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LM10 Operational Amplifier and Voltage Reference

Check for Samples: LM10

FEATURES DESCRIPTION

« Input Offset Voltage: 2 mV (max) The LM10 series are monolithic linear ICs consisting
of a precision reference, an adjustable reference
buffer and an independent, high quality op amp.

www.ti.com

e Input Offset Current: 0.7 nA (max)

e Input Bias Current: 20 nA (max) J
. The unit can operate from a total supply voltage as
* Reference Regulation: 0.1% (max) low as 1.1V or as high as 40V, drawing only 270uA.
+ Offset Voltage Drift: 2 pv/°C A complementary output stage swings within 15 mV
« Reference Drift: 0.002%/°C of the supply terminals or will deliver 220 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 current, along with
thermal overload protection, suggest it in demanding
general-purpose applications.

The device is capable of operating in a floating mode,
independent of fixed supplies. It can function as a
remote comparator, 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.

This series is available in the three standard
temperature ranges, with the commercial part having
relaxed limits. In addition, a low-voltage specification
(suffix “L") is available in the limited temperature
ranges at a cost savings.

Connection and Functional Diagrams
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Figure 1. TO Package (NEV) Figure 2. SOIC Package (NPA)
See Package Number NEVOOO8A See Package Number NPA0014B
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Figure 3. PDIP Package (P) Figure 4.

See Package Number P (R-PDIP-T8)

A These devices have limited built-in ESD protection. The leads should be shorted together or the device placed in conductive foam
‘Y '\ during storage or handling to prevent electrostatic damage to the MOS gates.

Absolute Maximum Ratings @@

LM10/LM10B/ LM10BL/

LM10C LM10CL
Total Supply Voltage 45V v
Differential Input Voltage +40V +7V

Power Dissipation®

internally limited

Output Short-circuit Duration ©)

continuous

Storage-Temp. Range

-55°C to +150°C

Lead Temp. (Soldering, 10 seconds)

TO 300°C
Lead Temp. (Soldering, 10 seconds) DIP 260°C

Vapor Phase (60 seconds) 215°C

Infrared (15 seconds) 220°C
ESD rating is to be determined.
Maximum Junction Temperature
LM10 150°C
LM10B 100°C
LM10C 85°C

(1) Refer to RETS10X for LM10H military specifications.

(2) 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 ensure specific performance limits.

(3) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/Distributors for availability and specifications.

(4) 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|y<V™.

(5) The maximum, operating-junction temperature is 150°C for the LM10, 100°C for the LM10B(L) and 85°C for the LM10C(L). At elevated
temperatures, devices must be derated based on package thermal resistance.

(6) 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.
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Operating Ratings

Package Thermal Resistance
AN
NEV Package 150°C/W
P Package 87°C/W
NPA Package 90°C/W
A
NEV Package 45°C/W

Electrical Characteristics
T;=25°C, Tun<T;STuax (Boldface type refers to limits over temperature range)®

Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mV
Input offset current® 0.25 0.7 0.4 2.0 nA
1.5 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage V=220V, loyt=0 120 400 80 400 V/mV
gain Vout=%19.95V 80 50 V/mV
Vs=+20V, Vour=+19.4V 50 130 25 130 Vvimv
louT=+20 MA (+15 mA) 20 15 Vvimv
Vs=+0.6V (0.65V), loyt=+2 mA 15 3.0 1.0 3.0 Vvimv
VouT=%0.4V (+0.3V), Vey==0.4V 0.5 0.75 Vvimv
Shunt gain® 1.2V (1.3V) SVgours40V, 14 33 10 33 Vvimv
R.=1.1kQ
0.1 mAsIgytst mA 6 6 VimVv
1.5VsV*<40V, R =250Q 8 25 6 25 V/mV
0.1 mAsIgyts20 mA 4 4 VimVv
Common-mode -20V<Vy<19.15V (19V) 93 102 20 102 dB
rejection V=120V 87 87 dB
Supply-voltage -0.2v2V2-39V 20 96 87 96 dB
rejection V*=1.0V (1.1V) 84 84 dB
1.0V (1.1V) £V*<39.8V 96 106 93 106 dB
V™=-0.2V 90 90 dB
Offset voltage drift 2.0 5.0 uVv/°C
Offset current drift 2.0 5.0 pA/°C
Bias current drift Tc<100°C 60 90 pA/°C
Line regulation 1.2V (1.3V) sVg=40V 0.001 0.003 0.001 0.008 %IV
0<lgers1.0 MmA, VRer=200 mV 0.006 0.01 %IV

(1) These specifications apply for V'<Vey<V* -0.85V (1.0V), 1.2V (1.3V) <Vg<Vuax, Vrer=0.2V and 0<lgge<1.0 mA, unless otherwise
specified: Vyax=40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type
indicates limits and altered test conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to
85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do not include the effects of thermal gradients (1;=20 ms),
die heating (1,=0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see curves).

(2) For T;>90°C, los may exceed 1.5 nA for Vey=V~. With T;=125°C and V'sVeysV +0.1V, Igs<5 nA.

(3) This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V*
terminal of the IC and input common mode is referred to V™ (see Typical Applications). Effect of larger output-voltage swings with higher
load resistance can be accounted for by adding the positive-supply rejection error.
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Electrical Characteristics (continued)
T,=25°C, TunST;STuax (Boldface type refers to limits over temperature range)®

Parameter Conditions LM10/LM10B LM10C Units
Min Typ Max Min Typ Max

Load regulation 0<Irer<1.0 mA 0.01 0.1 0.01 0.15 %
V*=Vger21.0V (1.1V) 0.15 0.2 %

Amplifier gain 0.2VSVRee<35V 50 75 25 70 VimV

23 15 VimV
Feedback sense 195 200 205 190 200 210 mV
voltage 194 206 189 211 mV
Feedback current 20 50 22 75 nA
65 90 nA

Reference drift 0.002 0.003 %I/°C
Supply current 270 400 300 500 pA
500 570 pA
Supply current change 1.2V (1.3V) sVg=40V 15 75 15 75 MA

Electrical Characteristics
T,=25°C, TunST;STwax (Boldface type refers to limits over temperature range)®

Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Input offset voltage 0.3 2.0 0.5 4.0 mV
3.0 5.0 mv
Input offset current® 0.1 0.7 0.2 2.0 nA
1.5 3.0 nA
Input bias current 10 20 12 30 nA
30 40 nA
Input resistance 250 500 150 400 kQ
150 115 kQ
Large signal voltage Vg=%3.25V, lgyt=0 60 300 40 300 V/imV
gain Vout=%3.2V 40 25 VimVv
Vg=%3.25V, loyr=10 mA 10 25 5 25 VimV
Vour=2.75 V 4 3 VimV
Vg=£0.6V (0.65V), loyr=%2 mA 15 3.0 1.0 3.0 VimV
Vour=%0.4V (+0.3V), Vey=-0.4V 0.5 0.75 VimV
Shunt gain® 1.5V<V*<6.5V, R, =500Q 8 30 6 30 Vimv
0.1 mASIoyT<10 mA 4 4 VimV
Common-mode =-3.25V=V 2.4V (2.25V) 89 102 80 102 dB
rejection Vg=13.25V 83 74 dB
Supply-voltage -0.2v2V 2-5.4V 86 96 80 96 dB
rejection Vi=1.0V (1.2V) 80 74 dB
1.0V (1.1V) sV*<6.3V 94 106 80 106 dB
V'=0.2V 88 74 dB

(1) These specifications apply for V'<Vey<V* -0.85V (1.0V), 1.2V (1.3V) <Vg<Vuax, Vrer=0.2V and 0<lgge<1.0 mA, unless otherwise
specified: Vyax=40V for the standard part and 6.5V for the low voltage part. Normal typeface indicates 25°C limits. Boldface type
indicates limits and altered test conditions for full-temperature-range operation; this is -55°C to 125°C for the LM10, -25°C to
85°C for the LM10B(L) and 0°C to 70°C for the LM10C(L). The specifications do not include the effects of thermal gradients (1;=20 ms),
die heating (1,=0.2s) or package heating. Gradient effects are small and tend to offset the electrical error (see curves).

(2) For T;>90°C, los may exceed 1.5 nA for Vey=V~. With T;=125°C and V'sVeusV +0.1V, Ios<5 nA.

(3) This defines operation in floating applications such as the bootstrapped regulator or two-wire transmitter. Output is connected to the V*
terminal of the IC and input common mode is referred to V™ (see Typical Applications). Effect of larger output-voltage swings with higher
load resistance can be accounted for by adding the positive-supply rejection error.
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Electrical Characteristics (continued)
T,=25°C, Tun<T;STuax (Boldface type refers to limits over temperature range)®

Parameter Conditions LM10BL LM10CL Units
Min Typ Max Min Typ Max
Offset voltage drift 2.0 5.0 pv/°eC
Offset current drift 2.0 5.0 pA/°C
Bias current drift 60 90 pA/°C
Line regulation 1.2V (1.3V) £Vg<6.5V 0.001 0.01 0.001 0.02 %IV
0<Irer=0.5 MA, Vggr=200 mV 0.02 0.03 %IV
Load regulation 0<Irgr<0.5 mA 0.01 0.1 0.01 0.15 %
V*=Vgrep21.0V (1.1V) 0.15 0.2 %
Amplifier gain 0.2V<VREges5.5V 30 70 20 70 VimV
20 15 VimV
Feedback sense voltage 195 200 205 190 200 210 mV
194 206 189 211 mvV
Feedback current 20 50 22 75 nA
65 90 nA
Reference drift 0.002 0.003 %/°C
Supply current 260 400 280 500 HA
500 570 pA

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 V* terminal of the IC. The load and power source are connected
between the V™ and V™ terminals, and input common-mode is referred to the V™ 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 V7, 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.

Copyright © 1998-2013, Texas Instruments Incorporated Submit Documentation Feedback 5

Product Folder Links: LM10


http://www.ti.com/product/lm10?qgpn=lm10
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSBH4D&partnum=LM10
http://www.ti.com/product/lm10?qgpn=lm10

13 TEXAS
LM10 INSTRUMENTS

SNOSBH4D —MAY 1998 -REVISED MARCH 2013 www.ti.com

Typical Performance Characteristics (Op Amp)

Input Current Common Mode Limits
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Typical Performance Characteristics (Op Amp) (continued)

Output Saturation
Characteristics

Output Saturation
Characteristics
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Typical Performance Characteristics (Op Amp) (continued)
Frequency Response
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MAXIMUM NOISE VOLTAGE (Vp-p) OUTPUT VOLTAGE (V)

OFFSET VOLTAGE CHANGE (mV)

Typical Performance Characteristics (Op Amp) (continued)
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Typical Performance Characteristics (Op Amp) (continued)

Shunt Gain

Ve
/
7

2 3 4 5 6 7 8

OUTPUT VOLTAGE (V)
Figure 29.

Shunt Gain

lour =01 mA L~

| sen]
e

~

2 3 4 5 6 7 8

OUTPUT VOLTAGE (V)
Figure 31.

Shunt Gain

RNE

0mA

2 3 4 5 6 7 8

OUTPUT VOLTAGE (V)
Figure 33.

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

INPUT VOLTAGE CHANGE (mV)

Shunt Gain
0
ot
,:% 5 mA—]
01 HA |
""—l ——rloyr = 0.1 mA
[|
0.2 7/20 mA T,=25°C
L]
[T
0.3 -
-0.4
-0.5

OUTPUT VOLTAGE (V)

Figure 30.
Shunt Gain
0
'/—- -
/ | =5 mA
-0.05 ,/ 20 mA ouT
-0.10
-0.158
-0.20
0.25

1 2 3 4 5 6 7 8
OUTPUT VOLTAGE (V)

Figure 32.
Shunt Gain
0
loyr = 0.1 mA L~
~ >
//
0.2 T

1 2 31 4 5 6 7 8

OUTPUT VOLTAGE (V)
Figure 34.
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Typical Performance Characteristics (Reference)

Line Regulation Load Regulation
T =15V
V™ =
= Ta=-55C
= 0.05 £ ) kmemp—r—
=] Ta=125°C = 95° n
5 \\ f'i:‘r E > \—TA-ZSC lW
S 0 \'\ _.--"’ 25°C S Ta=125C | ;
"V}
g 4"’ ™ ™ : -0t i
S - ~. | -s5°C S I
= T~+ i ’
u._ w
=
——
-0.1 _03 I ]
1 10 100 v 2 a 5
TOTAL SUPPLY VOLTAGE LOAD CURRENT (mA)
Figure 35. Figure 36.
Reference Noise Voltage Minimum Supply Voltage
1% 14
Veer = 0.2V ] ]
;; E \ lggg =2 mA
w
3 @ N /)
= - 12
& S W\—//
Z 100 > N e = 1mA
2 0 N
[~ ¢
E 5 VEEF=2°0 mv \\|REF=“~1 mA
« - Vi<V <oy ~J
Ve =0.1%
10 08
10 100 1K 10k 100k -50 -25 0 25 50 75 100 125
FREQUENCY (Hz) TEMPERATURE (°C)
Figure 37. Figure 38.
Output Saturation Typical Stability Range
1.2 10*5
L ‘ AVer = 0.1% 1.2V < Vg < 40V
— ~ ,’?sp' —5§5°C < Tp < +125°C
E— \]¥’7I4 / w 10-% | Vrer =200 mV oy /7
I} 1.0 I \ w© A ’
< ,) 2
= N \"H,q = )
g ~{_ g 107’ o1
N~ . = AN
= 08 ~. mq ~ = 7 POTENTIALLY
= SN M~ > 4 UNSTABLE |
':t ~ = 1078 1 A /
= \\ E or7
: 0.6 ~J S 9 L 4 A// 4/
7} 10 ‘/ﬁéﬂ*
04 10010
-850 -25 0 25 50 75 100 125 0.01 0.1 1.0 10
TEMPERATURE (“C) LOAD CURRENT (mA}
Figure 39. Figure 40.
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TYPICAL APPLICATIONS

(Pin numbers are for devices in 8-pin packages)
Circuit descriptions available in application note AN-211 (Literature Number SNOAG638).

Op Amp Offset Adjustment

VRee

Vrer

V-

Figure 41. Standard Figure 42. Limited Range

Vaer

v

Figure 43. Limited Range With Boosted Reference

Positive Regulators

C1 Viy > 11V

0.01F
7
6 VOUT
B—O— o
/ 4
8

Vi > 32V

_L

28K

AA
Vo

Vour
—

4

Figure 44. Low Voltage Figure 45. Best Regulation
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(Pin numbers are for devices in 8-pin packages)

L— VOUT
0V TO 5v
Use only electrolytic output capacitors.
Figure 46. Zero Output
+
5
gy = 21 A3 Vgp
RIR3
< (’
a2 SR
Figure 47. Current Regulator
ct*
0.01 uF
(142 v
Required For Capacitive Loading
Figure 48. Shunt Regulator
Copyright © 1998-2013, Texas Instruments Incorporated Submit Documentation Feedback 13

Product Folder Links: LM10


http://www.ti.com/product/lm10?qgpn=lm10
http://www.ti.com
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SNOSBH4D&partnum=LM10
http://www.ti.com/product/lm10?qgpn=lm10

13 TEXAS
LM10 INSTRUMENTS

SNOSBH4D —MAY 1998 -REVISED MARCH 2013 www.ti.com

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

49— GROUND

+
IC1*
25 uF
[]
0 Vour = =10V
pdi

P V< 105V

*Electrolytic
Figure 49. Negative Regulator

Vin

a3
2N2222

02
2222
b
S
o1
2N3055
>
mS
0 S

Vour = 50V

:Rl
1k
> 1%

AA

c2

_L
50.F
A2
o= > 250k

0.001 4F T %

AA

*—

GROUND

Figure 50. Precision Regulator

4 Viy
2 R10
0.01 4F 33k
- s
2N2222
04
2N2222
"9
3k
a1 <
2N2905 a3
2N3055
RS A8 S
a7k § m$
@
M2905 % S
2N2222 ?» 0.1
* * Vour
4 c3 J
cq —— 0-50v

0.022 4F
g > % " . 0-1A
0.001 uF bk 50 uF

r S 500k

- L com

&

*Vour=10"4 R3
Figure 51. Laboratory Power Supply
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(Pin numbers are for devices in 8-pin packages)

Viy > 204V

Vour = 200V

02 m—t—

10 uF

S COMMON
R2
Vout = g7 VREF

Figure 52. HV Regulator

W0V < Vg <380V
RS
> 20k
<
i <5
i1 sm
IN3439
. 03
1 2NB513
D2 Iy~
1Na5? A ;:‘3757 05
1N4002
a7 06
03 Fa 1N4002
7 2 \DVas 3
1N457 _ A/

Dil > [ A2
Sha [
2N2907 <: % (L1) 2N2222 >
< 3 M

Nt Sz

<
1
Vour = 260V
- SmA < loyr < 150 mA
2R3
‘:n
% —lLCZ .1_[:3
1000 pF 20F
Y N ¢ 4]
znupr—[:A;]L ‘»f.,ZM
VWA _ 2 GND
Figure 53. Protected HV Regulator
v
5V
PLATINUM™
RHODIUM
PROBE

TOMOS OR
TTLLOGIC
R1
200

Figure 54. Flame Detector

*800°C Threshold Is Established By Connecting Balance To VRgg.
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(Pin numbers are for devices in 8-pin packages)

*Provides Hysteresis
Figure 55. Light Level Sensor

R2

10M v
AAA- .- sV
4N R4
Tk
Al []
LM10 —
3 4 Vour
+ 1
-L ’
> SH =
VIBRATION SR S
SENSOR ? Sum 1

R3Y < art

1B G g6,
1% 9

" 1%

LM134

R1
18
1%

+
CHROMEL
ALUMEL
PROBE b

R4
100
1%

AA

A A S A
*
?zzu VsV p=20v
1% 200°C =T <700°C
TSpan Trim

T Level-shift Trim
*Cold~junction Trim

Figure 57. Remote Thermocouple Amplifier
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(Pin numbers are for devices in 8-pin packages)

-
- 7
Al ]
LM10
Veer 1
+ 8
4 Re -- |
180K >OC_. ovr
1%
R7
RG
L 20k 50
1% 1%

v

RESISTIVE _j

BRIDGE
Figure 58. Transmitter for Bridge Sensor
R2 %R!
383k 392k
WaVC 4 g™ qm™ >+
+ ! .‘] ]
PLATINUM our
RHODIUM
PROSE L, R1* Al A2 6 [}
— 133k M121A KZNM]]]
1%
W
LEVEL SHIFT
RS @2
393k :’ 60k ?51:
% €oln 1% %
Q Ra JUNCTION Vour > BV
< 302k
< R10
2k
1%
& Rb
2 20
" 1%
10 MASloyr<50 mA
500°C<Tp<1500°C
*Gain Trim
Figure 59. Precision Thermocouple Transmitter
6
L] v
POC ke
Vvv' - VOUT
-/
X R
> L
?m :’ R2
Figure 60. Resistance Thermometer Transmitter
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(Pin numbers are for devices in 8-pin packages)

SOURCE

IR PASS é*& IR STOP
i

D1 02
03
1Na5?
wtth
165 Q@
% <& °
3
N
A1 ]
LM1B
2] 8
14 QRS

>
b 3IEN
> 19, AY
a1 2 Qre
172 2N3811 1/2 2N3811 S
7

SR > pit*
> S
< 99 < 82

1% %

ttLevel-shift Trim
*Scale Factor Trim
tCopper Wire Wound
1 mA<Ilpyr<5 mA

|
0.01 gID—zsmo

D1
Figure 61. Optical Pyrometer
4 +
' o
$1
LM134
R1
715
1%
CHROMEL
ALUMEL
PROBE ]
4
3
RZ &
l‘n‘z 3: ZF;: :E SHIFT
coLD
JUNCTION t
a2 & towe :, ::7
0S | > 1%
200°C<T,<700°C
1 mASlOUTSS mA
tGain Trim
Figure 62. Thermocouple
Transmitter
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(Pin numbers are for devices in 8-pin packages)

°
Sratt
< 120k .
3
) N
D2
Al 6
LM10
1
2_ 8
4 > R4
:Hn.zu
>
% \
o ‘1 L . lour
2N3B11
/{_\_m 4& ;5
——0.001 :F <
1.001 & b3
g mt™
Qe
q 1%

1 mASlOUTSS mA
150 pASIH<500 YA
ttCenter Scale Trim
tScale Factor Trim
*Copper Wire Wound

Figure 63. Logarithmic Light Sensor

L +
R1<€ R4
680Kk :, 1.5k
[ Vrn = 6V
¢ U
A
RZ:
12k
< LED dims helow 7V

Figure 65. Battery-threshold Indicator
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(Pin numbers are for devices in 8-pin packages)

Flashes Above 1.2V
Rate Increases With
Voltage

Figure 66. Single-cell Voltage Monitor

Flash Rate Increases
Above 6V and Below 15V

Figure 67. Double-ended Voltage Monitor

R1 R2
100k 8.5M
1% 1%
A A'A'A' A'A'A'
o 2

01 D2 < R2
Nas7 57 S M ﬂ_m
T 15
+ .

>
S R4 RS
>

mo & %

- o{ fo!

INPUT
10 mV, 100nA
FULL-SCALE

Figure 68. Meter Amplifier
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(Pin numbers are for devices in 8-pin packages)

a2 1"
0-100°C
0-100 A
3
LM134
IM
37
< 1%
> r2t
& 1.5k
1%
*Trim For Span
1Trim For Zero
Figure 69. Thermometer
¢ 4+ LVCV <V
0-200.A
1sMAgS10°
Figure 70. Light Meter
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(Pin numbers are for devices in 8-pin packages)

Vs
1.5V

R9

R8
m
—AAA
A A 4
R |

62MS

—r- ll:zqu

q [}
0.05 uF
$m “
» 300k

=
AA
VY

ZOUT"‘GSOQ @ 5 kHz
Ay=1k

f,~100 Hz

f2~5 kHz

R, ~500

*Max Gain Trim

Figure 71. Microphone Amplifier

rit

FEEDBACK TO
SWITCH
\ CONTROLLER
FROM
REGULATED
ouTPUT

tControls “Loop Gain”
*Optional Frequency Shaping

Figure 72. Isolated Voltage Sensor
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(Pin numbers are for devices in 8-pin packages)

A
RS
A1 10k
LM10 p oo
2 p—
L1 8
R BRI ]
10k
C@ LA D1 1% 2
A [
LEVEL 115 Vac
RS ¢ R4
2.2k 10 uF 100 D2
+|/ ST2
at ®
2N4991 \
] o
TRIAC R6 —12
10k T 0.33.4F
Figure 73. Light-level Controller
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APPLICATION HINTS

With heavy amplifier loading to V7, resistance drops in the V™ lead can adversely affect reference regulation.
Lead resistance can approach 1Q. Therefore, the common to the reference circuitry should be connected as

close as possible to the package.

Operational Amplifier Schematic

(Pin numbers are for 8-pin packages)
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' a 25
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401 0 010 k) P o atss
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' ]J I
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w w
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BALANCE

Reference and Internal Regulator

(Pin numbers are for 8-pin packages)
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish  MSL Peak Temp Op Temp (°C) Top-Side Markings Samples
@ Drawing Qty @ ® @
LM10BH ACTIVE TO NEV 8 500 TBD Call Tl Call TI -40 to 85 LM10BH c
Samples
LM10BH/NOPB ACTIVE TO NEV 8 500 Green (RoOHS POST-PLATE Level-1-NA-UNLIM -40 to 85 LM10BH
& no Sh/Br) 5
LM10CH ACTIVE TO NEV 8 500 TBD Call Tl Call Tl Oto 70 LM10CH
LM10CH/NOPB ACTIVE TO NEV 8 500  Green (ROHS POST-PLATE  Level-1-NA-UNLIM 0to 70 LM10CH
& no Sh/Br) =
LM10CLN ACTIVE PDIP P 8 40 TBD Call Tl Call Tl 0to 70 LM10CLN
samples
LM10CLN/NOPB ACTIVE PDIP P 8 40 Green (RoHS SN Level-1-NA-UNLIM Oto 70 LM10CLN
Samples
& no Sh/Br)
LM10CN ACTIVE PDIP P 8 40 TBD call TI call Tl 0to 70 LM
10CN
LM10CN/NOPB ACTIVE PDIP P 8 40 Green (RoHS Call Tl Level-1-NA-UNLIM Oto 70 LM el
& no ShiBr) 10CN L
LM10CWM ACTIVE SOIC NPA 14 50 TBD Call Tl Call Tl Oto 70 LM10CWM o
Samples
LM10CWM/NOPB ACTIVE SOIC NPA 14 50 Green (RoHS CU SN Level-3-260C-168 HR 0to 70 LM10CWM Samples
& no Sh/Br) =
LM10CWMX ACTIVE SoIC NPA 14 1000 TBD Call Tl Call Tl 0to 70 LM10CWM Samples
LM10CWMX/NOPB ACTIVE SoIC NPA 14 1000 Green (RoHS CU SN Level-3-260C-168 HR Oto 70 LM10CWM Samples
& no Sh/Br) =

@ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): Tl's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, Tl Pb-Free products are suitable for use in specified lead-free processes.
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http://www.ti.com/product/LM10?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/LM10?CMP=conv-poasamples#samplebuy
http://www.ti.com/productcontent
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Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

@ Multiple Top-Side Markings will be inside parentheses. Only one Top-Side Marking contained in parentheses and separated by a "~" will appear on a device. If a line is indented then it is a
continuation of the previous line and the two combined represent the entire Top-Side Marking for that device.

Important Information and Disclaimer:The information provided on this page represents Tl's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information
provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and
continues to take reasonable steps to provide representative and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.
Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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/ PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 8-Apr-2013
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
5 [+ KO j«—P1—
IS T
w
“’G ’E‘ BO
Reel ; ; ——
Diameter
Cavity +[ AD |¢
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
K0 | Dimension designed to accommodate the component thickness
v W | Overall width of the carrier tape
_{ P1 | Pitch between successive cavity centers
RNV |
_{ Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O 00000 O0O0 07* Sprocket Holes
| |
T T
I
l —
User Direction of Feed
L
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
LM10CWMX SOIC NPA 14 1000 330.0 16.4 10.9 9.5 3.2 12.0 | 16.0 Q1
LM10CWMX/NOPB SoIC NPA 14 1000 330.0 16.4 10.9 9.5 3.2 12.0 | 16.0 Q1

Pack Materials-Page 1
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TAPE AND REEL BOX DIMENSIONS
At
4
A\
// S
/\g\ /)i\
\ o) 7
~ . e
. T oy
Te e
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM10CWMX SOIC NPA 14 1000 367.0 367.0 38.0
LM10CWMX/NOPB SOIC NPA 14 1000 367.0 367.0 38.0

Pack Materials-Page 2



MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
0355 (9,02)
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
0 S GRS iy Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
" 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA
NPA0014B

0.346-0.362
{8.788—9.195)

14 13 12 11 10 9

eRREEEE

(10.01 —10.64)
LEAD NO. 1 »

IDENT —p°
| 4
¥ 2 3 @88 3
0.027 |
{0.686)
0.291—0.299
{7.391—7.595)
L 0.093—0.104
<t ) N L 2.362 - 2.642
0.009—0.013 i (0.432) l ! 0004-0.012
{0.229—0.330) # 0040,
8° MAX TYP 0.102—0.305
TYP ALL LEADS 22V, Lenns 2 ( )
NN Y * Y  seating
? 0.037 —0.044 A PLANE
7 {0.940—1.118)
0.004 | 0.030-0.050 unsn 0.050 ol | D010 4,
0.102) ~ {o.T62—1.270) (1.270) Vo0, AR
ALL LEAD TYP ALL LEADS TYP
TIPS
M14B (REV D}
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MECHANICAL DATA
NEVOOO8A

REFERENCE PLANE\

500 MIN—————==— .175£.010 —
@,360i,010 [12.71 [4.45£0.25]
P e [5.1440.25) |
N
§ §
@ .230%.005 11
[5.84+0.12]

@ .325+.010

i
T
i
T
T
i
i
i
i
i
! [8.26+0.251]
i
i
i
i
T
i
T
i

@ L0175+ .0015
[0.44540.038]
% TYP 1
.037+.008 ) 1
[0.94+0.21]

/ O -
SEATING PLANE .

.031+.003
[0.79+0.071 025 WAd
45°TYP 10,1351
UNCONTROLLED
LEAD DIA e 04 Max
[0.891]
015-.040 — =
[0.38-1.02]
MIL-PRF-38535
CONTROLLING DIMENSION 1S INCH
CONFIGURATION CONTROL VALUES IN [ 1 ARE IN” MILLIMETERS

HO8A (REV C)
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B 3% 4 M # 886-3-5753170
BESE J7 T ( i) 86-21-34970699
JHE 4% 17 HL () 86-755-83298787

Http://www. 100y. com. tw

IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, enhancements, improvements and other
changes to its semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESD48, latest
issue. Buyers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All semiconductor products (also referred to herein as “components”) are sold subject to TI's terms and conditions of sale
supplied at the time of order acknowledgment.

TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI's terms
and conditions of sale of semiconductor products. Testing and other quality control techniques are used to the extent Tl deems necessary
to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not necessarily
performed.

Tl assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.

Tl does not warrant or represent that any license, either express or implied, is granted under any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI components or services are used. Information
published by TI regarding third-party products or services does not constitute a license to use such products or services or a warranty or
endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of significant portions of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration
and is accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such altered
documentation. Information of third parties may be subject to additional restrictions.

Resale of TI components or services with statements different from or beyond the parameters stated by Tl for that component or service
voids all express and any implied warranties for the associated TI component or service and is an unfair and deceptive business practice.
Tl is not responsible or liable for any such statements.

Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards which
anticipate dangerous consequences of failures, monitor failures and their consequences, lessen the likelihood of failures that might cause
harm and take appropriate remedial actions. Buyer will fully indemnify Tl and its representatives against any damages arising out of the use
of any Tl components in safety-critical applications.

In some cases, Tl components may be promoted specifically to facilitate safety-related applications. With such components, TI's goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.

No TI components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed a special agreement specifically governing such use.

Only those Tl components which Tl has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components
which have not been so designated is solely at the Buyer's risk, and that Buyer is solely responsible for compliance with all legal and
regulatory requirements in connection with such use.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.

Products Applications
Audio www.ti.com/audio Automotive and Transportation  www.ti.com/automotive
Amplifiers amplifier.ti.com Communications and Telecom  www.ti.com/communications

Data Converters
DLP® Products

DSP

Clocks and Timers
Interface

Logic

Power Mgmt
Microcontrollers
RFID

OMAP Applications Processors
Wireless Connectivity

dataconverter.ti.com

www.dlp.com

dsp.ti.com
www.ti.com/clocks

interface.ti.com

logic.ti.com

power.ti.com
microcontroller.ti.com

www.ti-rfid.com
www.ti.com/omap

Computers and Peripherals
Consumer Electronics
Energy and Lighting
Industrial

Medical

Security

Space, Avionics and Defense
Video and Imaging

TI E2E Community

www.ti.com/wirelessconnectivity

www.ti.com/computers

www.ti.com/consumer-apps

www.ti.com/energy
www.ti.com/industrial

www.ti.com/medical

www.ti.com/security
www.ti.com/space-avionics-defense

www.ti.com/video

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2013, Texas Instruments Incorporated
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