TECHNOLOGY

€ATURES

Guaranteed QOperation at +1.2V

Oo Amp and Reference on Single Chip
Low Supply Current 400uA

Capable of Floating Mode Operation
_ow Reference Drift 20ppm/°C

Low Offset Voltage

Qutput Swings to Within 15mV of Rails

PPLICATIONS

® Semote Signal Conditioner / Transmitter

Sattery Operated Instruments

#recision Current Regulators

B Precision Voltage Regulators
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 from a
single supply as low as 1.1V, from dual supplies up to
+ 20V and typically draws 270uA supply current. Input
voltage range for the op amp includes ground, while the
unloaded output can swing to within 15mV of each rail.
Further, the LM10 will deliver 20mA output current and
still swing within +400mV 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 specified
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 “;;gggxgg PART NUMBER
LM10BL/LMIOCL . ... ... o v REEERERTE *

Differential Input Voltage (Note 1) ouTPUT 0 ! tmggH
LM10/LM10B/LM10C ................ +40V 83:}“@‘; LM10CH
LM10BL/LM1OCL .. ................... +7V ?gp"u“ﬁg LMA{OBLH

Qutput Short Circuit Duration . .. .......... Indefinite BALANCE LM10CLH ‘

Operating Temperature Range (Note 2) v e
LM .o —55°C<Ta=<125°C s o i |
LM10B/LM10BL .......... —25°C<Tp<85°C A LM10CN8 |
LM10C/LM1OCL ............. 0°C=<Ta=<70°C REFERENEE 1] TR LM10CLN8 |

Storage Temperature Range . . .. —65°C <Ta <150°C e 2 < 7 . LM10CJ8 |

Lead Temperature (Soldering, 10sec.). .. ... .. 300°C op AP _3] } s _orawe LM10CLJ8 '

INPUT (+) b ouTPUT i
-1 T saance LM10J8 |
LM10BJ8
NEPLASTIC OIP PACKAGE LM10BLJ8

OP AMP ELECTRICAL CHARACTERISTICS (Note 3)

SYMBOL | PARAMETER CONDITIONS N6 | e TR e [+ b

Vos Input Offset Voltage 03 20 0.5 4.0 mV

° 3.0 5.0 mv
AVgs 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
Algg Offset Current ° 2.0 5.0 pA/°C
ATemp Drift
Ig Input Bias Current 10 20 1230 nA
° 30 40 nA
Alg Bias Current Drift o 60 90 pA/°C
ATemp
AvoL Large Signal V= =20V, Igyr=0, Vour= + 19.95V 120 400 80 400 V/m¥
Voltage Gain ° 80 50 V/m¥
Vg= = 20V, Vour = + 19.4V
Slomi L 0mA - 50 130 25 130 v/m¥
loyt = + 15MA o| 2 15 V/mi
Vs= = 0.6V, lour= + 2mA
Svouf: io.WvJ:m—o,w 15 3.0 10 3.0 V/m¥
V5= +0.65V, lgyr= = 2mA
Vour= £ 0.3V, Vgy = — 0.4V e| 05 0.75 v/m¥
Shunt Gain (Note 5) 0.1mA<lgyr=<5mA, R =1.1kQ
1.2V < Vour < 40V 14 33 10 33 v/mé
1.3VSVOUTS40V ® ) V/m¥
0.1mA = Igyr = 20mA, R = 2500
1.5V=V* <40V 8 25 6 25 V/mi
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LM10

AMP ELECTRICAL CHARACTERISTICS (ote 3)

LM10/LM10B LM10C
oL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
Common-Mode Vg= =20V
Rejection Ratio —20V=Vpy=<19.15V 93 102 9 102 dB
—20V=Voy=19V 87 87 dB
Power Supply -0.2V=V~ = -39V
Rejection Ratio vT=1.0v 90 96 87 96 dB
VT =11V 84 84 dB
Vo =-0.2V
1.0v=V+<39.8V 96 106 93 106 dB
1.1V=V+ <398V 90 90 dB
Input Resistance (Note 6) 250 500 150 400 kQ
150 115 kQ
Supply Current 270 400 300 500 uA
500 570 pA
Supply Current 1.2V<Vg=40V 15 75 15 75 uA
Change 1.3V=Vg=40V 75 75 uA
RENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (Note 3)
LM10/LM10B LM10C
PARAMETER CONDITIONS MIN TYP  MAX MIN TYP MAX UNITS
Feedback Sense Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mvV
Voltage Connected to Pin 8 194 200 206 189 200 211 mv
Reference Drift 0.002 0.003 %/°C
Feedback Current Current into Pin 8 20 50 22 75 nA
65 90 nA
Line Regulation 0<lpep=<1mA, Vgge=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=<Iggr=1mA
V* —Vgge= 1.0V 0.01 0.1 0.01 0.15 %
V' —Vgge=1.1V 0.01 0.15 0.01 0.20 %
Reference Amplifier 0.2V<Vgge=35V 50 75 25 70 V/mv
Gain 23 15 V/mV
~
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LM10

OP AMP ELECTRICAL CHARACTERISTICS (Note 3)

LM10BL LM10CL
SYMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX
Vos Input Offset Voltage 03 20 0.5 4.0
3.0 5.0
AVog Average Offset 2.0 5.0
ATemp Voltage Drift
los Input Offset Current (Note 4) 0.1 0.7 02 20
1.5 3.0
Algs Offset Current 2.0 5.0
ATemp Drift
Ig Input Bias Current 10 20 12 30
30 40
Alg Bias Current Drift 60 90
ATemp
AvoL Large Signal V= +3.25V, lgyr=0, Vour= = 3.2V 60 300 40 300
Voltage Gain 40 25
Vs=+3.25V, Voyr= = 2.75V
|0UT= + 10mA 10 25 5 25
3
lour= £ 2mA, Vey=—0.4V
V= 0.6V, Voyr=+0.4V 15 3.0 1.0 3.0
Vs= +0.65V, VOUT: +0.3V 0.5 0.75
Shunt Gain (Note 5) 0.1mA <Ilgyr= 10mA, R =5002
1.5V=V* <6.5V 8 30 6 30
4 4
CMRR Common-Mode Vg= +3.25V
Rejection Ratio —-3.25V=Vyy=24V 89 102 80 102
-3.25V=Vgy=2.25V 83 74
PSRR Power Supply —-0.2V=V~ = —-54V
Rejection Ratio vt=1.0V 86 96 80 96
Vt=1.2V 80 74
PSRR Vo =-0.2V
1.0V=V*<6.3V 94 106 80 106
1.1V=V*<6.3V 88 74
Rin Input Resistance (Note 6) 250 500 150 400
150 115
Is Supply Current 260 400 280 500
500 570
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REFERENCE AMPLIFIER ELECTRICAL CHARACTERISTICS (note 3)

is less than the negative supply voltage.

_M10CL. Package derating factors will be found on the back page of
2ata sheet.

3: These specifications apply for the following conditions unless
wise noted:

at 25°C over temperature
@)V~ =Vey=V*—0.85v VT =VeysVt-1.0v
(b) 1.2VSV55VMAX 1‘3VSVSSVMAX

=0.2V and 0 <lgep < 1.0mA where Viyay =40V for the LM10,

8 and LM10C and Vyax=6.5V for the LM10BL and LM10CL. The"
fcations do not include errors due to thermal gradients (71=20ms)
"e2ling (7,~0.2 sec) or package heating.

LM10BL LM10CL
$YMBOL PARAMETER CONDITIONS MIN TYP MAX MIN TYP MAX UNITS
52 Feedback Sense Voltage Voltage at Pin 1 with Pin 1 195 200 205 190 200 210 mv
Connected to Pin 8 194 200 206 189 200 211 mv
Reference Drift 0.002 0.003 %/°C
Feedback Current Current into Pin 8 20 50 22 75 nA
65 90 nA
Line Regulation 0=<Iper=0.5mA, Vpgr=200mV
1.2V=Vg=<6.5V 0.001 0.01 0.001 0.02 %/V
1.3V=Vg=<6.5V 0.001 0.02 0.001 0.03 %/V
Load Regulation 0<Ipgr=0.5mA
V* —Vpgr= 1.0V 0.01 0.1 0.01 0.15 %
V*t —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
20 15 V/mv
® denotes the specifications which apply over full operating temper- Note 4: For T;>90°C, Ios may exceed 1.5nA when Vem=V~. When
= range. the common-mode input voltage is within 100mV of the negative supply
1: The input voltage can exceed the supply voltages as long as the and Ty=125°C, the offset current will be less than 5nA.
from the input to any other terminal does not exceed the max- Note 5: Shunt gain defines the operation in floating applications when
differential voltage, and the maximum junction temperature is not the output is connected to the V* terminal and input common-mode is

ed due to the excess power dissipation that occurs when the input referred to V ~ (see typical applications). The effects of larger output
» voltage swing with higher load resistance can be accounted for by adding
2: The maximum operating junction temperatures are: 150°C for the positive supply rejection error.

“M10; 100°C for the LM10B and LM10BL; and 85°C for the LM10C Note 6: Guaranteed by design.
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TYPICAL PERFORMANCE CHARACTERISTICS (0p Amp)

Input Current

Common-Mode Limits

Offset Voltage Drift
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PICAL PERFORMANCE CHARACTERISTICS (0p Amp)

w
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TYPICAL PERFORMANCE CHARACTERISTICS
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TYPICAL PERFORMANCE CHARACTERISTICS (reterence)

Supply Current Load Regulation Reference Noise Voltage
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TYPICAL APPLICATIONS

2
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N

1—AAA

Microphone Amplifier
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I—VW\—

Isolated Voltage Sensor
for Switching Regulators
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\ A4

MIC

R ~500
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SWITCH CONTROLLER

+ CONTROLS *'LOOP GAIN"
FOR ENTIRE LOOP
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LM10

REFERENCE AND INTERNAL REGULATOR SCHEMATIC DIAGRAM
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