox, and select (check) traces for Nichols plot independently of AC screen
traces.

Horizontal Zoom-in.
Horizontal Zoom-out.
Fit the screen horizontal.
Vertical Zoom-in.
Vertical Zoom-out.

Fit the screen vertical.
Fit the screen.

Show frequency marker.

Show annotations. Display annotations that are currently displayed in the AC window.
Annotations are shown with the same format/properties as in the AC window. Click on the
annotation and drag to move annotation text box. Annotation pointer, however, can be moved
only in AC window.

Right-click on the window to access relevant commands.
Double-click on the window to center screen.
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e Left-click on the window and drag to select zoom-in area.

o If mouse pointer is moving only up or down, two horizontal lines will
be shown. When left button released, selected area will be zoomed-in
vertically.

o If mouse pointer is moving only left or right, two vertical lines will be
shown. When left button released, selected area will be zoomed-in
horizontally.

o If mouse pointer is moving diagonally, rectangle will be shown. When
left button released, selected rectangle area will be zoomed-in to fit the
screen.

e Mouse wheel with Ctrl and Shift modifiers can be used for scrolling and zooming, exactly
as in AC Window.
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Markers

To open Markers tool go to AC | Tools, then select Markers.

Markers tool provides a convenient way to monitor traces amplitudes at specified points. Unlike cursors,
markers always stay at specified position. Number of markers is not limited. Below you can see 4
markers shown on the AC graph (at 0.01Hz, 0.1Hz, 1Hz, and 10Hz) with traces magnitude and phase
displayed in the Markers table.

& ol B0 X

dbwm X [ 5 E ¥ Showonthe graph
108e-3 100e-3 |1 [10 |

=101.x|
@ [VIC1) F136E940€ (95672012 -25853655 -21.990794

4 Phaze |-10.341348 -26. 769729 72950192 8817730

Fium I VICZ) (13566442 37538329 19589017 57954754
Phase |-17 504265 -36.371108 1538045 -177.26538
WIC3] (13652423 74245271 59997378 13942377
Phase |-21.142727 14269446 -330.741559 -356.96136

x|

Markers table consists of the traces displayed on the graph.
Add new marker. Marker frequency is a frequency of selected cursor.

Remove marker from the table. Select (click) any cell in the table, which belongs to the marker’s
column, then click the button. On the example above, the first marker (f=10e-3) will be removed.

Delete all markers.

Export markers table in the text or “csv” file.

Annotate selected trace at markers positions on the AC graph.
Annotate all traces at markers positions on the AC graph.

Show on the graph. Select to show markers on the AC graph. Markers width and color can be
changed on the Graphs page of Preferences dialog box.
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V1. Tools
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Tools are used to perform and automate complex analysis by means of script. Most of the Tools are
located in the Tools window. Use the following Main Menu commands (Tools menu) or Toolbar
buttons to open Tools:

E o Script. Open, save, edit, and run script.

[ e Console. Show script execution log. Also has a command line, which works as calculator, and
allows executing some script commands.

& o Sweep. Perform multiple transient and/or AC analysis runs while sweeping component
parameter.

< e Optimization. Perform transient and/or AC analysis while manually iterating selected
parameters.

@ ¢ HTTP Link. Configure and start NL5 HTTP server to provide link with external applications.

e Scope. Control oscilloscope, obtain measured traces, and configure Waveform Generator.
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Script

Script page allows opening, editing, saving, and running of script. Script is a program written on C
language. In addition to standard operators and mathematical functions, it may use NL5-specific script
commands (see Attachment 4), which allows changing schematic parameters, running simulation,
analyzing data, and saving simulation results.

Script commands can also be executed from NL5 command line, from command line on the Console
page of Tools window, and through HTTP link from external applications. This allows using NL5 as an
“add-on” simulation engine with popular engineering tools such as MATLAB®, Python, and others.

Click Script Toolbar button [} or select Tools | Script command in the Main Menu to open Script
page of Tools window:

:
BH =% | Xy |42
= Script |IEI Eu:unsu:ulel = Sweepl 4 Dptimizatinnl
double tau; ﬂ
clear;
for( tauv=lm; tau<=1l9%m; tau+=lm )
{

Rl=tau/C1:;

tran;

store tau:

" NS

Toolbar buttons perform the following operations:

@ e Open script from the text file.
E ¢ Save script to the text file.

=» e Run script.

g o Stop script execution.

» o Clear text.

v

e Check script code
Font. Select font of the text.

o
(=
=

1S
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% ¢ Help (F1). Click to open Help. To see Help topic on specific operator, function, or command,
place cursor on the word in the script text and click the button, or press F1.

nll - Tools

@E|E:>*|Xﬁ-’{|ﬁ|__gﬁ] for
Seript |IEI E-:unsu:ulel g Sweepl o
~lear: Loop operator. Example:

fuk( tau=1m; tau<=1%m; taut=
for | i=0; i<10; +4+i ) {

wlil=2"45"

Place cursor on for operator Click Help button Help on for operator is displayed
or press F1

Running script
To run the script, use any of the following methods.

e Running script from Tools window:
o Select Script page.
o Enter script code, or click Open button @ , select and open script file.
o Click Run script button =+ to run script.

¢ Running from Windows environment:
o Drag and drop script file icon onto NL5 icon.

e Running from command line or another application:
o Start NL5 with the name of script file as a parameter. For example:

nl5.exe myscript.txt

Please note that an extension of script file name should be “txt~.

When script is running, no changes can be done on the schematic, transient, or AC windows. Only Stop
script button s is available. Script log and error messages are displayed on the Console page. Script
is applied to the active document.

When transient simulation command tran (Or cont) is issued by the script, transient mode is
automatically set to Single, so that transient will always pause at the end of the screen. The next script
command will not be executed until transient simulation is paused. When AC simulation command ac is
issued by the script, the next script command will not be executed until AC simulation is complete.
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Console

Console page displays log of script execution. It also has a command line, which works as calculator and
allows executing some script commands.

Click Console Toolbar button [ or select Tools | Script command in the Main Menu to open
Console page of Tools window.

£l
el | =% | Xv |42

Script B0 Congole |r_5§ Sweepl = Elptimizatiu:unl
Iu:upen i j
1+1 :2 |
2%2 14

53 =125

sort (-2) :0+41.414213562373

E1 :500
EZ=R1/2 :500

B o

Toolbar buttons perform the following operations:
> e Clear log.

abi

e Font. Select font of the text.

' ¢ Help (F1). Click to open Help. To see Help topic on specific function or command, place cursor
on the word in the command line or in the log window and click the button, or press F1.

=t _ asin, acos, atan, atan2
w l| =% | X|H .
i asin
Script 2 Conzalg |,_5§ SWEEDI A 0
|s':|rt[4]+alsin[.1 2a] } Prototype
! ‘ double asin(double)

Place cursor on asin function Click Help button Help on asin function is displayed
or press F1
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Command line

Command line is used to evaluate expressions. Expression may contain:

Numbers (including complex numbers).

Component parameters and schematic variables of active document.
Arithmetic operators and functions.

Some script commands.

Trace data.

Enter expression in the command line and press Enter to evaluate. Results will be displayed in the log
area. For example:

2*2 : 4

sin (45) : 707.106781187e-3
R1*C1 : 15

sgqrt (-2+07) : 0+1.414213562377
V(R1) .mean : 0.15425

To change component parameters or variables of active document, enter parameter name followed by
equal sign and expression:

Rl1=1k
R1=1000/C1
V1.model=pulse

You can also execute script commands from command line (all commands except 1ogdata and exit).
In addition, pause command will pause transient simulation. Commands are applied to active document.
For example:

open rc.nlb
tran 0,1m, .1lu
store

cont

Previous expressions and commands can be retrieved from drop-down list, or by pressing Up and Down
arrow keys. Press Esc to clear command line.
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Sweep

Sweep page provides automatic generation of and running of script code, which changes component
parameter in specified range, performs transient and/or AC analysis, and stores traces into storage.

Click Sweep Toolbar button & or select Tools | Sweep command in the Main Menu to open Sweep

page of Tools window:
]
Wl =% Xv |42
Scriptl F1 Console & Sweepl = Dptimizatiunl

|F|1.Fl j Mame Ilz lrcanment

|1 From v Clear storage
|10 Ta

I |step =]

I'IEI Steps

Loop I Lizt I

| y

Toolbar buttons perform the following operations:
=* o Run sweep.
o e Stop sweep execution.

< o Clear List type sweep text.
&' ¢ Help (F1). Click to open Help topic on Sweep page.

There are two types of sweep: Loop and List. Set up the following parameters for both sweep types:

e Name. Name of the parameter to be changed. Enter parameter name manually, or select from
drop-down list. The list shows all numerical parameters of the component, which is currently
selected in the schematic or in the Components Window. For example:

F Sciipt | Console  Sweep | Optimization |
W% M ILE|YIQ B
| ﬂ Mame
I arme |‘v’alue | |‘u’1 |F'ulse |Z| Vv
C1 1 W10 From
RE bl V|10 i’ 1, Period T
W0 Wo|0 W1 W idth ©
- W1 Rize
aut Period z |1 1 Fal |Step vI
Wwidth < | E00e-3 /1. Delay .
Select component V1 Select parameter V1.Period
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e Transient. Select to run transient.
e AC. Select to run AC analysis.

e Clear storage. Select to clear storage when sweep starts. If nor cleared, sweep runs will be
added to existing storage.

e Select Loop or List sweep type on the bottom tab.

For Loop sweep enter the following parameters:

From. Start parameter’s value.

To. End parameter’s value.
Step type:
o Step. Parameter is incremented (or decremented) by Step value.

o Step, %. Parameter is changed by specified percentage.
o Step, X. Parameter is multiplied by specified value.

Steps field shows total number of steps to be performed.

For List sweep enter the following parameters:
o List of parameter values in the text field, one value per line.

3
ol | =% | Xv |5 =
Sn::riptl B0 Congole & SWEEF'l & Elptimizatin:nnl

IFH.H j Mame [¥ Transient
[~ &AC

1 -

2 J [+ Clear storage

5

10

[/

Enter values, one per line

Loop  Ljst |
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Click Run script button =* to run sweep. Analysis results will be saved into storage. Only traces with
enabled storage will be saved. Script page contains text of the script that was executed, and Console
page contains log of the script execution.

el = A e Wl | =% | X

Script |IEI Eu:unsu:ulel = Seript 1 Console |'
R1.R=1; |

tran: <Script starteds>
store R1.R: Bi.R=1 :1
Rl.R=2; tran :O0K
tran: store R1.R :0K
store R1.R: R1.R=2 :2
R1.R=3; tran :0K
tran; store R1.R :0E
store R1.R:
B 4
| |

Sweep results in the storage Script text Execution log

Transient | Sweep & and AC | Sweep & commands open Sweep page with Transient or AC
checkboxes selected, respectively.
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Optimization

Optimization performs transient and/or AC analysis while manually iterating selected parameters.

Click Optimization Toolbar button = orselect Tools | Optimization command in the Main Menu to
open Optimization page of Tools window:

:
ol =% Xy |52
Scriptl | D:unsculel & Swesp o Dptimizatinnl

Select Trangient ordand AC option [~ Bunon click
[T Transient
[T AC

M arne Walle Step

[R1R = [ [ BEl
cic =] [in (57 ;lil
| ] | | =14
| | | | =14

¥ 4+ AddRemove rows

| y

Toolbar buttons perform the following operations:
=* e Run analysis.

ok e Stop analysis execution.

> e Clear optimization table.

% e Clean up and update optimization table. Removes rows with empty name field, moves rows up
to fill up gaps, fills in Value fields with current component values.

&' ¢ Help (F1). Click to open Help topic on Optimization page.

You can select up to 16 schematic parameters to iterate. Use ¥ and 4 buttons to add and remove
rows with parameter values. If all rows do not fit the window, warning message will show up in the
status bar: “Resize window to see more rows and controls”.

The following parameters can be specified:

e Name fields contain names of the parameters to be changed. Enter parameter’s name and press
Enter, or select parameter from drop-down list. The list shows all numerical parameters of the
component, which is currently selected in the schematic or in the Components Window. (See
example in the Sweep chapter). When the name of the parameter is entered or selected, its
current value will be shown in the VValue field.

e Value fields contain current values of specified parameters. To update fields click Clean up and
update button.
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e Step fields specify how the value will change when Plus or Minus button is clicked. If Step is a
number, the number will be added to current value. If Step is a number with ‘%’ character at the
end, the value will be changed by specified percentage.

e Plus/Minus buttons. When clicked, the value will be modified by specified step. If Run on click
option is selected, specified analysis will be immediately performed as well.

There are two modes of optimization:
1. Changing parameters and then running transient and/or AC analysis.
2. Changing parameter while transient analysis is running.

In the first mode, user changes one or more parameters, then starts transient or AC analysis. Parameters
can be changed again only when analysis is completed or paused. At the top of the window you can see
the prompt message and options that can be selected:

Select Trangsient ordand AC oplion [~ Bunon click

i :

Change Yalue or click +/- button, then [~ Fun on click
click Bun script buttan ta rn tranzsient ¥ Transient

Change Yalue and press Enter, or click [ R

+/- buttah ko rin trangient W ‘T e

[~ AC

e Runon click. If selected, specified analysis will be started immediately when Plus or Minus
button of any parameter is clicked, or when Enter key is pressed at the Value field. Otherwise,
click = button to run analysis.

e Transient. Select to run transient.
e AC. Select to run AC analysis.

In the second mode, you will see “Transient is running” notification, and all options will be disabled:

Transient iz running ¥ RBunonclick
Charge Yalue and press Enter, ar click [ Transient
+/- buttan ¥ AC

Change Value of the parameters manually and press Enter, or click Plus or Minus button: you will see
the effect of the change on transient immediately.
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HTTP link

HTTP link provides NL5 link with external application. NL5 serves as a “server”, running built-in
HTTP server. External application is a “client”. NL5 and a client application may run on the same
computer or on different computers, communicating through local network or Internet.

Starting HTTP server

Select Tools | HTTP Link command in the Main Menu to open HTTP Link window:

A
Start | [. Stopped l Fort : IEEI
| -

" o

Default Port number is 80, which is standard port for HTTP protocol. If this port is already used by
another application (most likely HTTP server), select any other available port number. Make sure the
client application uses the same port number as NL5 in URL request. Please note that port number can
be changed only before HTTP link is started the first time. To change the port number after that, close
NL5 application and start it again. If NL5 and client application are running on different computers,
make sure that any existing firewalls and routers are properly configured to allow TCP communication
through specified port.

To start HTTP server click Start button. While server is running, the window will display IP address of
the client, command received, and result sent to the client:

A
Stop | [O Running l Fort : IED

127.0.0.1: open o ;I
]4

127.001:

5
127001 =5
5
127001 kan

0K =
<] _>I_I
To disable the HTTP log, uncheck Show log option on HTTP server page of Preferences dialog box.
To clear the HTTP log, right-click on the text area and select Clear log.
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The window can be closed at any time without affecting server operation. To stop HTTP server click
Stop button.

HTTP server can also be started automatically at NL5 startup using “~http” switch in command line:

>nl5.exe -http

Sending URL request

Client applications can issue commands and obtain data from NL5 by sending URL request with
parameters, and receiving back response in the text format. The “URL read” function name, syntax, and
parameters may vary for different applications. For example, in the MATLAB ur1read function can be
used:

s = urlread('url')

For other applications refer to Manual or Function Reference for HTTP or URL read functions with
parameters.

URL string has the following general format:
http://host_name:port/?cmd=command

where:

e host_name is the name or IP address of the computer where NL5 is running. If client application
is running on the same computer with NL5, host_name can be “127.0.0.1”, or “localhost”.

e port is the port number. It should be the same as port number specified in NL5. If default HTTP
port number (80) is used, it can be omitted, so that URL string will look as follows:

http://host_namet/?cmd=command

e command is a script command or an expression.

NL5 executes command or evaluates expression and responds with a text, which can be:

PY GCOK7”

e result of the expression in text format,

e comma-separated string for trace data request,

e error message (text).

For example:

Request: Response:
http://localhost/?cmd=open rc.nlb “OK”
http://127.0.0.1/?cmd=R1 “100”
http://192.168.0.1/?cmd=C1=2n2 “2.2e-9”
http://public025:2119/2cmd=V (C1)%200,1,.2 “0,9.99999424754,9.9999944731,.."
http://localhost/?cmd=open test.nlb “Error opening file test.nl5”
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If client application allows, the following modifications can be applied to URL string, making it more
simple and readable:

e Text “http://” can be omitted.
e Text “cmd=" can be omitted.

For example:
Request: Response:
127.0.0.1/?0pen rc “OK”
192.168.0.101/?R1 “100e+3”
http://public025:222/?store R1 “OK”
localhost/?V(Cl) .mean N1.27978684602”

Please be aware that not all characters can be transmitted over Internet in the URL request. Some
characters are “reserved” and have a special meaning. Being used in the NL5 command, those characters
will be misinterpreted and result in wrong operation. For instance, character ‘+’ is typically interpreted
as a “space”. This makes it impossible to use exponential form of a number: “1.23e+6~ will be
interpreted as “1.23e 6”7, and will produce HTTP server error.

To be used in the NL5 command, reserved characters should be converted into “URL safe” format,
where the character is represented by ‘%’ symbol followed by two-digit hexadecimal number: ASCII
code of the character (“percent-encoding”).

In many cases, the only reserved characters to be used in the NL5 commands would be space and ‘+’.
To ensure correct operation replace space with its code %20, and ‘+’ character with <28. For instance,
*1.23e+6” should be sentas “1.23£%2B6".

All reserved characters and their codes can be found in public resources in the Internet.

Running simulation

When transient simulation command tran (0Or cont), or AC simulation command ac is issued through
HTTP link, NL5 sends “OK” response immediately without waiting for simulation to complete. This is
done in order to avoid “time-out” condition in case of long simulation time. The “client” should wait for
simulation end by periodically sending command ready and checking NL5 response. Response “0”
means that simulation is still running, response “1” means that simulation is complete and a new
command can be issued. If the error occurs during simulation, NL5 responds with error message.
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NL5-MATLAB link example

The following example shows using NL5 HTTP link with MATLAB. NL5 has HTTP server running,
and schematic “link example.nl5” loaded. Transient window shows schematic response on V1 step
function for R1=1:

[>HIE

Run b= 50.01 D.0MB Drauible
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The code listed below has been loaded into MATLAB from the file “link_example.m” and executed:

clear
clc
close all
R=logspace (-1,1);
Header='http://127.0.0.1/2"';
Cmd2=[Header, '"tran'];
Cmd3=[Header, 'ready'];
Cmd4=[Header, 'V (out) %200,50,.1"'];
for k=1l:length (R)
Cmdl=[Header, 'R1="',num2str (R(k))];
urlread (Cmdl) ;
urlread (Cmd2) ;
Response='0";
while strcmp (Response,'0")
Response=urlread (Cmd3) ;
end
Graph (k, :)=str2num(urlread(Cmd4)) ;
end
Graph=Graph';
surf (Graph)
shading flat
colormap jet
colorbar
ylim ([0 400])

The code changes R1 in the range 0.1...10 with logarithmic step, calculates transient, reads V(out) trace
data, and displays V(out) at 3-D graph as a function of time and R1 value:

0., e 18
18] USSR S .
18 S
14.) t ‘ . 14
12. | A 1>
10

110
N

£

B0, sy om0 w0 &) 00 3

Example schematic and MATLAB files are located in the Examples/MaTLAR folder of the NL5
complete package download zip file.
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Scope (beta)

Scope tool provides access to popular models of oscilloscopes (Keysight Technologies, Tektronix,
LeCroy), so you can configure channels and modes, obtain measured traces, and configure Waveform
Generator (Arbitrary Function Generator).

To communicate with the oscilloscope, NL5 is using National Instruments NI-VISA drivers, which can
be downloaded at National Instruments website (www.ni.com). NI-VISA software should be properly
installed on the computer, so that the dynamic-linked library visa32.dll was present and available for
“delayed load”. NLS5 loads the library when the Scope tool window opens first time. If library is not
available, an error message will show up.

Scope tool window can be opened automatically at NLS5 startup using “—scope” switch in command line:
>nl5.exe —-scope

Please note that the screenshots below are for illustration purposes only: a real screen view and controls
may vary depending on a specific oscilloscope model.

Toolbar buttons perform the following operations:
e Refresh resources, show list of instruments, select instrument.

e Update scope settings: read settings from the oscilloscope. Should be used in order to
synchronize oscilloscope and NL5 settings, in case if anything was changed through the scope
interface.

& e Read traces from the oscilloscope. NL5 will stop data acquisition, and read traces currently
displayed on the oscilloscope. For Keysight Technology oscilloscope, click arrow-down button
on the right to select the data record to be transferred from the oscilloscope:

4}' -
Marmal
v Maximum
Raw

o Normal - the measurement record is retrieved,
o Raw - the raw acquisition record is used;
o Maximum - whichever record contains the maximum amount of points is used.
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B ¢ Screenshot. Download and display a picture from the oscilloscope screen. To copy the picture

$

into the clipboard, or to save into the file in different formats, click arrow-down button on the
right to open drop-down menu, and select an operation:

al-

E Read screenshot

Copy to dipboard
BMP Save as BMP...
JP: Save as IPG...
PRE Save as PNG...

e Run the oscilloscope in single mode.

e Run the oscilloscope in continuous mode. For LeCroy oscilloscope, click arrow-down button on
the right to select triggering mode:
= I,

v Auto
Mormal

e Send to scope. Send configudata data to the waveform generator.

e Stop the oscilloscope.
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T

Settings. Open Scope settings dialog box:

Scope settings ﬂ

— Screenzhot v KeepScope window an top
[~ Black background

[+ Expand window if needed

— Analog channels

[T Use scope scale

[T Usze scope color

— Traces
f* Dwerarite existing

= Create new

Screenshot.
o Black background. If selected, read screen picture with black background.
o Expand window if needed. When screen picture is bigger than current size of the Scope
window, the window will expand, so that the picture fits in properly.
Analog channels.

o Use scope scale. When reading traces from the oscilloscope, a scale and offset of the
trace in NL5 will be set to a current scale of the trace on the oscilloscope (not used for
LeCroy oscilloscopes).

o Use scope color. When reading traces from the oscilloscope, a color of the trace will be
set to a trace color on the oscilloscope.
Traces.

o Override existing. When reading traces from the oscilloscope, if a trace with the same
name already exists, an existing data will be deleted, and a new data downloaded into
existing trace.

o Create new. When reading traces from the oscilloscope, if a trace with the same name
already exists, a new trace with will be created.

Keep scope window on top. If selected, Scope window will always be on top of other NL5
windows.
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Selecting instrument. When Scope tool window opens, NL5 obtains a list of available resources
(instruments) from VISA Resource Manager, and displays this list in the Scope window. Select an
instrument in the list. If no error messages show up, then NL5 is ready to communicate with the
oscilloscope. Name and model of the selected oscilloscope will be displayed on the title bar:

Scope - USBO=0x0699:x0x05072C030194=INSTR - TEKTRONDC

Click Refresh resources button to update list of instruments.

R R

= = % | §F T
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Working with oscilloscope

Configuring oscilloscope. When instrument is selected, NL5 reads some configuration information
from the oscilloscope, and shows it on the Scope page:

x
ENEETIEE:

Instruments  Scope | Screenshntl Wave Genl Log I

[Efglog”| Digital | Bus | Seam | [~ Show labels
CH1 - CHI I
CH2
CH3 Label
CH4 I
Scale
|1 0
Offzet

e

Check all I richeck all

oK 4

Depending on the oscilloscope model, there could be up to four tabs, describing analog, digital, bus, and
segmented memory settings. If any of displayed settings were changed directly through the oscilloscope

controls, or any other oscilloscope interface, click Update scope settings button to retrieve new settings,
and update information in the Scope tool.

Check/uncheck Show labels checkbox to show/hide channel labels on the oscilloscope screen (Keysight
Technologies only).
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Analog tab displays analog channel settings:

......................... g | Digitall o I Seqm I [T Show labels
CH1 [ I
CH2
CHa Label
CH4 I
Scale
|1.EI
Offzet

e

Check all hicheck all

List of channels shows all available analog channels of the oscilloscope. State of the checkbox indicates,
whether the channel is visible on the oscilloscope.

e Click the checkbox to turn the channel on or off.

e Click Check all to make all channels visible.

e Click Uncheck all to hide all channels.

e Select the channel to see and modify specific channel settings.

e Color box indicates trace color on the oscilloscope screen.

e Label. Enter a new label and press Enter to submit (not available for LeCroy oscilloscopes).
e Scale. Enter a new scale and press Enter to submit (not available for LeCroy oscilloscopes).
e Offset. Enter a new offset and press Enter to submit (not available for LeCroy oscilloscopes).
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Digital tab displays digital channel settings:

[~ Show labels

bo
312 Label

03 I

04
Bg Position

W

D7 [0 =]
Ca
039
010
011
012
013
014
015

Check all I richeck all

List of channels shows all available digital channels of the oscilloscope. State of the checkbox indicates,
whether the channel is visible on the oscilloscope.

e Click the checkbox to turn the channel on or off.

e Click Check all to make all channels visible.

e Click Uncheck all to hide all channels.

e Select the channel to see and modify specific channel settings.

e Label. Enter a new label and press Enter to submit.

e Position. Enter a new position value, or select from drop-down list, then press Enter to submit.
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Bus tab displays bus channel settings:

Analog | Digital  Bus |5&gm I [~ Show labels
Bl .
B2 D3 MSE  Hil
B3 Label D2 014
B4 I ] 013
« P2
Position 011
Add |nqp
I jv K]
w [0S
= oy
EMOYE bE
D&
X D4
Clear
Save az
ISigned VI LSE
Check all I hcheck all

Please be aware that Bus configuration tab may vary depending on a specific oscilloscope model.

List of channels shows all available bus channels of the oscilloscope. State of the checkbox indicates,
whether the channel is visible on the oscilloscope.

e Click the checkbox to turn the channel on or off.

e Click Check all to make all channels visible.

e Click Uncheck all to hide all channels.

e Select the channel to see and modify specific channel settings.

e Label. Enter a new label and press Enter to submit.

e Position. Enter a new position value, or select from drop-down list, then press Enter to submit.
e Save As. Select Signed or Unsigned mode from the drop-down list, to specify how the bus value

is converted into NL5 number representation. This will affect how the bus numbers will be
displayed on the NL5 graph.

e To configure bus bits, click Add € Remove - , or Clear X buttons to fill in the left box
with required bus bits. Right box consists of bits currently available for the bus. MSB and LSB
labels indicate most- and least-significant bit of the bus.
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Segm (or Fast frame) tab displays segmented memory operation settings:

..-'l'-.nalugl Digitall Bus  Sedm | [T Show labels

[T Segmented OMN

|1 0 Mumnber of segmentz

Curment segment

=L 000 = IO e LD —

Please be aware that segmented memory configuration tab may vary depending on a specific
oscilloscope model.

e Select Segmented ON check box to enable segmented memory operation.
e Enter Number of segments, press Enter to submit.
e Select Current segment in the list, to display it on the oscilloscope.
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Screenshot tab displays an oscilloscope screenshot. Click Read screenshot button = t0 download a
screenshot and display it on the tab:

TEE-d=>x | FT
'Instrumentsl Scope  Screenshot |Wa\-’e Genl Log I

MAS0-K 30348, MYS1137133: Wed Mar 02 12:21:05 2016

50.002/ Trig'd ] 450%

KEHYSIGHT

1.00:1

i

Ok

Please note that Tektronix 3000/4000 series requires a flash drive to be present at the E: drive USB port
of the oscilloscope (usually located at front panel). It is used for storing an intermediate image file.

Depending on settings ( ¥ ), the screenshot may be obtained with black or white background. Scope
window size may also be expanded automatically to fit the image.
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Log tab shows commands executed in the last operation:

Scope - USBO:0x2ABD=0A 7 F0=MY 5444001 ﬂ

T eFE- A% TP

Instrumentsl Su:u:upel Screenshntl Wave Gen Log I

x| =
‘BUST:BITIO? O -
BUSZBITIO? O _I
DIG11:LARY "D11"
DIGT11:POST +11
DIGIT:DISF? O
BUST:BITI1?0
BUSZEBITI1? 0
DIG1ZLARY "D12"
DIGT2POS? +12 (]
DIG1Z:DISPY O
BUST:BITIZ?0
BUSZEITIZ? 0 hd

oK 4

It also has a command line option: enter a command, and press Enter to execute:

¥ | DIG1ZDISPY =]

You can select previously issued commands from the drop-down list:

p G [D)I12:DISF7 =]
DIGIZPOS?
BUST:8-p151-RIT157

BUSZH: . T
BT MGENABINT:

DIG1T:POS? +11

Click Clear log button % to clear the log window.
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Working with waveform generator

Wave Gen tab is used to create a signal for Waveform Generator (Arbitrary Function Generator), and
send it to the oscilloscope:

F
TEE-[=l=>x |G T
| Log |

[ “Wave Gen OM

[T Interpolate

Source; IEDmpDnent j

M arne: I

Component not szelected

oK 4

e Select Wave Gen ON check box to enable waveform generator
e Select Interpolate checkbox to enable signal interpolation (Keysight Technologies only).
e Select Source to use signal source. There are four source options available for Wave Generator.
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Component. Use Voltage source or Label NL5 component settings to specify a waveform. The
following models of the component are supported: V, Pulse, Sin, PWL, Function, File, Trace.

Select the component in the schematic:

ol 4
bl | (MIE[¥IQ Biw O
Mame |Value | |‘\-‘1 F'ul:z:e |E|
1 100e-6 W1 V1
1 5 W0 Y0
FUI::": Perniod z |1e-d
Width = | B00e-6
Slope Linear -
Rise = (0
Fall z |0
4 Delay = (0
Sheet] [

A preview of the waveform will be shown in the Scope window:

x
T ITE- [>T

. Instrumentsl Su:u:-pel Screenshot  ‘Wave Gen | Log |

[ “Wave GenOM

[ Interpolate

wiave Gen funchon: PULSE

oK 4

Preview waveform is automatically updated while you selecting component, model, or component
parameters.
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If model and parameters allow, a built-in wave form generator function will be used (DC, SIN,

PULSE). Otherwise, and arbitrary generator waveform (ARB) will be used. For example, the following
signal will require an arbitrary function:

X
OFEEEEEIEE:

.Instrumentsl Su:-:upel Screenshot  Wave Gen |L|:|g |

[ “Wave Gen OM

[~ Interpolate

Source: IEDmpDnent j
Marne: I"v'"l
Paints: |'||:||:1

Wave Gen funchion: ARBitrary

oK

i

For arbitrary function, number of Points should be specified as well: enter the number and press Enter.
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Trace. Select a trace in the NL5 transient window, and use cursors to specify a trace interval which will
be used for the waveform:

rc - Transient

800e-B

Run |[t=5e-3 [ zime [ cul | shit [c
A preview of the waveform will be shown in the Scope window:

TEE-|A=>x G T

.Instrumentsl Scnpel Screenshot Wave Gen |L|:|g |

[ “Wave Gen OM
[T Interpolate

Source:
Name: [VIC1]
Ploirits: |'| 1]

Wave Gen funchion: ARBitrany

oK 4

Specify number of Points and press Enter.
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Function. Enter an arbitrary function for a waveform, use t parameter as a time. Also, enter number of
Points, Start, and End time for the function:

»
TEH- >k T

.Instrumentsl Sn::u:npel Screenshot  Wave Gen |Ln:|g |

[T wave Gen OM

[ Interpolate “ ” l "
Source: IFunctiDn j W "

Paints: IEUU
Start, & IU n
End, = I'I Fal n lﬂ'.

o ‘Ul U \7
sin[t5000) zin(t1 80)zin{t=150]

LI ﬂ Wave Gen function: ARBitrany
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List. Enter waveform points as a list of numbers in time, amplitude format:

»
EEFREETIEE:

'Instrumentsl Scnpel Screenshot  Wave Gen |L|:|g I

[T wave Gen OM

[ Interpolate

Source: I Lizt j

Ploirits: IEUU

oo -
Tm 0 J
11m1.5

2m1.5

2ml 0

4m 0
dml -4
Fm-4
Fml 0
10m 0

j Wave Gen funchion: ARBitrany

oK 4

Specify number of Points and press Enter. Please note that number of points is not a number of points in
the list: it is number of samples to generate waveform signal.

When waveform signal is ready, click Send to scope button to send waveform points to the
Waveform Generator.
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Working with segmented memory

Here are two signals (pulse and sine) with small frequency difference:

KEYSIGHT

TECHMNOL

M30-} 30347, My54440017, 04.06.2015051201: Tue Nov 10 20:35:22 201

0:1
1.00:1

Turn on segmented memory, enter number of segments, and press Enter:

..-'-‘-.naln:-gl Digitall EBuz  Sedm |

v Segmented OM

10 MNumber of zegments

Current zegment
2
!

Run the oscilloscope (in single or continuous mode):

KEYSIGHT

TECHNOLOGIES

M30-% 30347, My54440017, 04.06.2015051201: Tue Nov 10 22:2
1 n

2 1 0.0s Stop £ 1

1 Time:
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Read traces from the oscilloscope ( T ):

rc - Transient

1A2A3A4 ABAB N T AB LS A10 t= 10e-3 0.0 B Click to move cursor

On this graph, segmented memory pieces are displayed according to their absolute time.

To display segments in “overlaid” mode (relative to the time when segment was triggered), go to
Transient | Data window, select Storage tab, unselect “Use time shift (Scope)” option:

'Traces] Screen] Table Storage |

[ Store last Run
[ Use time zhift [Scope]

Here is an “overlaid” view of the segmented memory data (you may need to auto-scale the graph

horizontally by clicking Fit the screen button on the Transient window toolbar):

367



EBY NL5 circuit simulator User’s Manual

To see individual segments, select Selected only or Selected and dimmed storage display mode.

100e-6 150e-6

Look thought the segments on the graph by left-clicking on the storage list, and then pressing Up/Down
keyboard keys:

b= XS

Emmﬂmmimm—‘
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VI1I. Attachments
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1. Component Types, Models and Parameters

Component types are described in the following format:

Type 4
Letter yp Model 1 i !
Model 2 i Picture of !
e i kb ' ! VvV, I, P traces :
| Symbol | X i i
L_Y_i_e_"i_%_j :L_Y_i_e_vif_j coe Description of views (optional)
(optional)

Model and parameters are presented as follows:

Letter Type Example file name

Model Par 1 Unit 1 Par 1 description

name Par 2 Unit 2 Par 2 description

Model
specific
view
(optional)

Detailed description of the model and parameters.

Model example files are located in the Examples/components folder of the NL5 complete package
download zip file.
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Label

Label |
—_—
\% ®
Label Pulse Y
® Step
g Sn <
= PWL =
Function P=Vvel
File
Trace
SubCir
Label Label/Label_Label.nl5
Model Parameter Units Description
Label VIC \% Initial condition: initial voltage.
R Ohm Initial resistance.
Label. This model can be used:
- As a voltage trace probe point.
- For connecting schematic points without wires, including points at different sheets.
- To apply initial voltage during DC operating point calculation.
When calculating DC operating point, if initial voltage “VIC” is not blank, the temporary voltage
source “VIC” is connected to the label through initial resistor “R”. When DC operating point is
found, the voltage source is removed. Initial voltage “VIC” is cleared by “Transient/Save IC”
command.
Please note: “VIC” is not a constant voltage source! This voltage will be removed after DC
operating point calculation, and the label will be floating! For constant voltage source use V
model.
Label Label/Label_V.nlI5
Model Parameter Units Description
\Vj \% \% Voltage.

Constant voltage source. Voltage = “V".
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Label Label/Label_Pulse.nl5
Model Parameter Units Description

Pulse V1 \% Pulse On voltage.
VO \% Pulse Off voltage.
Period S Period.
Width S Pulse width.
Slope Slope type: Linear/Cos/Exp
Rise S Pulse rise length.
Fall S Pulse fall length.
Delay S Delay before first pulse starts.

Pulse voltage source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"); otherwise the error message will be displayed.

wio
Celay @ FRize Fall t

Wiclth
Period

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Fize t Fize t | Rize t

Linear Cos (cosine) Exp (exponential)
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Label
Model

Step

Parameter Units
V1 \%
VO \%
Slope

Rise

Delay S

Description

Step On voltage.

Step Off voltage.

Slope type: Linear/Cos/Exp
Step rise length.

Delay before step starts.

Step voltage source. Step starts after “Delay” time.

W0

Delay | Rize

1

The following slope types are available:

—

Fize t

Linear

Rize t | Fize t

Cos (cosine) Exp (exponential)
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Label
Model

Sin

Label/Label_Sin.nl5

Parameter Units Description

V1 \% Voltage amplitude.

VO \% Voltage baseline.

Period S Period.

Phase deg Phase.

Delay S Delay before sine signal starts.

Sine voltage source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees

at the moment when signal starts:

W1 w1
W0 %0

Period

Phase =0

) WA\

Doy \\_{f 1

Period

Phase =90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

Period changed
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Label
Model

PWL

Label
Model

Function

Label/Label PWL.nI5

Parameter Units Description

pwil Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear voltage source. Signal is defined by “pwl” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,Vv0,t1,V1,...,tn,Vn
where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 [ 3 G 7 a Q 10 1 12 13 14 13 (L]
Label/Label_Function.nl5
Parameter Units Description
F(t) V Function

Arbitrary function. F(t) defines voltage as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, voltage is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, I, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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Label
Model

File

Label
Model

Trace

Label/Label_File.nl5

Parameter Units Description

File File name.

Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined in the text file. “File” parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in the csv (“‘comma-separated values”) format, as follows:

<if first line does not start with a number, it is ignored >
t0, Vo0
tl,Vv1

where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

0 Ul = O
O O who

’
I4
’
I4
’

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 i 3 & 7 g g 10 1 12 13 I 15 16
Label/Label_Trace.nl5
Parameter Units Description
Trace Trace name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined by a trace. “Trace” parameter is a name of the trace in the Trace list
(Transient/Data). Only traces loaded from data file, imported from text or binary file,
duplicated, or pasted from clipboard can be used for he voltage source. If “Cycle” parameter is
set to “Yes”, the signal is repeated continuously. In addition, the whole signal is delayed by
“‘Delay” time.
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Label
Model

SubCir

Parameter
File

Pinl
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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A Amperemeter Amperemeter L

_|_

Models
Traces

+
—_—

A Amperemeter Al A_Amperemeter_Amperemeter.nl5

Model No parameters

Amperemeter Amperemeter. Short circuit. In addition to current, amperemeter can measure voltage
relative to ground, and power to grounded load.
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C Capacitor c |
£ PWL 5 v| = l !
_‘ . £ Function E "
SubCir
P=Vel
C Capacitor C/C_Capacitor_C.nl5
Model Parameter Units Description
C C F Capacitance
IC Y Initial condition: voltage. Leave blank if IC not defined.

C  Capacitor

Model

PWL

Linear capacitor. | = C*dV/dt.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.

C/C_Capacitor_PWL.nI5

Parameter Units Description
pwil Comma-separated string, C(V)
IC Vv Initial condition: voltage. Leave blank if no IC defined.

Piece-wise linear capacitor. “pwl” string defines capacitance as a function of voltage. See
Working with PWL model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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C Capacitor C/C_Capacitor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
Z(s) =1.0/3p/s + 1.5p - 3 pF capacitor in series with 1.5 pH inductor.
Z(s) = (1.0/20n/s)||1k - 10 nF capacitor in parallel with 1 kOhm resistor.

C Capacitor C/C_Capacitor_SubCir.nI5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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C

Views

C

Voltage controlled

- PWL
capacitor I
P s L
R%) 2 Vin _ . V |
— 2 E g |
S —
_+ I P=Vel
T 14+
Voltage controlled capacitor C/C_VCC_PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, C(Vin)
IC Y, Initial condition: voltage. Leave blank if IC not defined.

Piece-wise linear voltage controlled capacitor. At any moment, capacitor is a linear
capacitor. Its capacitance C is a function of control voltage:

| = C(Vin)*dV/dt.

“pwl” string defines capacitance as a function of control voltage Vin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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Current controlled
C capacitor PWL L
. I inl |_ \% ll

Models
Traces

— P=Vel

¢ HE Ak
>
C Current controlled capacitor C/C_CCC_PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, C(lin)
IC Y, Initial condition: voltage. Leave blank if IC not defined.

Piece-wise linear current controlled capacitor. At any moment, capacitor is a linear
capacitor. Its capacitance C is a function of control current:

I = C(lin)*dV/dt.

“pwl” string defines capacitance as a function of control current lin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, capacitor is replaced with voltage
source equal to IC. If “IC” is not defined (blank), capacitor is temporarily removed (open
circuit), DC operating point calculated, and then the voltage found across the capacitor is
assigned to the capacitor as its initial voltage.
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Diode -
D Diode \
» Storage 2V l |
=S &
PWL
SubCir P=Vel
D Diode D/D_Diode_Diode.nl5
Model Parameter Units Description
Diode vd \% Forward voltage drop.
IC Initial condition: On/Off.

Ideal diode. If V >=*Vd”, diode is On (short circuit). Otherwise diode is Off (open circuit, 1=0).

| wd B

When calculating DC operating point diode is set to the state specified in “IC”.
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D Diode D/D_Diode_Storage.nl5
Model Parameter Units Description
Storage vd \% Forward voltage drop.
S Recombination time constant.
IC Initial condition: Off/On.
ICQ C (A*s) | Initial condition: charge.

Charge storage diode. Simplified equivalent schematic of the model is the following:

..Il
T

%

1|il.i"
LA I I i
Q J&
1. Forward current 2. Reverse current 3. No current
V="vd”, 1>0,Q>0 V=0,1<0,Q>0 V<0,1=0,Q=0

The diode has internal capacitor C and resistor R, with the time constant RC =“t”, Q is the
charge on the capacitor. In mode 1, forward current flows through the diode and forward
voltage drop is “Vd”. At the same time, the current equal to forward current is charging
capacitor C. In mode 2, reverse current is applied to the diode, and capacitor C is being
discharged by the current equal to reverse current. As long as charge Q on the capacitor is
positive, the diode is a short circuit with zero voltage drop. Finally, when charge drops to zero,
the diode switches to mode 3, with zero current and negative voltage drop (open circuit). V, I,
and Q waveforms are shown on the graph:

When calculating DC operating point the diode is set to the state specified in “IC”, and internal
charge Q is set to specified “ICQ” value.
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D

Diode
Model

Soft

D/D_Diode_Soft.nl5

Parameter Units Description

vd \% Forward voltage drop.

t S Recombination time constant.
ts S Soft recovery time constant.
IC Initial condition: Off/On.

ICQ C (A*s) | Initial condition: charge.

Soft recovery charge storage diode. Simplified equivalent schematic of the model is the

following:
g
. EE:I

& &
i Q%R i

® ®

1. Forward current 2. Reverse current 3. Soft recovery
V=“vd”, 1>0,Q>0 V=“vd”, 1<0,Q>0 V<“vd”, 1<0,Q>0
C=1,R=“t" C=1,R="" C=1,R="ts”

The diode has internal capacitor C=1 and resistor R. Time constant RC is equal either
recombination time constant “t”, or soft recovery time constant= “ts”. Q is the charge on the
capacitor. In mode 1, forward current flows through the diode and forward voltage drop is “Vd”.
At the same time, the current equal to forward current is charging capacitor C. In mode 2,
reverse current is applied to the diode, and capacitor C is being discharged by the current
equal to reverse current. Voltage drop on the diode is still “vVd”. At the moment when reverse
current is equal or less than charge divided by soft recovery time constant “ts”, a mode 3 is
turned on. In mode 3, capacitor C is being exponentially discharged by the current through
resistor R with time constant “ts” (plus small constant current to ensure full discharge - not
shown on the picture). Reverse diode current is proportional to the charge. As soon as charge
drops to zero, the diode switches to mode 4 (not shown), with zero current and negative
voltage drop (open circuit). See demo schematic D/D_Diode_Soft.nl5 for examples of soft
recovery waveforms.

When calculating DC operating point the diode is set to the state specified in “IC”, and internal
charge Q is set to specified “ICQ” value.
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D Diode
Model

PWL

D Diode
Model

SubCir

Parameter

pwil

Units

D/D_Diode_PWL.nI5

Description

Comma-separated string, R(V)

Piece-wise linear diode. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.

Parameter
File

Pin1
Pin2
Cmd

IC

Units

D/D_Diode_SubCir.nI5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D

4

D Zener
Model

Zener

D Zener
Model

PWL

D Zener
Model

SubCir

Zener Zener |

£ PWL Y, l !

< SubCir =

P=Vel
D/D_Zener_Zener.nl5

Parameter Units Description
\% \% Breakdown voltage drop.
vd \% Forward voltage drop.
IC Initial condition: Minus/Off/Plus.

Ideal zener. If V <=-"V” or V >= “Vd”, zener is On (short circuit). Otherwise zener is Off (open
circuit, 1=0).

Y Wil W

When calculating DC operating point zener is set to the state specified in “IC”.

D/D_Zener_PWL.nI5

Parameter Units Description
pwl Comma-separated string, R(V)

Piece-wise linear zener. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.

D/D_Zener_SubCir.nl5

Parameter Units Description

File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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[D Bidirectional zener

Zener ‘
2 PWL ARV l |
° . %
>' < ¢ < SubCir = .
P=Vel
D Bidirectional zener D/D_BZener_Zener.nl5
Model Parameter Units Description
Zener \% \% Breakdown voltage drop.
IC Initial condition: Minus/Off/Plus.
Ideal bidirectional zener. If V <= -“V” or V >= “V”, zener is On (short circuit). Otherwise zener
is Off (open circuit, 1=0).
|
- Wy
When calculating DC operating point zener is set to the state specified in “IC”.
D Bidirectional zener D/D_BZener_PWL.nl5
Model Parameter Units Description
PWL pwl Comma-separated string, R(V)
Piece-wise linear zener. “pwl” string defines resistance as a function of voltage. See Working
with PWL model chapter for details.
D Bidirectional zener D/D_BZener_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D Bridge rectifier

Model

D  Bridge rectifier Diode P = Vyel + Vel
+ Vselz + Vel
g
S —
D/D_Bridge_Diode.nl5
Parameter Units Description
vd \% Forward voltage drop.

Diode

Bridge rectifier with ideal diodes. For each diode, if V >= “Vd”, diode is On (short circuit).
Otherwise diode is Off (open circuit, 1=0).

|Vd )

When calculating DC operating point all diodes are Off.

389



EBY NL5 circuit simulator

User’'s Manual

D Logic controlled

thyristor

D  Logic controlled thyristor

Model

Thyristor

Parameter Units
vd \%
Ihold A

IC

Models

Thyristor ‘
SubCir . vV l I
= Vin
~+ P=Vel
D/D_LCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control voltage “Vin” is greater than logical threshold, thyristor is in On state (ideal diode).
When control voltage drops below logical threshold, thyristor stays in On state as long as
current | exceeds holding current “lhold”, and voltage V is not negative.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point thyristor is set to the state specified in “|C”.

D  Logic controlled thyristor

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

D/D_LCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D

Views

Voltage controlled

thyristor

D  Voltage controlled thyristor

Model

Thyristor

Parameter Units
vd \%
Ihold A
Threshold \%

IC

Models

Thyristor | ‘
SubCir . vin| ¥ Vv l |
"
}_
P=Vel
D/D_VCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Voltage threshold.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control voltage “Vin” is greater than “Threshold”, thyristor is in On state (ideal diode). When
control voltage drops below “Threshold”, thyristor stays in On state as long as current |
exceeds holding current “lhold”, and voltage V is not negative.

When calculating DC operating point thyristor is set to the state specified in “|C”.

D  Voltage controlled thyristor

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

D/D_VCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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D

Views

Current controlled

thyristor

-

%_

—+

—+

D Current controlled thyristor

Model

Thyristor

Parameter Units
vd \%
Ihold A
Threshold A

IC

Models

Thyristor ‘
SubCir o lin l Vv l |
}_
P=Vel
D/D_CCT_Thyristor.nl5
Description

Forward voltage drop.
Holding current.
Current threshold.
Initial condition: Off/On.

Ideal thyristor. Thyristor has two states:

- Off state (non-conducting): open circuit.
- On state (conducting): ideal diode with “Vd” forward voltage drop.

If control current “lin” is greater than “Threshold”, thyristor is in On state (ideal diode). When
control current drops below “Threshold”, thyristor stays in On state as long as current |
exceeds holding current “lhold”, and voltage V is not negative.

When calculating DC operating point thyristor is set to the state specified in “|C”.

D Current controlled thyristor

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

D/D_CCT_SubCir.nl5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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F Function Function !

Pwr

Abs :
Lim :

Integral
Table
SubCir

Models
Traces
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F Function

Model

Function

— flx

F/F_Function_Function.nl5

Parameter Units Description

F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.

Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain at each
frequency.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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F Function

Model

Pwr

— pwr

F Function
Model

Abs

— abs

F/F_Function_Pwr.nl5

Parameter Units Description

power Power.

K VIV Gain.

IC V Initial condition: output voltage.

“Signed” power function. V =K * pwr( Vin, power ).

The function is calculated as follows:

if power = 0:
ifVin<0...: V=-K
ifVin=0...: V=0
fvin>0...: V=K

if power # 0:
ifVin<0...: V=- K*(_Vin)power
ifVin=0...: V=0
ifVin>0...: V(= K * \/inPower

When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_Abs.nl5

Parameter Units Description
K VIV Gain.
IC V Initial condition: output voltage.

Absolute value. V =K *abs( Vin).
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function

Model
Int

— int

F Function
Model

Lim

— limn

F Function
Model

Integral

11>~

F/F_Function_Int.nI5

Parameter Units Description

resolution Y Resolution.

K VIV Gain.

IC V Initial condition: output voltage.

Rounding function. V =K * round( Vin, resolution ).
Round to the nearest multiple of “resolution”. If resolution = 1, round to the nearest integer.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_Lim.nI5

Parameter Units Description
Max V Maximum.
Min V Minimum.
IC \% Initial condition: output voltage.

Limiting function. The function is calculated as follows:

ifVin<Min...: V=Min
if Vin > Max ..: V=Max
Otherwise . ....: V=Vin

When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_Integral.nl5

Parameter Units Description
K VIV Gain.
IC V Initial condition: output voltage.

Integral. V=K* fVin dt.

When calculating DC operating point output is set to specified output voltage “IC”.
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F Function

Model
Table

18-

F Function
Model

SubCir

F/F_Function_Table.nI5

Parameter Units Description
Table Comma-separated string, Vin/Vout pairs.
IC \% Initial condition: output voltage.

Look-up table. Function output is defined by “Table” parameter in the csv (“‘comma
separated values”) format, as follows:

X1,Y1,X2,Y2,...,XN,YN

where Xi,Yi pair defines input value (X) and output value (Y). Output value between specified
points is linearly interpolated. Output value below X1 is linearly extrapolated using X1...X2
interval data, output value above XN is linearly extrapolated using X(N-1)...XN interval data.
Values X1...XN should be given in an ascending order.

See Working with Table model chapter for more details.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.

F/F_Function_SubCir.nl5

Parameter Units Description

File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Function
Mul
Div
Sum
Sub
Max
Min
GT

LT
Pwr
Mag
Phase
Table
SubCir
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F Function-2 F/F_Function-2_Function.nl5
Model Parameter Units Description
Function F(x,y) \% Output as function of the inputs.
F(s) AC transfer function in s domain.
— IC V Initial condition: output voltage.
fi,y ) . :
Iy Arbitrary function.

Transient analysis. F(x,y) defines output voltage as a function of the following variables:

X — input voltage Vx

y — input voltage Vy

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x,y) is blank, output is zero.
F(s) is ignored.

Example:
F(X,y) = sqrt(x*x+y*y)
F(x,y) =x *y *sin(t)
F(x,y) = P(r1)+P(r2)

Please note that input voltages x, y, and variables V, |, P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x,y) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain..

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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F Function-2 F/F_Function-2_Mul.nl5
Model Parameter Units Description
Mul K VIV Gain.
IC Y Initial condition: output voltage.

Multiplication. V = K* Vx * Vy.

by
—y When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Div.nlI5
Model Parameter Units Description
Div K VIV Gain.
IC \% Initial condition: output voltage.
T Division. V =K * Vx/ Vy.
Hfy
Iy IfVvy=0,V=0.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Sum.nl5
Model Parameter Units Description
Sum K VIV Gain.
IC V Initial condition: output voltage.
—x
Addition. V =K * (Vx + Vy).
HHy
—Y¥ When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_Sub.nl5
Model Parameter Units Description
Sub K VIV Gain.
IC \% Initial condition: output voltage.
—y .
Subtraction. V=K * (Vx - Vy).
By
— When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Max.nl5
Model Parameter Units Description
Max K VIV Gain.
IC \% Initial condition: output voltage.
—x
Maximum. V = K* max( Vx, Vy).
max
—y ifVx>=Vy..: V=K*Vx
ifVx<Vy...: V=K*Vy
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Min.nl5
Model Parameter Units Description
Min K VIV Gain.
IC V Initial condition: output voltage.
] }{ . . .
_ Minimum. V = K* min(Vx, Vy).
mmin
—Y¥ ifVx>=Vy..: V=K*Vy

ifVX<Vy...: V=K*Vx
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_GT.nl5
Model Parameter Units Description
GT IC \% Initial condition: output voltage.
I Greater than. V =Vx > Vy ? High : Low.
My ifVx<=Vy..: V=Low
v if Vx>Vy...: V=High
High and Low are logical levels. To see and set logical levels go to Transient | Settings, or
AC | Settings then click Advanced button.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_LT.nI5
Model Parameter Units Description
LT IC \% Initial condition: output voltage.
Less than. V =Vx <Vy ? High : Low.
—x
Hay ifVx<Vy....: V=High
Iy ifVx>=Vy...: V=Low

High and Low are logical levels. To see and set logical levels go to Transient | Settings, or
AC | Settings then click Advanced button.

When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2 F/F_Function-2_Pwr.nl5
Model Parameter Units Description
PWr K VIV Gain.
IC \% Initial condition: output voltage.
— %
“Signed” power function. V =K * pwr( Vx, Vy).
ey
Iy The function is calculated as follows:
if Vy = 0:
ifVx<0...: V=-K
ifVx=0...: V=0
ifVvx>0...: V=K
if Vy # 0:
ifVx<0...: V=-K*(-vx)¥
ifVx=0...: V=0
ifVx>0...: V=K*vx"
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
F Function-2 F/F_Function-2_Mag.nl5
Model Parameter Units Description
M ag K VIV Gain.
IC \% Initial condition: output voltage.
— %
Magnitude. V =K * sqrt( Vx* + Vy?).
mag
—Y When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F

F

Function-2 F/F_Function-2_Phase.nl5
Model Parameter Units Description
Phase K VIV Gain.
IC \% Initial condition: output voltage.
— %
chase Phase. V =K * phase( Vx, Vy).
—¥ V in Volts is equal to phase of a vector Vx + jVy in degrees.
IfVx=0andVy=0: V=0.
When calculating DC operating point output is set to specified output voltage “IC”. When
calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
Function-2 F/F_Function-2_Table.nl5
Model Parameter Units Description
Table X Comma-separated string, X (input values).
Comma-separated string, Y (input values).
—x Table Comma-separated string, Table of Z (output values).
==| IC \% Initial condition: output voltage.
I 2D look-up table. Function output is defined by “Table” parameter in the csv (“comma

separated values”) format, as follows:

“Table” parameter of the model defines output of the component Z as a function of X and Y
inputs of the component in the following format:

Z11,712,...,Z1N,Z221,222,...,Z2N,...,ZM1,ZM2,...,.ZMN

where:
e Zij defines output of the function for input values Xi and Yj;
e N is total number of X input values, defined by “X” parameter;
e Mis total number of Y input values, defined by “Y” parameter.

Output value between specified X and Y points is linearly interpolated on both coordinates.
Output value below X1 is linearly extrapolated using X1...X2 interval data, output value above
XN is linearly extrapolated using X(N-1)...XN interval data. The same rule is applied to Y
coordinate

See Working with 2D Table model chapter for more details.
When calculating DC operating point output is set to specified output voltage “IC”. When

calculating transient, output voltage is always delayed by one calculation step. This may affect
stability of the schematic with closed loop.
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F Function-2

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Cmd

IC

F/F_Function-2_SubCir.nI5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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F Custom function Function |
—xl
—x2  Fr—
B x1 ] = v
2 F
B4 —d P=Vel v
B3 %3 L]
% O
clock

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 8(height),
- upto 8 inputs on the left side,
- one output on the right side,
- one or no clock pins on the bottom side.
- custom input and output names.

Examples of Custom function component:

F— —input ¢l
—x2  F
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F/F_Custom_Function_Ex1.nI5

F Custom function F/F_Custom_Function_Ex2.nI5
F/F_Custom_Function_Ex3.nl5
Model Parameter Units Description
Function F(x) \% Output as function of the inputs.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

pin_name — input voltage on the input pin “pin_name”
t - current time

V(name) - voltage on the component name

I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = max(x1,x2,x3)
F(x) = (in1+in2)*V(R1)

If clock pin does not exist, the model operates in “continuous” mode: the function is calculated
and applied to the output on every calculation step. Please note that input voltages and
variables V, |, P are taken at previous calculation step. This may affect stability of the
schematic with closed loop.

If clock pin exists, the model operates in “synchronized” mode: the function is calculated and
applied to the output only on rising edge of logical clock signal. As a result, “synchronized”
mode provides faster simulation than “continuous” mode.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.

If clock pin exists, F(s) is ignored, and transfer function of the model is zero.

407



EBY NL5 circuit simulator User’s Manual

| Current source |

Pulse Y T |
Step

Sin

PWL
Function
File
Trace
SubCir

Traces
1
I
<
.
—

Models

| Current source I/1_CS_L.nI5
Model Parameter Units Description
| I A Current.

Constant current source. Current = “1”.
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| Current source I/l_CS_Pulse.nl5
Model Parameter Units Description

Pulse 11 A Pulse On current.
0] A Pulse Off current.
Period S Period.
Width S Pulse width.
Slope Slope type: Linear/Cos/Exp
Rise S Pulse rise length.
Fall S Pulse fall length.
Delay S Delay before first pulse starts.

Pulse current source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"), otherwise the error message will be displayed.

0
Celay @ FRize Fall t

Wiclth
Period

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Fize t Rize t | Fize t

Linear Cos (cosine) Exp (exponential)
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| Current source

Model

Step

Parameter Units
11 A

10 A
Slope

Rise

Delay S

Description

Step On current.

Step Off current.

Slope type: Linear/Cos/Exp
Step rise length.

Delay before step starts.

Step current source. Step starts after “Delay” time.

I

Delay | Rize

1

The following slope types are available:

—

Fize t

Linear

Rize t | Rize t

Cos (cosine) Exp (exponential)
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| Current source I/l_CS_Sin.nl5
Model Parameter Units Description
Sin 11 A Current amplitude.
0] A Current baseline.
Period S Period.
Phase deg Phase.
Delay S Delay before sine signal starts.

Sine current source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees at
the moment when signal starts:

N A A\ WA

I Drelay \/ t N1 Deay \/ 1

Petiod Period

Phase =0 Phase = 90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

Petiod changed
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| Current source I/_CS_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear current source. Signal is defined by “pwl” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,10,t1,11,...,tn,In
where all t and | can be numerical values or expressions. If t<t0, signal is 10. If tO<t<t1, signal
value is linearly interpolated between 10 and 11, etc. If t>tn, then signal value is In if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following current will be generated:

See Working with PWL source chapter for more details.

| Current source I/I_CS_Function.nl5
Model Parameter Units Description

Arbitrary function. F(t) defines current as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, current is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, |, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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| Current source I/l_CS_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Current source defined in the text file.“File* parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in the following format:

<if first line does not start with a number, it is ignored>
t0,I0
tl,I1

where all t and | can be numerical values or expressions. If t<t0, signal is vO. If tO<t<t1, signal
value is linearly interpolated between 10 and 11, etc. If t>tn, then signal value is In if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

0 Ul = O
O O who

’
I4
’
I4
’

If “Cycle” = Yes, “Delay” = 0, the following current will be generated:

1 2 3 [ 3 ] 7 & a 10 1 12 13 1 15 15
| Current source I/I_CS_Trace.nl5
Model Parameter Units Description
Trace Trace Trace name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Current source defined by a trace. “Trace” parameter is a name of the trace in the Trace list
(Transient/Data). Only traces loaded from data file, imported from text or binary file,
duplicated, or pasted from clipboard can be used for the current source. If “Cycle” parameter
is set to “Yes”, the signal is repeated continuously. In addition, the whole signal is delayed by
“‘Delay” time.
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| Current source

Model
SubCir

Parameter
File

Pinl
Pin2
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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| Voltage controlled Linear
current source .
Function
.~ PWL .
£ VCo g
= Pulse :
—+ PWM
SubCir
S _+ 1 _ 4+
| Voltage controlled current source
Model Parameter Units Description
Linear K AV Gain

Linear voltage controlled current source. | = K * Vin.
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| Voltage controlled current source I/I_VCCS_Function.nl5
Model Parameter Units Description
Function F(x) A Output as function of the input.
F(s) AC transfer function in s domain.
IC A Initial condition: output current.

Arbitrary function.
Transient analysis. F(x) defines output current as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output current “IC”.
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Voltage controlled current source

Model
PWL

Voltage controlled current source

Model
VCO

Voltage controlled current source

Model

Pulse

Parameter Units

pwil

I/l_VCCS_PWL.nl5

Description
Comma-separated string, K(Vin)

Piece-wise linear voltage controlled current source. Source gain K is defined by “pwl!”
string as a function of input voltage Vin. See Working with PWL model chapter for details.

Parameter Units
11 A

10 A
dFdv Hz/V
Phase deg
Type

I/l_VCCS_VCO.nl5

Description

Current amplitude (Sin), or Pulse On current (Pulse).
Current baseline (Sin), or Pulse Off current (Pulse).
Gain.

Phase.

Signal type: Sin/Square/Triangle/Sawtooth.

Voltage controlled oscillator. Output current is a signal with frequency equal to:

f(Hz) = dFdV * Vin.

For Sine signal, “10” is baseline, and “I1” is amplitude. For Square, Triangle, and Sawtooth
signals, “10” is Off level, “I1” is On level. “Phase” is additional phase of the signal, in degrees.

Parameter Units
Width S
Threshold \%
11 A
10 A

I/l_VCCS_Pulse.nl5

Description

Pulse width.
Voltage threshold.
Pulse On current.
Pulse Off current.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
current pulse of “Width” duration is generated. “I10” is pulse Off level, “I1” is pulse On level.
If increasing Vin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Voltage controlled current source I/I_VCCS_PWM.nl5
Model Parameter Units Description
PWM 11 A Pulse On current.
0] A Pulse Off current.
F Hz Frequency.
Phase deg Phase.
Vmax V Input voltage corresponding to 100% duty.

Voltage controlled Pulse-Width Modulator. Output current is a pulse signal of frequency “F”
shifted by “Phase”. Input voltage Vin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (Vin / Vmax)
or
duty = 100% * (Vin / Vmax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F".

Voltage controlled current source I/I_VCCS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pind Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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| Current controlled
current source

%_

<

| Current controlled current source

Linear K AJIA Gain

Linear current controlled current source. | = K * lin.

Linear
Function
PWL
CCO
Pulse
PWM
SubCir
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| Current controlled current source I/_CCCS_Function.nl5
Model Parameter Units Description
Function F(x) A Output as function of the input.
F(s) AC transfer function in s domain.
IC A Initial condition: output current.

Arbitrary function.
Transient analysis. F(x) defines output current as a function of the following variables:

X —input current lin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(x) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input current x, and variables V, I, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output current “IC”.
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| Current controlled current source I/I_CCCS_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, K(lin)

Piece-wise linear current controlled current source. Source gain K is defined by “pwl”
string as a function of input current lin. See Working with PWLmodel chapter for details.

| Current controlled current source I/_CCCS_CCO.nl5
Model Parameter Units Description
CCO 11 A Current amplitude (Sin), or Pulse On current (Pulse).
10 A Current baseline (Sin), or Pulse Off current (Pulse).
dFdl Hz/A Gain.
Phase deg Phase.
Type Signal type: Sin/Square/Triangle/Sawtooth.

Current controlled oscillator. Output current is a signal with frequency equal to:
f(Hz) = dFdl * lin.

For Sine signal, “10” is baseline, and “I1” is amplitude. For Square, Triangle, and Sawtooth
signals, “10” is Off level, “I1” is On level. “Phase” is additional phase of the signal, in degrees.

| Current controlled current source I/_CCCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
11 A Pulse Off current..
[0] A Phase.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
current pulse of “Width” duration is generated. “10” is pulse Off level, “11” is pulse On level.
If increasing lin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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Current controlled current source I/I_CCCS_PWM.nI5
Model Parameter Units Description
PWM 11 A Pulse On current.
0] A Pulse Off current.
F Hz Frequency.
Phase deg Phase.
Imax A Input current corresponding to 100% duty.

Current controlled Pulse-Width Modulator. Output current is a pulse signal of frequency “F”
shifted by “Phase”. Input current lin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (lin / Imax)
or
duty = 100% * (lin / Imax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F".

Current controlled current source I/I_CCCS_SubCir.nI5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pind Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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L

L

L

Inductor L |
¢ PWL Y l !

Fatatat < Function = )
SubCir

P=Vel

Inductor L/L_Inductor_L.nlI5
Model Parameter Units Description
L L H Inductance
IC A Initial condition: current. Leave blank if IC not defined.

Inductor
Model

PWL

Linear inductor. V = L*dl/dt.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.

L/L_Inductor_PWL.nlI5

Parameter Units Description
pwil Comma-separated string, L(I)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear inductor. “pwl” string defines inductance as a function of current. See
Working with PWL model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.

423



EBY NL5 circuit simulator User’s Manual

L Inductor L/L_Inductor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:

Z(s)=3n*s +0.5 - 3 nH inductor in series with 0.5 Ohm resistor.
Z(s) = (1u*s)||(1.0/10p/s) - 1 mkH inductor in parallel with 10 pF capacitor.

L  Inductor L/L_Inductor_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Views

Voltage controlled

- PWL :
I— inductor 3
Faa'at E L &
S =
_+ 1 P=Vel
B G
_+ 1 _ 0 +_
L Voltage controlled inductor L/L_VCL_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, L(Vin)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear voltage controlled inductor. At any moment, inductor is a linear inductor.
Its inductance L is a function of control voltage:

V = L(Viny*dI/dt.

“pwl” string defines inductance as a function of control voltage Vin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.
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L

Views

VY

Current controlled

inductor PWL

in] v i

Models
Traces

—_— P=Vel

B G
L Current controlled inductor L/L_CCL_PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, L(lin)
IC A Initial condition: current. Leave blank if IC not defined.

Piece-wise linear current controlled inductor. At any moment, inductor is a linear inductor.
Its inductance L is a function of control current:

V = L(lin)*dI/dt.

“pwl” string defines inductance as a function of control current lin. See Working with PWL
model chapter for details.

When calculating DC operating point, if “IC” is defined, inductor is replaced with current source
equal to IC. If “IC” is not defined (blank), inductor is temporarily replaced by short circuit, DC
operating point calculated, and then the current through short circuit is assigned to the
inductor as its initial current.
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Views

L

L

1 2

Coupled inductors

Model

L

Coupled
inductors L
£, z
o
b
1 2
T
1 2
Parameter Units Description
L1 H L1 inductance
L2 H L2 inductance
K Coupling coefficient (-1...1)
IC1 A
IC2 A

Coupled linear inductors.

V1 = L1*dI1/dt + M*d12/dt
V2 = M*dI1/dt + L2*d12/dt

Where M = K*sqgrt(L1*L2) is mutual inductance.

Traces

V1 12 V2

L/L_Coupledinductors_L.nlI5

L1 initial condition: current. Leave blank if IC1 not defined.
L2 initial condition: current. Leave blank if IC2 not defined.

When calculating DC operating point, initial conditions IC1 and IC2 are independently applied
to corresponding inductors L1 and L2, similar to how it is done for the component L (inductor).
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L Custom coupled
inductors L 3 |

SubCir
3| &

This is a customized component. A component can be edited in the Edit Component dialog box. See
Editing customized component chapter for instructions on editing a component.

This component may have:
- height from 2 to 32,

- upto 9 windings (total) on both sides,
- arbitrary length of a winding.

Examples of Custom coupled inductors component:

A3 A
SARNAS
L)

M

U
M

L)
(84

(M
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L Custom coupled inductors L/L_CustomCoupledinductors_L.nI5
Model Parameter Units Description

L L1 H L1 inductance
“en H .
LN H LN inductance
K12 L1-L2 coupling coefficient (-1...1)
K(N-1)N L(N-1)-LN coupling coefficient (-1...1)
IC1 A L1 initial condition: current. Leave blank if IC1 not defined.
“en A .
ICN A LN initial condition: current. Leave blank if ICN not defined.

Custom coupled inductors.

V1 =L1*dI1/dt + M12*dI2/dt + ... + M1N*dIN/dt
V2 = M12*dI1/dt + L2*dI2/dt + ... + M2N*dIN/dt

VN = MIN*dI1/dt + M2N*dI2/dt + ... + LN*dIN/dt
Where Mijj = Kij*sgrt(Li*Lj) is mutual inductance, Mij = Mji.

When calculating DC operating point, initial conditions ICN are independently applied to
corresponding inductors LN, similar to how it is done for the component L (inductor).

If only one winding is defined, a component behaves exactly as a linear inductor L.
Please be aware that coupling coefficients Kij should be properly specified within allowable

range (-1...1) in order to represent a “physically-realizable” system. See NL5 website
(http://nl5.sidelinesoft.com) and other public resources for more details.

If all coupling coefficients are equal to 1 (or -1), using Winding components W with one
magnetizing inductor will give better performance and more stable solution.

L Custom coupled inductors L/L_CustomCoupledinductors_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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O Amplifier

Linear I
OpAmp % B
% Comparator % Vin v
= Function =
PWL <
SubCir
P=Vel
O Amplifier O/O_Amplifier_Linear.nl5
Model Parameter Units Description
Linear K VIV Gain
fl Hz Unit gain frequency.
IC \% Initial condition: output voltage.

Linear amplifier. “K” is open loop gain. Frequency response consists of one pole, “f1” is unit
gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

Win R W

B iyt

o R
[Des] |

Equivalent schematic

K
W = K * Vi N\
f1\

1
+

Win

Static characteristic AC response
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O  Amplifier O/O_Amplifier_OpAmp.nl5
Model Parameter Units Description
OpAmp K VIV Gain
fl Hz Unit gain frequency.
Vhi V Max output voltage.
Vio V Min output voltage.
IC V Initial condition: output voltage.

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is
limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”.

Please note: if both “K” and “f1” are set to infinity, the model may experience convergence
problem. Use Comparator model instead.

hi

~in R ki

B A |

¥

_ —T_C _
[ Do) & ]

Equivalent schematic

Vhi
4= K * in \
Win f1\

Wlo

Static characteristic AC response
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O  Amplifier
Model

Comparator

-

O/O_Amplifier_Comparator.nl5

Parameter Units Description

Hysteresis |V Hysteresis

Vhi \% Max output voltage.

Vio V Min output voltage.

Delay S Output delay.

IC Initial condition: Low/High.

Comparator with hysteresis. Comparator output is set to “Vhi” or “Vlo” using following rules:

Vin > Hysteresis/2 . ... V =Vhi
Vin < - Hysteresis/2 . .: V =Vlo
Otherwise .. ......... V =previous state

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point comparator output is set to “Vlo” or to “Vhi”, according to
selected “IC”.

Y

Whi

Win
io IT'

Hysteresis

Static characteristic
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O  Amplifier

Model

Function

-

O/O_Amplifier_Function.nl5

Parameter Units Description

F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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O  Amplifier
Model

PWL

O  Amplifier
Model

SubCir

Parameter Units

pwil

O/O0_Amplifier_PWL.nI5

Description

Comma-separated string, K(Vin)

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of input
voltage Vin. See Working with PWL model chapter for details.

Parameter Units
File

Pinl

Pin2

Cmd

IC

O/O_Amplifier_SubCir.nI5

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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O Differential _
amplifier Linear |
OpAmp B
— Comparator
+ Function v
_ PWL <
— SubCir
P=Vel
O Differential amplifier O/O_DiffAmp_Linear.nl5
Linear K VIV Gain
fl Hz Unit gain frequency.
IC \% Initial condition: output voltage.

Linear differential amplifier. “K” is open loop gain. Frequency response consists of one pole,
“f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

K

R
'@—| TSt

%in K —L o
_ ” _
* RC= 2T 11 l 47

Equivalent schematic

W= K *Win .,

%in f1\

1
+

Static characteristic AC response
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(@) Differential amplifier

Model

OpAmp

Parameter Units Description

K VIV Gain

fl Hz Unit gain frequency.

Vhi V Max output voltage.

Vio V Min output voltage.

IC V Initial condition: output voltage.

O/O_DiffAmp_OpAmp.nl5

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is

limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is

set to specified output voltage “IC”.

Please note: if both “K” and “f1” are set to infinity, the model may experience convergence

problem. Use Comparator model instead.

R
'@—| TATeTe

vin K

H Al :
Vio

Equivalent schematic

1
+

W K

Whi 1
Yo=K Win

vin fl \

Yo

Static characteristic AC response
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(@) Differential amplifier O/O_DiffAmp_Comparator.nl5
Model Parameter Units Description
Hysteresis |V Hysteresis
Comparator Vhi \% Max output voltage.
Vio V Min output voltage.
Delay S Output delay.
IC Initial condition: Low/High.

Comparator with hysteresis. Comparator output is set to “Vhi” or “Vlo” using following rules:

Vin > Hysteresis/2. . . .: V = Vhi
Vin < - Hysteresis/2. . .: V=Vlo
Otherwise ..........: V =previous state

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point comparator output is set to “Vlo” or to “Vhi”, according to
selected “IC”.

Y

Whi

,1., in

io

Hysteresis

Static characteristic
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(@) Differential amplifier O/O_DiffAmp_Function.nl5
Model Parameter Units Description
Function F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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(@) Differential amplifier O/O_DiffAmp_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Vin)

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of input
voltage Vin. See Working with PWL model chapter for details.

(@) Differential amplifier O/O_DiffAmp_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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c) Summing
amplifier

_|_

O | Summing amplifier

Linear X viv
f1 Hz
IC Vv

Linear
OpAmp
Function
PWL
SubCir

Gain
Unit gain frequency.
Initial condition: output voltage.

O/O_SumAmp_Linear.nl5

Linear summing amplifier. “K” is open loop gain. Frequency response consists of one pole,
“f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”. If “IC” is blank, static characteristic is used.

R W
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in + j_
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Equivalent schematic
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Static characteristic
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O  Summing amplifier

Model Parameter Units
OpAm K VIV
P P f1 Hz
Vhi \Y
Vio V
IC \/

Description

Gain

Unit gain frequency.

Max output voltage.

Min output voltage.

Initial condition: output voltage.

O/O_SumAmp_OpAmp.nl5

Linear amplifier with output limiter. “K” is open loop gain. Frequency response consists of
one pole, “f1” is unit gain frequency. “K” and “f1” can be set to infinity (“inf”). Output voltage is
limiting between “Vlo” and “Vhi”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, amplifier output is
set to specified output voltage “IC”.

W
hi

W= K * (vind+¥in2)

Equivalent schematic

Static characteristic

Wim +4in2 f1\

Yo

AC response
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(@) Summing amplifier O/O_SumAmp_Function.nl5
Model Parameter Units Description
Function F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — voltage Vin1+Vin2

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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(@) Summing amplifier O/O_SumAmp_PWL.nI5
Model Parameter Units Description
PWL pwl Comma-separated string, K(Vin1+Vin2)

Piece-wise linear amplifier. Amplifier gain K is defined by “pwl” string as a function of sum of
input voltages Vinl+Vin2. See Working with PWL model chapter for details.

O  Summing amplifier O/O_SumAmp_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Voltage controlled
@) g PWL |

amplifier [: L

= o Vin 4T Vi
= 8 Ve
s =

P=Vel
g
2 ; ;
> 1 4T B T
O Voltage controlled amplifier O/0_VCA PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Vc)

Piece-wise linear voltage controlled amplifier. At any moment, the amplifier is a linear
amplifier. Its gain K is a function of control voltage:

V = K(Vc)*Vin.

“pwl” string defines gain K as a function of control voltage Vc. See Working with PWL model
chapter for details.
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Current controlled
O PWL |

amplifier E L

vin | = |y

Models
Traces
o

—— <7

P=Vel
g
2 ; ;
>
O Current controlled amplifier O/O_CCA_PWL.nl5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Ic)

Piece-wise linear current controlled amplifier. At any moment, the amplifier is a linear
amplifier. Its gain K is a function of control current:

V = K(Ic)*Vin.

“pwl” string defines gain K as a function of control current Ic. See Working with PWL model
chapter for more details.
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R

—

R Resistor
Model

R

R Resistor
Model

PWL

R Resistor
Model

PWL-I

Resistor A
R
< PWL B \Y ll
=S &
. S PWL-I £ A
Function
SubCir P=Vel
R/R_Resistor_R.nl5
Parameter Units Description
R Ohm Resistance
Linear resistor. V = R*l.
R/R_Resistor_ PWL.nI5
Parameter Units Description
pwil Comma-separated string, R(V)

Piece-wise linear resistor. “pwl” string defines resistance as a function of voltage across the
resitor R(V). See Working with PWL model chapter for details.

R/R_Resistor_PWL-I.nI5

Parameter Units Description
pwl Comma-separated string, R(l)

Piece-wise linear resistor. “pwl” string defines resistance as a function of current through the
resistor R(I). See Working with PWL model chapter for details.
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R Resistor R/R_Resistor_Function.nl5
Model Parameter Units Description
Function Z(s) Ohm Impedance as a function of s parameter.

Impedance function in s domain. For transient, constant impedance Z(0) is used. For
linearized AC analysis, complex impedance Z(s) is used. The following variables can be used
in the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 2zf .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advanced Settings
dialog box.

Example:
Z(s) = 10+3n*s - 10 Ohm resistor in series with 3 nH inductor.
Z(s) = 10]|(1.0/3p/s) - 10 Ohm resistor in parallel with 3 pF capacitor.

R Resistor R/R_Resistor_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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R  Potentiometer

i Potentiometer R*(1-Position)
= £V
l 3 & R*Position
s ~
*

— A

R Potentiometer R/R_Potentiometer_Potentiometer.nl5

Model Parameter | Units | Description
Position Position of the wiper (0...1)

Potentiometer. Position of the wiper is referenced to the terminal with dot:

0 — wiper is connected to the terminal with dot
1 — wiper is connected to another terminal.
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Views

R

Voltage controlled
resistor PWL |

. +
Vin Vll

Models
Traces

__|_ |_ P=Vel

—ANA A
_+ 1 _ N I
R Voltage controlled resistor R/R_VCR_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, R(Vin)

Piece-wise linear voltage controlled resistor. At any moment, resistor is a linear resistor.
Its resistance R is a function of control voltage:

V = R(Vin)*1.

“pwl” string defines resistance as a function of control voltage Vin. See Working with PWL
model chapter for details.
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Current controlled
R resistor PWL ;
V l I

Models
Traces

— P=Vel

2 AN AR
£
R Current controlled resistor R/R_CCR_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, R(lin)

Piece-wise linear current controlled resistor. At any moment, resistor is a linear resistor.
Its resistance R is a function of control current:

V = R(lin)*1.

“pwl” string defines resistance as a function of control current lin. See Working with PWL
model chapter for details.
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S Switch Switch
Pulse Vv i\ l |
et o Step 5.
= List =
File P=Vel
SubCir
S Switch S/S_Switch_Switch.nl5
Model Parameter Units Description
Switch Switch Switch state: Off/On.

Switch. Off — open switch, infinite resistance. On — closed switch, zero resistance.

S Switch S/S_Switch_Pulse.nl5
Model Parameter Units Description
Pulse Period S Period.
Width S Pulse width.
Delay S Delay before first pulse starts.
Active Active switch state: Off/On.

Pulse switch. Switching starts after “Delay” time. Switch is in active state during “Width” time.
The following switching diagram is shown for “Active” = On:

on

Off l.

Delay t

Wyicth
Period
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S Switch S/S_Switch_Step.nl5
Model Parameter Units Description
Step Delay S Delay before active state.
Active Active switch state: Off/On.

Step switch. Switch is in active state after “Delay” time.

The following switching diagram is shown for “Active” = On:

on
ot
Delay t
S Switch V/S_Switch_List.nI5
Model Parameter Units Description
List List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

List switch. Switching sequence is defined in the “List” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,s0,t1,s1,...,tn,sn
s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to s1 state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following switching diagram is shown for “Cycle” = Yes, “Delay” = 0:

on

Off

[ 1 2 3 i 3 [ 7 g a 1] " 12 13 1 15 18

See Working with List model chapter for more details.
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S Switch V/S_Switch_File.nI5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

File switch. Switching sequence is defined in the text file. “File* parameter is a file name, with
full path to the file. If the file is located in the same directory as schematic file, the path can be
omitted. Switching sequence is defined in the csv (“‘comma-separated values”) format, as
follows:

<if first line does not start with a number, it is ignored>
t0, s0
tl,sl

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to sl state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

@0 Ul WO
o O O

’
I4
’
I4
’

The following switching diagram is shown for “Cycle” = Yes, “Delay” = 0:

on
Off
[ 1 2 3 i 3 & T g o 10 " 12 13 14 15 1&
S Switch S/S_Switch_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Logic controlled .
S switch Switch :
Pulse {L\ l
. ¢ Steps 2 — Vil
—F o < SubCir Sl Vin 2

T - P=Vel

S Logic controlled switch S/IS_LCS_Switch.nl5
Model Parameter Units Description
Switch Active Active state: Off/On.
IC Initial condition: Off/On.

Logic controlled switch. Switch is set to active or non-active state using following rules:

Vin > logical threshold . . . : active
Vin < logical threshold . . . : non-active

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state defined in “IC”.

S Logic controlled switch S/S_LCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Active Active state: Off/On.

One-shot pulse generator. When increasing input voltage Vin crosses logical threshold,
switch is set to active state for “Width” time interval. If increasing Vin crosses logical threshold
value while switch is in active state, the pulse is restarted.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.
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S Logic controlled switch

Model

Steps

Parameter Units
Roff Ohm
Ron Ohm
Slope

Ramp S
Steps

IC

Description

Off state resistance.
On state resistance.

Type of resistance change: Linear/Cos/Log.

Resistance ramp time.
Number of resistance steps in the ramp.
Initial condition: Off/On.

S/S_LCS_Steps.nl5

Switch with resistance ramping. When increasing input voltage Vin crosses logical
threshold, switch resistance starts ramping from “Roff” to “Ron”. When decreasing input
voltage Vin crosses logical threshold, switch resistance starts ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps’

parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

| Ramp

Linear

— Roff —— Iy Rofi] — g
Fion Iy Ran L_

t | Ramp t |

Cos

Rarmp t

Log

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then

click Advanced button.

When calculating DC operating point switch is set to the state specified in “IC”.

S Logic controlled switch

Model
SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S Voltage (_:ontrolled Switch |
switch |
Pulse 1. i\ l
. é Steps 3 Vin o A\
_F e  SubCir g It
S N P=Vel
> _+ 1 _ o+
S Voltage controlled switch S/S_VCS_Switch.nl5
Model Parameter Units Description
Switch Threshold Y, Voltage threshold.
Hysteresis |V Hysteresis.
Active Active state: Off/On.
IC Initial condition: Off/On.

Voltage controlled switch. Switch is set to active or non-active state using following rules:

Vin > Threshold + Hysteresis/2. . . : active
Vin < Threshold - Hysteresis/2 .. .: non-active
Otherwise .................... previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “Active” = On:

Hysteresizs

on

Off * +

Threshald %in
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S Voltage controlled switch S/S_VCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold \% Voltage threshold.
Active Active state: Off/On.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
switch is set to active state for “Width” time interval. If increasing Vin crosses “Threshold”
value while switch is in active state, the pulse is restarted.

S Voltage controlled switch S/IS_VCS_Steps.nl5
Model Parameter Units Description
Steps Threshold \% Voltage threshold.

Hysteresis |V Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping. When increasing input voltage Vin crosses “Threshold”
plus “Hysteresis”/2 value, switch resistance starts ramping from “Roff” to “Ron”. When
decreasing input voltage Vin crosses “Threshold” minus “Hysteresis”/2 value, switch
resistance starts ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

Roff] ——  Roif] ——— igRoii| —_—
Fan L_ Fon L__ Iy Ron L__

Ramp i | Famp t | Ratmg t

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S Voltage controlled switch

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S Current controlled Switch
switch witc :
Pulse _ % l
. ¢ Steps 3 "”l o |V
— o © SubCir £ =

—_— P=Vel

2 et e
.;
S Current controlled switch S/S_CCS_Switch.nl5
Model Parameter Units Description
Switch Threshold A Current threshold.

Hysteresis | A Hysteresis.
Active Active state: Off/On.
IC Initial condition: Off/On.

Current controlled switch. Switch is set to active or non-active state using following rules:

lin > Threshold + Hysteresis/2. . . : active
lin < Threshold - Hysteresis/2 . . . : non-active
Otherwise ................... previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “Active” = On:

Hysteresiz

on

}

Threshold 1N

Off 4I
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S Current controlled switch S/S_CCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
Active Active state: Off/On.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
switch is set to active state for “Width” time interval. If increasing lin crosses “Threshold” value
while switch is in active state, the pulse is restarted.

S Current controlled switch S/S_CCS_Steps.nl5
Model Parameter Units Description
Steps Threshold A Current threshold.

Hysteresis | A Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping. When increasing input current lin crosses “Threshold” plus
“Hysteresis”/2 value, switch resistance starts ramping from “Roff” to “Ron”. When decreasing
input current lin crosses “Threshold” minus “Hysteresis”/2 value, switch resistance starts
ramping from “Ron” to “Roff”.

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

Roff] ———  Roif] ——— |gkoif! —_—
Fan L_ Faon L__ Iy R L__

Famp i | Famp t | Ramp t

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “IC”.
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S Current controlled switch

Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S SPDT switch Switch
Pulse
— L Step
= List =
E}/// ot File
SubCir
S SPDT switch S/S_SPDT_Switch_Switch.nl5
Model Parameter Units Description
Switch Switch Switch state: Off/On.
SPDT (single pole, double throw) switch.
Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.
S SPDT switch S/S_SPDT_Switch_Pulse.nl5
Model Parameter Units Description
Pulse Period S Period.
Width S Pulse width.
Delay S Delay before first pulse starts.
Active Active switch state: Off/On.

SPDT (single pole, double throw) pulse switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching starts after “Delay” time. Switch is in active state during “Width” time. The following
switching diagram shows state of “common to dotted pin” path for “Active” = On. “Common to
another pin” always has an opposite state.

on l-
Off
Delay t

Wicth
Petiod
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S SPDT switch S/S_ SPDT_Switch_Step.nl5
Model Parameter Units Description
Step Delay S Delay before active state.
Active S Active switch state: Off/On.

SPDT (single pole, double throw) step switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is in active state after “Delay” time. The following switching diagram shows state of
"common to dotted pin” path for “Active” = On. “Common to another pin” always has an
opposite state.

on

Off

Delay t
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S SPDT switch VI/S_SPDT_Switch_List.nI5
Model Parameter Units Description
List List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

SPDT (single pole, double throw) list switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching sequence is defined in the “List” parameter in the csv (“‘comma-separated values”)
format, as follows:

t0,s0,t1,s1,...,tn,sn

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to sl state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following switching diagram shows state of "common to dotted pin” path for “Cycle” = Yes,
“Delay” = 0. “Common to another pin” always has an opposite state.

on

Off
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S SPDT switch VIS _SPDT_Switch_File.nI5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

SPDT (single pole, double throw) file switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switching sequence is defined in the text file. “File” parameter is a file name, with full path to
the file. If the file is located in the same directory as schematic file, the path can be omitted.
Switching sequence is defined in the csv (“‘comma-separated values”) format, as follows:

<if first line does not start with a number, it is ignored>
t0,s0
tl, sl

s0...sn defines switch state: positive number corresponds to On state, zero or negative
number - Off state. If t<tO, switch is in sO state. At tO switch is set to sO state. At t1 switch is
set to sl state, and so on. At t>tn, switch remains in sn state if “Cycle” parameter is set to
“No”, otherwise states sequence defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

Q0 Ul WO
O O O

I4
’
I4
4
’

The following switching diagram shows state of "common to dotted pin” path for “Cycle” = Yes,
“Delay” = 0. “Common to another pin” always has an opposite state.

on

Off
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Model
SubCir

Parameter
File

Pinl
Pin2
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S SPDT logic controlled switch SIS _SPDT_LCS_Switch.nl5
Model Parameter Units Description
Switch Active Active state: Off/On.
IC Initial condition: Off/On.

Logic controlled switch.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

Vin > logical threshold . . . : active
Vin < logical threshold . . . : non-active

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state defined in “IC”.

467



EBY NL5 circuit simulator User’s Manual

S SPDT logic controlled switch S/S SPDT_LCS Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input voltage Vin crosses logical threshold, switch is set to active state for
“Width” time interval. If increasing Vin crosses logical threshold value while switch is in active
state, the pulse is restarted.

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.
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S SPDT logic controlled switch S/S_SPDT_LCS_Steps.nl5
Model Parameter Units Description

Steps Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping.

When increasing input voltage Vin crosses logical threshold, resistance of “common to pin
with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to another pin” path
starts ramping from “Ron” to “Roff”

When decreasing input voltage Vin crosses logical threshold, resistance of “common to pin
with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to another pin” path
starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

HI:IfflT' — R':'fflf —_— Iy HfolT' [
Fan L_ Faon L__ Iy Ran L__

Ramp i | Ramp t | Ramp t

Linear Cos Log

To see and set logical levels and threshold go to Transient | Settings, or AC | Settings, then
click Advanced button.

When calculating DC operating point switch is set to the state specified in “IC”.
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Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Model
Switch

SPDT voltage

controlled switch

[
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Parameter

Threshold
Hysteresis |V

Active
IC

Units

\Y,

Switch
Pulse
» Steps .,
< SubCir 3
> —
Description

Voltage threshold.
Hysteresis.

Active state: Off/On.
Initial condition: Off/On.

Voltage controlled switch.

S/S_SPDT_VCS_Switch.nl5

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

Vin > Threshold + Hysteresis/2. . . : active
Vin < Threshold - Hysteresis/2 . .. : non-active
Otherwise . ..................: previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “common to pin with dot” path, “Active” = On:
The following switching diagram shows state of "common to dotted pin” path for “Active” = On.

“Common to another pin” always has an opposite state.

on

Qff

}

Hysteresis

}

Threshald

%in
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S SPDT voltage controlled switch S/S_SPDT _VCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold \% Voltage threshold.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input voltage Vin crosses “Threshold” value, switch is set to active state for

“Width” time interval. If increasing Vin crosses “Threshold” value while switch is in active state,
the pulse is restarted.
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S SPDT voltage controlled switch

Model

Steps

Parameter Units
Threshold \%
Hysteresis |V
Roff Ohm
Ron Ohm
Slope

Ramp S
Steps

IC

S/IS_SPDT _VCS_Steps.nl5
Description

Voltage threshold.

Hysteresis.

Off state resistance.

On state resistance.

Type of resistance change: Linear/Cos/Log.
Resistance ramp time.

Number of resistance steps in the ramp.
Initial condition: Off/On.

Switch with resistance ramping.

When increasing input voltage Vin crosses “Threshold” plus “Hysteresis”/2 value, resistance of
“common to pin with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to
another pin” path starts ramping from “Ron” to “Roff”.

When decreasing input voltage Vin crosses “Threshold” minus “Hysteresis”/2 value, resistance
of “common to pin with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to
another pin” path starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

Famp

Roff] ——  Roif] ——— igRoii| —_—
Fan L_ Fon L__ Iy Ron L__

Linear

t | Famp t | Rarmp t

Cos Log

When calculating DC operating point switch is set to the state specified in “|C”.
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Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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S SPDT current controlled switch

Model
Switch

Parameter

Threshold
Hysteresis | A

Active
IC

Units

A

Switch
Pulse
. Steps B
< SubCir g
S =
Description

Current threshold.
Hysteresis.

Active state: Off/On.
Initial condition: Off/On.

Current controlled switch.

S/S_SPDT _CCS_Switch.nl5

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

Switch is set to active or non-active state using following rules:

lin > Threshold + Hysteresis/2. . . : active
lin < Threshold - Hysteresis/2 . . . : non-active
Otherwise .................. . previous state

When calculating DC operating point switch is set to the state defined in “IC”.

The following is switching diagram for “common to pin with dot” path, “Active” = On:
The following switching diagram shows state of "common to dotted pin” path for “Active” = On.

“Common to another pin” always has an opposite state.

on

Off

|

Hysteresiz

}

Threshold

lin
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S SPDT current controlled switch S/S_SPDT _CCS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
Active Active state: Off/On.

One-shot pulse generator.

Off state: “common to pin with dot” - open, “common to another pin” - closed.
On state: “common to pin with dot” - closed, “common to another pin” - open.
Open state has infinite resistance, closed state has zero resistance.

When increasing input current lin crosses “Threshold” value, switch is set to active state for

“Width” time interval. If increasing lin crosses “Threshold” value while switch is in active state,
the pulse is restarted.
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S SPDT current controlled switch S/S_SPDT _CCS_Steps.nl5
Model Parameter Units Description
Steps Threshold A Current threshold.

Hysteresis | A Hysteresis.
Roff Ohm Off state resistance.
Ron Ohm On state resistance.
Slope Type of resistance change: Linear/Cos/Log.
Ramp S Resistance ramp time.
Steps Number of resistance steps in the ramp.
IC Initial condition: Off/On.

Switch with resistance ramping.

When increasing input current lin crosses “Threshold” plus “Hysteresis”/2 value, resistance of
“common to pin with dot” path starts ramping from “Roff” to “Ron”, resistance of “common to
another pin” path starts ramping from “Ron” to “Roff”.

When decreasing input current lin crosses “Threshold” minus “Hysteresis”/2 value, resistance
of “common to pin with dot” path starts ramping from “Ron” to “Roff”, resistance of “common to
another pin” path starts ramping from “Roff” to “Ron”

Resistance is changing during “Ramp” time interval, with number of steps specified by “Steps”
parameter. If “Steps” = 0, resistance is changed instantly.

“Slope” parameter specifies how resistance is changing during he ramp. The following slope
types are available (“Steps” = 6):

Roff] ———  Roif] ——— |gkoif! —_—
Fan L_ Faon L__ Iy R L__

Famp i | Famp t | Ramp t

Linear Cos Log

When calculating DC operating point switch is set to the state specified in “|C”.
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Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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T NPN transistor
Model Parameter Units Description
Linear B A/A Gain (beta)
fl Hz Unit gain frequency.
IC A Initial condition: collector current.

T/T_NPN_Linear.nl5

Linear BJT transistor. Current controlled current source with specified bandwidth. “B” is open
loop gain (beta). Frequency response consists of one pole, “f1” is unit gain frequency. “B” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used.

Equivalent schematic

I=B*Ik

Static characteristic
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T NPN transistor T/T_NPN_Switch.nl5
Model Parameter Units Description
Switch Vbe \% Forward voltage drop of base-emitter diode.
IC Initial condition of base-emitter diode: Off/On.

BJT transistor switch. Current controlled switch with a base-emitter diode. Switch is closed if
diode current is non-zero.

When calculating DC operating point the diode is set to the state specified in “IC”.

C

1.

Equivalent schematic

4]

o —
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T NPN transistor T/T_NPN_Transistor.nl5
Model Parameter Units Description

Transistor B A/A Gain (beta)
fl Hz Unit gain frequency.
Vbe Vv Forward voltage drop of base-emitter diode.
Vsat V Collector-emitter saturation voltage drop.
IC A Initial condition: collector current.
ICbe Initial condition of base-emitter diode: Off/On.
ICbc Initial condition of base-collector diode: Off/On.

BJT transistor. Simplified Ebers-Moll BJT transistor model with saturation. It consists of two
diodes (base-emitter and base-collector), and current source controlled by current through

base-emitter diode with gain “alpha” « = L
1+

If collector-emitter voltage is higher than “Vsat”, base-collector diode is open, transistor is not
saturated, and behaves as “Linear” model (current controlled current source with specified
bandwidth). “B” is open loop gain (beta). Low signal frequency response consists of one pole,
“f1” is unit gain frequency. “B” and “f1” can be set to infinity (“inf”).

If collector voltage drops below “Vsat”, base-collector diode is closed, and transistor is
saturated: collector-emitter voltage is equal to “Vsat”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used. Base-emitter
diode is set to the state specified in “ICbe”, Base-collector diode is set to the state specified in

“ICbc”.
[
B
b ¢
i I=B*lh
s f1\
£
Equivalent schematic Non-saturated static Low signal AC response

characteristic
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Model
SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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T PNP transistor T/T_PNP_Linear.nl5
Model Parameter Units Description
Linear B A/A Gain (beta)
fl Hz Unit gain frequency.
IC A Initial condition: collector current.

Linear BJT transistor. Current controlled current source with specified bandwidth. “B” is open
loop gain (beta). Frequency response consists of one pole, “f1” is unit gain frequency. “B” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used.

B

I=B*Ib “,

B, i1 I f"\

Equivalent schematic Static characteristic AC response
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T PNP transistor T/T_PNP_Switch.nl5
Model Parameter Units Description
Switch Vbe \% Forward voltage drop of base-emitter diode.
IC Initial condition of base-emitter diode: Off/On.

BJT transistor switch. Current controlled switch with a base-emitter diode. Switch is closed if
diode current is non-zero.

When calculating DC operating point the diode is set to the state specified in “IC”.

=

1.

Equivalent schematic

3]

B
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T PNP transistor T/T_PNP_Transistor.nl5
Model Parameter Units Description

Transistor B A/A Gain (beta)
fl Hz Unit gain frequency.
Vbe Vv Forward voltage drop of base-emitter diode.
Vsat V Collector-emitter saturation voltage drop.
IC A Initial condition: collector current.
ICbe Initial condition of base-emitter diode: Off/On.
ICbc Initial condition of base-collector diode: Off/On.

BJT transistor. Simplified Ebers-Moll BJT transistor model with saturation. It consists of two
diodes (base-emitter and base-collector), and current source controlled by current through

base-emitter diode with gain “alpha” « = L
1+

If collector-emitter voltage is negative and less than -“Vsat”, base-collector diode is open,
transistor is not saturated, and behaves as “Linear” model (current controlled current source
with specified bandwidth). “B” is open loop gain (beta). Low signal frequency response
consists of one pole, “f1” is unit gain frequency. “B” and “f1” can be set to infinity (“inf”).

If collector voltage is higher than -“Vsat”, base-collector diode is closed, and transistor is
saturated: collector-emitter voltage is equal to -“Vsat”.

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, collector current
is set to specified output current “IC”. If “IC” is blank, static characteristic is used. Base-emitter
diode is set to the state specified in “ICbe”. Base-collector diode is set to the state specified in
“ICbc”.

B
h T
" I=B*h
s f1\
2
Equivalent schematic Non-saturated static Low signal AC response

characteristic
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SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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T N-FET T/T_NFET_Linear.nl5
Model Parameter Units Description
Linear S AN Slope
fl Hz Unit gain frequency.
IC A Initial condition: drain current.

Linear FET transistor. Voltage controlled current source with specified bandwidth. “S” is
open loop slope. Frequency response consists of one pole, “f1” is unit gain frequency. “S” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, drain current is
set to specified output current “IC”. If “IC” is blank, static characteristic is used.

o 5

. .
@—| I=5%*%ysz

+

_ Wgs f1\

=3

Equivalent schematic Static characteristic AC response

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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T N-FET T/T_NFET_Switch.nI5
Model Parameter Units Description
Switch Vth Y Threshold.
IC Initial condition of the switch: Off/On.

FET switch. Voltage controlled switch. Switch is closed if gate-source voltage exceeds
threshold “Vth”.

When calculating DC operating point switch is set to the state specified in “IC”.

Equivalent schematic

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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T N-FET T/T_NFET_FET.nl5
Model Parameter Units Description
FET S ANV Slope.
Vth \% Threshold.
Rdson Ohm Rdson resistance.
IC Initial condition: Off/R/Plus/Minus

FET transistor. The model has 3 modes of operation.

1.Vgs<=Vth ... ... ... : 1=0 (open)
2.Vgs > Vth, Vds <= (Vgs - Vth)* S*Rdson .. : V =1|*Rdson (resistor)
3.Vgs > Vth, Vds > (Vgs - Vth)*S*Rdson .. : 1 =(Vgs - Vth) *S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs > Vth):

d d
a g
& &

+ +
Rdson i
g ]

Vds <= (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson
Vds >0 Vds <0

When calculating DC operating point, transistor is set to an initial state specified by Initial
Condition parameter “IC” as follows:

Off...: 1=0 (open)

R....: V=I1*Rdson (resistor)

Plus..: Vds >0, |=(Vgs-Vth)*S (“positive” current source)
Minus. : Vds <0, |=(Vgs-Vth)*S (“negative” current source)

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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Model

FET-D

T/T_NFET_FETD.nl5

Parameter Units Description

S ANV Slope.

Vth \% Threshold.

Rdson Ohm Rdson resistance.

vd Vv Body diode forward voltage drop

IC Initial condition: Off/R/Plus/Minus/Diode

FET transistor with body diode. Without the body diode, the model has 3 modes of
operation.

1.Vgs<=Vth ... ... ... . : 1=0 (open)
2.Vgs > Vth, Vds <= (Vgs - Vth)* S*Rdson .. : V =1|*Rdson (resistor)
3.Vgs > Vth, Vds > (Vgs - Vth)*S*Rdson .. : 1 =(Vgs - Vth) *S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs > Vth):

d d
a g
& &

+ +
Rdson i
g ]

Vds <= (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson Vds > (Vgs-Vth)*S*Rdson
Vds >0 Vds <0

Then, the body diode is connected between drain and source. In each mode of operation, the
diode may be open or close, depending on external conditions.

When calculating DC operating point, transistor is set to an initial state specified by Initial
Condition parameter “IC” as follows:

Off...: 1=0 (open)

R....: V=I1*Rdson (resistor)

Plus..: Vds >0, |=(Vgs-Vth)*S (“positive” current source)
Minus. : Vds <0, 1=(Vgs-Vth)*S (“negative” current source)

Diode. : The body diode is conducting.
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Model

SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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T P-FET T/T_PFET_Linear.nl5
Model Parameter Units Description
Linear S AN Slope
fl Hz Unit gain frequency.
IC A Initial condition: drain current.

Linear FET transistor. Voltage controlled current source with specified bandwidth. “S” is
open loop slope. Frequency response consists of one pole, “f1” is unit gain frequency. “S” and
“f1” can be set to infinity (“inf”).

When calculating DC operating point, if “f1” is not infinity and “IC” is defined, drain current is
set to specified output current “IC”. If “IC” is blank, static characteristic is used.

d | 5

q “,
@_l I=5%*%qs

- Vs f1\
.

s
Equivalent schematic Static characteristic AC response

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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T P-FET T/T_PFET_Switch.nl5
Model Parameter Units Description
Switch Vth Y Threshold.
IC Initial condition of the switch: Off/On.

FET switch. Voltage controlled switch. Switch is closed if gate-source voltage is less than
threshold “Vth”.

When calculating DC operating point switch is set to the state specified in “IC”.

Equivalent schematic

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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T P-FET T/T_PFET_FET.nI5
Model Parameter Units Description
FET S ANV Slope.
Vth \% Threshold.
Rdson Ohm Rdson resistance.
IC Initial condition: Off/R/Plus/Minus

FET transistor. The model has 3 modes of operation.

1.Vgs>=Vth: ... .. : 1=0 (open)
2.Vgs < Vth, Vds >=(Vgs - Vth)* S*Rdson .. : V =1|*Rdson (resistor)
3.Vgs < Vth, Vds < (Vgs - Vth)*S*Rdson...: | =(Vgs - Vth) *S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs < Vth):

d d
a a
& o
N Rdson .
5 5
Vds >= (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson
Vds <0 Vds >0

When calculating DC operating point, transistor is set to an initial state specified by Initial
Condition parameter “IC” as follows:

Off ...: 1=0 (open)

R....: V=I*Rdson (resistor)

Plus..: Vds <0, I=(Vgs-Vth)*S (“positive” current source)
Minus .: Vds >0, |=(Vgs-Vth)*S (“negative” current source)

Please note: this model of FET transistor does not have a body diode. If you need a body
diode, you should add it as an external component.
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T

P-FET

Model
FET-D

i

T/T_PFET_FETD.nl5

Parameter Units Description

S ANV Slope.

Vth \% Threshold.

Rdson Ohm Rdson resistance.

vd Vv Body diode forward voltage drop

IC Initial condition: Off/R/Plus/Minus/Diode

FET transistor with body diode. Without the body diode, the model has 3 modes of
operation.

1.Vgs>=Vth: ... .. : 1=0 (open)
2.Vgs < Vth, Vds >=(Vgs - Vth)* S*Rdson .. : V =1|*Rdson (resistor)
3.Vgs < Vth, Vds < (Vgs-Vth)*S*Rdson...: | =(Vgs - Vth) *S (current source)

FET works similar for positive and negative drain-source voltage, current direction changes
accordingly. Equivalent schematics (Vgs < Vth):

d d
a a
& o
N Rdson .
5 5
Vds >= (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson Vds < (Vgs-Vth)*S*Rdson
Vds <0 Vds >0

Then, the body diode is connected between drain and source. In each mode of operation, the
diode may be open or close, depending on external conditions.

When calculating DC operating point, transistor is set to an initial state specified by Initial
Condition parameter “IC” as follows:

Off ...: 1=0 (open)

R....: V=1*Rdson (resistor)

Plus..: Vds <0, |I=(Vgs-Vth)*S (“positive” current source)
Minus .: Vds >0, |=(Vgs-Vth)*S (“negative” current source)

Diode. : The body diode is conducting.
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T P-FET
Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Voltage source v

Pulse
Step

Sin

PWL
Function
File
Trace
SubCir

Models

V  Voltage source
Model Parameter Units Description

V Vv Y, Voltage.

Constant voltage source. Voltage = “V”.
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Vv Voltage source VIV_VS_Pulse.nl5
Model Parameter Units Description

Pulse V1 \% Pulse On voltage.
VO \% Pulse Off voltage.
Period S Period.
Width S Pulse width.
Slope Slope type: Linear/Cos/Exp
Rise S Pulse rise length.
Fall S Pulse fall length.
Delay S Delay before first pulse starts.

Pulse voltage source. Pulses start after “Delay” time. “Rise” time is included into “Width”,
“Fall” time is not included into “Width”. Almost every parameter can be set to zero and infinity
(“inf"), otherwise the error message will be displayed.

wio
Celay @ FRize Fall t

Wiclth
Period

Slope type applies both to pulse rise and fall. The following slope types are available:

—

Fize t Fize t | Rize t

Linear Cos (cosine) Exp (exponential)
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\Y

Voltage source

Model

Step

Parameter

V1
VO
Slo
Ris
Del

pe
e

ay

Units
\Y

\
S
S
S

Description

Step On voltage.
Step Off voltage.

Slope type: Linear/Cos/Exp

Step rise length.

Delay before step starts.

Step voltage source. Step starts after “Delay” time.

w1

W0

_/

Delay | Rize

1

The following slope types are available:

—

Rize

Linear

Rize t

Cos (cosine)
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V | Voltage source

Model
Sin

V/V_VS_Sin.nl5
Parameter Units Description
V1 \% Voltage amplitude.
VO \% Voltage baseline.
Period S Period.
Phase deg Phase.
Delay S Delay before sine signal starts.

Sine voltage source. Sine signal starts after “Delay” time. “Phase” is sine phase in degrees

at the moment when signal starts:

W1 w1
W0 %0

Period

Phase =0

) WA\

Doy \\_{f 1

Period

Phase =90

If transient is paused, sine period changed, then transient is continued, the phase of the signal
remains continuous, providing smooth sine signal of variable frequency:

Period changed
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V  Voltage source VIV_VS_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Piece-wise linear voltage source. Signal is defined by “pwl” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,Vv0,t1,V1,...,tn,Vn
where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:
pwl = 0,0,1,2,4,3,5,0,8,0

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

See Working with PWL source chapter for more details.

V  Voltage source V/V_VS_Function.nl5
Model Parameter Units Description

Arbitrary function. F(t) defines voltage as a function of the following variables:

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(t) is blank, voltage is zero.
Example:

F(t) = sin(t) * (1+cos(t*.01))

F(t) = V(R1) * I(R1)

Please note that V, |, and P variables are taken at previous calculation step. This may affect
stability of the schematic with closed loop.
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V  Voltage source VIV_VS File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined in the text file. “File” parameter is a file name, with full path to the
file. If the file is located in the same directory as schematic file, the path can be omitted. Signal
is defined in following format:

<if first line does not start with a number, it is ignored>
t0, Vo0
tl,Vv1

where all t and V can be numerical values or expressions. If t<t0, signal is VO. If tO<t<t1, signal
value is linearly interpolated between VO and V1, etc. If t>tn, then signal value is Vn if “Cycle”
parameter is set to “No”, otherwise signal defined in t0...tn interval is repeated continuously. In
addition, the whole signal is delayed by “Delay” time.

Example:

0 Ul = O
O O who

’
I4
’
I4
’

If “Cycle” = Yes, “Delay” = 0, the following voltage will be generated:

1 2 3 [ 3 ] 7 & a 10 1 12 13 1 15 15
Vv Voltage source VIV_VS_Trace.nl5
Model Parameter Units Description
Trace Trace Trace name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Voltage source defined by a trace. “Trace” parameter is a name of the trace in the Trace list
(Transient/Data). Only traces loaded from data file, imported from text or binary file,
duplicated, or pasted from clipboard can be used for the voltage source. If “Cycle” parameter
is set to “Yes”, the signal is repeated continuously. In addition, the whole signal is delayed by
“‘Delay” time.
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V  Voltage source

Model
SubCir

Parameter
File

Pinl
Pin2
Cmd

IC

Units

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Voltage controlled

voltage source L'”eaf | ;
Function _ "
. PWL . Vin _ \VARN
£ vCo S !
'_
= Pulse
4 PWM P=Vel
SubCir
2 A AR
S
Vv Voltage controlled voltage source VIV_VCVS_Linear.nl5
Model Parameter Units Description
Linear K VIV Gain

Linear voltage controlled voltage source. V = K * Vin.
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V Voltage controlled voltage source VI/V_VCVS_Function.nl5
Model Parameter Units Description
Function F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input voltage Vin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input voltage x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advenced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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Voltage controlled voltage source VIV_VCVS_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, K(Vin)
Piece-wise linear voltage controlled voltage source. Source gain K is defined by “pw!”
string as a function of input voltage Vin. See Working with PWL model chapter for details.
Voltage controlled voltage source VIV_VCVS_VCO.nl5
Model Parameter Units Description
VCO V1 \% Voltage amplitude (Sin), or Pulse On voltage (Pulse).
VO \% Voltage baseline (Sin), or Pulse Off voltage (Pulse).
dFdVv Hz/V Gain.
Phase deg Phase.
Type Signal type: Sin/Square/Triangle/Sawtooth.
Voltage controlled oscillator. Output voltage is a signal with frequency equal to:
f(Hz) = dFdV * Vin.
For Sine signal, “V0” is baseline, and “V1” is amplitude. For Square, Triangle, and Sawtooth
signals, “V0” is Off level, “V1” is On level. “Phase” is additional phase of the signal, in degrees.
Voltage controlled voltage source VIV_VCVS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold V Voltage threshold.
Vi V Pulse On voltage.
VO V Pulse Off voltage.

One-shot pulse generator. When increasing input voltage Vin crosses “Threshold” value,
voltage pulse of “Width” duration is generated. “V0” is pulse Off level, “V1” is pulse On level.
If increasing Vin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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V Voltage controlled voltage source I/_VCVS_PWM.nl5
Model Parameter Units Description
PWM V1 \% Pulse On voltage.
VO \% Pulse Off voltage.
F Hz Frequency.
Phase deg Phase.
Vmax V Input voltage corresponding to 100% duty.

Voltage controlled Pulse-Width Modulator. Output voltage is a pulse signal of frequency “F”
shifted by “Phase”. Input voltage Vin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (Vin / Vmax)
or
duty = 100% * (Vin / Vmax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F".

Vv Voltage controlled voltage source V/V_VCVS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pind Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Current controlled

voltage source L'”eaf :
Function T
PWL l Vol
CCO
Pulse
P=Vel
= PWM
SubCir
e e
N N
Vv Current controlled voltage source VIV_CCVS_Linear.nl5
Linear K VIA Gain

Linear current controlled voltage source. V = K * lin.
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V Current controlled voltage source V/V_CCVS_Function.nl5
Model Parameter Units Description
Function F(x) \% Output as function of the input.
F(s) AC transfer function in s domain.
IC V Initial condition: output voltage.

Arbitrary function.
Transient analysis. F(x) defines output voltage as a function of the following variables:

X — input current lin

t - current time

V(name) - voltage on the component name
I(name) - current through the component name
P(name) — power on the component name

where name is the name of any component in the schematic. If F(x) is blank, output is zero.
F(s) is ignored.

Example:
F(X) = x*x
F(x) = x * sin(t)
F(x) = P(r1)+P(r2)

Please note that input current x, and variables V, |, and P are taken at previous calculation
step. This may affect stability of the schematic with closed loop.

AC analysis. F(s) defines transfer function in s domain. Only operators and functions that
support complex numbers can be used in this function. The following variables can be used in
the function:

f — current AC frequency, Hz

w — angular AC frequency, w = 27f .

s or p — Laplace parameter, s = p = j*2zf.

z — Z-transform parameter, is defined by custom formula in the Advenced Settings
dialog box.

Example:
F(s) = 1/(1+s)
F(s) = exp(-1mk*s)

F(s) is calculated at each frequency. If F(s) is blank, it is assumed to be 1. Also, if F(x) is not
blank, it is linearized at DC operating point, and F(s) is multiplied by linearized gain.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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Current controlled voltage source VI/V_CCVS_PWL.nI5
Model Parameter Units Description
PWL pwil Comma-separated string, K(lin)
Piece-wise linear current controlled voltage source. Source gain K is defined by “pw!”
string as a function of input current lin. See Working with PWL model chapter for details.
Current controlled voltage source V/V_CCVS_CCO.nl5
Model Parameter Units Description
CCO V1 \% Voltage amplitude (Sin), or Pulse On voltage (Pulse).
VO \% Voltage baseline (Sin), or Pulse Off voltage (Pulse).
dFdl Hz/A Gain.
Phase deg Phase.
Type Signal type: Sin/Square/Triangle/Sawtooth.
Current controlled oscillator. Output voltage is a signal with frequency equal to:
f(Hz) = dFdl * lin.
For Sine signal, “V0” is baseline, and “V1” is amplitude. For Square, Triangle, and Sawtooth
signals, “V0” is Off level, “V1” is On level. “Phase” is additional phase of the signal, in degrees.
Current controlled voltage source VI/V_CCVS_Pulse.nl5
Model Parameter Units Description
Pulse Width S Pulse width.
Threshold A Current threshold.
Vi V Pulse On voltage.
VO V Pulse Off voltage.

One-shot pulse generator. When increasing input current lin crosses “Threshold” value,
voltage pulse of “Width” duration is generated. “V0” is pulse Off level, “V1” is pulse On level.
If increasing lin crosses “Threshold” value while pulse is generated, the pulse is restarted.
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V Current controlled voltage source I/I_CCVS_PWM.nl5
Model Parameter Units Description
PWM V1 \% Pulse On voltage.
VO \% Pulse Off voltage.
F Hz Frequency.
Phase deg Phase.
Imax A Input current corresponding to 100% duty.

Current controlled Pulse-Width Modulator. Output voltage is a pulse signal of frequency “F”
shifted by “Phase”. Input current lin is sampled at the beginning of each cycle of the signal,
and width of the output pulse during this cycle is calculated according to the equation:

width = 1/F * (lin / Imax)
or
duty = 100% * (lin / Imax);

If the width is equal or less than zero, a short “On” pulse with the width equal to the minimum
calculation step at that moment will be generated. If the width is equal or greater than period
of frequency “F”, a short “Off” pulse at the end of the period will be generated. Due to that, the
frequency of the output signal is always “F".

Vv Current controlled voltage source V/V_CCVS_SubCir.nl5
Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1

Pin2 Name of subcircuit label connected to pin 2

Pin3 Name of subcircuit label connected to pin 3

Pind Name of subcircuit label connected to pin 4

Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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V Voltmeter Voltmeter 5
+ g v
> [

V  Voltmeter V/V_Voltmeter_Voltmeter.nl5

Model No parameters

Voltmeter Voltmeter. | = 0 (open circuit).
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W Winding Winding |
L : Cov 3]
= = .

SV

W/W_Winding_Winding.nl5

W  Winding
Model Parameter Units Description
Winding n turns Number of turns.

Winding. The Winding is actually an ideal transformer, with 1 turn second winding, one end of
each is grounded, and another end is shown as a “core” pin of the winding:

n|_@=n|g@

Equivalent schematic

To make an ideal transformer, connect cores of two or more windings by wire. Core
magnetizing can be modeled by setting linear or non-linear inductor from core to ground:

» e
i e W

Ideal transformers Transformer with
magnetizing inductor
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W Transformer Transformer
SubCir
° 8
8 8
i 2 = ~
* *
>
W | Transformer W/W_Transformer_Transformer.nl5
Model Parameter | Units Description
Transformer nl turns Number of turns in the first winding.
n2 turns Number of turns in the second winding.

Ideal transformer with 2 windings. Coupling coefficient = 1.

W | Transformer

Model Parameter Units Description
SubCir File File name of subcircuit schematic.

Pinl Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Pin3 Name of subcircuit label connected to pin 3
Pind Name of subcircuit label connected to pin 4
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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W transformer

e

Views

g e

W Differential transformer

Model

Transformer

Parameter | Units

nl turns
n2 turns

Transformer
SubCir
° 8
3 &
p= =
W/W_DifTransformer_Transformer.nl5
Description

Number of turns in the first winding.
Number of turns in the second and the third winding.

Ideal differential transformer with 3 windings. Coupling coefficient = 1. Second and third
windings have the same number of turns “n2”, and connected to form a differential

transformer.

W Differential transformer

Model

SubCir

Parameter Units
File

Pinl

Pin2

Pin3

Pin4

Pin5

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Name of subcircuit label connected to pin 5
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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Custom
W transformer

3]&

This is a customized component. A component can be edited in the Edit Component dialog box. See
Editing customized component chapter for instructions on editing a component.

Transformer
SubCir

This component may have:
- height from 2 to 32,

- upto 9 windings (total) on both sides,
- arbitrary length of a winding.

Examples of Custom transformer component:

YRty

SANNAS
I,

MMM

vy,
M

L)
0

(M
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w Custom transformer W/MW_CustomTransformer_Transformer.nl5
Model Parameter | Units Description
Transformer nl turns Number of turns in the first winding.
nN turns Number of turns in the N™ winding.

Ideal transformer with N windings. Coupling coefficient = 1.

W  Custom transformer

Model Parameter Units Description
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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W Wattmeter Wattmeter RN
+
+ z g ‘
S = v
P=VelI

W  Wattmeter W/W_Wattmeter_Wattmeter.nl5

Model No parameters

Wattmeter Wattmeter. Short circuit between current ports, open circuit between voltage ports. Can
be used to measure power in grounded or non-grounded load.
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X

X  Delay
Model

Delay

X  Delay
Model

SubCir

Delay Delay |
SubCir ::

% “g Vin \Vj
S =
P=Vel
X/IX_Delay_Delay.nl5
Parameter Units Description
t0 S Delay.
IC \% Initial condition: output voltage.

Delay. Output voltage is equal to input voltage, delayed by delay time “t0”:
V(t)=Vin(t-t0), wheretis currenttime.

When calculating DC operating point, output is set to specified output voltage “IC”, or, if “IC” is
blank, to input voltage. Then output voltage is not changing until delay time “t0”.

The model allocates memory for storing delayed data only when needed, and frees it
immediately when possible. At transient start, an approximate amount of needed memory is
estimated based on calculation step, and, if it exceeds a limit specified in preferences
(Transient page), the warning message is displayed.

Parameter Units Description

File File name of subcircuit schematic.

Pin1 Name of subcircuit label connected to pin 1
Pin2 Name of subcircuit label connected to pin 2
Cmd Subcircuit start-up command string

IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X Transmission line .
Line

Lossy vin

Iinl ?:El lout| Vout

Models
Traces
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X Transmission line XI/X_Line_Line.nl5
Model Parameter Units Description
Line t0 S Delay.
z0 Ohm Characteristic impedance.
VIC V Initial condition: voltage.
Ic A Initial condition: current.

Lossless transmission line. The voltage and current in the line are represented as a
superposition of forward and reflected waves, with V/I ratio in each wave equal to line
characteristic impedance “z0”. V and | values of each wave are calculated based on boundary
(input and output) conditions. The line functionality can also be described by the following
equations:

Vin(t) =z0*(lin(t)—lout(t—t0))
Vout(t)=2z0*(lout(t)—lin(t—t0))

where t is current time.

Input and output are galvanically isolated: no current is flowing between input and output, and
any voltage difference between input and output may exist.

When calculating DC operating point initial forward and reflected voltage and current are
calculated based on the following conditions:

if “VIC” and “lIC” are blank .. ... .....:Vin=Vout, lin = -lout.

if “VIC” is specified and “lIC” is blank . . : Vin = Vout = “VIC”.

if “VIC” is blank and “lIC” is specified . . : lin = “lIC”, lout = -“[IC”.

if “VIC” and “lIC” are specified . . .....: Vin =Vout = “VIC”, lin =“lIC”, lout = -“lIC".

The model allocates memory for storing forward and reflected wave data only when needed,
and frees it immediately when possible. At transient start, an approximate amount of needed
memory is estimated based on calculation step, and, if it exceeds a limit specified in
preferences (Transient page), the warning message is displayed.

If real line characteristics are given in line capacitance and inductance per length, the
following equations can be used to derive “t0” and “z0” parameters:

t0 = sqrt(L*C) * D
z0 = sqrt(L/C)

where:
C - line capacitance per length, F/m
L — line inductance per length, H/m
D - line length, m
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X Transmission line XI/X_Line_Lossy.nl5
Model Parameter | Units Description
Lossy t0 s Delay.
z0 Ohm Characteristic impedance.
R Ohm/ns Series resistance per ns.
fr MHz Skin losses cutoff (3 dB) frequency.
G 1/0Ohm/ns Shunt conductance per ns.
fG MHz Dielectric losses cutoff (3 dB) frequency.
VIC \Y Initial condition: voltage.
Ic A Initial condition: current.

Lossy transmission line. Lossy line modeling is similar to lossless transmission line, with
addition of losses due to series resistance, skin effect, shunt conductance, and dielectric
losses.

Constant series resistance is defined by “r” parameter. Skin losses are modeled by a number
of RL chains, providing series impedance increase as a square root of frequency. The number
of chains is automatically optimized based on calculation step value; however, the maximum
impedance increase due to skin effect is limited to 40 dB (100 times). “fr” parameter defines a
frequency where effective series impedance is approximately 3 dB higher than “r’. Skin losses
are calculated only if “r” > 0 and “fr is not infinite.

Constant shunt conductance is defined by “G” parameter. Dielectric losses are modeled by a
shunt capacitance, providing shunt admittance increase proportional to frequency. “fG”
parameter defines a frequency where effective shunt admittance is approximately 3 dB higher
than “G”. Dielectric losses are calculated only if “G” > 0 and “fG is not infinite.

Input and output are galvanically isolated: no current is flowing between input and output, and
any voltage difference between input and output may exist.

When calculating DC operating point initial forward and reflected voltage and current are
calculated based on the following conditions:

if “VIC” and “lIC” are blank . . ... .....:Vin =Vout, lin = -lout.

if “VIC” is specified and “lIC” is blank . . : Vin = Vout = “VIC”.

if “VIC” is blank and “lIC” is specified . . : lin = “lIC”, lout = -“lIC”.

if “VIC” and “IIC” are specified . . . . ... :Vin =Vout = “VIC”, lin = “lIC”, lout = -“[IC”.

The model allocates all the required memory immediately at transient start. The amount of
memory is proportional to line delay and inverse proportional to calculation step. If the memory
required exceeds a limit specified in preferences (Transient page), the warning message is
displayed.

If real line characteristics are given in line capacitance and inductance per length, the
following equations can be used to derive “t0” and “z0” parameters:

t0 = sqrt(L*C) * D
z0 = sqrt(L/C)

where:
C - line capacitance per length, F/m
L — line inductance per length, H/m
D — line length, m

522



EBY NL5 circuit simulator User’s Manual

X

Views

Sample/Hold SH

|
SubCir {} —
Vin

<

Models
Traces

P=Vel

Views are used to specify type and polarity of control

e o & &

|

X Sample/Hold X/X_SampleHold_SH.nl5
Model Parameter Units Description
SH IC \% Initial condition: output voltage.

Sample/hold, track/hold. Depending on view, the model is functioning as a sample/hold, or
as a track/hold. In sample/hold mode, input voltage is sampled at rising or falling edge of a
logical clock signal. In track/hold mode, output voltage tracks input voltage while clock signal
is above the logical threshold, and holds it while clock signal is below the logical threshold
(clock signal can be inverted).

To see and set logical threshold go to Transient | Settings, or AC | Settings then click
Advanced button.

A waveforms example for different modes:

When calculating DC operating point output is set to specified output voltage “IC”.
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Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X Directional | Vr
coupler Coupler | | )
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| P=Vel
X Directional coupler X/X_DirCoupler_Coupler.nl5

Model Parameter Units Description
Coupler z0 Ohm Characteristic impedance
CF dB Coupling factor

Directional coupler is a short circuit (no insertion loss) with two output ports: forward (Vf) and
reflected (Vr). Output ports are voltage sources with zero output impedance and coupling
factor CF. The output voltages are calculated as follows:

VE= K * (V + ¥20) / 2
V=K * (V= 1*¥20) / 2

where K = 10°°7%°,

All voltages are referenced to ground.
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X Block-2
Model Parameter
SubCir  File
Pin1
Pin2
Cmd
IC

Units

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X

Views

Block-3

X Block-3
Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Cmd

IC

SubCir

Models
Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

527

X/X_Block-3_SubCir.nl5



EBY NL5 circuit simulator

User’'s Manual

X

Views

Block-4

X Block-4
Model

SubCir

Parameter Units
File

Pin1

Pin2

Pin3

Pin4

Cmd

IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X Block-6

Views

X Block-6

Model Parameter Units

SubCir  File
Pinl

Pin2
Pin3
Pin4
Pin5
Pin6
Cmd
IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Name of subcircuit label connected to pin 5
Name of subcircuit label connected to pin 6
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X

Views

Block-8

X Block-8
Model

SubCir

Parameter Units
File
Pin1
Pin2
Pin3
Pin4
Pin5
Pin6
Pin7
Pin8
Cmd
IC

Models

SubCir

Traces

Description

File name of subcircuit schematic.

Name of subcircuit label connected to pin 1
Name of subcircuit label connected to pin 2
Name of subcircuit label connected to pin 3
Name of subcircuit label connected to pin 4
Name of subcircuit label connected to pin 5
Name of subcircuit label connected to pin 6
Name of subcircuit label connected to pin 7
Name of subcircuit label connected to pin 8
Subcircuit start-up command string
Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.

530

X/X_Block-8_ SubCir.nl5



EBY NL5 circuit simulator User’s Manual

X Custom block

0 % 0

SubCir

TTY
i

DéD

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 32(height),
- upto 32 pins on each side

Examples of Custom block component:

DL —7] 1 =

X Custom block XIX_CustomBlock_SubCir.nl5
SubCir File File name of subcircuit schematic.
Pinl Name of subcircuit label connected to pin 1
PinN Name of subcircuit label connected to pin N
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. See Working with Subcircuits chapter for details.
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X NL5 circuit

SubCir

B inl
B inZ
B in3

ot —E
oit? —Ed

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 256(height),
- upto 256 inputs on the left side,
- up to 256 outputs on the right side,

Examples of NL5 circuit component:

—#1 yl—
—Hd w2
— 3 I

X NL5 circuit

SubCir

—inl phazel —

—inz oLt — —5in phasez —

—in3 phases —

i

XIX_NL5_circuit_SubCir.nl5

File File name of subcircuit schematic.
Cmd Subcircuit start-up command string
IC Subcircuit Initial conditions string

Subcircuit. This model is the same as a standard SubCir model, with just one difference:
instead of parameters, subcircuit names are entered in the Edit Component dialog as a
component pin names. See Working with Subcircuits chapter for details on subcircuit
operation.
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B3 inl
B3 inZ
B3 in3

okl

ot

[

5 o

clock

-
-

File

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing

customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 256(height),

- upto 256 inputs on the left side,
- up to 256 outputs on the right side,

- one or no clock pins on the bottom side.
- custom or default input and output names.

Examples of C-code component:

—xl w1l
— 2 W
—®3 w3

Nl
inz
in3
irn<

out

phasel
sin phasez

phase3
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X

X

C-code

Model

C-code

Model
File

X/X_Code_C_Ex1.nl5
X/X_Code_C_Ex2.nl5
XIX_Code_C_Ex3.nl5

Parameter Units Description
Code C-code.
IC Initial conditions.

C-code block. The model contains code written in simplified C language. The code will be
interpreted by NL5 during transient simulation.

“Code” contains global variables declaration, initialization code, and main code.

“IC” may contain the code assigning initial values to global variables. If not empty, “IC” code
will be executed after initialization code.

See Working with C-code chapter for details of the model functionality and instructions on
creating the code.

XIX_Code_File.nl5

Parameter Units Description
File C-code file name
IC Initial conditions.

File. The model executes C-code from the text file. The code will be interpreted by NL5 during
transient simulation.

“File” is a name of the file with the code.

“IC” may contain the code assigning initial values to global variables. If not empty, “IC” code
will be executed after initialization code.

See Working with C-code chapter for details of the model functionality and instructions on
creating the code.
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X DLL DLL
Project

B inl  outl

I inZ2  out2

B3 in3 ]
O g O

clock

This is a customized component. A component can be edited in the Edit Component dialog box
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 256(height),
- upto 256 inputs on the left side,
- up to 256 outputs on the right side,
- one or no clock pins on the bottom side.
- custom or default input and output names.

Examples of DLL component:

—xl wyl— —inl phasel —
—¥2 yE— —inz out— —5in phasez —
—%3 y3I— —in3 phase3 —
—in i
I.I.'l.
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X DLL

Model
DLL

X/X_Code_DLL_Ex1.nl5
X/X_Code_DLL_Ex2.nl5
X/X_Code_DLL_Ex3.nl5

Parameter Units Description

DLL DLL file name

Init Initialization function name.
Main Main function name.

IC Initial conditions.

DLL block. Component’s code is written in C, compiled, and placed in the DLL file. DLL
functions will be called by NL5 during transient simulation.

“DLL” parameter is a DLL file name, with full path to the file. If the file is located in the same
directory as schematic file, the path can be omitted. File extension “dII” can be omitted.

“Init” is the name of initialization function. Initialization function is executed once at the
beginning of simulation at t=0. Initialization function is optional. Leave “Init” parameter blank if
initialization function is not used.

“Main” is the name of main function. If clock pin does not exist, the function is executed on
every calculation step. If clock pin exists, the function is executed only on rising edge of
logical clock signal.

“IC” may contain the code assigning initial values to outputs and component variables. If not
empty, “IC” code will be executed after initialization function.

See Working with DLL chapter for details of the model functionality and instructions on
creating code and DLL.
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X DLL
Model

Project

Parameter Units Description

DLL DLL file name

IC Initial conditions.

ICS Initial conditions for static variables.

DLL Project. NL5 provides a DLL Project tool to automatically create a DLL in NL5-specific
format. C-code can be edited in NL5, then compiled by external compiler (Microsoft Visual
C++, or other compiler of user’s choice), and resulting DLL will be available for simulation
immediately.

“DLL” parameter is a DLL file name, with full path to the file. If the file is located in the same
directory as schematic file, the path can be omitted. File extension “dIlI” can be omitted.

“IC” may contain the code assigning initial values to outputs and component variables. If not
empty, “IC” code will be executed after initialization function.

“ICS” may contain a binary data with initial values of DLL static variables. If not empty, “ICS”
data will be sent to DLL after initialization function.

See Working with DLL project chapter for details on DLL Project operation.
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Views

Y

Y

Logic-1
Model

Logic

Logic-1
Model

Delay

Logic-1 :
9 Logic
., Delay .
< Delay2 g
= == Vv
Views are used to specify inverted or non-inverted output.
Y/Y_Logic-1_Logic.nl5
Parameter Units Description
IC Initial condition: Low/High.

Logical component with one input. Output type (inverted or non-inverted) depends on
selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

Y/Y_Logic-1_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with one input and delay. Output type (inverted or non-inverted)
depends on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y Logic-1 Y/Y_Logic-1_Delay2.nl5
Model Parameter Units Description
Delay2 Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

Logical component with one input and different delays for rising and falling edges.
Output type (inverted or non-inverted) depends on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Up” time for rising edge, and “Down” time for falling edge. Input
pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Views are used to specify logical function and
inverted or non-inverted output.
Y/Y_Logic-2_Logic.nl5
Parameter Units Description
IC Initial condition: Low/High.

Logical component with two inputs. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

Y/Y_Logic-2_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with two inputs and delay. Logic function (AND, OR, XOR) and output
type (inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y  Logic-2
Model

Delay2

Y/Y_Logic-2_Delay2.nl5

Parameter Units Description

Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

Logical component with two inputs and different delays for rising and falling edges.
Logic function (AND, OR, XOR) and output type (inverted or non-inverted) depend on selected
view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Up” time for rising edge, and “Down” time for falling edge. Input
pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Views are used to specify logical function and
2 inverted or non-inverted output.
£
Y | Logic-3 Y/Y_Logic-3_Logic.nl5
Model Parameter Units Description
Logic IC Initial condition: Low/High.

Logical component with three inputs. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y  Logic-3
Model

Delay

Y  Logic-3
Model

Delay2

Y/Y_Logic-3_Delay.nl5

Parameter Units Description
Delay S Output delay.
IC Initial condition: Low/High.

Logical component with three inputs and delay. Logic function (AND, OR, XOR) and
output type (inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.

Y/Y_Logic-3_Delay2.nl5

Parameter Units Description

Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

Logical component with three inputs and different delays for rising and falling edges.
Logic function (AND, OR, XOR) and output type (inverted or non-inverted) depend on selected
view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Up” time for rising edge, and “Down” time for falling edge. Input
pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y

Views

Custom logic

Logic
Delay
Delay2

Models
Traces

Views are used to specify logical function and
inverted or non-inverted output.

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:

arbitrary size up to 32(width) X 32(height),
up to 32 inputs on the left side,
one output on the right side.

Y Custom logic Y/Y_CustomLogic_Logic.nl5
Model Parameter Units Description
Logic IC Initial condition: Low/High.

Custom logical component. Logic function (AND, OR, XOR) and output type (inverted or
non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y Custom logic Y/Y_CustomLogic_Delay.nl5
Model Parameter Units Description
Delay Delay S Output delay.
IC Initial condition: Low/High.

Custom logical component with delay. Logic function (AND, OR, XOR) and output type
(inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Delay” time. Input pulses shorter than “Delay” will not pass through
and will not affect output.

When calculating DC operating point output is set to specified level “IC”.

Y Custom logic Y/Y_CustomLogic_Delay2.nl5
Model Parameter Units Description
Delay2 Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

Custom logical component with different delays for rising and falling edges. Logic
function (AND, OR, XOR) and output type (inverted or non-inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

The output is delayed by “Up” time for rising edge, and “Down” time for falling edge. Input
pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y  Logical function Function
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K-{b2 FX
(3 b3 L]
% [
clock

This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 8(height),
- upto 8 inputs on the left side,
- one output on the right side,
- one or no clock pins on the bottom side.
- custom input and output names.

Examples of Logical function component:

Fr— —jinput —b1
—b2 F

— b3
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Y Logical function Y/Y_LogicalFunction_Function.nl5
Model Parameter Units Description
Function F(b) Vv Output as function of the logical inputs.
IC V Initial condition: Low/High.

Arbitrary logical function.

Transient analysis. F(b) defines output voltage as a function of the following variables:

pin_name — logical value of the input voltage on the input pin “pin_name”
t - current time

First, input voltages are converted to logical values, then the function is calculated. A logical
result of the function is converted to the output voltage, which may have only Low or High
logical level.

Example:
F(b) = (b1 && b2) || b2
F(b) = selector ? inl : in2

If clock pin does not exist, the model operates in “continuous” mode: the function is calculated
and applied to the output on every calculation step.

If clock pin exists, the model operates in “synchronized” mode: the function is calculated and
applied to the output only on rising edge of logical clock signal. As a result, “synchronized”
mode may provide faster simulation than “continuous” mode.

AC analysis. Output is set to a specified output voltage “IC”. If clock pin exists, a transfer
function of the model is zero.

When calculating DC operating point for transient or AC analysis, output is set to specified
output voltage “IC”.
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Y Bus Linear B
Function 2
—1 busf—
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This is a customized component. A component can be edited in the Edit Component dialog box. See Editing
customized component chapter for instructions on editing a component.

This component may have:
- arbitrary size up to 32(width) X 32(height),
- upto 32 inputs on the left side,
- one output on the right side.

Y  Bus Y/Y_Bus_Linear.nl5
Model Parameter Units Description
Linear Format Bus format: Signed/Unsigned

Digital-to-bus converter. Converts logical inputs to a bus signal, considering logical inputs as
bits of binary number. Input “0” is LSB. If “Bus format” is set to Signed, an input number is
considered to be in two’s complement format.

The model behaves as a linear component: the output voltage is equal to a sum of input
voltages multiplied by “bit-weight” coefficients, and it does not have any delay. However, all
inputs should be equal exactly to either low or high digital level (specified in the
Transient/Settings/Advanced window), otherwise the bus output will be incorrect.

Y  Bus Y/Y_Bus_Function.nl5
Model Parameter Units Description
Function Format Bus format: Signed/Unsigned
IC Y Initial condition: output voltage.

Digital-to-bus converter. Converts logical inputs to a bus signal, considering logical inputs as
bits of binary number. Input “0” is LSB. If “Bus format” is set to Signed, an input number is
considered to be in two’s complement format.

When calculating DC operating point for transient or AC analysis, output is set to specified

output voltage “IC”. When calculating transient, output voltage is always delayed by one
calculation step.
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Views are used to specify clock polarity and location of
output pins.
Y/Y_DFlipFlop_Logic.nl5
Parameter Units Description
IC Initial condition: Low/High.

D flip-flop. Clock polarity (rising or falling edge), and location of output pins depend on
selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

Y/Y_DFlipFlop_Delay.nl5
Parameter Units Description
Delay S Output delay
IC Initial condition: Low/High.

D flip-flop with delay. Clock polarity (rising or falling edge), and location of output pins
depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Flip-flop outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.
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Y D flip-flop Y/Y_DFlipFlop_Delay2.nl5
Model Parameter Units Description
Delay2 Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

D flip-flop with different delays for rising and falling edges. Clock polarity (rising or falling
edge), and location of output pins depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Flip-flop outputs are delayed by “Up” time for rising edge, and “Down” time for falling edge.
Output pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Y

Views

Y

SR trigger

Logic
Delay
Delay2
g ?
= &
p= =
Views are used to specify clock and S/R inputs polarity,
and location of output pins.
SR trigger Y/Y_SRTrigger_Logic.nl5
Model Parameter Units Description
Logic Dominance Dominance: None/Set/Reset
IC Initial condition: Low/High.

SR trigger. Clock polarity (rising or falling edge), S/R polarity (inverted or non-inverted), and
location of output pins depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.

551



EBY NL5 circuit simulator User’s Manual

Y  SRtrigger
Model

Delay

Y SR trigger
Model

Delay?2

Y/Y_SRTrigger_Delay.nl5

Parameter Units Description

Delay S Output delay.

Dominance Dominance: None/Set/Reset
IC Initial condition: Low/High.

SR trigger with delay. Clock polarity (rising or falling edge), S/R polarity (inverted or non-
inverted), and location of output pins depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.

Y/Y_SRTrigger_Delay2.nl5
Parameter Units Description
Up S Output delay of rising edge.
Down S Output delay of falling edge.
Dominance Dominance: None/Set/Reset
IC Initial condition: Low/High.

SR trigger with delay. Clock polarity (rising or falling edge), S/R polarity (inverted or non-
inverted), and location of output pins depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Up” time for rising edge, and “Down” time for falling edge.
Output pulses shorter than “Delay” will not pass through and will not affect output.

When calculating DC operating point output is set to specified level “IC”.
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Views

JK trigger :
| Delay |
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Y JK trigger Y/Y_JKTrigger_Logic.nl5
Model Parameter Units Description
LOQIC Dominance Dominance: None/Set/Reset
IC Initial condition: Low/High.

JK trigger. Clock polarity (rising or falling edge), S/R polarity (inverted or non-inverted), and
location of output pins depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y  JKtrigger
Model

Delay

Y  JKtrigger
Model

Delay?2

Y/Y_JKTrigger_Delay.nl5
Parameter Units Description
Delay S Output delay.
Dominance Dominance: None/Set/Reset

IC Initial condition: Low/High.

JK trigger with delay. Clock polarity (rising or falling edge) and S/R polarity (inverted or non-
inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.

Y/Y_JKTrigger_Delay2.nl5
Parameter Units Description
Up S Output delay of rising edge.
Down S Output delay of falling edge.
Dominance Dominance: None/Set/Reset

IC Initial condition: Low/High.

JK trigger with delay. Clock polarity (rising or falling edge) and S/R polarity (inverted or non-
inverted) depend on selected view.

Output voltage may have only logical levels (Low/High). Input voltage is considered Low if it is
below logical threshold, or High if it is above logical threshold. To see and set logical levels
and threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Trigger outputs are delayed by “Up” time for rising edge, and “Down” time for falling edge.
Output pulses with duration shorter than “Delay” will not show up.

When calculating DC operating point output is set to specified level “IC”.
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Y  Schmitt trigger Logic

Delay
Delay2

Models
Traces

Views are used to specify inverted or non-inverted output.

2
2
>
Y Schmitt trigger Y/Y_SchmittTrigger_Logic.nl5
Model Parameter Units Description
Logi C Hysteresis |V Hysteresis.
IC Initial condition: Low/High.

Schmitt trigger. Output type (inverted or non-inverted) depends on selected view.

Output voltage may have only logical levels (Low/High). To see and set logical levels and
threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Output is set to Low or High level following rules (inverted output):

Vin > Threshold + Hysteresis/2 .. .: V = Low
Vin < Threshold - Hysteresis/2 ... .: V = High
Otherwise ..................... V=previous state

When calculating DC operating point output is set to specified level “IC”. When calculating
transient, output voltage is always delayed by one calculation step.
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Y Schmitt trigger Y/Y_SchmittTrigger_Delay.nl5
Model Parameter Units Description
Del ay Hysteresis |V Hysteresis.
Delay S Output delay
IC Initial condition: Low/High.

Schmitt trigger with delay. Output type (inverted or non-inverted) depends on selected
view.

Output voltage may have only logical levels (Low/High). To see and set logical levels and
threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Output is set to Low or High level following rules (inverted output):

Vin > Threshold + Hysteresis/2 . ..: V =Low
Vin < Threshold - Hysteresis/2 ... .. V =High
Otherwise ..................... V=previous state

Trigger outputs are delayed by “Delay” time. Output pulses with duration shorter than “Delay”
will not show up.

When calculating DC operating point output is set to specified level “IC”.

Y Schmitt trigger Y/Y_SchmittTrigger_Delay2.nl5
Model Parameter Units Description
Del ay2 Hysteresis |V Hysteresis.
Up S Output delay of rising edge.
Down S Output delay of falling edge.
IC Initial condition: Low/High.

Schmitt trigger with delay. Output type (inverted or non-inverted) depends on selected
view.

Output voltage may have only logical levels (Low/High). To see and set logical levels and
threshold go to Transient | Settings, or AC | Settings, then click Advanced button.

Output is set to Low or High level following rules (inverted output):

Vin > Threshold + Hysteresis/2 .. .: V = Low
Vin < Threshold - Hysteresis/2 . .. .: V = High
Otherwise ..................... V=previous state

Trigger outputs are delayed by “Up” time for rising edge, and “Down” time for falling edge.
Output pulses with duration shorter than “Delay” will not show up.

When calculating DC operating point output is set to specified level “IC”.

556



EBY NL5 circuit simulator User’s Manual

Y

Y

Y

Logic generator

\
., Pulse .
o) 5}
c Step 2
= List .
File
Logic generator Y/Y_LogicGenerator_V.nl5
Model Parameter Units Description
vV Out Logical output: Low/High.
Logical output. Generates constant Low or High logical output.
To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.
Logic generator Y/Y_LogicGenerator_Pulse.nl5
Model Parameter Units Description
Pulse Period S Period.
Width S Pulse width.
Delay S Delay before first pulse starts.
Active Active output state: Low/High.

Logical pulses. Pulses start at “Delay” time. Output level is “Active” during “Width” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

The following pulses will be generated if “Active” = On:
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Y Logic generator Y/Y_LogicGenerator_Step.nl5
Model Parameter Units Description
Step Delay S Delay before active state.
Active Active output state: Low/High.

Logical step. Output level is non-“Active” before “Delay” time, turns to “Active” level after
“Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Y Logic generator Y/Y_LogicGenerator_List.nI5
Model Parameter Units Description
List List Comma-separated string.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Logic list. Logical output sequence is defined in the “List” parameter in the csv (“‘comma-
separated values”) format, as follows:

t0,s0,t1,s1,...,tn,sn
where all t and s can be numerical values or expressions. s0...sn defines output logical level:
positive number corresponds to High, zero or negative number - Low. If t<tO, output level is
s0. At tO output level is sO. At t1 output level is s1, and so on. At t>tn, output remains at sn
level if “Cycle” parameter is set to “No”, otherwise the sequence defined in t0...tn interval is
repeated continuously. In addition, the whole signal is delayed by “Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Example:
List = 0,0,3,1,4,0,5,1,8,0

The following logical output will be generated if “Cycle” = Yes, “Delay” = 0:

See Working with List model chapter for more details.
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Y Logic generator Y/Y_LogicGenerator_File.nl5
Model Parameter Units Description
File File File name.
Cycle Cycling (repeat): No/Yes.
Delay S Delay.

Logic file. Logical output sequence is defined in the text file. “File* parameter is a file name,
with full path to the file. If the file is located in the same directory as schematic file, the path
can be omitted. Logical output sequence is defined in the following format:

<if first line does not start with a number, it is ignored>
t0,s0
tl, sl

where all t and s can be numerical values or expressions. s0...sn defines output logical level:
positive number corresponds to High, zero or negative number - Low. If t<tO, output level is
s0. At tO output level is sO. At t1 output level is s1, and so on. At t>tn, output remains at sn
level if “Cycle” parameter is set to “No”, otherwise the sequence defined in t0...tn interval is
repeated continuously. In addition, the whole signal is delayed by “Delay” time.

To see and set logical levels go to Transient | Settings, or AC | Settings, then click
Advanced button.

Example:

QO U w o
O ORr O

’
I4
’
I4
I4

The following logical output will be generated if “Cycle” = Yes, “Delay” = 0:
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2. Operators

Operators are listed in descending precedence order (1 - most, 14 - least).
The table is based on http://en.cppreference.com/w/cpp/language/operator_precedence

Precedence Operator Description

() Function call

[] Array subscripting
Postfix increment:
Postfix decrement:
Prefix increment:
Prefix decrement:

x=x+1 after use
x=x-1 after use
x=x+1 before use
x=x-1 before use

+ Unary plus

- Unary minus

! Logical NOT

Bitwise NOT

Type cast to bool
Type cast to int
Type cast to inté64
Type cast to float
Type cast to double
Type cast to complex

bool)
int)
int64)
float)
double)
complex)

~ e~ o~~~ —~ 2

Multiplication
Division
Remainder

w
o0 . %

+ Addition
- Subtraction

<< Bitwise left shift
>> Bitwise right shift

Relation
Relation
Relation
Relation

operator
operator
operator
operator

“less than”

“less than or equal to”
“greater than”

“greater than or equal to”

Relation
Relation

operator
operator

“equal to”
“not equal to”

Bitwise

AND

Bitwise

XOR

(exclusive OR)

10

Bitwise

OR

11

Logical

AND

12

Logical

OR

13

Ternary

conditional operator
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Precedence Operator Description
= Assignment
+= Assignment by sum
- Assignment by difference
* Assignment by product
/= Assignment by quotient

14 = Assignment by remainder

<<= Assignment by bitwise left shift
>>= Assignment by bitwise right shift
&= Assignment by bitwise AND
N= Assignment by bitwise XOR
| = Assignment by bitwise OR
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3. Functions

abs, mag

Prototype

double abs (complex)
double abs (complex, ...)

double abs (double)
double abs (double, ...)

int64 abs (inté4)

int abs (int)

Description

Absolute value (magnitude).
For complex argument; abs = vre? +im? .

For multiple arguments x, vy, ... : abs = 1/x2 + y2 +... . Number of arguments is not limited.
mag () can be used instead of abs ().

Examples

abs (3.0+4.03) = 5.0
abs (-37) 3.0
abs(1.0) = 1.0

abs (-10) = 10
abs(1,1,1,1) = 2.0
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sign

Prototype

int sign (double)

Description
Indicates whether a numeric value is positive, negative, or zero.

sign (x) returns:
e 0 if x=0
e 1 if x>0
e -1 if x<0

Examples
sign (1
sign (0
sign (-

.234)
) =0
5) = -1
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re

Prototype

double re (complex)

Description

Real part of complex number.

Examples

re(l.2+3.43) = 1.2

Im
Prototype

double im(complex)

Description

Imaginary part of complex number.

Examples

re(l.2+43.43) = 3.4

phase

Prototype

double phase (complex)

Description

Phase of complex number. Returns phase in degrees, in the range -180..+180.

Examples

phase (1+173) = 45

564



EBY NL5 circuit simulator

User’'s Manual

sqrt

Prototype

complex sqrt (complex)

double sqrt (double)

Description

Square root.

If argument is double, negative argument will cause error.

Examples

sqrt(4.0) = 2

sgrt (

4
sqrt(23) = 1+17

sqr

Prototype

double sqr (double)

Description
“Signed” square root.

sgr (x) returns:

° J; if x>=0

o —J(-X) if x<0
Examples
sqr(4) = 2
sqr(-4) = -2

)
4.0) : math error
J
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Sq
Prototype

complex sg(complex)
double sqg(double)

Description

sq (x) calculates x*x : square of the argument.

Examples

sq(2) = 4
sq(l1+13) = 0+27
lim, limit
Prototype

double lim(double x, double min, double max)

Description
Limiting function.

lim(x, min, max) returns:
e x, if min<=x<=max
e min, if x<min

e max, if x>max

limit () can be used instead of 1im ().

Examples

1im(0,-1,2 ) = 0
lim(-2,-1,2) = -1
1im(10,-1,2)

|
N
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islow

Prototype

bool islow (double)

Description

Compares argument with logical threshold.

islow (x) returns true if x isless than circuit logical threshold, otherwise false.

Logical threshold is defined in the Advanced Settings dialog box (Transient | Settings | Advanced).

Examples
islow(1.0) = true
islow (55) = false

ishigh

Prototype

bool ishigh (double)

Description

Compares argument with logical threshold.

ishigh (x) returns true if x is greater than circuit logical threshold, otherwise false.

Logical threshold is defined in the Advanced Settings dialog box (Transient | Settings | Advanced).

Examples
ishigh(1.0) = false
ishigh (55) = true
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sum

Prototype

complex sum(complex,...)
complex sum(complex[])

double sum (double,...)
double sum (double[])

Description

sum(x, . ..) returns sum of arguments. Number of arguments is not limited.
If x isanarray x [N], sum (x) returns sum of all array elements.

Examples

sum(1.0,2.0,3.0) = 6.0
sum(1.0+1.03,2.0+2.03) = 3.0+3.07
double x[] = { 1.0, 2.0, 3.0, 4.0 };
sum(x) = 10.0;

mean, average

Prototype

complex mean (complex,...)
complex mean (complex[])

double mean (double, ...)
double mean (double[])

Description

mean (x, ...) returns mean (average) value of arguments. Number of arguments is not limited.
If x isan array x [N], sum (x) returns mean (average) value of all array elements.

average () can be used instead of mean ().

Examples

mean(1.0,2.0,3.0) = 2.0

mean (1.0+41.03,2.042.03) = 1.5+1.5j
double x[] = { 1.0, 2.0, 3.0, 4.0 };
mean (x) = 2.5;
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min
Prototype

double min (double, .. .)
double min (double[])

int64 min (inté4,...)
int64 min (inté64[])

int min(int,...)
int min (int[])

bool min (bool,...)
bool min (bool[])

Description

min (%, ...) returns smaller value of arguments. Number of arguments is not limited.
If x isanarray x [N], min (x) returns smaller value of all array elements.

Examples

min(1.0,2.0,3.0) = 1.0

min(1l,2,3) =1

min (false, true, true) = false

double x[] = { -1.0, 2.0, -3.0, 4.0 };
min(x) = -3.0;
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maxX

Prototype

double max (double,...)
double max (double[])

int64 max (inté4,...)
int64 max (inté64[])

int max (int,...)
int max (int[])

bool max (bool,...)
bool max (bool[])

Description

max (x, ...) returns larger value of arguments. Number of arguments is not limited.

If x isan array x [N], max (x) returns larger value of all array elements.

Examples

max(1.0,2.0,3.0) = 3.0

max (1,2,3) = 3

max (false, true, true) = true

double x[] = { -1.0, 2.0, =-3.0, 4.0 };
max (x) = 4.0;

exp

Prototype

complex exp (complex)
double exp (double)

Description

exp (x) calculates the exponential e to the x.

Examples

exp(3.0) = 20.0855
exp (PI*0.53) = 0+1]
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pPOW

Prototype

complex pow (complex x, double y)
double pow (double x, double y)

Description
pow (x,y) calculates x¥ : x tothe power of y.

If double argument x is negative, math error may occur.

math error
.5) = 0+27

pwWr

Prototype

double pwr (double x, double V)

Description
“Signed” power function.
pwr (x,y) returns:

o XV if x>=0,

e —(-x)Y¥ if %<0
Examples
pwr (10.0,2.0) = 100.0
pwr (-10.0,2.0) = -100.0
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log(x.y)

Prototype

complex log(complex x, double y)
double log(double x, double y)

Description

Calculates logarithm x to base .

Examples

log(128,2) = 7

log(PI,PI) = 1.0
log(-10.0,10.0) : math error
log(-10.0+073,10.0) = 1+1.36437]
log(13,10.0) = 0+682.1le-37

In, log

Prototype

complex 1n (complex)
double 1n (double)

Description
Calculates the natural logarithm.

log () with one argument can be used instead of 1n ().

Examples

In(100) = 4.60517
In(-1.0) : math error
In(-1.0+03) = 0+3.14159j
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lg, log10

Prototype

complex 1lg (complex)
double lg (double)

Description
Calculates logarithm to base ten.

logl0 () can be used instead of 1g().

Examples
1g(100.0) = 2

1g(-100.0) : math error
1g(-100.0+03) = 2+1.364377

Ib, log2

Prototype

complex 1b (complex)
double 1lb (double)

Description
Calculates logarithm to base two.

log2 () can be used instead of 1b ().

Examples

1b (128) = 7

1b(-8.0) : math error
1b(-8.0+07) = 3+4.53236j

db

Prototype

double db (double)
double db (double x, double vy)
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Description

db (x) calculates value of x in decibel, as: 20*1og;, (abs (x))
db (x,y) calculates value of the ratio x/vy in decibel, as: 20*1o0g,, (abs (x/y) )

Examples

db (100) =40
db(0.1,20.0) = -46.0205999133

par

Prototype

complex par (complex,...)
double par (double, ...)

Description

Parallel connection of real or complex impedances. Number of arguments is not limited.

Examples
par(1.0,1.0) = 0.5
par(1.0,2.0,3.0,4.0) = par(par(l1.0,2.0),par(3.0,4.0)) = 0.48
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SN
Prototype

double sin (double)

Description

Calculates sine. Argument (angle) is in degrees.

Examples

sin(90.0) = 1.0

COS

Prototype

double cos (double)

Description

Calculates cosine. Argument (angle) is in degrees.

Examples

cos (90.0) = 0.0

tan, tg

Prototype

double tan (double)

Description

Calculates tangent. Argument (angle) is in degrees.

tg () can be used instead of tan ().

Examples

tan(45.0) = 1.0
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asin

Prototype

double asin (double)

Description

Calculates arcsine. Returns angle in degrees, in the range -90...+90.

Examples

asin(1.0) = 90.0

aCos

Prototype

double acos (double)

Description

Calculates arccosine. Returns angle in degrees, in the range 0..+180.

Examples

acos (0.5) = 60.0

atan

Prototype

double atan (double)

Description

Calculates arctangent. Returns angle in degrees, in the range -90...+90.

Examples

atan(1.0) = 45.0
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atan2

Prototype

double atan?2 (double x, double Yy)

Description

Calculates arctangent of x/y. Returns angle in degrees, in the range -180..+180.

Examples
atan2(1.0,1.0) = 45.0
atan2(1.0,-1.0) = 135.0
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random, rand

Prototype

double random (double)

Description
random (x) returns random number with uniform distribution in the range 0...x.

rand () can be used instead of random().

Examples

rand(3.0) = 1.2937463

gauss

Prototype

double gauss (double m, double d)

Description

gauss (m, d) returns normally distributed random number with mean value m and standard deviation d.

Examples

gauss (0,2) = -.8678275
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round

Prototype

double round (double)
double round(double x, double Yy)

Description
round (x) rounds x to the nearest integer.

round (x,y) rounds x to the nearest multiple of y. Returns x if y<=0.

Examples

round(1.5) = 2.0
round(-1.5) = -1.0
round (3.1415,0.1) = 3.1
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floor

Prototype

double floor (double)

Description

Rounds down: finds the largest integer not greater than the argument, and returns it as a double.

Examples

floor(l.6) = 1.0
floor(-1.6) = -2.0
ceil

Prototype

double ceil (double)

Description

Rounds up: finds the smallest integer not less than the argument, and returns it as a double.

Examples
ceil(l.6) = 2.0
ceil(-1.6) = -1.0
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bool

Prototype
bool bool (bool)
bool bool (int)
bool bool (inté4)
(
(

bool bool (double)
bool bool (complex)

Description
Returns false if argument is equal to zero, returns true if argument is non-zero.

bool (x) works exactly the same as type-casting operator (bool) x.

Examples

bool (0) = false

bool (1.5) = true

bool (1.0+2.073) = true
Int

Prototype

int int (bool)
int int (int)

int int (inté4)
int int (double)
int int (complex)

Description

Returns argument value converted to int type.

int (bool x) returns 0 if x=false, and returns 1 if x=true.

int (double x) converts double to int by truncating (discarding the fractional part).

int (complex x) converts double real part of a complex numberto int by truncating (discarding the
fractional part).

int (x) works exactly the same as type-casting operator (int) x.

Examples

int (true) =1
int(l.6) =1
int(-1.6) = -1
int(1.1+2.29) =1
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int64

Prototype

int64 int64 (bool)
int64 into64 (int)

int64 into4 (inté64)
int64 into4 (double)
inté64 int64 (complex)

Description

Returns argument value converted to int64 type.

int64 (bool x) returns 0i64 if x=false, and returns 1i64 if x=true.

int64 (double x) converts double to int64 by truncating (discarding the fractional part).

int64 (complex x) converts double real part of a complex numberto inté64 by truncating (discarding the
fractional part).

int64 (x) works exactly the same as type-casting operator (int64) x.

Examples

int64 (true) = 1i64
int64(1.6) = 1164
int64(-1.6) = -1i64
int64(1.1+2.23) = 1i64
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double

Prototype

double double (bool)
double double (int)

double double (inté64)
double double (double)
double double (complex)

Description

Returns argument value converted to double type.

double (bool x) returns 0.0 if x=false, and returns 1.0 if x=true.
double (complex x) returns real part of a complex number x.

double () works exactly the same as type-casting operator (double).

Examples

double (true) = 1.0
double(l) = 1.0
double(1.1+2.23) = 1.1

complex

Prototype

complex complex (bool)
complex complex (int)
complex complex (inté64)
complex complex (double)
complex complex (complex)

Description

Returns argument value converted to complex type.
complex (bool x) returns 0.0 if x=false, and returns 1.0 if x=true.

complex (x) works exactly the same as type-casting operator (complex) x.

Examples
complex (true) = 1.0+0]
complex (2) = 2.0+07
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4. Script commands
In alphabetical order.

acC

Usage

ac;

ac from;

ac from, to;

ac from, to, points;
ac from, to, points, scale;

Description

Set AC analysis parameters and perform AC analysis.
from : start frequency

to : stop frequency

points : number of points

scale = log or lin : logarithmic or linear frequency scale.

If called from the script, command will not return until AC analysis is completed. If called from console or HTTP
link, returns immediately. Use ready command to check for analysis completion.

Examples

ac;

ac 1M;

ac 1M, 100M;

ac 1M, 100M, 500;
ac 1M, 100M, 500, 1lin;

clear

Usage

clear;

Description

Clear storage.
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close

Usage

close;

Description

Close active document.

cmd

Usage

cmd command line;

Description

Execute Windows command line command line.

Examples

cmd nl5.exe rc.nl5;
cmd "C:\Arduino\arduino.exe" --upload "C:\Arduino\demo\demo.ino";
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cont

Usage
cont;

cont screen;
cont screen, step;

Description
Continue transient.

screen : Screen size
step : calculation step

If called from the script, command will not return until transient is completed. If called from console or HTTP
link, returns immediately. Use ready command to check for transient completion.

Examples
cont;

cont 1m;
cont 1m, 10n;

Cursors

Usage
cursors left, right;

cursors on;
cursors off;

Description
cursors left, right :setcursors (transient or AC) to specified positions and show cursors.

Ieft : position of the left cursor
step : position of the right cursor

cursors on . Show cursors.
cursors off : hide cursors.

Examples

cursors 1.5, 2.5;
cursors off;
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display

Usage

display on;
display off;

Description

display on :show transient and AC windows.
display off : hide transient and AC windows.

exit

Usage

exit;

Description

Close all documents and exit NL5. Cannot be called from console command line.
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export (transient)

Usage

export;
export
export
export
export

filename;
filename,
filename,
filename,

Description

from;
from, to;
from, to,

Export transient traces into csv file.

filename

from : start of the data interval
to : end of the data interval
step : time step

step;

: nhame of the file to export traces

If £ilename is omitted, name of the file to export is the same as script file name, with “csv” extension. If file

path is not specified, export in the script file directory. Extension “csv” can be omitted.

Number of points cannot exceed Max number of points value defined in the Preferences dialog box,
Transient page.

If step is omitted, 101 points will be exported.
Only traces currently shown on the graph will be exported.

Examples

export;

export rc traces;
export rc traces,
export rc traces,

0,
0,

100;
100,

0.

1;
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expo

Usage

export;
export
export
export
export
export

Descripti

rt (AC)

filename;
filename,
filename,
filename,
filename,

on

from;
from,
from,
from,

Export AC traces into csv file.

filename

from : start frequency.
to : end frequency.
: number of points.

points
scale =

log or lin

to;

to, points;
to, points,

: name of the file to export traces.

scale;

logarithmic or linear frequency scale.

If £ilename is omitted, name of the file to export is the same as script file name, with “csv” extension. If file

path is not specified, export in the script file directory. Extension “csv” can be omitted.
Only traces currently shown on the graph will be exported.

Examples

export;
export
export
export
export

ac_traces;
ac_traces,
ac_traces,
ac_traces,

lm,
lm,
lm,

1k;
1k,
1k,

100;
100,

lin;
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logdata

Usage
logdata filename, exprl,...;

logdata +, filename, exprl,...;
logdata;

Description
logdata with parameters is the first data logging command.

filename : name of the file to export traces
+ : flag to append the data into existing file
exprN : expression to be logged

If afile filename does not exist, creates a new log file and writes a header.

If afile filename already exists, and a first parameter is +, a new data will be appended to existing data,
otherwise old data will be overwritten.

Extension “csv” in the file name can be omitted. If file path is not specified, creates log file in the script file
directory.

logdata without parameters evaluates expressions exprN specified in the first 1logdata command and
writes results into the log file as comma-separated string.

Examples
logdata rclog, rl, v(rl), v(cl).rms;

logdata +, rcapp, rl, v(rl), v(cl).rms;
logdata;

open

Usage

open filename;

Description

Open schematic file £i 1ename. Extension “nl5” can be omitted. If file path is not specified, search in the script
file directory.

Examples

open “c:\Project files\nl5\rc.nl5”;
open rc;
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pause

Usage

pause;

Description

Pause transient. Command can be called from console command line and HTTP link only.

ready

Usage

ready;

Description

Check if transient or AC analysis is completed. Returns “0” if analysis is still running, returns “1” if completed.
Command can be called from console command line and HTTP link only.

return

Usage

return;
return filename;

Description

Stop executing the script. If £i1ename is specified, download and start executing script from the file
filename.

Examples

return;
return nextscript.txt;

591



EBY NL5 circuit simulator User’s Manual

rununtil

Usage

rununtil;
rununtil expr;

Description
Set up “run until” transient mode.

If parameter expr is omitted, turn off “run until” mode and clear “run until” expression. Otherwise turn on “run
until” mode and use parameter expr as “run until” expression.

Examples

rununtil;
rununtil V(C1l)<0;

save

Usage

save;
save filename;

Description
Save schematic into a file £ilename. Extension “nl5” can be omitted.

If file path is not specified, save in the script file directory.
If parameter £ilename is omitted, save into the same file.

Examples

save;
save rcnew;
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savedata

Usage

savedata;
savedata filename;

Description

Save traces into “nit” data file. Extension “nit” can be omitted.

If parameter £ilename is omitted, name of the file to save data is the same as script file name, with “nit”
extension.

If file path is not specified, save in the script file directory.
Only traces currently shown on the graph will be saved.

Examples

savedata;
savedata rctraces;

saveic

Usage

saveic;

Description

Save Initial Conditions (IC).

scope.cmd

Usage

scope.cmd command;

Description

Send command command to the scope, returns scope response.

Examples

scope.cmd :CHANI:LABEL?;
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scope.get

Usage

scope.get number;

Description

Get a name of an instrument number number, number = 0...number_of_instruments-1

scope.getn

Usage

scope.getn;

Description

Get number of instruments.

scope.image

Usage

scope.image;

Description

Read scope screen image.

scope.log

Usage

scope.log;

Description

Read content of the Log tab of Scope window.
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scope.off

Usage

scope.off;

Description

Close Scope tool window.

scope.on

Usage

Scope.ony;

Description

Open Scope tool window, refresh instruments list. All scope script commands can be performed with scope
window closed, however it must be opened at least once in order to load VISA Library.

scope.read

Usage

scope.read;

Description

Read traces from the scope.

scope.refresh

Usage

scope.refresh;

Description

Refresh instruments list.
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scope.run

Usage

scope.run;

Description

Run the scope in continuous mode.

scope.select

Usage

scope.select number;

Description

Select an instrument number number, number = 0...number_of_instruments-1

scope.single

Usage

scope.single;

Description

Run the scope in single mode.

scope.status

Usage

scope.status;

Description

Get text from the Scope window status bar.
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scope.stop

Usage

scope.stop;

Description

Stop the scope.

scope.update

Usage

scope.update;

Description

Update scope configuration (read settings from the scope, update Scope window controls).

sleep

Usage

sleep time;

Description

Pause script execution for time ms.

Examples

sleep 1000;
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stop

Usage

stop;

Description

Stop transient. This command can be used to free memory allocated for transient analysis. Transient cannot
be continued after this command.

store

Usage

store;
store expr;

Description

Move run into storage. The parameter expr is evaluated as an expression, and the result is used as a
storage name. If parameter expr is omitted, a default storage name “RunN” is used.

Examples

store;
store R1*C1l;

storetext

Usage

storetext;
storetext text;

Description

Move run into storage with parameter text as a storage name. If parameter text is omitted, a default
storage name “RunN” is used.

Examples

storetext;
storetext This is a first run;
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traces

Usage

traces stateN,...;

Description

Hide or show traces on the graph. The parameter stateN specifies show/hide status of the trace number N
(traces are listed in the same order as in the Transient/Data or AC/Data window).

stateN =0 - hide trace;
otherwise — show trace.

Examples

traces 0,1,1,0,0,1;
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tracename (transient)

Usage

tracename;

tracename from;

tracename from, to;
tracename from, to, step;

Description
Request transient trace data as a comma-separated string.

from : start of the data interval.
to : end of the data interval.
step : step.

tracename; - returns 101 points of entire tracename interval.

tracename from; - returns only one trace value at t=from.

tracename from, to; - returns 101 points in specified interval.

tracename from, to, step; - returns data points in specified interval with specified step.

Trace tracename should be specified in the Transient Data, however it does not need to be displayed on the
graph or in the table.

Number of points cannot exceed Max number of points value defined in the Preferences dialog box,
Transient page.

This command can be called from HTTP link only.

Examples

V(R1);

V(R1) 1.23;
V(R1) 0, 100;
V(R1) 0, 10, 0.1;
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tracename (AC)

Usage

tracename;

tracename from;

tracename from, to;

tracename from, to, points;
tracename from, to, points, scale;

Description
Request AC trace data as a comma-separated string.

from : start frequency.

to : end frequency.

points : number of points.

scale = log or lin : logarithmic or linear frequency scale.

tracename; - returns all calculated data points of tracename trace.

tracename from; - returns only one trace value at f=from.

tracename from, to; - returns all calculated data points in the specified interval.
tracename from, to, points; - returns specified number of points in the specified interval.
tracename from, to, points, scale; - returns data with specified scale type.

Trace tracename should be specified in the AC Data, however it does not need to be displayed on the graph
or in the table.
This command can be called from HTTP link only.

Examples

V(R1);

V(R1) 12.34;

V(R1) 1, 100;

V(R1) 1, 10, 100;
V(R1) 1, 10, 100, 1lin;
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tran

Usage

trant;

tran start;

tran start, screen;

tran start, screen, step;

Description
Set transient parameters and start transient.

start : start of transient display
screen : Screen size
step : calculation step

If called from the script, command will not return until transient is completed. If called from console or HTTP
link, returns immediately. Use ready command to check for transient completion.

Examples

tran;

tran 0;

tran 0, 10m;
tran 0, 10m, 1lu;
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5. END USER LICENSE AGREEMENT

This End-User License Agreement ("EULA", “Agreement”) is a legal agreement between you ("you",
either an individual or a single entity) and Sidelinesoft, LLC (“Sidelinesoft”) for the NL5 Circuit
Simulator and NL5 DLL software ("the Software”, “the Software Product"), NL5 License (“the
Software License”), and accompanying documentation.

Ownership

The Software, any accompanying documentation, and all intellectual property rights therein are owned
by Sidelinesoft. The Software is licensed, not sold. The Software is protected by copyright laws and
treaties, as well as laws and treaties related to other forms of intellectual property. The Licensee's license
to download, use, copy, or change the Software Product is subject to these rights and to all the terms and
conditions of this Agreement.

Acceptance

YOU ACCEPT AND AGREE TO BE BOUND BY THE TERMS OF THIS AGREEMENT BY
DOWNLOADING THE SOFTWARE PRODUCT OR BY INSTALLING, USING, OR COPYING
THE SOFTWARE PRODUCT. YOU MUST AGREE TO ALL OF THE TERMS OF THIS
AGREEMENT BEFORE YOU WILL BE ALLOWED TO DOWNLOAD THE SOFTWARE
PRODUCT. IF YOU DO NOT AGREE TO ALL OF THE TERMS OF THIS AGREEMENT, YOU
MUST NOT INSTALL, USE, OR COPY THE SOFTWARE PRODUCT.

License Grant

Sidelinesoft grants you a right to download, install, and use unlimited copies of the Software Product.
Without a Software License, the Software operates as a Demo version, with limited number of
components in the schematic, and possibly some functional and performance limitations. Several types
of Full-Function Software Licenses can be obtained at Software Product website (nl5.sidelinesoft.com).
Terms and conditions of each type of Full-Function Software License are available at the website and
are subject to change without notice.

Restrictions on Reverse Engineering, Decompilation, and Disassembly.
You may not decompile, reverse-engineer, disassemble, or otherwise attempt to derive the source code
for the Software Product.

Restrictions on Alteration

You may not modify the Software Product or create any derivative work of the Software Product or its
accompanying documentation without obtaining permission of Sidelinesoft. Derivative works include
but are not limited to translations. You may not alter any files or libraries in any portion of the Software
Product.

Consent to Use of Data

Sidelinesoft may ask for your permission to collect and use technical information gathered as part of the
product support services provided to you, if any, related to the Software. Sidelinesoft may use this
information solely to improve the Software or to provide customized services to you and will not
disclose this information in a form that personally identifies you.

Disclaimer of Warranties and Limitation of Liability
UNLESS OTHERWISE EXPLICITLY AGREED TO IN WRITING BY SIDELINESOFT,
SIDELINESOFT MAKES NO OTHER WARRANTIES, EXPRESS OR IMPLIED, IN FACT OR IN
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LAW, INCLUDING, BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE OTHER THAN AS SET
FORTH IN THIS AGREEMENT.

Sidelinesoft makes no warranty that the Software Product will meet your requirements or operate under
your specific conditions of use. Sidelinesoft makes no warranty that operation of the Software Product
will be secure, error free, or free from interruption. YOU MUST DETERMINE WHETHER THE
SOFTWARE PRODUCT SUFFICIENTLY MEETS YOUR REQUIREMENTS FOR SECURITY AND
UNINTERRUPTABILITY. YOU BEAR SOLE RESPONSIBILITY AND ALL LIABILITY FOR ANY
LOSS INCURRED DUE TO FAILURE OF THE SOFTWARE PRODUCT TO MEET YOUR
REQUIREMENTS. UNDER NO CIRCUMSTANCES SHALL SIDELINESOFT BE LIABLE TO YOU
OR ANY OTHER PARTY FOR INDIRECT, CONSEQUENTIAL, SPECIAL, INCIDENTAL,
PUNITIVE, OR EXEMPLARY DAMAGES OF ANY KIND (INCLUDING LOST REVENUES OR
PROFITS OR LOSS OF BUSINESS) RESULTING FROM THIS AGREEMENT, OR FROM THE
PERFORMANCE, INSTALLATION, USE OR INABILITY TO USE THE SOFTWARE PRODUCT,
WHETHER DUE TO A BREACH OF CONTRACT, BREACH OF WARRANTY, OR THE
NEGLIGENCE OF SIDELINESOFT OR ANY OTHER PARTY, EVEN IF SIDELINESOFT IS
ADVISED BEFOREHAND OF THE POSSIBILITY OF SUCH DAMAGES. TO THE EXTENT
THAT THE APPLICABLE JURISDICTION LIMITS SIDELINESOFT'S ABILITY TO DISCLAIM
ANY IMPLIED WARRANTIES, THIS DISCLAIMER SHALL BE EFFECTIVE TO THE
MAXIMUM EXTENT PERMITTED.

Limitation of Remedies and Damages

Your remedy for a breach of this Agreement or of any warranty included in this Agreement is the
correction or replacement of the Software Product. Selection of whether to correct or replace shall be
solely at the discretion of Sidelinesoft. Any claim must be made within the applicable warranty period.
All warranties cover only defects arising under normal use and do not include malfunctions or failure
resulting from misuse, abuse, neglect, alteration, improper installation, or a virus. All limited warranties
on the Software Product are granted only to you and are non-transferable. You agree to indemnify and
hold Sidelinesoft harmless from all claims, judgments, liabilities, expenses, or costs arising from your
breach of this Agreement and/or acts or omissions.

Severability

If any provision of this Agreement shall be held to be invalid or unenforceable, the remainder of this
Agreement shall remain in full force and effect. To the extent any express or implied restrictions are not
permitted by applicable laws, these express or implied restrictions shall remain in force and effect to the
maximum extent permitted by such applicable laws.

Termination

This Agreement is effective until terminated. Without prejudice to any other rights, Sidelinesoft may
terminate this Agreement if you fail to comply with the terms and conditions of this Agreement. In such
event, you must destroy all copies of the Software License.

Governing Law, Dispute Resolution
This Agreement is governed by the laws of the State of Colorado, U.S.A., without regard to its choice of
law principles to the contrary.

Contact Information.
Any inquiries regarding this Agreement or the Software may be addressed to Sidelinesoft at the
Software Product website (nl5.sidelinesoft.com).
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The end
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