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General Description

The LM10 is a monolithic linear IC consisting of a precision
reference, an adjustable reference buffer and an indepen-
dent, high quality op amp.

The unit can operate from a total supply voltage as low as
1.1V or as high as 40V, drawing only 270pA. A complemen-
tary output stage swings within 15 mV of the supply terminals
or will deliver +£20 mA output current with +0.4V saturation.
Reference output can be as low as 200 mV.

The circuit is recommended for portable equipment and is
completely specified for operation from a single power cell. In
contrast, high output-drive capability, both voltage and cur-
rent, along with thermal overload protection, suggest it in
demanding general-purpose applications.

The device is capable of operating in a floating mode, inde-
pendent of fixed supplies. It can function as a remote com-
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parator, signal conditioner, SCR controller or transmitter for
analog signals, delivering the processed signal on the same
line used to supply power. It is also suited for operation in a
wide range of voltage- and current-regulator applications,
from low voltages to several hundred volts, providing greater
precision than existing ICs.

Features

m Input offset voltage: 2.0 mV (max)
m Input offset current: 0.7 nA (max)
m |nput bias current: 20 nA (max)

m Reference regulation: 0.1% (max)
m Offset voltage drift: 2uV/°C

m Reference drift: 0.002%/°C

Ordering Information

NS Part Number

SMD Part Number

NS Package Number

Package Description

LM10H/883

5962-8760401GA

HO8A

8LD Metal Can

Connection and Functional Diagram

Metal Can Package (H)

REFERENCE
FEEDBACK

REFERENCE
OUTPUT

OP AMP
INPUTS

OP AMP
QuUTPUT

BALANCE

TOP VIEW

20149701

See NS Package Number HO8A
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LM10QML

Absolute Maximum Ratings (vote 1)

Total Supply Voltage 45V
Differential Input Voltage (Note 3) +40V
Power Dissipation (Pp,,,,) (Note 2) Internally Limited
Output Short-circuit Duration (Note 4) Continuous
Storage Temperature Range -55°C < T, < +150°C
Maximum Junction Temperature (T ;.,) 150°C
Lead Temperature (Soldering 10 seconds) 300°C
Thermal Resistance
Oua
Still Air 150°C
500LF/Min Air flow 45°C
Bsc
45°C
ESD Rating to be determined
Quality Conformance Inspection
Mil-Std-883, Method 5005 - Group A
Subgroup Description Temp °C
1 Static tests at +25
2 Static tests at +125
3 Static tests at -55
4 Dynamic tests at +25
5 Dynamic tests at +125
6 Dynamic tests at -55
7 Functional tests at +25
8A Functional tests at +125
8B Functional tests at -55
9 Switching tests at +25
10 Switching tests at +125
11 Switching tests at -55
12 Settling time at +25
13 Settling time at +125
14 Settling time at -55

www.national.com 4



LM10H Electrical Characteristics

DC Parameters

The following conditions apply to all the following parameters, unless otherwise specified.

DC: Atroom temperature 1.2V < Vg < 45V, Vg <V, S V= 0.85V.
DC: Attemperature extremes 1.3V < Vg <45V, Vg < Vi, S V+ 1.0V.

Symbol Parameter Conditions Notes | Min | Max Unit Sub-
groups
-2.0 | 2.0 \Y 1
lp = OmA m
-3.0 | 3.0 mV 2,3
v | oot Vol Vg =12V, I = +2mA -3.0 | 3.0 mvV 1
0 nput Offset Voltage Vg =1.3V, Ig = +2mA 40| 40 | mv 2,3
Vg =4V, |g=+20mA -3.0 | 3.0 mV 1
Vg =4V, Iy = +15mA -4.0 | 4.0 mV 2,3
-0.7 | 0.7 nA 1
lo Input Offset Current
15| 15 nA 2,3
, 20 nA 1
Ig Input Bias Current
30 nA 2,3
- 93 dB 1
CMRR Common Mode Rejection Vg =45V, -20V < Vg, < 24.2V
87 dB 2,3
Vgt =0.85V,
90 dB 1
-0.35V 2 Vg 2 -44.2V
Vgt =1V,
84 dB 2,3
o -0.3V 2 Vg 2 -44.2V
PSRR Supply Voltage Rejection » -
+
0.85V < Vg+ < 44.6V, % dB .
Vg =-0.35V
< <
1V S Vgr <446V, % dB 23
Vg =-0.3V
Ve 91 dB 1
ALine Line Regulation Ipet = TMA
85 dB 2,3
, Vg=1.2V,0< 15 < 1TmA 60 dB 1
VRLoad Load Regulation
Vg=1.3V,0< 15 < 1mA 57 dB 2,3
| Supply Current 400 bA !
u u
s PPy 500 A 2,3
Vg = 220V, Ig = 0A, 120 K 4
Vo =+19.95V 80 K 5,6
Vg = £2V, | = £20mA, 5.0 K 4
Vg =+1.4V
Vg = £2V, Iy = £15mA, 1.5 K 5,6
A . el Vol ) Vo =+1.4V
v arge Signal Voltage Gain Ve = 0.85V, Vgyy = 025V 15 K 2
Vg =-0.35V, |y = £2mA,
-0.15V £V, £ 0.65V,
Vgt =1V, Vg = -0.35V 0.5 K 5,6
Vg =-0.3V, I = £2mA,
+0.05V < V5= 0.65V,

www.national.com
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LM10QML

Symbol Parameter Conditions Notes Min | Max Unit Sub-
groups
1.1V <V, 1 £ 6.1V,
out (Note 6) | 14 K 4
-5mA < lgyr S -0.1mA
1.2V S Vg, 7 < 6.2V,
out (Note 6) | 6.0 K 5,6
, -5mA < Iyt £-0.1mA
Aysh Shunt Gain
1.4V S Vo S 6.4V,
(Note 6) 8.0 K 4
-5mA < lgyr S -0.1mA
1.4V £ Vg 7 < 6.4V,
out (Note 6) | 4.0 K 5,6
-20mA < I < -0.1mA
< < = 50 K
Ay Amplifier Gain 0.2V = Ve < 35V, Iper = TMA
23 K
y Feedback Sense Volt 0.2V < Vg, S 35V, 195 | 205 mV
Sense eedback sense Voltage 0< et <1mA 194 | 206 mV
50 nA
Isense Feedback Current = "
0.5V =V, <25V -75 75 HA
Alg Supply Current Change
Vg =5V, 4.5V <V,<5V -60 60 A
(Note 5) 250 KQ
R Input Resistance
(Note 5) 150 KQ

Note 1: Absolute Maximum Ratings indicate limits beyond which damage to the device may occur. Operating Ratings indicate conditions for which the device is
functional, but do not guarantee specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics. The guaranteed
specifications apply only for the test conditions listed. Some performance characteristics may degrade when the device is not operated under the listed test
conditions.

Note 2: The maximum power dissipation must be derated at elevated temperatures and is dictated by T, ., (maximum junction temperature), 6, (package
junction to ambient thermal resistance), and T, (ambient temperature). The maximum allowable power dissipation at any temperature is P2 = (Tymax - Ta)/
6, or the number given in the Absolute Maximum Ratings, whichever is lower..

Note 3: The Input voltage can exceed the supply voltages provided that the voltage from the input to any other terminal does not exceed the maximum differential
input voltage and excess dissipation is accounted for when V< Vg

Note 4: Internal thermal limiting prevents excessive heating that could result in sudden failure, but the IC can be subjected to accelerated stress with a shorted
output and worst-case conditions.

Note 5: Guaranteed parameter, not tested,

Note 6: This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the Vg* terminal of the
IC and input common mode is referred to Vg (see typical applications). Effect of larger output-voltage swings with higher load resistance can be accounted for
by adding the positive-supply rejection error.

www.national.com 6




Definition of Terms

Input offset voltage: That voltage which must be applied between the input terminals to bias the unloaded output in the linear
region.

Input offset current: The difference in the currents at the input terminals when the unloaded output is in the linear region.
Input bias current: The absolute value of the average of the two input currents.
Input resistance: The ratio of the change in input voltage to the change in input current on either input with the other grounded.

Large signal voltage gain: The ratio of the specified output voltage swing to the change in differential input voltage required to
produce it.

Shunt gain: The ratio of the specified output voltage swing to the change in differential input voltage required to produce it with
the output tied to the Vg+ terminal of the IC. The load and power source are connected between the Vg+ and Vg terminals, and
input common-mode is referred to the Vg~ terminal.

Common-mode rejection: The ratio of the input voltage range to the change in offset voltage between the extremes.
Supply-voltage rejection: The ratio of the specified supply-voltage change to the change in offset voltage between the extremes.
Line regulation: The average change in reference output voltage over the specified supply voltage range.

Load regulation: The change in reference output voltage from no load to that load specified.

Feedback sense voltage: The voltage, referred to Vg, on the reference feedback terminal while operating in regulation.

Reference amplifier gain: The ratio of the specified reference output change to the change in feedback sense voltage required
to produce it.

Feedback current: The absolute value of the current at the feedback terminal when operating in regulation.

Supply current: The current required from the power source to operate the amplifier and reference with their outputs unloaded
and operating in the linear range.

7 www.national.com
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LM10QML

INPUT CURRENT (nA)

OFFSET VOLTAGE (mV)

VOLTAGE GAIN (dB)

Input Current

15 —
B— Vem =V~
- ~L BIAS
\
0 Vem = 19V
Vg = +20V
-15 | 1
0.6 I
I — OFFSET| A
0
-50 25 0 25 50 75 100 125
TEMPERATURE (°C)
20149718
Output Voltage Drift
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0
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DC Voltage Gain
130 Vg =+12V
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N
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|
90
100k 10k 1k 100
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20149722

COMMON-MODE LIMITS (V)

INPUT NOISE (nV/\/Hz)

OUTPUT CURRENT CHANGE (+mA)

Typical Performance Characteristics (Op Amp)

Common Mode Limits

v4+
/
/
V- AVps < 0.1 mV
* Algs <0.2nA
- alg < 10nA — =
P
= W < 05 mV
Algs <2 nA
IAIB<H]nA

-50 -25 0 25 50 75 100 125

100

100
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e Rs = 1M
L Rg = 100k
1TIOHT T
T
Rs=0
10 100 1k 10k 100k
FREQUENCY (Hz)
20149721
Transconductance
Vs > 2V
Vsar > 1V
IRl 7
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Output Saturation
Characteristics

1.0
05
) | [ |d20ma  10mA
w 02 -20 mA Ll :[" -
(4] ] ' N — e t—
P L e [ 1Y N . =y g g
5 005 — | fudeo oL —
s> -3mA | JIM 3mA 1mA
z L TwA_] INCL e
2 002 1 IL=0.1mA
= | h==01mA_ N e e
< 0.0 I P ,NP
> o NPN__|
5 0.005 I —— PP
Vg =12V
0.002 0 — Tj o557
0.001
-03 -02 -01 0 01 02 03
OFFSET VOLTAGE CHANGE (mV)
20149724
Output Saturation
Characteristics
10
20 mA -
05 /]| S
—20mA_.~ |/ l‘\ gl
s VAT
=
@ g1 -10mA ‘ 1 mA ]
<< . N
= VNS
o 005 —3mA 4 '\LL=0.1I11
z 0.02 L // 5
2 e [-1mA Y/ itma
g M / NPN
E 0.005 -— — pr_‘
= IL=-D1mA
0.002 i i 7 Vs = 2V
0 T, =125°C
0.001
10 08 06 04-02 0 D2 04 06
OFFSET VOLTAGE CHANGE (mV)
20149726
Minimum Supply Voltage
1.8 —
T, =25°C
- Vgar= 1.0V
L
NPN e -
g v { {lour=20mA
-
s 14 “10mA
> -20 mAl .
s 12
w
E uhA
2 F=

03 02 01 0 01 -02 -03
OFFSET VOLTAGE CHANGE (mV)

20149728

SATURATION VOLTAGE (V)

TOTAL SUPPLY VOLTAGE (V)

TOTAL SUPPLY VOLTAGE (V)

Output Saturation
Characteristics

o 1/

! loyr = 20mA

T — e
N LA RN Ny
oy |0mA | RN L
. ] \ L —e—
0.05 |—-3mA i N T
1 e
0.02 ___‘1 mA A 0.1 mA
[ L I R
0.01 ~0.1 mA
0.005 v _f " NPN =
s=* {7 Ty -
0002 —1, =25 0/ TNP
0.001 L

03 -02 01 0 01 02 03
OFFSET VOLTAGE CHANGE (mV)

20149725

Minimum Supply Voltage

18
—— NPN
——PNP 0
16 }Ta=-55°C
Vear = 1.0V ‘
-1mA,
. “10mA \_E?."l"_-
I, =-20mA \
12 = A
— ot I \
- l__ —_
— e — e T WD
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OFFSET VOLTAGE CHANGE (mV)
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Minimum Supply Voltage

18 .

— NPN \
— —PNP \ 20 mA
16 }Ta=125°C b S
Vgar = 1.0V
14 F—1 =-10mA 4l =1uA
‘—ﬁmA Y
i I NJ_15mA
1.2 ——-20mA “T‘
\ ]
10 4A ' J10A
10 p— gj'l \___L__
_ 10mA
I 1‘mA |

0.8
15 1.0 05 0 -05 -1.0 -15

OFFSET VOLTAGE CHANGE (mV)
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LM10QML

140
120
100

VOLTAGE GAIN (dB)

INPUT VOLTAGE (mV) OUTPUT VOLTAGE (V)

1078
E1.2V < Vg < 40V NPN]
[-56°C < T, <+125°C T
= Ay >1 i
5 1077
g PNP :
B 7
(=]
o108 UNSTABLE
E ”11 i "IIl
S 1
<<
% 10-° . 3
(5
10-10

Frequency Response

To=25°C
~ 250
N GAIN . =
N ! z
N 200 2
.~\~=- ! ;;
o
AN l 150 S
I‘ m
v ! 2
UMY m
PHASE \ 100 ,‘T’,
= —— -
50

0.1 1.0 10 100 1k 10k 100k 1M
FREQUENCY {(Hz)

20149730

Typical Stability Range

100 10 1 0.1 :001-0.1 -1 -10 -100
LOAD CURRENT (mA)

20149732
Comparator Response

Time For Various
Input Overdrives

6 -
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3 4‘\
s | \
\ 50 mV \10 mv [\
1
o | \
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100 MIBRARE S
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0
-50

-02 0 02040608 1012141618
TIME (ms)

20149734

Output Impedance

1k
H
y 4 11
= |- 44 Vi 2
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Z J 1 i
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o = —
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1k 10k 100k M
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20149731
Large Signal Response
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<
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100 1k 10k 100k
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20149733
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z
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S 5 t
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o
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E 3
F
§ 2
= 1 5mV
>
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w =~ >
g 100
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> V- =0
5 0 Ta=25°C
g -5 .

-02 0 020406081012141618
TIME (ms}

20149735
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OQUTPUT VOLTAGE (V)

MAXIMUM NOISE VOLTAGE (Vp-p)

OFFSET VOLTAGE CHANGE (mV)

Follower Pulse

Response
10 —tr
/1
[
0 Ry > 10k I
‘T K
~10 ——— 125°C
Vil 25°C
10 ——— _55°C
I/ /’
/]
0 <[ AL =470 : 2
7
-10 A
0 02 04 0.6 08 1.0
TIME {ms)
20149736
Rejection Slew Limiting
100 ’
CMRR
PSRR* \\ \\I.INE HE(iULATION
10 \ _ T
_ \Vrer <0.1%
AVgs < 0.1 mV RN
10 N
N A Y
N \
o1 DA
PSRR™ \\
\
0.01
100 K 10k 100k ™M
FREQUENCY (Hz)
20149738
Thermal Gradient
Feedback
0.1
~ L]
L
0 NPN L]
lour =20 mA
— N
_
o —IL -0
U.l ouT
0 1]
PNP Vg +20V
lour =20mA—T Vor=10
01 |

—20 0 20 40 60 80
TIME {(ms)

20149740

NOISE REJECTION (dB)

SUPPLY CURRENT {mA)}

REFERENCE VOLTAGE CHANGE (%)

-
r
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-
~
o

-
=2
S
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=

60

a0

20

04

03

0.2

0.0!

Noise Rejection

[ PSRR* |
oo ~~=1.  LINE

T 1
VRee = 200 mv
|

S REGULATION |
cMRR™ ) N\
SN

10 100 1k 10k 100k 1M
FREQUENCY (Hz}

20149737

Supply Current

vt=1,
V- =0

~50

5

-26 0 25 50 75 100 125
TEMPERATURE (°C)

20149739

Thermal Gradient
Cross-coupling

) lour = -20 mA 4—]
~0.05 —IX 5
our * PNP
0.05 -+
[ lour = 20 mA
0
Vg £20V
Vour=0
-0.05 L
-20 ¢ 20 4 60 80
TIME (ms)

20149741
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LM10QML

INPUT VOLTAGE CHANGE {mV) INPUT VOLTAGE CHANGE (mV)

INPUT VOLTAGE CHANGE (mV)

-0.05
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20149742

Shunt Gain
loyr=0-1mA L1 "
P

2 3 4 5 6 7 8

OUTPUT VOLTAGE (V)

20149744

Shunt Gain

5 mA—]

R

0mA

2 3 4 5 6 7 8

OUTPUT VOLTAGE (V)

20149743

INPUT VOLTAGE CHANGE (mV) INPUT VOLTAGE CHANGE (mV)

INPUT VOLTAGE CHANGE {mV)

-0.10
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OUTPUT VOLTAGE (V)

20149743

Shunt Gain
/7 —\‘l’f’
I 4
T,=-55"C—

2 3 4 5 b 7 8
OUTPUT VOLTAGE (V)

20149742

Shunt Gain
loyr=0.1mA L~ "
g - /',/,
P

2 3 4 5 6 7 8
OUTPUT VOLTAGE (V)

20149744
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Typical Performance Characteristics (Reference)

0.1
s
= 005
o
=
<
S
w 0
(&)
=
vy
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w~0.05
x
-0.1

Line Regulation

Ta=125°C
= Fi
=
N IR S P
r/’ ~N
<] - -55°C
.\‘-v.
1 10 100

TOTAL SUPPLY VOLTAGE

20149745

Reference Noise Voltage

VRer = 0.2V
g
2
w
7]
g 100
[**)
(=]
= I
w —
o«
w
* %)
o
o«
10
10 100 1k 10k 100k
FREQUENCY (Hz)
20149747
Output Saturation
12
\\ ) | AVies = 0.1%
= Rep o
> [
z ~2m /|
8 1.0 iy
= \‘\\]7”14 ~—
[=]
= 08 \‘0'"\:7,),\'\\
=] I~~~
-
< ~
= \\
= 0.6 ~
o3
0.4

-50 -26 0 25 50 75 100 125
TEMPERATURE (“C)

20149749

REFERENCE CHANGE (%)

CAPACITIVE LOADING (F)

TOTAL SUPPLY VOLTAGE (V)

Load Regulation

0.1
l V' =15V
I Vo=
Ta=-56C |
0 fpm=p—r— [}
Ne L Ta=25C 1 N
Ta=125C ) |
-0 n i
| |
L)
~02 | I
| |
- f
! i
-03 a
>0 2 4 6
LOAD CURRENT {mA)
20149746
Minimum Supply Voltage
14 l ]
N Ipgr =2 mA
\\
12 /
\\ \IREF =1mA
1.0 \\ N\ [ —
Veeg = 200mV \\lnu =0.1mA
Viancvi<sy N
AVeep=0.1%
0.8
-50 -25 0 25 50 75 100 125
TEMPERATURE (' C)
20149748
Typical Stability Range
10-°
1.2V < Vg < 40V
—55°C < Ta < +125°C
10-% | Vrer =200 mV )
My 71
-7 o’
10 111
L] POTENTIALLY
0 W UNSTABLE ) .
# i
W A
10-° Lt
Z2s
10~10
0.01 0.1 1.0 10

LOAD CURRENT {mA)

20149750
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LM10QML

Typical Applications (note 3

(Pin numbers are for devices in 8-pin packages)

Op Amp Offset Adjustment
Standard

+

o VR

v
20149751

Limited Range

VRer

V-

20149752

Limited Range With Boosted
Reference

VREF

v

20149753

www.national.com

14




Positive Regulators (Note 7)

Low Voltage
C1
0.01«F
R1 Viy > 3.2V
28K I

Vour
v

20149754

Zero Output

c1
0.01uF

i

100K

VIN

—N

Al Vour
LM10 0V TO0 S5V
3 /T 4
§ + 8
3.9K <
R3
5K

20149756

Note 7: Use only electrolytic output capacitors.

Best Regulation

Vi > 11V

Vour
v

R2
98K

R1

20149755

15
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LM10QML

Current Regulator Shunt Regulator
+ cr*
0.01 uF
R2
+Vour = <1 + m ) VRer
- (RZ+R3) Vgep
R1R3
R3
20149757 -
20149758
Required For Capacitive Loading
Negative Regulator Precision Regulator
@— GROUND p— Vin
+
J— or*
25 uF
02
Vour = -10V 2N2222
)
2N3055
L g & Vour = 50V
A1
1k
Vg <105V % I L
9 50 uF
20149759 0 —d— R2
. ) 250k
Electrolytic 0.001 uF T 1%
4 €— GROUND

20149760
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*Vo=10-4 R3

Laboratory Power Supply

o o Vi
c2 R10
0.014F 3.3k
| Lo -— o 05
2N2222
04
2N2222
4
R$
3k
o1 p
2N2905 a3
2N3055
Ra <
390
3
a2
2N2905 a6 a7
82222 0.1
R2 D1 -
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HV Regulator
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Protected HV Regulator

*Provides Hysteresis

*800°C Threshold Is Established By Connecting Balance To Vgg.

200k

'L > TOMOS OR

TTL LOGIC
>
R1
izno
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Light Level Sensor
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Remote Amplifier

R2
10M
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VIBRATION
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L
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Remote Thermocouple Amplifier

LM134
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1%

R3%
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R2*
120
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Transmitter for Bridge Sensor
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RESISTIVE
BRIDGE

lour

20149768
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Precision Thermocouple Transmitter

10mA S 15 ;S50mA  500°C < T, < 1500°C

R2 R3
383k 392k
o < 19
0V 4 1% 1%
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RHODIUM
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- 13.3k

RS R7
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392k COMP
€ 1%
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[ —r==
+ ! I
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A2 6 ]’01
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LEVEL SHIFT
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1%
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%
%
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Resistance Thermometer Transmitter
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ttLevel-shift Trim
*Scale Factor Trim
tCopper Wire Wound
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A A

Optical Pyrometer
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I
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200°C=T,<700°C
1 mASIg ;S5 mA
tGain Trim

D1
iN457

R1
1.65k
1%

R2
439
1%

1mA S ;S5 mA
150 pA < I < 500 pA
ttCenter Scale Trim
tScale Factor Trim
*Copper Wire Wound

Thermocouple Transmitter
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+ 2 N
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Logarithmic Light Sensor

<
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—0.001 F
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Battery-level Indicator

R1
680k

Vi = BY

LED dims below 7V

20149774

Single-cell Voltage Monitor

v

Battery-threshold Indicator

2 R2
S 290
Al 6
LM10
1+ 4 102
5 1N457 0
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10k
v
>
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Double-ended Voltage Monitor
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T 15V

4
b
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RatS leS ove it Flash Rate Increases
ate Increases Wi Above 6V and Below 15V
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Meter Amplifier
R1 R2
100k 8.5M
1% 1%
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2
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100 A 1%
+ M
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*Trim For Span
1Trim For Zero

1< A, < 105

Thermometer

6
st
LM134
A1
213
1%
r2t
1.5k

1%

Vi >1v

0-100°C
0-100 A

Light Meter

0-200 A
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+ 1V 2V

20149780
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Microphone Amplifier

6.2M %

R9
™

Vs
1.5V

R2
™

Zoyr™680Q @ 5 kHz
A, S 1k

f,~100 Hz

f,~5 kHz

R, ~500

*Max Gain Trim

A AN
A 4

20149781
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tControls “Loop Gain”
*Optional Frequency Shaping

FROM
REGULATED
QuTPUT

Rt
47

3
200

R4
1.91k
1%

Isolated Voltage Sensor

R6
5k

FEEDBACK TO
!?,Y SWITCH
A A

5 CONTROLLER

20149782

Light-level Controller

3 + .
RS
Al 10k
LM10 ) < 2W
2] 1
8
L R1 BRI )
10k
< LA D 1% A2
A 9 2%
LEVEL 15 Vac
R3 R4
2.2 ,glF 100 D2
+|[ ST2
1 -
2N4991 ] \
] o
R6 ot (2
10k T 0.33 uF
20149783
Note 8: Circuit descriptions available in application note AN-211.
Application Hints
With heavy amplifier loading to Vg, resistance drops in the reference circuitry should be connected as close as possible
Vg lead can adversely affect reference regulation. Lead re- to the package.
sistance can approach 1Q. Therefore, the common to the
www.national.com 26
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Physical Dimensions inches (millimeters) unless otherwise noted

0.350 - 0.370
(8.890—9.398)
Dia - il 0.315-0.335
0.165-0.185 I (8.001-8.509)
(4.191-4.699) _| DIA
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f 0.040 ——Aj~ SEATING PLANE
0.500 "~ g T
(12.70) 0.025

MAX -
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m
m
m
=
m
=
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m
o
2
b
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m
>
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(5.715—5.969)
DIA PC

A

[ 0.115-0.145

0.029-0.045 (2.921-3.683)
DIA

{0.737-1.143)

0.028 —0.034

HOBA (REV C}

Metal Can Package (H)
NS Package Number HO8A
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LM10QML Operational Amplifier and Voltage Reference
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