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LB1011 General-Purpose SLIC

Features

m Basic SLIC function at a low cost

m High ac impedance characteristics for balanced-
line, differential-mode, voice-band signals

= Full internal lightning surge-protection up to 4 A

m dc voltage drops can be adjusted to accommodate
different peak signal levels

Description

The LB1011AB integrated circuit is an electronic
SLIC that supplies a controlled dc current to the TIP/
RING pair of a telephone system. The SLIC circuitry
presents a low impedance to dc currents, while pre-
senting a high impedance to ac signals. The
LB1011AB is integrated as two complementary chips
to supply de currenis of both positive and negative
polarities to either balanced or unbalanced lines. In
the balanced-line application, this device helps sup-
press undesirable common-mode signals.

The LB1011AB is available in an 8-pin DIP.
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Pin Information
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Figure 2, Pin Diagram

Table 1. Pin Descriptions

Pin

Symbol

Type

Name/Description

1

V+

Positive Power Supply. This pin connects to the most positive external power supply (in
some cases this may ground) through an external resistor. This external resistor is a factor
in determining the amount of current which will be supplied by the positive line feed out-
put. '

CCP

Cross-Coupling (Positive). A capacitor between this pin and pin 7 (for balanced-line
configuration) creates a high ac impedance between TIP and RING. Since full TIP-to-
RING voltage appears across these pins, it is recommended that a 1.0 kQ resistor be
placed in series with the cross-coupling capacitor for surge protection purposes. Unbal-
anced-line applications should connect the cross-coupling capacitor to ground so that the
common-mode impedance of the output is greatly increased.

TAPP

Resistor Tap (Positive). These terminals are used to adjust the dc voltage drops across
the negative line feed. The nominal dc voltage drop is 3 V when no resistor is connected
between pins 2 and 3 or pins 6 and 7. A short circuit between these pin combinations will
produce voltage drops varying between 3 V and 4 V. A higher dc voltage drop (greater
than 3 V) may be desirable for higher operating temperatures or when the peak value of
the ac signal exceeds 2.5 V.

TIP

Positive Line Feed. This pin is the output of the Positive Line Feed.

RING

o|O

Negative Line Feed. This pin is the output of the Negative Line Feed.

TAPN

Resistor Tap (Negative). This pin is used to adjust the dc voltage drops across the Posi-
tive Line Feed. The nominal dc voltage drop is 3 V when no resistor is connected between
pins 2 and 3 or pins 6 and 7. A short circuit between these pin combinations will produce
voitage drops varying between 3 V and 4 V. A higher dc voltage drop (greater than 3 V)
may be desirable for higher operating temperatures or when the peak value of the ac sig-
nal exceeds 2.5 V.

CCN

Cross-Coupling (Negative). A capacitor between this pin and pin 2 (for balanced-line
configuration) creates a high ac impedance between TIP and RING. Since full TIP-to-
RING voltage appears across these pins, it is recommended that a 1.0 kQ resistor be
placed in series with the cross-coupling capacitor for surge protection purposes. Unbal-
anced-line applications should connect the cross-coupling capacitor to ground so that the
common-mode impedance of the output is greatly increased.

Negative Power Supply. This pin connects to the most negative external power supply
through an external resistor. This external resistor is a factor in determining the amount of
current which will be supplied by the negative line feed output.
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Absolute Maximum Ratings (at 25 °c)

Stresses in excess of Absolute Maximum Ratings can cause permanent damage to the device. These are absolute

stress ratings only. Functional operation of the device is not implied at these or any other conditions in excess of
those given in the operational sections of the data sheet. Exposure to Absolute Maximum Ratings for extended
periods can adversely affect device reliability.

Parameter Symbol Min Max Unit
Ambient Operating Temperature Ta —20 70 °C
Storage Temperature Tstg -40 125 °C
Pin Soldering Temperature (t = 15 s max.) —_ — 300 °C
Current, Positive Line Feed (Vros to TIP) — — 200 mA
Current, Negative Line Feed (RING to VneG) — -— 200 mA
Voltage, Positive Line Feed (Vros to TIP; see Figure 3.) — — 4.85 Vv
Voltage, Negative Line Feed (RING to Vneg; see Figure 3.) — — 4.00 \'4

Electrical Characteristics

Ta =25 °C, unless otherwise specified. Minimum and maximum values are testing requirements. Typical values are
characteristics of the device and are the result of engineering evaluations. Typical values are for information only
and are not part of the testing requirements.

Table 2. Electrical Characteristics

Parameter Test Conditions Min Typ | Max | Unit
dc Voltage Drop, Positive Line Feed Figure 3 250 | 3.00 | 3.50 \
dc Voltage Drop, Negative Line Feed Figure 3 -2.50| —-3.00| —3.50 Vv
dc Voltage Drop, Positive Line Feed Figure 3 3.75 | 430 | 485 \%
(high-level mode) Connectpin2to 3

dc Voltage Drop, Negative Line Feed Figure 3 -3.60| -3.80 | 4.00 Vv
(high-level mode) Connect pin 6 to 7

Shunt Impedance Figure 4 18 — — kQ

Shunt Impedance Figure 4 18 — — kQ
(high-level mode) Connectpin2to3and6to 7

Longitudinal Balance Figure 5 55 — — dB

Longitudinal Balance Figure 5 55 — — dB
(high-level mode) Connectpin2to3and6to7

Distortion Figure 6 — —_ 2.0 %

Distortion Figure 5 — —_— 2.0 %
(high-level mode) Connectpin2to3and6to7

Base-to-Emitter Voltage; Figure 7 1.0 — 2.0 A
Positive Line Feed lpos = 50 mA

Base-to-Emitter Voltage Change; Figure 7, AV=(V @ 100 mA) | 25 —_ 250 mV
Positive Line Feed minus (V @ 50 mA)

Base-to-Emitter Voitage; Figure 7 1.0 — 2.0 Y
Negative Line Feed INeG = 50 mA

Base-to-Emitter Voltage Change; Figure 7;AV=(V @ 100 mA) | 25 — 250 mv
Negative Line Feed minus (V @ 50 mA)

BN 005002bL 0024442 057 WA

Lucent Technologies Inc.

This Materi al

Copyrighted By Its Respective Manufacturer




Data Sheet
March 1997 _ LB1011 General-Purpose SLIC

Electrical Characteristics (continued)

Table 2. Electrical Characteristics (continued)

Parameter Test Conditions Min | Typ | Max | Unit
SLIC, Total Voltage Figure 8; IsF = 50 mA 5.0 — 6.8 \
Change in Total Voltage Figure 8; AV = (V @ 100 mA) | —400 — 600 mV
minus (V @ 50 mA)
SLIC, Total Voltage Figure 8; IsF = 50 mA 7.2 — 9.4 \Y
(high-level mode) Connectpin2to3and6to 7
Change in Total Voltage Figure 8; AV =(V @ 100 mA) | 400 — 600 mV
(high-level mode) minus (V @ 50 mA)
Connectpin2to3and6to 7
Line/Supply Voltage: Figure 9; It = 200 mA
Positive Line Feed —_ — — 14 A
Negative Line Feed —_ —_ —_ 1.4 A
PNPN Breakdown Voltage: Figure 9; It =35 mA
Positive Line Feed Pins 2 and 1 connected 8.0 — 10 Y
Negative Line Feed Pins 7 and 8 connected 8.0 -— 10 Vv
PNPN Breakdown Voltage: Figure 9; It =200 mA
Positive Line Feed Pins 2 and 1 connected 20 — 5.0 \'4
Negative Line Feed Pins 7 and 8 connected 2.0 — 5.0 Vv
50 mA 50 mA 1.0 kQ 0.05 uF
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Figure 3. dc Voltage Drop Test Circuit IMPE%QH('C:;% - v;(:?/) s s[]
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T @ T
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Notes:
R1 and R2 are matched to within 0.1%.

All power supply rails should be bypassed, as close as possible to
the appropriate pin, with capacitors of 0.1 pF or greater.

. o 100
y Shunt impedance (in Q) = m .
Figure 4. Shunt Test Circuit
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Electrical Characteristics (continued)
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possible to the appropriate pin, with capacitors of 0.1 uF or
12-1865 (C) greater.

Notes:

All power supply rails should be bypassed, as close as possible to
the appropriate pin, with capacitors of 0.1 uF or greater.
Longitudinal balance (indB) = 20 e Iog% s VIN = 250 mVrms

1 kHz.

Figure 5. Longitudinal Balance Test Circuit

Figure 6. Distortion Test Circuit

Lucent Technologies Inc.

B 0050026 0024844 92T W

This Materi al

Copyrighted By Its Respective Manufacturer



This Materi al

Data Sheet
March 1997

LB1011 General-Purpose SLIC

Electrical Characteristics (continued)

1.0kQ

AAA

0.05 pF
11

YVy-

R1 AND R2

+ = + =
A1 23v 23V A2
Q
ARE MATCHED
TO WITHIN 0.

2000

1%

‘—_—_—_{2
C
—]

?DT

400 Q

4.0 yF

AAA
[ YVy

4.0 |.xf=i
560 O T

L~

TOTAL HARMONIC \_/
DISTORTION METER 1 alaqu

\AAJ

12-1867 (C)

Figure 7. Base-to-Emitter Voltage Test Circuit
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Figure 8. SLIC Total Voltage Test Circuit
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Figure 9. Line/Supply Voitage Test Circuit
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Surge Protection Characteristics

Internal surge protection circuitry, in conjunction with
external resistors, provides protection against forward
voltage surges. Reverse surges are dissipated through

large internal diodes bridged across each line feed
section. Forward surge protection consists of a PNPN
composite device. This PNPN composite device can
withstand surges as shown in Figure 10. It has a
break-over point (Veo) of approximately 9 V, as shown
in Figure 11. After breakover, the output is clamped at
less than 2 V as long as the surge source supplies
more than 150 mA. When the surge source drops
below 150 mA, the PNPN device recovers and normal
operations resume.
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Figure 10. Maximum Applied Forward Surge Limits
(PNPN Composite Device)
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Figure 11.Typical Voltage vs. Current (PNPN
Composite Device)
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Applying the LB1011AB
Theory of Operation

The LB1011AB will supply dc current to a telephone
subscriber line without interfering with the ac signals on
that line. This circuit has a constant dc voltage drop
and is provided with surge protection. It has been inte-
grated as two complementary chips to supply direct
current to a balanced line or a current of either polarity
to an unbalanced line. In the balanced-line mode, this
circuit helps suppress common-mode signals. Connec-
tions for the balanced-line operation are outlined in Fig-
ure 1. This document describes some of the more
important parameters of the SLIC function and compo-
nent selection.

Referring to Figure 1, each LB1011AB stage feeding
the line is a Darlington connection. The Darlington is
driven by an amplifier whose input is a tap on a voltage
divider. This input part of the circuits is designed to
maintain a relatively constant dc voltage across each
half of the device. The tap connections permit an exter-
nal resistor (RTP, RTN) to raise the voltage drop across
each half of the device from 3V to 4 V. Such an
increase can be desirable to reduce distortion at low
operating temperatures or at peak signal voltages
exceeding 2.5 V.

Since the dc voltage across the device is relatively con-
stant, the current supplied to the line is controlled by
the supply voltage, the external resistors to the supply,
and the resistance shunting the line. For ac signals,
however, the bases of the TAP transistors in each of the
circuits are capacitively coupled together. Differential
signals on the line do not disturb virtual ac ground at
the center of this connection so both circuits act as
constant-current sources thereby presenting a high-
shunt impedance on the line. This cross coupling does
not affect feedback for longitudinal signals, so for com-
mon-mode noises, the two circuits act as low-imped-
ance paths to ground through the resistors connected
to the supply voltages.

Component Selection

Feed Resistors

Feed resistor RP1 and RN1 are chosen to set the loop
current. The loop current is given by:

VBAT -2 « VDC

ILooe = RLoop + (RP1+RN1)

Here, Vbc is the typical drop across each half-circuit of
the SLIC. For normal signal-level applications, the val-
ues for the LB1011AB device are 3 V. RLoor is the
resistance of the twisted pair, neglecting the drop
across the telephone set. Knowing the range of these
parameters, the feed resistors can then be selected to
provide the desired range of loop current. For this
example, 370 Q is chosen to limit the short-circuit loop
current to 57 mA with a 48 V battery. Figure 12 shows
the resulting dc characteristics.
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Figure 12. Feed Current vs. Loop Resistance

A major consideration concerning feed resistor selec-
tion is common-mode rejection, also known as longitu-
dinal balance. When two feed resistors are well
matched, the circuit provides excellent rejection of
common-mode loop signals. This relationship for a typi-
cal device is outlined in Figure 13.
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Figure 13. Longitudinal Balance vs. Feed Resistor
Mismatch
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Applying the LB1011AB
Cross-Coupling Capacitor

The cross-coupling capacitor (Cc1) is used to provide
the high ac impedance between the TIP and RING pins
(4 and 5 respectively). In most applications, a 47 nF
capagcitor results in a very good performance. Higher
values can be used to increase the ac impedance at
lower frequencies, providing better return ioss. The use
of a 1 kS resistor in series with Cc1 is recommended for
surge protection purposes. Figure 14 illustrates the
impedance as a function of frequency.

100
Ccc =0.47 uF

=) .
= 10
w
Q
=
S Ccc = 0.047 yF
e 1
o
=

0.1 poyovvvpl e el gl

0.01 0.1 1 10
FREQUENCY (kHz)
12-1857 (C)

Figure 14. Shunt Impedance vs. Frequency
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Performance Highlights

Longitudinal Balance

When applied with well-matched feed resistors, the
LB1011AB device provides excellent common-mode
rejection, typically exceeding —55 dB over the entire
voice band. The frequency dependence is shown in
Figure 15.
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Figure 15. Longitudinal Balance vs. Frequency
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Performance Highlights (continued)

Return Loss

Referring to Figure 16, the return loss is defined as:

Z-ZREF

Return Loss = ~-20 e Iogm___

where ZreF is 600 ©, and Z is the impedance of ZrerF in
parallel with pins 4 and 5 of the LB1011AB. The perfor-
mance is shown in Figure 17.
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Figure 16. Return Loss Test Circuit
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Figure 17. Return Loss vs. Frequency
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Distortion

By shorting pins 2 to 3 and 6 to 7, the nominal voltage
drop across each half of the device is increased by 1V,
which increases the undistorted peak level. Figure 18
shows the typical distortion characteristics for both
options over a broad range of line current.
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Figure 18. LB1011AB Distortion vs. Signal Level
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Outline Diagram

Controlling dimensions are in millimeters.

8-Pin DIP
/N —’N
|
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. _ . S

PIN #1 IDENTIFIER ZONE

22_ __ 1

H
4 { SEATING PLANE

T- 0.38 MIN

I-—’-L 254 TYP

0.023 MAX —»] L—

Package Dimensions

Packa Number of - -
ackage Pins Maximum Lenqth | Maximum Width | Maximum Width | Maximum Height
Description (N) L 9 Without Leads | Including Leads | Above Board
(B) (W) (H)
PDIP3 (Plastic 8 10.16 6.48 7.87 5.46
Dual-In-Line
Package)
5-4410F
Lucent Technologies Inc. 11
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Ordering Information

Device Part No. Description Package Comcode
LB1011AB General-Purpose SLIC 8-Pin DIP 104208814

For additional information, contact your Microelectronics Group Account Manager or the following:
INTERNET: http://www.lucent.com/micro
U.S.A.: Microelectronics Group, Lucent Technologies Inc., 555 Union Boulevard, Room 30L-15P-BA, Allentown, PA 18103
1-800-372-2447, FAX 610-712-4106 (In CANADA: 1-800-553-2448, FAX 610-712-4106), e-mail docmaster@micro.lucent.com
ASIA PACIFIC:  Microelectronics Group, Lucent Technologies Singapore Pte. Ltd., 77 Science Park Drive, #03-18 Cintech 1il, Singapore 118256
Tel. (65) 778 8833, FAX (65) 777 7495
JAPAN:  Microelectronics Group, Lucent Technologies Japan Ltd., 7-18, Higashi-Gotanda 2-chome, Shinagawa-ku, Tokyo 141, Japan
Tel. (81) 3 5421 1600, FAX (81) 3 5421 1700
For data requests in Europe:
MICROELECTRONICS GROUP DATALINE: Tel. (44) 1734 324 299, FAX (44) 1734 328 148
For technical inquiries in Europe:
CENTRAL EUROPE: (49) 89 95086 0 (Munich), NORTHERN EUROPE: (44) 1344 865 900 (Bracknell UK),
FRANCE: (33) 1 41 45 77 00 (Paris), SOUTHERN EUROPE: (39) 2 6601 1800 (Milan) or (34) 1 807 1700 (Madirid)

Lucent Tachnologies Inc. reserves the right 1o make changes to the product(s) or information contained herein without notice. No liability is assumed as a result of their use or application. No
rights under any patent accompany the sale of any such produci(s) or information.
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