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LMP2232 Dual Micropower, 1.6V, Precision, Operational Amplifier with CMOS Input

Check for Samples: LMP2232

FEATURES

(For Vg = 5V, Typical Unless Otherwise Noted)

Supply Current at 1.8V 16 pA
Operating Voltage Range 1.6V to 5.5V
Low TCVqg 0.5 pV/°C (max)

Vos £150 pV (max)

Input Bias Current 20 fA

PSRR 120 dB

CMRR 97 dB

Open Loop Gain 120 dB

Gain Bandwidth Product 130 kHz
Slew Rate 58 V/ms

Input Voltage Noise, f = 1 kHz 60 nV/VHz
Temperature Range —40°C to 125°C

APPLICATIONS

All other trademarks are the property of their respective owners.

Precision Instrumentation Amplifiers
Battery Powered Medical Instrumentation
High Impedance Sensors

Strain Gauge Bridge Amplifier
Thermocouple Amplifiers

DESCRIPTION

The LMP2232 is a dual micropower precision
amplifier designed for battery powered applications.
The 1.6V to 5.5V operating supply voltage range and
guiescent power consumption of only 26 yW extend
the battery life in portable systems. The LMP2232 is
part of the LMP™ precision amplifier family. The high
impedance CMOS input makes it ideal for
instrumentation and other sensor interface
applications.

The LMP2232 has a maximum offset voltage of 150
MV and maximum offset voltage drift of only 0.5 pVv/°C
along with low bias current of only 20 fA. These
precise specifications make the LMP2232 a great
choice for maintaining system accuracy and long term
stability.

The LMP2232 has a rail-to-rail output that swings 15
mV from the supply voltage, which increases system
dynamic range. The common mode input voltage
range extends 200 mV below the negative supply,
thus the LMP2232 is ideal for ground sensing in
single supply applications.

The LMP2232 is offered in 8-pin SOIC and VSSOP
packages.

The LMP2231 is the single version of this product
and the LMP2234 is the quad version of this product.
Both of these products are available on Texas
Instruments' website.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.
LMP is a trademark of Texas Instruments.

PRODUCTION DATA information is current as of publication date.
Products conform to specifications per the terms of the Texas
Instruments standard warranty. Production processing does not
necessarily include testing of all parameters.
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Typical Application
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Figure 1. Strain Gauge Bridge Amplifier

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

Absolute Maximum Ratings W@

ESD Tolerance @ Human Body Model 2000V
Machine Model 100v

Differential Input Voltage +300 mV
6V

Supply Voltage (Vg = V* - V)
Voltage on Input/Output Pins

VY +0.3V,V =03V
—-65°C to 150°C

Storage Temperature Range

Junction Temperature ) 150°C

Mounting Temperature
Infrared or Convection (20 sec.) +235°C
+260°C

Wave Soldering Lead Temperature (10 sec.)

(1) Absolute Maximum Ratings indicate limits beyond which damage may occur. Operating Ratings indicate conditions for which the device
is intended to be functional, but specific performance is not ensured. For ensured specifications and test conditions, see the Electrical
Characteristics.

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

(3) Human Body Model, applicable std. MIL-STD-883, Method 3015.7. Machine Model, applicable std. JESD22-A115-A (ESD MM std. of
JEDEC)Field-Induced Charge-Device Model, applicable std. JESD22-C101-C (ESD FICDM std. of JEDEC).

(4) The maximum power dissipation is a function of Tjpax), 834, and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) — Ta)/ 83a- All numbers apply for packages soldered directly onto a PC board.
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Operating Ratings @

Operating Temperature Range @ -40°C to 125°C
Supply Voltage (Vs = V* - V) 1.6V to 5.5V
Package Thermal Resistance (6;,)® 8-Pin SOIC 111.2 °C/W

8-Pin VSSOP 147.4 °C/W
(1) Absolute Maximum Ratings indicate limits beyond which damage may occur. Operating Ratings indicate conditions for which the device

@

5V

is intended to be functional, but specific performance is not ensured. For ensured specifications and test conditions, see the Electrical
Characteristics.

The maximum power dissipation is a function of Tpax), 854, and Ta. The maximum allowable power dissipation at any ambient
temperature is Pp = (Tymax) — Ta)/ 83a- All numbers apply for packages soldered directly onto a PC board.

DC Electrical Characteristics®

Unless otherwise specified, all limits ensured for T, = 25°C, V* =5V, V™" =0V, Vou = Vo = V*/2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min @ Typ® Max @ Units
Vos Input Offset Voltage +10 +150 v
+230 H
TCVos Input Offset Voltage Drift LMP2232A +0.3 +0.5 VIC
LMP2232B +0.3 +2.5 H
Igias Input Bias Current 0.02 +3 A
+125 P
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio 0V = Vcy 4V 81 97 dB
80
PSRR Power Supply Rejection Ratio 1.6V <V* <55V 83 120 dB
V- =0V, VCM =0V 83
CMRR = 80 dB -0.2 4.2
CMVR Common Mode Voltage Range CMRR = 79 dB -02 4 \%
. . Vo =0.3Vto 4.7V 110
AvoL Large Signal Voltage Gain R, = 10 kQ to V*/2 108 120 dB
Vo Output Swing High R, =10 kQ to V*/2 17 50
Vn(diff) = 100 mv 50 mv
R. =10 kQ to V*/2 50 from either
i L= rail
Output Swing Low Vin(diff) = ~100 mv 17 50
lo Output Current ¥ Sourcing, Vo to V™ 27 30
Vn(diff) = 100 mV 19
— mA
Sinking, Vg to V* 17 22
V|N(d|ff) =-100 mV 12
27
Is Supply Current 19 28 MA

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > T. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) Alllimits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.

(4) The short circuit test is a momentary open loop test.
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5V AC Electrical Characteristics®

Unless otherwise specified, all limits ensured for T, = 25°C, V* =5V, V" = 0V, Vou = Vo = V*/2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
GBW Gain-Bandwidth Product C_L=20pF, RL.=10kQ 130 kHz
SR Slew Rate Ay =+1 Falling Edge 33 58

32
Rising Edge 33 48 vims
32
0 m Phase Margin C_L=20pF, R_.=10kQ 68 deg
Gn Gain Margin C_L=20pF, RL.=10kQ 27 dB
en Input-Referred Voltage Noise Density f=1kHz 60 nV/VHz
Input Referred Voltage Noise 0.1 Hz to 10 Hz 2.3 UVpp
in Input-Referred Current Noise f=1kHz 10 fANHzZ
THD+N Total Harmonic Distortion + Noise f=100 Hz, R_ = 10 kQ 0.002 %

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > T. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) Alllimits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.

3.3V DC Electrical Characteristics®

Unless otherwise specified, all limits ensured for T , = 25°C, V* = 3.3V, V" =0V, Vcy = Vo = V*/2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
Vos Input Offset Voltage +10 +160 v
+250 H
TCVops Input Offset Voltage Drift LMP2232A +0.3 +0.5 Ve
LMP2232B +0.3 +2.5 H
Igias Input Bias Current 0.02 +3 A
+125 P
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio 0V £Vcm £ 2.3V 79 92 dB
77
PSRR Power Supply Rejection Ratio 1.6V<V*"<55V 83 120 dB
V- =0V, VCM =0V 83
CMRR 2 78 dB -0.2 25
CMVR Common Mode Voltage Range CMRR = 77 dB -0.2 25 \%
. . Vo = 0.3V to 3V 108
AvoL Large Signal Voltage Gain R, = 10 kQ to V*/2 107 120 dB
Vo Output Swing High R, =10 kQ to V*/2 14 50
Vn(diff) = 100 mV 50 mvV
R, = 10 kQ to V*/2 50 from either
) L= rail
Output Swing Low Vin(diff) = ~100 mV 14 50

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = T5. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > Ta. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) All limits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.
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3.3V DC Electrical Characteristics® (continued)

Unless otherwise specified, all limits ensured for T , = 25°C, V* = 3.3V, V" =0V, Vcu = Vo = V*/2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
lo Output Current ¥ Sourcing, Vo to V™ 11 14
Vi (diff) = 100 mV 8
. mA
Sinking, Vg to V* 8 11
V|N(d|ff) =-100 mV 5
25
Is Supply Current 17 26 MA

(4) The short circuit test is a momentary open loop test.

3.3V AC Electrical Characteristics®

Unless otherwise is specified, all limits ensured for T, = 25°C, V* = 3.3V, V" = 0V, Vcy = Vo = V2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min @ Typ® Max @ Units
GBW Gain-Bandwidth Product C_ =20 pF, R. =10 kQ 128 kHz
SR Slew Rate Ay = +1, C, =20 pF | Falling Edge 58

R =10k Rising Edge 48 vims
0 m Phase Margin C, =20 pF, R. =10 kQ 66 deg
Gn Gain Margin C. =20 pF, R. =10 kQ 26 dB
en Input-Referred Voltage Noise Density f=1kHz 60 nViHz
Input-Referred Voltage Noise 0.1 Hz to 10 Hz 2.4 MVpp
in Input-Referred Current Noise f=1kHz 10 fANHZ
THD+N Total Harmonic Distortion + Noise f=100 Hz, R_. = 10 kQ 0.003 %

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > Ta. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) All limits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.

2.5V DC Electrical Characteristics®

Unless otherwise specified, all limits ensured for T, = 25°C, V* = 2.5V, V" =0V, Vo = Vo = V72, and R, > 1MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min @ Typ® Max @ Units
Vos Input Offset Voltage +10 +190
275 b
TCVos Input Offset Voltage Drift LMP2232A +0.3 +0.5 WVIC
LMP2232B +0.3 +2.5
Igias Input Bias Current 0.02 +3
+125 PA
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio 0V <=sVcys1l5V ;g 91 dB

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = T5. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > Ta. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) All limits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.
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2.5V DC Electrical Characteristics® (continued)

Unless otherwise specified, all limits ensured for T, = 25°C, V* = 2.5V, V" =0V, Vcy = Vo = V72, and R, > 1MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
PSRR Power Supply Rejection Ratio 1.6V <V*<55V 83 120 dB
V™ =0V, Ve = OV 83
CMVR Common Mode Voltage Range CMRR 277 dB -0.2 1.7 v
CMRR 2 76 dB -0.2 1.7
AvoL Large Signal Voltage Gain Vo =0.3Vto 2.2V 104 120 dB
R, =10 kQ to V*/2 104
Vo Output Swing High R, =10 kQ to V*/2 12 50
Vn(diff) = 100 mv 50 mv
- " from either
Output Swing Low R =10 kQ to V*/2 13 50 rail
Vn(diff) = =100 mVv 50
lo Output Current ¥ Sourcing, Vo to V™ 5 8
— mA
Sinking, Vo to V* 35 7
Vn(diff) = =100 mVv 25
| Supply Current 16 24
s pply o LA

(4) The short circuit test is a momentary open loop test.

2.5V AC Electrical Characteristics®

Unless otherwise specified, all limits specified for T, = 25°C, V" = 2.5V, V™ = 0V, V¢y = Vo = V¥/2, and R, > 1MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min@ | Typ® Max @) Units
GBW Gain-Bandwidth Product C_L =20 pF, R =10 kQ 128 kHz
SR Slew Rate Ay =+1, C_ =20 pF Falling Edge 58

RL=10kQ Rising Edge 48 vims
O m Phase Margin CL =20 pF, R =10 kQ 64 deg
Gn Gain Margin CL =20 pF, R =10 kQ 26 dB
en Input-Referred Voltage Noise Density f=1kHz 60 nV/NHz
Input-Referred Voltage Noise 0.1 Hz to 10 Hz 25 MVpp
in Input-Referred Current Noise f=1KkHz 10 fANHz
THD+N Total Harmonic Distortion + Noise f=100 Hz, R_ = 10 kQ 0.005 %

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = T5. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > Ta. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) All limits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.
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1.8V DC Electrical Characteristics @

Unless otherwise specified, all limits ensured for T , = 25°C, V¥ = 1.8V, V™ =0V, Vcy = Vo = V*/2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ® Max @ Units
Vos Input Offset Voltage +10 +230 v
+325 H
TCVos Input Offset Voltage Drift LMP2232A +0.3 +0.5 VIC
LMP2232B +0.3 +2.5 H
Igias Input Bias Current 0.02 +3 A
+125 P
los Input Offset Current 5 fA
CMRR Common Mode Rejection Ratio 0V = Vcm £0.8v 76 92 dB
75
PSRR Power Supply Rejection Ratio 1.6V <V'<55V 83 120 dB
V- =0V, VCM =0V 83
CMRR 2 76 dB -0.2 1.0
CMVR Common Mode Voltage Range CMRR = 75 dB 0 10 \%
. . Vo = 0.3V to 1.5V 103
AvoL Large Signal Voltage Gain R, = 10 kQ to V*/2 103 120 dB
Vo Output Swing High R, =10 kQ to V*/2 12 50
Vn(diff) = 100 mv 50 mv
R, =10 kQ to V*/2 50 from either
i L= rail
Output Swing Low Vin(diff) = ~100 mv 13 50
lo Output Current ¥ Sourcing, Vo to V™ 25 5
Vn(diff) = 100 mV 2
. mA
Sinking, Vg to V* 2 5
V|N(d|ff) =-100 mV 1.5
24
Is Supply Current 16 o5 HA

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = Ta. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > T. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) Alllimits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.

(4) The short circuit test is a momentary open loop test.

1.8V AC Electrical Characteristics @

Unless otherwise is specified, all limits ensured for T, = 25°C, V* = 1.8V, V" = 0V, Vcy = Vo = V2, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min®@ Typ @ | Max® Units
GBW Gain-Bandwidth Product C_ =20 pF, R_. =10 kQ 127 kHz
SR Slew Rate Ay = +1, C_ =20 pF | Falling Edge 58

R =10 k2 Rising Edge 48 vims
0 m Phase Margin C_ =20 pF, R_. =10 kQ 60 deg
Gn Gain Margin C_ =20 pF, R_. =10 kQ 25 dB
en Input-Referred Voltage Noise Density | f =1 kHz 60 nViHz
Input-Referred Voltage Noise 0.1 Hz to 10 Hz 2.4 MVpp

(1) Electrical Table values apply only for factory testing conditions at the temperature indicated. Factory testing conditions result in very
limited self-heating of the device such that T; = T5. No specification of parametric performance is indicated in the electrical tables under
conditions of internal self-heating where T; > Ta. Absolute Maximum Ratings indicate junction temperature limits beyond which the
device may be permanently degraded, either mechanically or electrically.

(2) All limits are specified by testing, statistical analysis or design.

(3) Typical values represent the most likely parametric norm at the time of characterization. Actual typical values may vary over time and
will also depend on the application and configuration. The typical values are not tested and are not ensured on shipped production
material.
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1.8V AC Electrical Characteristics ® (continued)

Unless otherwise is specified, all limits ensured for T, = 25°C, V* = 1.8V, V" = 0V, Ve = Vo = V72, and R, > 1 MQ. Boldface
limits apply at the temperature extremes.

Symbol Parameter Conditions Min® Typ @ | Max®@ Units
in Input-Referred Current Noise f=1kHz 10 fANHzZ
THD+N Total Harmonic Distortion + Noise f=100 Hz, R_. = 10 kQ 0.005 %

Connection Diagram

—/ 8

ouT A — v*
AN
IN A 2 7 out 8
N At LR
A\
v A 5|\ gt

Figure 2. 8-Pin VSSOP/SOIC (Top View)
Package Numbers DGKOOO8A and DOO08A
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Unless otherwise Specified: T, = 25°C, Vg = 5V, Vep

Typical Performance Characteristics

Offset Voltage Distribution

=Vg/2, where Vg = V* -V~

TCVqps Distribution
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Figure 3. Figure 4.
Offset Voltage Distribution TCVgps Distribution
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Figure 5. Figure 6.
Offset Voltage Distribution TCVgps Distribution
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Figure 7. Figure 8.
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PERCENTAGE (%)

OFFSET VOLTAGE (nV)

Vos (nV)

Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

Offset Voltage Distribution

12 T
Vg =18V
10 : Ta=25C |
| L Vcm = Vs/2

8 ] =

6

4 =

2

0
-150 -100 -50 0 50 100 150

Vos (uV)
Figure 9.
Offset Voltage vs. Vgum
250 —
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50 85T
125¢C %i\\
-50 \
-150 \\
-250
02 08 18 28 38 43
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Figure 11.

Offset Voltage vs. Vgum
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OFFSET VOLTAGE (V)

Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

Offset Voltage vs. Temperature
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Figure 15.
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Offset Voltage vs. Supply Voltage
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0.1 Hz to 10 Hz Voltage Noise
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Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

Input Bias Current vs. Vgy Input Bias Current vs. Vgy
40 ‘ 10 Vs =2V
Vg =2V 8 S
30
z <
£ o \ 25T g ¢ N
b ¥ E 4N
& & N 85T
g4 10 € 2 AN
§ 0 yal — 3 o = <N L —
) -40C \\ %) I
< < 2 ~
o 10 o \
- 5 -4 125C
g 20 2 ~
z zZ 6
-30 -8
-40 -10
0 025 05 075 1 125 15 0 025 05 075 1 125 15
Vewm (V) Vem (V)
Figure 21. Figure 22.
Input Bias Current vs. Vgy Input Bias Current vs. Vgy
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Input Bias Current vs. Vgy Input Bias Current vs. Vgy
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Figure 25. Figure 26.
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Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

Input Bias Current vs. Vgy Input Bias Current vs. Vgy
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Figure 27. Figure 28.
PSRR vs. Frequency Supply Current vs. Supply Voltage (per channel)
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Figure 29. Figure 30.
Sinking Current vs. Supply Voltage Sourcing Current vs. Supply Voltage
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Figure 31. Figure 32.
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Typical Performance Characteristics (continued)

Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~
Output Swing Low vs. Supply Voltage

Output Swing High vs. Supply Voltage
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Open Loop Frequency Response Open Loop Frequency Response
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Figure 35. Figure 36.
Phase Margin vs. Capacitive Load Slew Rate vs. Supply Voltage
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Figure 37. Figure 38.
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Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

THD+N vs. Amplitude THD+N vs. Frequency
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Figure 39. Figure 40.
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Typical Performance Characteristics (continued)
Unless otherwise Specified: T, = 25°C, Vg = 5V, Vey = Vs/2, where Vg = V' - V-~

CMRR vs. Frequency
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APPLICATION INFORMATION

LMP2232

The LMP2232 is a quad CMOS precision amplifier that offers low offset voltage, low offset voltage drift, and high
gain while consuming less than 10 pA of supply current per channel.

The LMP2232 is a micropower op amp, consuming only 36 pA of current. Micropower op amps extend the run
time of battery powered systems and reduce energy consumption in energy limited systems. The ensured supply
voltage range of 1.8V to 5.0V along with the ultra-low supply current extend the battery run time in two ways. The
extended ensured power supply voltage range of 1.8V to 5.0V enables the op amp to function when the battery
voltage has depleted from its nominal value down to 1.8V. In addition, the lower power consumption increases
the life of the battery.

The LMP2232 has input referred offset voltage of only +150 pyV maximum at room temperature. This offset is
ensured to be less than +230 pV over temperature. This minimal offset voltage along with very low TCVqg of only
0.3 pVv/°C typical allows more accurate signal detection and amplification in precision applications.

The low input bias current of only £20 fA gives the LMP2232 superiority for use in high impedance sensor
applications. Bias current of an amplifier flows through source resistance of the sensor and the voltage resulting
from this current flow appears as a noise voltage on the input of the amplifier. The low input bias current enables
the LMP2232 to interface with high impedance sensors while generating negligible voltage noise. Thus the
LMP2232 provides better signal fidelity and a higher signal-to-noise ratio when interfacing with high impedance
Sensors.

Texas Instruments is heavily committed to precision amplifiers and the market segments they serve. Technical
support and extensive characterization data is available for sensitive applications or applications with a
constrained error budget.

The operating voltage range of 1.6V to 5.5V over the extensive temperature range of —40°C to 125°C makes the
LMP2232 an excellent choice for low voltage precision applications with extensive temperature requirements.

The LMP2232 is offered in the 8-pin VSSOP and 8-pin SOIC packages. These small packages are ideal
solutions for area constrained PC boards and portable electronics.
TOTAL NOISE CONTRIBUTION

The LMP2232 has very low input bias current, very low input current noise, and low input voltage noise for
micropower amplifiers. As a result, these amplifiers make great choices for circuits with high impedance sensor
applications.

Figure 47 shows the typical input noise of the LMP2232 as a function of source resistance where:
e, denotes the input referred voltage noise

e; is the voltage drop across source resistance due to input referred current noise or ¢; = Rg * i
e; shows the thermal noise of the source resistance

e, shows the total noise on the input.

Where:

2 2 2
eni=q/ent e+e

The input current noise of the LMP2232 is so low that it will not become the dominant factor in the total noise
unless source resistance exceeds 300 MQ, which is an unrealistically high value. As is evident in Figure 47, at
lower Rg values, total noise is dominated by the amplifier’s input voltage noise. Once Rg is larger than a 100 kQ,
then the dominant noise factor becomes the thermal noise of Rg. As mentioned before, the current noise will not
be the dominant noise factor for any practical application.
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Figure 47. Total Input Noise

VOLTAGE NOISE REDUCTION

The LMP2232 has an input voltage noise of 60nV/YHz . While this value is very low for micropower amplifiers,
this input voltage noise can be further reduced by placing N amplifiers in parallel as shown in Figure 48. The total
voltage noise on the output of this circuit is divided by the square root of the number of amplifiers used in this
parallel combination. This is because each individual amplifier acts as an independent noise source, and the
average noise of independent sources is the quadrature sum of the independent sources divided by the number
of sources. For N identical amplifiers, this means:

REDUCED INPUT VOLTAGE NOISE = ﬁ [e2i+&npteeee+ein

1 e oI
—N n—N n
_1e

=—— 5n

S

Figure 48 shows a schematic of this input voltage noise reduction circuit. Typical resistor values are: Rg = 10Q,
Re=1kQ, and Rg = 1 kQ.
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Vin O

—O Vour

Figure 48. Noise Reduction Circuit

PRECISION INSTRUMENTATION AMPLIFIER

Measurement of very small signals with an amplifier requires close attention to the input impedance of the
amplifier, gain of the signal on the inputs, and the gain on each input of the amplifier. This is because the
difference of the input signal on the two inputs is of the interest and the common signal is considered noise. A
classic circuit implementation is an instrumentation amplifier. Instrumentation amplifiers have a finite, accurate,
and stable gain. They also have extremely high input impedances and very low output impedances. Finally they
have an extremely high CMRR so that the amplifier can only respond to the differential signal. A typical
instrumentation amplifier is shown in Figure 49.

Figure 49. Instrumentation Amplifier

There are two stages in this amplifier. The last stage, output stage, is a differential amplifier. In an ideal case the
two amplifiers of the first stage, the input stage, would be set up as buffers to isolate the inputs. However they
cannot be connected as followers because of mismatch of amplifiers. That is why there is a balancing resistor
between the two. The product of the two stages of gain will give the gain of the instrumentation amplifier. Ideally,
the CMRR should be infinite. However the output stage has a small non-zero common mode gain which results
from resistor mismatch.
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In the input stage of the circuit, current is the same across all resistors. This is due to the high input impedance
and low input bias current of the LMP2232.

GIVEN: |

R1~'Ru1 )
By Ohm’s Law:
Vo1-Voz2=(2R1+ Ru) I,
=(2a+1) R1pe IRll
=(2a+1)V Ri1
(2
However:
VRi1=Vi- Vs
(3)
So we have:
Vo1—Vo, = (2a+1)(V1-Vy) (4)
Now looking at the output of the instrumentation amplifier:
KR2
Vo= Ry (Vo2 - Vou)
=-K (Vo1 - Vo2)
(5)
Substituting from Equation 4:
Vo=-K(2a+1)(V1-V2)
(6)

This shows the gain of the instrumentation amplifier to be:
-K(2a+1) (7)

Typical values for this circuit can be obtained by setting: a = 12 and K= 4. This results in an overall gain of =100.

SINGLE SUPPLY STRAIN GAGE BRIDGE AMPLIFIER

Strain gauges are popular electrical elements used to measure force or pressure. Strain gauges are subjected to
an unknown force which is measured as the deflection on a previously calibrated scale. Pressure is often
measured using the same technique; however this pressure needs to be converted into force using an
appropriate transducer. Strain gauges are often resistors which are sensitive to pressure or to flexing. Sense
resistor values range from tens of ohms to several hundred kilo-ohms. The resistance change which is a result of
applied force across the strain gauge might be 1% of its total value. An accurate and reliable system is needed
to measure this small resistance change. Bridge configurations offer a reliable method for this measurement.

Bridge sensors are formed of four resistors, connected as a quadrilateral. A voltage source or a current source is
used across one of the diagonals to excite the bridge while a voltage detector across the other diagonal
measures the output voltage.

Bridges are mainly used as null circuits or to measure differential voltages. Bridges will have no output voltage if
the ratios of two adjacent resistor values are equal. This fact is used in null circuit measurements. These are
particularly used in feedback systems which involve electrochemical elements or human interfaces. Null systems
force an active resistor, such as a strain gauge, to balance the bridge by influencing the measured parameter.

Often in sensor applications at lease one of the resistors is a variable resistor, or a sensor. The deviation of this
active element from its initial value is measured as an indication of change in the measured quantity. A change in
output voltage represents the sensor value change. Since the sensor value change is often very small, the
resulting output voltage is very small in magnitude as well. This requires an extensive and very precise
amplification circuitry so that signal fidelity does not change after amplification.

Sensitivity of a bridge is the ratio of its maximum expected output change to the excitation voltage change.
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Figure 50(a) shows a typical bridge sensor and Figure 50(b) shows the bridge with four sensors. R in
Figure 50(b) is the nominal value of the sense resistor and the deviations from R are proportional to the quantity
being measured.

R+ AR -
Ry R2 R - AR
b L
EXCITATION EXCITATION
SOURCE SOURCE
p L
R R
s 4 R- AR R+ AR
(@ (b)
Rz Ry AR
= .= V = — XV
R R out = 4 SOURCE
VouT = ———— X VSOURCE

Figure 50. Bridge Sensor

Instrumentation amplifiers are great for interfacing with bridge sensors. Bridge sensors often sense a very small
differential signal in the presence of a larger common mode voltage. Instrumentation amplifiers reject this

common mode signal.

Figure 51 shows a strain gauge bridge amplifier. In this application one of the LMP2232 amplifiers is used to
buffer the LM4140A's precision output voltage. The LM4140A is a precision voltage reference. The other three
amplifiers in the LMP2232 are used to form an instrumentation amplifier. This instrumentation amplifier uses the
LMP2232's high CMRR and low Vog and TCVgg to accurately amplify the small differential signal generated by
the output of the bridge sensor. This amplified signal is then fed into the ADC121S021 which is a 12-bit analog to
digital converter. This circuit works on a single supply voltage of 5V.

0.1 puF

10 uF

Va

IN

ADC121S021

v 12kQ

— GND
10kQ 40 kQ | |

Figure 51. Strain Gage Bridge Amplifier
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PORTABLE GAS DETECTION SENSOR

Gas sensors are used in many different industrial and medical applications. They generate a current which is
proportional to the percentage of a particular gas sensed in an air sample. This current goes through a load
resistor and the resulting voltage drop is measured. Depending on the sensed gas and sensitivity of the sensor,
the output current can be in the order of tens of microamperes to a few milliamperes. Gas sensor datasheets
often specify a recommended load resistor value or they suggest a range of load resistors to choose from.

Oxygen sensors are used when air quality or oxygen delivered to a patient needs to be monitored. Fresh air
contains 20.9% oxygen. Air samples containing less than 18% oxygen are considered dangerous. Oxygen
sensors are also used in industrial applications where the environment must lack oxygen. An example is when
food is vacuum packed. There are two main categories of oxygen sensors, those which sense oxygen when it is
abundantly present (i.e. in air or near an oxygen tank) and those which detect very small traces of oxygen in

ppm.

Figure 52 shows a typical circuit used to amplify the output signal of an oxygen detector. The LMP2232 makes
an excellent choice for this application as it draws only 36 pA of current and operates on supply voltages down to
1.8V. This application detects oxygen in air. The oxygen sensor outputs a known current through the load
resistor. This value changes with the amount of oxygen present in the air sample. Oxygen sensors usually
recommend a particular load resistor value or specify a range of acceptable values for the load resistor. Oxygen
sensors typically have a life of one to two years. The use of the micropower LMP2232 means minimal power
usage by the op amp and it enhances the battery life. Depending on other components present in the circuit
design, the battery could last for the entire life of the oxygen sensor. The precision specifications of the
LMP2232, such as its very low offset voltage, low TCVqs, low input bias current, low CMRR, and low PSRR are
other factors which make the LMP2232 a great choice for this application..

99 kQ

OXYGEN SENSOR —

Figure 52. Precision Oxygen Sensor
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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) Device Marking Samples
@) Drawing Qty @) ® @ @)
LMP2232AMA/NOPB ACTIVE SoIC D 8 95 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22 K srralE
& no ShiBr) 32AMA e
LMP2232AMAE/NOPB ACTIVE SOIC D 8 250 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22 K rrales
& no SbiBr) 32AMA e
LMP2232AMAX/NOPB ACTIVE SoIC D 8 2500 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22 K rrales
& no SbiBr) 32AMA P
LMP2232AMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 AK5A
& no Sb/Br) L
LMP2232AMME/NOPB ACTIVE VSSOP DGK 8 250 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 AK5A K srralEs
& no Sh/Br) L
LMP2232AMMX/NOPB ACTIVE VSSOP DGK 8 3500 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 AK5A Kl
& no Sh/Br) L
LMP2232BMA/NOPB ACTIVE SoIC D 8 95 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22 el
& no ShiBr) 32BMA P
LMP2232BMAE/NOPB ACTIVE SoIC D 8 250 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22
& no ShiBr) 32BMA Pe
LMP2232BMAX/NOPB ACTIVE SoIC D 8 2500 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 LMP22 ol
& no ShiBr) 32BMA Pe
LMP2232BMM/NOPB ACTIVE VSSOP DGK 8 1000 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 AK5B o
Samples
& no Sh/Br)
LMP2232BMME/NOPB ACTIVE VSSOP DGK 8 250 Green (RoHS SN Level-1-260C-UNLIM -40 to 125 AK5B 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.

@ RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
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® MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device 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 Device Marking for that device.

® Lead/Ball Finish - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead/Ball Finish values may wrap to two lines if the finish
value exceeds the maximum column width.

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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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |+ KO ’<—P14>1
Y R P T
go W
Reel | | l
Diameter
Cavity +‘ A0 M
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ 1
‘f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
0O O O OO0 O O O orSprocket Holes
|
T
Q1 : Q2
H4-—-—
Q3 1 Q4 User Direction of Feed
[ 4
T
=
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)
LMP2232AMAE/NOPB SoIC D 8 250 178.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LMP2232AMAX/NOPB SoIC D 8 2500 330.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LMP2232AMM/NOPB VSSOP DGK 8 1000 178.0 12.4 5.3 34 1.4 8.0 12.0 Q1
LMP2232AMME/NOPB | VSSOP DGK 8 250 178.0 12.4 53 34 1.4 8.0 12.0 Q1
LMP2232AMMX/NOPB | VSSOP DGK 8 3500 330.0 12.4 53 34 1.4 8.0 12.0 Q1
LMP2232BMAE/NOPB SoIC D 8 250 178.0 12.4 6.5 5.4 2.0 8.0 12.0 Q1
LMP2232BMAX/NOPB SOIC D 8 2500 330.0 12.4 6.5 54 2.0 8.0 12.0 Q1
LMP2232BMM/NOPB VSSOP DGK 8 1000 178.0 12.4 53 34 1.4 8.0 12.0 Q1
LMP2232BMME/NOPB | VSSOP DGK 8 250 178.0 12.4 5.3 34 1.4 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
,//T/
4
// S
/\g\ /)i\
. 7
\“‘x‘y// - w//
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LMP2232AMAE/NOPB SoIC D 8 250 210.0 185.0 35.0
LMP2232AMAX/NOPB SoIC D 8 2500 367.0 367.0 35.0
LMP2232AMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LMP2232AMME/NOPB VSSOP DGK 8 250 210.0 185.0 35.0
LMP2232AMMX/NOPB VSSOP DGK 8 3500 367.0 367.0 35.0
LMP2232BMAE/NOPB SoIC D 8 250 210.0 185.0 35.0
LMP2232BMAX/NOPB SOIC D 8 2500 367.0 367.0 35.0
LMP2232BMM/NOPB VSSOP DGK 8 1000 210.0 185.0 35.0
LMP2232BMME/NOPB VSSOP DGK 8 250 210.0 185.0 35.0
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o.10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—-187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I 7 PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
N ERE
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third
party intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims,
damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (www.ti.com/legal/termsofsale.html) or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2020, Texas Instruments Incorporated
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