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TECHNOLOGY

FEATURES

& Guaranteed Operation at +1.2V

= Op Amp and Reference on Single Chip
= Low Supply Current 400uA

= Capable of Floating Mode Operation

= Low Reference Drift 20ppm/°C

® Low Offset Voltage

= Qutput Swings to Within 15mV of Rails

APPLICATIONS

= Remote Signal Conditioner/ Transmitter
a Battery Operated Instruments

= Precision Current Regulators

= Precision Voltage Regulators

s Thermocouple Transmitter

LM10

Low Power Op Amp
and Reference
DESCRIPTION

The LM10 combines a precision reference, a reference
buffer amplifier and an independent, high quality op amp
on a single chip. The device is capable of operation froma
single supply as low as 1.1V, from dual supplies up to
+ 20V and typically draws 270xA supply current. Input
voltage range for the op amp includes ground, while the
unioaded output can swing to within 15mV of each rail.
Further, the LM10 will deliver 20mA output current and
still swing within 2400mV of the supply rails.

With its low operating current and floating operation
capability, the LM10 is ideal for two wire analog trans-
mitter circuits where the processed signal is carried on
the same line used for power. The LM10 is suggested for
portable battery powered equipment and is fully specitied
for operation from a single 1.2V battery. Other applica-
tions include precision current and voltage regulators,
operating from very low voltages to several hundred
volts.
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LM10

ABSOLUTE MAXIMUM RATINGS

PACKAGE/ORDER INFORMATION

Total Supply Voltage TOP VIEW - ORDER
LM10/LM10B/LM10C .................. 45V R oK PART NUMBER
LM1OBL/LMIOGL . . ... .. v LM10H

Differential Input Voltage (Note 1) LM10BH
LM10/LM10B/LMIOC ... ............ +40V LM10CH
LM10BL/LMIOCL .. ................... +7V LM10BLH

Output Short Circuit Duration . . . ........ .. Indefinite LM10CLH

Operating Temperature Range (Note 2)

MO oo —55°C<Ta<125°C METAL CAN 1 PROIASE
LM10B/LM10BL ... ....... —25°C<Ta=<85°C — LM10CN8
LM10C/LM10CL ... .......... 0°C=<Ta=70°C R e — U LM10CLNS8
Storage Temperature Range . ... —65°C <Ta <150°C P2 < 7 . LM10CJ8
Lead Temperature (Soldering, 10sec.)........ 300°C op ,‘\;3 3 } 5 OPAMP LM10CLJ8
INPUT (+) 7| £ T ourpuT
v- 2 15 BALANCE LM10J8
LM10BJ8
NS LAGTIC Di PACKAGE LM10BLJ8
. OP AMP ELECTRICAL CHARACTERISTICS (Note 3)
SYMBOL | PARAMETER CONDITIONS ol kA (R, LMIOC x| umiTs
Vos Input Offset Voltage 0.3 20 0.5 4.0 mv
[ ) 3.0 5.0 mv
AVog Average Offset [} 2.0 5.0 uv/°C
ATemp Voltage Drift
los Input Offset Current (Note 4) 0.25 0.7 04 20 nA
[ 1.5 3.0 nA
Algs Offset Current ° 2.0 5.0 pA/°C
ATemp Drift
ig Input Bias Current 10 20 12 30 nA
° 30 40 nA
Alg Bias Current Drift ° 60 90 pA/°C
ATemp
AvoL Large Signal Vg= + 20V, louy =0, Ygur = % 19.95V 120 400 80 400 v/my
Voltage Gain e | 80 50 V/mV
Vg =+ 20V, Vour=+19.4V
:OUT= + 20m: 50 130 2% 130 \“mx
ouT= % 15m [ ] 20 15 m
Vs=+0.6V, lgyr= £ 2mA
Vour= £0.4V, Yoy = —0.4V 15 3.0 10 3.0 v/my
Vs= +0.65V, Igyr= % 2MmA
. Vour= +0.3V. Vgy = —0.4V o| 05 0.75 v/my
Shunt Gain (Note 5) 0. 1mA<!gyr<5mA, R =1.1kQ
Lg\\js ggms 4o¥ é4 33 10 33 v;mx
1.3V=Vgyr=40 [ 6 v/m
0.1mA < loyr =< 20mA, R, = 25082
1.5V<Vt <40V 8 25 6 25 V/mv
o| 4 4 v/my
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LM10

OP AMP €ELECTRICAL CHARACTERISTICS (note 3)

LM10/LM10B LM10C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
CMRR Common-Mode Vg= + 20V
Rejection Ratio —20V=Vpy=<19.15V 93 102 90 102 dB
—20V<Vey=<19v 87 87 dB
PSRR Power Supply -0.2V=V ™ = -39V
Rejection Ratio vr=1.0V 90 96 87 96 dB
V=11V 84 84 dB
Vv =-02V
1.0v=V*t =398V 96 106 93 106
1.1V=V*t <398V 90 90
Rin Input Resistance (Note 6) 250 500 150 400
150 115
Ig Supply Current 270 400 300 500
500 570
Alg Supply Current 1.2V<Vg <40V 15 75 15 75
Change 1.3V=Vg<40V 75 75
REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (note 3)
LM10/1iM10B LM10C
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vier Feedback Sense Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mv
Voltage Connected to Pin 8 194 200 206 189 200 211 mv
AVger Reference Drift 0.002 0.003 %/°C
Afemp
Feedback Current Current into Pin 8 20 50 2 75 nA
65 90 nA
Line Regulation 0<lggr< TMA, Vger =200mV
1.2V=Vg=<40V 0.001 0.003 0.001 0.008 %/V
1.3V =Vg=40V 0.001 0.006 0.001 0.01 %/V
Load Regulation 0 < lggr< TMA
VY — Vo= 1.0V 0.01 0.1 0.01 0.15 %
V¥ —Vpgrz 1.1V 0.01 0.15 0.01 0.20 %
Reference Amplifier 0.2V < Vpge< 35V 50 75 25 70 V/mv
Gain 23 15 V/mv



LM10

OP AMP ELECTRICAL CHARACTERISTICS (Nots 3)

LM10BL

LM10CL

SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP  MAX UNITS
Vos Input Offset Voltage 03 20 05 40 mv
3.0 5.0 mv
AVgs Average Offset 2.0 5.0 wW/°C
ATemp VoHage Drift
los Input Offset Current (Note 4) 01 07 02 20 nA
1.5 3.0 nA
Algg Oftset Current 2.0 5.0 pA/°C
ATemp Drift
lg Input Bias Current 10 20 12 30 nA
30 40 nA
Alg Bias Current Drift 60 90 pA/°C
ATemp
Avor Large Signal Vs=+3.25V, loyr=0, Voyr= £ 3.2V 60 300 40 300 V/mv
Voltage Gain 40 25 v/mv
Vg=+3.25V, Voyr= £ 2.75V
loyr = + 10mA 10 25 5 25 v/mv
3 V/mvV
IOUT =+ 2mA, VCM =—0.4v
V== 0.6V, Vgyr= £ 0.4V 1.5 3.0 10 30 v/mv
Vs =+ 0.65V, Voyr= 0.3V 0.5 0.75 v/mv
Shunt Gain (Note 5) D.1mA < lgy7 < 10mA, R =5000
1.5V<V* <6.5V 8 30 6 30 v/mv
4 4 v/mv
CMRR Common-Mode Vg= +3.25V
Rejection Ratio —3.25V=<Voy<2.4V 89 102 80 102 dB
—3.25V=Vgy=2.25V 83 74 dB
PSRR Power Supply —0.2V=V = -5.4V
Rejection Ratio yr=1.0V 86 96 80 96 dB
Vt=1.2V 80 74 dB
PSRR VT =-0.2V
1.0v=V*t<6.3V 94 106 80 106 dB
1.1V=V*t<6.3V 88 74 dB
Rin Input Resistance (Note 6) 250 500 150 400 k2
150 115 Kk
Is Supply Current 260 400 280 500 A
500 570 yA
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LM10

REFERENCE AMPUIFIER ELECTRICAL CHARACTERISTICS note 3)

LM10BL LM10CL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Vrer Feedback Sense Voltage Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mv
Connected to Pin 8 e| 194 200 206 189 200 21 mv
AVggr Reference Drift . 0.002 0.003 %/°C
ATemp
Feedback Current Current into Pin 8 20 50 2 75 nA
° 65 90 nA
Line Regulation 0 <lger=<0.5mA, Vpgr=200mV
1.2V =Vg=B.5V 0.001 0.01 0.001 0.02 %/
1.3V<Vg=<B.5V ° 0.001 0.02 0.001 0.03 %/V
Load Regulation 0< lggp =< 0.5mA
V*H ~Vpgez= 1.0V 0.01 0.1 0.01 0.15 %
VY —Vpge= 1.1V [ 0.01 0.15 0.01 0.20 %
Reference Amplifier Gain 0.2V <Vpgr=5.5V 30 70 20 70 V/mV
o 2 15 v/mv

The @ denotes the specifications which apply over full operating temper-
ature range.
Note 1: The input voltage can exceed the supply voltages as long as the
voltage from the input to any other terminal does not exceed the max-
imum ditferential voltage, and the maximum junction temperature is not
exceeded due to the excess power dissipation that accurs when the input
voltage is less than the negative supply vollage.
Note 2: The maximum operating junction temperatures are: 150°C for
the LM10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C
and LM10CL. Package derating factors will be found on the back page of
this data sheet.
Note 3: These specifications apply for the following conditions unless
otherwise noted:
at 25°C over temperature

@V~ =Vey=V*t-085v VosVeysVi-10v

{b) 1.2V <Vg=Vyax 1.3V =<Vs < Vyax
Vaer =0.2V and 0 <l per < 1.0mA where Viyay =40V for the LM10,
LM10B and LM10C and Vyax=6.5V for the LM10BL and LM10CL. The
specifications do not include errars due to thermal gradients (7= 20ms),
die heating (7,=0.2 sec} or package heating.

Note 4: For T,>90°C, 155 may exceed 1.5nA when Vo=V ™. When
the commaon-mode input voltage is within 100mV of the negative supply
and T;=125°C, the offset current will be less than 5nA.

Note 5: Shunt gain defines the operation in floating applications when
the output is connected to the V* terminal and input common-mode is
referred to V™ (see typicai applications). The effects of larger output
voltage swing with higher load resistance can be accounted for by adding
the positive supply rejection error.

Note 6: Guaranteed by design.

LT IR
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LM1

0

TYPICAL PERFORMANCE CHARARCTERISTICS (op Amp)

Input Current Common-Mode Limits
15 T 0
T — VCM=V_ : v+
P— - BIAS -05 —
— 0 Ven=1% z’ po—"""|
z 2-1.0
g =
= Vgt 20V \ 2
@0 o
3 =
15 = v
2 S
Z 06 = L
3 ///
P~ ~0.5 prome=t AVpg < 0.5mV
\\‘ OFFSET Alpg < 2nA
—— Alg< 1004
0 -1.0 L L
—50 —25 0 25 50 75 100 125 50 -25 0 25 50 75 100 125
TEMPERATURE (°C) TEMPERATURE (°C)
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LT
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=z 5] T N \
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N
10 %
10 100 1« 10k 100k 100k 10k 1 100
FREQUENCY {Hz) LOAD RESISTANCE {8)
Output Saturation Output Saturation
Characteristics Characteristics
1.0 1.0 .
[ I Ul gur=20m
05 05 { S
| 2oma . —20mA
s 02— T g 02 == t
g o1 4 o \
& | g AN
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2 o0t E 001F _g1ma 0
w —
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0.001 A 0.001 /
-03 —02 —01 0 01 02 D3 ~03 —02 -01 0 01 02 03
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100 o RN
-+t V= =2V
_® ] V=1V
€ [ {Ta=-5°%
G 20
— / v
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5 ra > K
x 5 7
o 7~ 25°C 7
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7] o
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=) 1 7
5 7
Zo0s A
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o
0.2
01 Vi
0.01 0.02 0.05 0.1 0.2 05 1.0
OFFSET VOLTAGE CHANGE (+mV})
Output Saturation
Characteristics
1.0 T
} U 5ma
0.5 A Wi
v
0.2
S —15mA ]
w01
b3 \
g 005 NI =0.1mA |
= /} N~d e ]
Z om =
= /] |
£ 00
= [ | —m
w3 0.005 - - PNP
P / Vs= %V
: 1 | A Ta=125°C
0.001 1 4
10-08-06-04-02 0 02 04 08

OFFSET VOLTAGE CHANGE (mV)
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LM10

TYPICAL PERFORMANCE CHARACTERISTICS (0p Amp)

Minimum Supply Voltage Minimum Supply Voltage Minimum Supply Voltage
1.8 18 18
—— PN ¢ — NPN — NPN |
—— P —— PNP ——PNP
|
16 |Ty= ~55°C L) rerre 1.6 {Ta=125°C
4=25°C _ = i
E Vear=1.0v g Vear=1.0v \ louT =20mA E Vgar=1.0V
< =4
=14 —1mA 20mA —— 514 | AY Ei14
=] [EPEp—— = [} ~ =]
> z —20mA f -~ 5] _15mA 1
s |
2 w=—2ma 1+ J Y\ g W/ z I ANERE
512 =] \ 512 —1ma =12 } 3
] Al @ mJ /I 3 H
=2 — P ) o '/ @ ]
5 L= Ced e 5 o —104A =3 ! — 1044
10 _._---—l—A‘ 10mA 10 =~ - 210 104A | §
tm ] - 10pA L . g
e == "ma /
n —
0.8 08 0.8
03 02 04 0 -01 -02 03 062 01 0 -01 -02 —03 t5 10 05 0 -05 —-1.0 -15
OFFSET VOLTAGE CHANGE (mV) OFFSET VOLTAGE CHANGE (mV) INPUT VOLTAGE CHANGE (mV)
Frequency Response Output Impedance Typical Stability Range
140 T K P 10-6
[ Ta=25°C ’ i E1.2v<vg=<aov N o
120 gy 250 7 i F-55°C<Ta= +125°C —
I i/ 1t FAy= 1 y
GAIN HHLZ 171 /A0
A100 \\ o B 100 s 4 | {UT=‘1'"JA == T 10-7E
2w 200 W A 6 — g Epnp T
~N [] o = 1 T y i T = nn 1
z AN (| & ' 2 g T
3 60 AN + D loyr=0 our = — 1A S .
2w \\ f{mg = " Z g 10 ONSTABLE =
5 5 =
S ,.‘"~ ! E = ’ g i
_ O
0 fogPHAsE i 100 1 ° -9
P
~20 ———Ay=100
—Ay=1
—40 50 0.1 1p-10
01 10 100 100 1k 10k 100k M 1K 10k 100k ™ 100 10 1 01 0.01-01 -1 —10 ~100
FREQUENCY (Hz) FREQUENCY (Hz) LOAD CURRENT (mA)
Comparator Response Time for Comparator Response Time for
Large Signai Response Various Input Overdrives Various Input Overdrives
— 6 8 —
16 Vg=+15V _ Vop=5mv - Vop=50my
Tp=25°C = 5 s g 0
[ 4 [ 1]
s \ £ g 4 10mv
K g 3 \ 5 3 /
z z s0my 1omy \ 5
2 2 2 2
g 4 3 \ 3 1 5my
5
z
g \ s 0 L \ = 0 J /
g g v+ =5y g
& 100 V- = — w100
4 N = Ta=25°C g
o 50 - =&
\ =] é’ 50 v+ =5y
N 5 0 = V- =0
0 ™ § 50 g 53 =3
100 1K 10k 100k ~02 0 0.2 04 06508 1.0 1.2 14 1.6 1.8 —0.2 0 0204060810 12141618
FREQUENCY (Hz) TIME {ms} TIME (ms)
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LM10
TYPICAL PERFORMANCE CHARACTERISTICS

Follower Pulse Response Noise Rejection Rejection Slew Limiting
140 T 100
10 VRer = 200my
4
1/ 10 | cumn
\ 7 PSRR + g PSHR+‘\ N | LINE REGUILAT|0N
0 R =10k — — gy fyneg = =10 N
. = ok ‘g_\ o N I
= | =100 S & \AVFEF<0-1'/=
4 0 \ —— o 125°C 3 CMRR ™ g \
< - =
s 25°C 5 g aVps<01mv N
=3 a——— 550 b 80 N 51.0 k
5 o 7 : N g \ \
2 NN
2 \ il g % N S A\
0 Ry =470 Z o1 N
/4 0 = PSRRI\ \
K psnn-\ £ .
—10 ‘ \
2 0.01
0 02 04 08 08 10 110 100tk 10k 100k M 100 1* 10 100k ™
TIME (ms) FREQUENCY (Hz) FREQUENCY (Hz)
Shunt Gain Shunt Gain Shunt Gain
0 r 1] ¢}
lr=oma = A
_ A 70mA : _o1 |/ =02 e
~ 0.05 7 P~ = L >
3 3 E L~
W =} [} & o
Z-010 Ty=—55°C Z-02 FHhoma T=5Cq Z 04 l B 1mA yd T)=125°C
x =
S B e
& g E
5 -0.15 5-03 5 -06
3 e S
5 , 1 & 5
lgur a
z i Z Z_-08
2 _020 v.N[ el vor 204 0
y _
025 Y —— -05 -1.0
| 2 3 4 5 [ 7 8 1 2 3 1 2 3 4 5 6 7 8
OUTPUT VOLTAGE (V) QUTPUT VOLTABE (V) QUTPUT VOLTAGE (V)
Change in Reference Op Amp
Thermal Gradient Feedback Loading
0.1 0.05 T
L1 BEE
= NPN g LT NN
E 0 Igur= —20mA = ] Iyt ="20mMA
4 h g
2 x
EJY % ~0.05
- X g -0 NP
& lpur =0 £ loyr=0
§ 01 2 g o005 # ot =20mA
g o
& 2
o0 w
£ o < B o
S PNP ]
loyr=20mA|__| Ye= =20V = Vg= 20V |
Voyr=0 Vour=0
-0 L1 -0.05 L |
-2 0 2 40 60 80 -20 0 2 4 60 80
TIME {ms}) TIME (ms)
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TYPICAL PERFORMANCE CHARACTERISTICS (reterence)

Supply Current Load Regulation Reference Noise Voltage
0.4 0.1 T 1k | | ———
V=15V Vegr=0.2Y
Vo=0 T
= T = 0 ~ §
ry — = Ta=25°C z
£ o £
AN : 2
o3 S _g1 =100
3" VF =40V W g
> M e V- =0 po— Z i
g N & £ i
[z} V=12V NN E _g2 ¥
v==0 -
T \‘\‘
|
0.2 I -03 10
—50 -2 0 2 50 75 100 125 0 2 4 & 10 100 1k 10k 100k
TEMPERATURE (°C) LOAD CURRENT (mA) FREQUENCY(Hz)
Minimum Supply Voltage Output Saturation Typical Stability Range
14 ] i 12 i IV T 105 12‘\[] |V|ll‘ltlol\l’ T
AVRer=0.1% =Vg=
—55°C<Tprs +125°C
IREF =2MA A
s =2mh \\REF\ 106 | Vaer =200mV o
- =10 —~
= \\ / s N~ T 77
w12 = . 1mA =T © ’,—!
2 N >~ £ ~ £ 10-7 (] ‘
1 5
3 L ™ 2 05 N 0MA | g ¢ POTENTIALLY
> N \'REF=1mA =z h w INSTABLE
T E’ ™ E 10-8 4
% \\ \\ =4 ‘\ =
= 1.0 \\ R E 06 % M(‘A‘
5 _ s ~ © a9
=3 | Vper = 200my \IREF—O-”“A 10 w‘wwi
VynsV+ =5V \\
AVRer=0.1%
0.8 i . 0.4 1010
50 —-25 0 25 50 75 100 125 -50 —25 0 25 50 75 100 125 0.0t 0.1 1.0 10
TEMPERATURE (°C) TEMPERATURE {°C) LOAD CURRENT (mA)
REFERENCE
BALANCE oUTPUT FEEDBACK ¥+
5 ls 7

1_REFERENCE

REF AP OUTPUT

INPUTS

+

+
REFERENCE 200mvV

|
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LM10

APPUCATION HINTS

With heavy ampilifier loading to V—, resistance drops in

Lead resistance can approach 1Q. Therefore, the com-
the V— lead can adversely affect reference regulation.

mon to the reference circuitry should be connected as
close as possible to the package.

TYPICAL APPLICATIONS
Standard Limited Range Limited Range Offset Adjustment
Offset Adjustment Dffset Adjustment with Boosted Reference

Low Voitage Regulator Best Regulation 0V to 5V Regulator
VN> 1V ot
0,311,& N 0.01F

_|

R1 V>3V
28k |

1:(1”( ViN>5.2V
Vour AA
10V VWA~$ |

AA
Wy

|_Vour
oV TO0 5V

t USE ELECTROLYTIC DUTPUT CAPACITORS
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LM10

TYPICAL APPLICATIONS

Two-Terminal Current Regulator Shunt Regulator
c1*
. 0.01uF
l1
_(R2+R3)Vaer 3]

|
R1R3

R
+Vour= (1 + R%) VREF

*REQUIRED FOR CAPACITIVE LOADING

Negative Regulator Floating Regulator

Vin
¢— GROUND
re { -J-* ct*
100K $ I 25F
%< %2222
Vour=—10V
P ot
| ; b 2N3055
2N5089 <
Vour =50V
{7 ] hd
Vins —10.5V A2 5045 7]
. Cl =t >
250k
ELECTROLYTIC 0.001uFT > 1%
GROUND

LyHe
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LM10
TYPICAL APPLICATIONS

High Voitage Regulator 6V Battary-Level Indicator
9 Vin> 204V
- R2 R4 <
Vour= & VRer 100k S [
Qi A1 < < R4
! sk S R S sk

@
2NB513
- & Voyy =200V LED DIMS BELOW 7V
2
1% c2 s
10
e C1 b gﬁ o
T 0.001F 2 %
& COMMON
Light Level Sensor Transducer Amplifier

vumnou-[ SR1
smson? :h.mi

*PROVIDES HYSTERES!S ]
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LM10

TYPICAL APPLICATIONS

Thermocouple Transmitter Flame Detector

QO

75
1% v+
! 5V
+ PLATINUM®
cﬂ[‘gmgt C RHODIUM
PROBE !

PROBE

\ T0 MOS OR
TTL LOGIC
Rt
200
200°CsTp<700°C =
> 1% TmA s lgyy = 5mA *800°C THRESHOLD IS ESTABLISHED BY CONNECTING BALANCE TO Vpgr
" }LEVEL tGAIN TRIM
100 :E A4 :L SHIFT
%o W¢
JUNCTION e
COMP 4
R3¢ 2667
50 1%
Meter Amplifier Thermometer
R1 R2 V>V
100k 8.5M
1% 1%
INPUT
10mV, 100nA
FULL-SCALE
v+
o 02 LM134 =
1N457 1N457 hd W] L R1
r 15V V- 3715
<1%
QR4 RS <:4J R2t
5 e :E15k
o{c 1% “TRIM FOR SPAN
: TTRIM FOR ZERD
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LM10
TYPICAL APPLICATIONS

Microphone Amplifier
Ay =1k

Vs
[ 15v

R1¢
6.2M §

Ry ~500

Isolated Voltage Sensor
for Switching Regulators

R2 I
<

478K $

1% 2 FEEDBACK TO

X % | SWITCH CONTROLLER
FROM RS < 4N28
REGULATED oo <
QUTPUT 1
Rd

1.91k &
1% %

t CONTROLS “*LOOP GAIN™
FOR ENTIRE LOOP
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LM10

REFERENCE AND INTERNAL REGULATOR SCHEMATIC DIRGRAM

v+
7

AA

7 R55  $ RS6 o7
> 5K @ 15k S ns7
< 20k

S RE7 |+
3 156« 05 078 A3 g C15 R74 — ogg
074

X | 20k & 10 8.7k
1 . | -
> 20k pg2 V¥
. 085 BOOK
079 0.3
085
al

=g
-
it
M
v
b4
z
3

RIAS %
BIAS %

C16
68 081 083 R8O 95
060 4 0.5 Ny 5k
Py o
0.5 WA,
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