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TLC2272M-MIL Advanced LinCMOS Rail-to-Rail Operational Amplifier

1 Features

* Output Swing Includes Both Supply Rails

« Low Noise: 9 nV/VHz Typical at f = 1 kHz

» Low-Input Bias Current: 1-pA Typical

» Fully-Specified for Both Single-Supply and Split-
Supply Operation

* Common-Mode Input Voltage Range Includes
Negative Rall

» High-Gain Bandwidth: 2.2-MHz Typical

» High Slew Rate: 3.6-V/us Typical

* Low Input Offset Voltage: 2.5 mV Maximum at
Ta=25°C

* Macromodel Included

» Performance Upgrades for the TLC272 and
TLC274

* Available in Q-Temp Automotive

2 Applications

» White Goods (Refrigerators, Washing Machines)
* Hand-held Monitoring Systems

» Configuration Control and Print Support

» Transducer Interfaces

» Battery-Powered Applications

3 Description

The TLC2272M-MIL device is a dual operational
amplifier from Texas Instruments. The device exhibits
rail-to-rail output performance for increased dynamic
range in single- or split-supply applications. The
TLC2272M-MIL device offers 2 MHz of bandwidth
and 3 V/us of slew rate for higher-speed applications.
Thee device offers comparable ac performance while
having better noise, input offset voltage, and power
dissipation than existing CMOS operational
amplifiers. The TLC2272M-MIL device has a noise
voltage of 9 nV/VHz, two times lower than competitive
solutions.

The TLC2272M-MIL device, exhibiting high input
impedance and low noise, is excellent for small-signal
conditioning for high-impedance sources such as
piezoelectric transducers. Because of the micropower
dissipation levels, the device works well in hand-held
monitoring and remote-sensing applications. In
addition, the rail-to-rail output feature, with single- or
split-supplies, makes this device a great choice when
interfacing with analog-to-digital converters (ADCS).
For precision applications, the TLC2272AM-MIL
device is available with a maximum input offset
voltage of 950 pV. This device is fully characterized
at5Vand+5V.

The TLC2272M-MIL device also makes a great
upgrade to the TLC272 in standard designs, offering
increased output dynamic range, lower noise voltage,
and lower input offset voltage. This enhanced feature
set allows the device to be used in a wider range of
applications. For applications that require higher
output drive and wider input voltage range, see the
TLV2432 and TLV2442 devices.

If the design requires single amplifiers, see the
TLV2211, TLV2221 and TLV2231 family. These
devices are single rail-to-rail operational amplifiers in
the SOT-23 package. Their small size and low power
consumption make them ideal for high density,
battery-powered equipment.

Device Information®

PART NUMBER PACKAGE BODY SIZE (NOM)
SOIC (8) 3,91 mm x 4,90 mm
CDIP (8) 6,67 mm x 9,60 mm

TLC2272M-MIL
LCCC (20) 8,89 mm x 8,89 mm
CFP (10) 6,35 mm x 6,35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.
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An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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5 Pin Configuration and Functions

D or JG Package

8-Pin SOIC or CDIP U Package
Top View 10-Pin CFP
Top View
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Pin Functions

PIN
e NO. 110 DESCRIPTION
DorJG FK U
1IN+ 3 4 | Non-inverting input, Channel 1
1IN- 2 3 | Inverting input, Channel 1
10UT 1 2 (0] Output, Channel 1
2IN+ 5 12 6 | Non-inverting input, Channel 2
2IN—- 6 15 7 | Inverting input, Channel 2
20UT 7 17 8 (0] Output, Channel 2
Vpp+ 8 20 9 — Positive (highest) supply
Vpp— — — — — Negative (lowest) supply
Vpp—/GND 4 10 5 — Negative (lowest) supply
1,3,4,6,8,9,
NC — 11, 13, 14, 16, 1,10 — No connection
18,19
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6 Specifications

6.1 Absolute Maximum Ratings

over operating ambient temperature range (unless otherwise noted)®

MIN MAX UNIT
Supply voltage, Vpp+® 8 \Y
Vpp—? -8 v
Differential input voltage, V,p® +16 \Y
Input voltage, V, (any input)® Vpp- - 0.3 Vpp+ \Y
Input current, I, (any input) +5 mA
Output current, lg +50 mA
Total current into Vpp+ +50 mA
Total current out of Vpp— +50 mA
Duration of short-circuit current at (or below) 25°C®) Unlimited
Operating ambient temperature range, Tp -55 125
Storage temperature, Tgyg —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) All voltage values, except differential voltages, are with respect to the midpoint between Vpp+ and Vpp—.

(3) Differential voltages are at IN+ with respect to IN—. Excessive current will flow if input is brought below Vpp—— 0.3 V.

(4) The output may be shorted to either supply. Temperature or supply voltages must be limited to ensure that the maximum dissipation

rating is not exceeded.

6.2 ESD Ratings

VALUE UNIT
Human-body model (HBM), per AEC . .
o Qloo_ooz(l}’ Devices in D packages +2000
VEsp) Electrostatic discharge ch d-devi del (CDM) \Y
arged-device moae , per . .
AEC Q100-011 Devices in D packages +1000
(1) AEC Q100-002 indicates that HBM stressing shall be in accordance with the ANSI/ESDA/JEDEC JS-001 specification.
6.3 Recommended Operating Conditions
MIN MAX UNIT
Vppt Supply voltage +2.2 +8 \%
V, Input voltage Vpp— Vppt - 1.5 \%
Vic Common-mode input voltage Vpp— Vppt - 1.5 \%
Ta Operating ambient temperature -55 125 °C
6.4 Thermal Information
TLC2272M-MIL
THERMAL METRIC® D (SOIC) JG (CDIP) FK (LCCC) U (CFP) UNIT
8-PIN 20-PIN 10-PIN

Roja Junction-to-ambient thermal resistance ?®) 115.6 — — °CIW
Roacitop) Junction-to-case (top) thermal resistance @@©) 61.8 18 121.3 °C/W
Ross Junction-to-board thermal resistance 55.9 — — °C/IW
T Junction-to-top characterization parameter 14.3 — — °C/IW
Vi Junction-to-board characterization parameter 55.4 — — °CIW
Roacbot) Junction-to-case (bottom) thermal resistance — — 8.68 °CIW

(1) For more information about traditional and new thermal metrics, see Semiconductor and IC Package Thermal Metrics.
(2) Maximum power dissipation is a function of Tjmax), Resa, @and Ta. The maximum allowable power dissipation at any allowable ambient

temperature is Pp = (Tymax) = Ta) / Rega- Operating at the absolute maximum T; of 150°C can affect reliability.
(3) The package thermal impedance is calculated in accordance with JESD 51-7 (plastic) or MIL-STD-883 Method 1012 (ceramic).
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6.5 TLC2272M-MIL Electrical Characteristics Vpp =5V
at specified ambient temperature, Vpp = 5 V; T = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vic=0V, Vpp: =25V Ta=25°C 300 2500
V Input offset voltage 1c ' Db ’ \%
© P 9 Vo=0V,Rs=500Q T, = -55°C to 125°C s000| "
Temperature coefficient of _ _ _ _ o
avio input offset voltage Vic =0V, Vpps =25V, Vo =0V, Rg = 50 Q 2 uv/°C
Input offset voltage long-term drift® | Vic =0V, Vpps =425V, Vo =0V, Rg = 50 Q 0.002 uVv/mo
Vic=0V, Vpp. =+25V Ta=25°C 0.5 60
| Input offset current Ic ' DD ’ A
0 P Vo=0V,Rs =500 Tp = -55°C to 125°C soo| P
) Vic =0V, Vpp: = £25 V. Ta=25°C 1 60
| Input bias current jc= > bb: ' pA
® Vo=0V,Rs=500Q T, = -55°C to 125°C 800
_ Ta=25°C -0.3 25 4
Vicr Common-mode input voltage Rs=50Q; |[Vio | £5mV \%
Ta =-55°C to 125°C 0 25 35
lon = =20 pA 4.99
Ta=25°C 4.85 4.93
) lon = —200 pA
VoH High-level output voltage Ta =-55°C to 125°C 4.85 \%
Ta=25°C 4.25 4.65
lon = -1 MA
Ta =-55°C to 125°C 4.25
loL = 50 pA 0.01
Tp=25°C 0.09 0.15
loL = 500 pA
Vo Low-level output voltage Vic=25V Ta =-55°C to 125°C 0.15 \
Ta=25°C 0.9 15
lo. =5 mMA
Ta =-55°C to 125°C 15
L ianal differential Vic=25V,Vo=1Vto4V, Ta=25°C 10 35
arge-signal differential R, = 10 kQ® = _55° °
Avo voltage amplification - Ta = -55°C t0 125°C 10 Vimv
Vic=25V,Vg=1Vto4V;R =1MQ® 175
fig Differential input resistance 10'2 Q
ri Common-mode input resistance 10'2 Q
Ci Common-mode input capacitance f = 10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, Ay =10 140 Q
L ) Vi-=0Vto 2.7V Ta=25°C 70 75
CMRR Common-mode rejection ratio 1c ! dB
! Vo=25V,Rs=50Q Ta = -55°C to 125°C 70
K Supply-voltage rejection ratio Vpp=4.4V 1016V, Ta=25°C 80 95 dB
SVR (AVpp / AVi0) Vic = Vpp / 2, no load Ta =-55°C to 125°C 80
Ta=25°C 2.2 3
Ibp Supply currrent Vo =2.5V, no load mA
Ta = -55°C to 125°C 3
N Vo=05Vto25V Ta=25°C 23 3.6
SR Slew rate at unity gain o ’ Vius
o RL =10 kQ®, C_ =100 pF® Ta=-55°C to 125°C 17 "
) ) ) f=10 Hz 50
A Equivalent input noise voltage nV/Hz
f=1kHz 9
v Peak-to-peak equivalent f=0.1Hzto1Hz 1 v
NPP input noise voltage f=0.1 Hz to 10 Hz 1.4 H
In Equivalent input noise current 0.6 fARHZ
Ay=1 0.0013%
N ) Vo=05V1t025YV, Z 9
THD+N Total harmonic distortion + noise f = 20 kHz, R, = 10 kQ® Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10kHz, R_ = 10 kQ®, C_ = 100 pF® 2.18 MHz
Bom Maximum output-swing bandwidth Vopey =2V, Ay =1, R = 10 kQ®, C_ =100 pF® 1 MHz
=_ = @ To 0.1% 15
ts Settling time ';\V _1’ R =10 kQ™, _ @ us
tep =0.5Vto 25V, C_ =100 pF T0 0.01% 26

(1) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

(2) Referencedto O V.
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TLC2272M-MIL Electrical Characteristics Vpp =5 V (continued)

at specified ambient temperature, Vpp =5 V; T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Om Phase margin at unity gain R. = 10 kQ®, C, =100 pF® 50 °
Gain margin R, = 10 kQ®, C, =100 pF® 10 dB
Copyright © 2017, Texas Instruments Incorporated Submit Documentation Feedback 7
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6.6 TLC2272M-MIL Electrical Characteristics Vppt =25V
at specified ambient temperature, Vppt = +5 V; T, = 25°C, unless otherwise noted.

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
Vic=0V,Vo=0V Ta=25°C 300 2500
V Input offset voltage Ic : Y0 ' \%
10 P 9 Rs=50Q Ta = —55°C to 125°C s000| "
Temperature coefficient of _ _ _ o
avio input offset voltage Vic=0V,Vo=0V,Rs=500 2 Y/
Input offset voltage long-term drift® | V,c =0V, Vo =0V, Rg =50 Q 0.002 uVv/mo
Vic=0V,Vo=0V Ta=25°C 0.5 60
| Input offset current Ic 1 Y0 ’ A
0 P Rs =50 Q T, = —55°C to 125°C goo| "
i Vic=0V,Vo=0V Ta=25°C 1 60
| Input bias current e o v o ' pA
® Rs=500Q T, = -55°C to 125°C 800
. Ta=25°C -5.3 0 4
Vicr Common-mode input voltage Rs=50Q; |[Vio | £5mV \%
Ta =-55°C to 125°C -5 0 35
lo = =20 pA 4.99
o =200 A T, =25°C 4.85 4.93
Vourt Maximum positive peak (ol Th = —55°C t0 125°C 4.85 v
output voltage
Ta=25°C 4.25 4.65
lo=-1mA
Ta =-55°C to 125°C 4.25
lo = 50 pA -4.99
| 500 uA Tp=25°C -4.85 -4.91
Maximum negative _ o= u _ _ceo o
Vou  peak output voltage Vic=0V, Ta = -55°C to 125°C -4.85 v
Ta=25°C -35 4.1
lo=5mA
Ta =-55°C to 125°C -35
Vo = 4 V; R, = 10 kQ Ta = 257C 20 %0
Large-signal differential o=4 ViR = _ o B
Avo voltage amplification Ta = -55°C t0 125°C 20 Vimv
Vo =4 V; R =1MQ 300
fig Differential input resistance 10'2 Q
ri Common-mode input resistance 10'2 Q
[ Common-mode input capacitance f =10 kHz, P package 8 pF
Z, Closed-loop output impedance f=1MHz, A, =10 130 Q
_— . Vic=-5Vt027V Ta=25°C 75 80
CMRR Common-mode rejection ratio 1c i dB
] Vo=0V,Rs=50Q Ta =-55°C to 125°C 75
K Supply-voltage rejection ratio Vpp+ =2.2V 10 8V, Ta=25°C 80 95 dB
SVR (AVpp / AVi0) Vic =0V, no load Ta =-55°C to 125°C 80
! Suppl t Vo =0V, no load Ta=25°C 24 5 A
upply currren: =0V, no loa m
eP © T =—55°C to 125°C 3
. ) Vo =423V, Ta=25°C 2.3 3.6
SR Slew rate at unity gain o ’ Vius
o Ry =10 kQ, C, =100 pF Ta =-55°C to 125°C 1.7 "
' ' , f=10 Hz 50
A Equivalent input noise voltage nV/Hz
f=1kHz 9
v Peak-to-peak equivalent f=0.1Hzto1Hz 1 v
NPP input noise voltage f=0.1 Hz to 10 Hz 1.4 H
In Equivalent input noise current 0.6 fARHZ
Ay=1 0.0011%
N ) Vo = £2.3, Z 9
THD+N Total harmonic distortion + noise f = 20 kHz, R, = 10 kQ Ay =10 0.004%
Ay =100 0.03%
Gain-bandwidth product f=10 kHz, R_ =10 kQ, C_ = 100 pF 2.25 MHz
Bom Maximum output-swing bandwidth Vope) =4.6 V, Ay =1, R =10 kQ, C,_ =100 pF 0.54 MHz
=_ = To 0.1% 15
ts Settling time Av _1’ R =10kQ, _ us
Step =-2.3Vto 2.3V, C_= 100 pF T0 0.01% 3.2
Pm Phase margin at unity gain R_ =10 kQ, C_ = 100 pF 52 °

(1) Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated to
Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2272M-MIL Electrical Characteristics Vppt = £5 V (continued)

at specified ambient temperature, Vppt = £5 V; T, = 25°C, unless otherwise noted.

PARAMETER

TEST CONDITIONS

MIN

TYP

MAX

UNIT

Gain margin

R, = 10 kQ, C, = 100 pF

10

dB

Copyright © 2017, Texas Instruments Incorporated
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6.7 Typical Characteristics

Table 1. Table of Graphs

FIGURE®
Vio Input offset voltage Distribution 1.2
vs Common-mode voltage 3,4
ayvio Input offset voltage temperature coefficient Distribution 56 @
g/ lio Input bias and input offset current vs ambient temperature 7@
vs Supply voltage 8
\ Input voltage -
vs ambient temperature 9@
VoH High-level output voltage vs High-level output current 10@
VoL Low-level output voltage vs Low-level output current 11, 12@
Vom+ Maximum positive peak output voltage vs Output current 13@
Vowm- Maximum negative peak output voltage vs Output current 14@
Vorr) Maximum peak-to-peak output voltage vs Frequency 15
los Short-circuit output current v Sup?ly voltage 16
vs ambient temperature 17@
Vo Output voltage vs Differential input voltage 18, 19
Large-signal differential voltage amplification vs Load resistance 20
Avp Large-signal differential voltage amplification and phase margin vs Frequency 21,22
Large-signal differential voltage amplification vs ambient temperature 233, 24
Zo Output impedance vs Frequency 25, 26
CMRR Common-mode rejection ratio v Freq.uency 27
vs ambient temperature 28
ksvr Supply-voltage rejection ratio v Freq.uency 29, 30
vs ambient temperature 31@
oo Supply current vs Supply voltage 320, @
vs ambient temperature 333 @
vs Load Capacitance 34
SR Slew rate -
vs ambient temperature 350
Inverting large-signal pulse response 36, 37
Vo Voltage-follower large-signal pulse response 38, 39
Inverting small-signal pulse response 40, 41
Voltage-follower small-signal pulse response 42,43
Vi Equivalent input noise voltage vs Frequency 44, 45
Noise voltage over a 10-second period 46
Integrated noise voltage vs Frequency 47
THD+N Total harmonic distortion + noise vs Frequency 48
Gain-bandwidth product v Sup?ly voltage 49
vs ambient temperature 50
®m Phase margin vs Load capacitance 51
Gain margin vs Load capacitance 52

(1) For all graphs where Vpp =5V, all loads are referenced to 2.5 V.
(2) Data at high and low temperatures are applicable only within the rated operating ambient temperature range of the device.
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Figure 21. Large-Signal Differential Voltage Amplification
and Phase Margin vs Frequency

80

T )
Vpp=+5V 180
N RL =10 kQ
60 CL=100 pF ] 135°
= Ta =25°C
£ \\ A
2 1 o i
gs o
% 8 \ =
5E 20 AN a5 B
% 2 £
£ o
7 2 \ \ :
- O
38 o ™ 0 £
T2
oo
g3
< 2 a5
-40 -90°
1k 10 k 100 k 1M 10M

f - Frequency — Hz
Figure 22. Large-Signal Differential Voltage Amplification
and Phase Margin vs Frequency
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Figure 25. Output Impedance vs Frequency
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Figure 26. Output Impedance vs Frequency
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Figure 27. Common-Mode Rejection Ratio vs Frequency
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Figure 29. Supply-Voltage Rejection Ratio vs Frequency
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Figure 30. Supply-Voltage Rejection Ratio vs Frequency
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Figure 31. Supply-Voltage Rejection Ratio vs Figure 32. Supply Current vs Supply Voltage
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Figure 33. Supply Current vs Ambient Temperature Figure 34. Slew Rate vs Load Capacitance
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Figure 35. Slew Rate vs Ambient Temperature Figure 36. Inverting Large-Signal Pulse Response
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Figure 41. Inverting Small-Signal Pulse Response
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Figure 37. Inverting Large-Signal Pulse Response Figure 38. Voltage-Follower Large-Signal Pulse Response
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Figure 42. Voltage-Follower Small-Signal Pulse Response
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Figure 45. Equivalent Input Noise Voltage vs Frequency
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Figure 43. Voltage-Follower Small-Signal Pulse Response Figure 44. Equivalent Input Noise Voltage vs Frequency
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Figure 46. Noise Voltage Over a 10-Second Period
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Figure 47. Integrated Noise Voltage vs Frequency

83 1 ———
fg Vpp=5V
2 Ta = 25°C
z RL =10 kQ
[}
=]
2 0.1 :
c
S
s - Ay =100
a | ||
o 0.01 t — 7+
‘e
] - =
£ £ Ay =10 717
: == ’
T 0001 Av= /
L
1
-4
+
[=]
£ 0.0001
100 1k 10k 100 k

f - Frequency - Hz
Figure 48. Total Harmonic Distortion + Noise vs Frequency
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Figure 51. Phase Margin vs Load Capacitance Figure 52. Gain Margin vs Load Capacitance
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7 Detailed Description

7.1 Overview

The TLC2272M-MIL device is a rail-to-rail output operational amplifier. The device operates from a 4.4-V to 16-V
single supply or +£2.2-V to 8-V dual supply, is unity-gain stable, and is suitable for a wide range of general-
purpose applications.

7.2 Functional Block Diagram
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Table 2. Device Component Count®

COMPONENT COUNT
Transistors 38
Resistors 26
Diodes
Capacitors

(1) Includes both amplifiers and all ESD, bias, and trim circuitry.

7.3 Feature Description

The TLC2272M-MIL device features 2-MHz bandwidth and voltage noise of 9 nV/VHz with performance rated
from 4.4 V to 16 V across a temperature range of -55°C to 125°C). LinMOS suits a wide range of audio,
automotive, industrial, and instrumentation applications.

7.4 Device Functional Modes

The TLC2272M-MIL device is powered on when the supply is connected. The device may operate with single or
dual supply, depending on the application. The device is in its full-performance mode once the supply is above
the recommended value.

20 Submit Documentation Feedback Copyright © 2017, Texas Instruments Incorporated
Product Folder Links: TLC2272M-MIL


http://www.ti.com/product/tlc2272m-mil?qgpn=tlc2272m-mil
http://www.ti.com
http://www.ti.com/product/tlc2272m-mil?qgpn=tlc2272m-mil
http://www.go-dsp.com/forms/techdoc/doc_feedback.htm?litnum=SLOS983&partnum=TLC2272M-MIL

13 TEXAS
INSTRUMENTS TLC2272M-MIL

www.ti.com SLOS983 —JUNE 2017

8 Application and Implementation

NOTE
Information in the following applications sections is not part of the TI component
specification, and Tl does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
validate and test their design implementation to confirm system functionality.

8.1 Application Information

8.1.1 Macromodel Information

Macromodel information provided was derived using MicroSim Parts™, the model generation software used with
MicroSim PSpice™. The Boyle macromodel ® and subcircuit in Figure 53 were generated using the TLC2272M-
MIL typical electrical and operating characteristics at To = 25°C. Using this information, output simulations of the
following key parameters can be generated to a tolerance of 20% (in most cases):

e Maximum positive output voltage swing
e Maximum negative output voltage swing
» Slew rate

e Quiescent power dissipation

e Input bias current

e Open-loop voltage amplification

e Unity-gain frequency

« Common-mode rejection ratio

e Phase margin

e DC output resistance

e AC output resistance

e Short-circuit output current limit

Vcc+—o
RSS
RP
2
IN- —® <+
A op M‘ 92
IN+ —®
1 1
RD1
VAD
Vee-
VE out
SUBCKT TLC227x 12345 RD1 60 112.653E3
c1 1214E-12 RD2 60 122.653E3
c2 6 760.00E-12 RO1 8 550
DC 5 53DX R02 7 9950
DE 54 5DX RP 3 44 310E3
DLP 90 91DX RSS 10 99925.9E3
DLN 92 90DX VAD 60 4-5
DP 4 3DX VB 9 0DC 0
EGND 99 OPOLY (2) (3,0)(4,)0 5.5 VC 353DC .78
FB 99 OPOLY (5) VB VC VE VLP VLN 0 VE 54 4DC .78
+984.9E3 —1E6 1E6 1E6 —1E6 VLIM 7 8DC 0
GA 6 011 12 377.0E-6 VLP 91 0DC 1.9
GCM 0 6 10 99 134E-9 VLN 0 92DC 9.4
1SS 3 10DC 216.0E-6 'MODEL DX D (1S=800.0E~18)
HLIM 90 OVLIM 1K 'MODEL JX PJF (1S=1.500E-12BETA=1.316E-3
J1 11 210 JX +VT0=-.270)
J2 12 110 JX ENDS
R2 6 9100.0E3

Figure 53. Boyle Macromodel and Subcircuit

(1) Macromodeling of Integrated Circuit Operational Amplifiers, IEEE Journal of Solid-State Circuits, SC-9, 353 (1974).
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8.2 Typical Application

8.2.1 High-Side Current Monitor

VBAT

ILOUD

VOUT

47 kQ — —

Figure 54. Equivalent Schematic (Each Amplifier)

8.2.1.1 Design Requirements
For this design example, use the parameters listed in Table 3 as the input parameters.

Table 3. Design Parameters

PARAMETER VALUE
VAT Battery voltage 12V
Rsense Sense resistor 01Q
lLoaD Load current 0Ato10A
Operational amplifier Set in differential configuration with gain = 10

8.2.1.2 Detailed Design Procedure

This circuit is designed for measuring the high-side current in automotive body control modules with a 12-V
battery or similar applications. The operational amplifier is set as differential with an external resistor network.
8.2.1.2.1 Differential Amplifier Equations

Equation 1 and Equation 2 are used to calculate Vgyr.

S e
2 V,+V. 2 g
Vour = —| —2 x— 24 (V4= Vz)
R Ry 2 Ry
1+ — 1+ —
R, R,
(1)
Jon el
2 2 g
Vour = —| === xVgar + ——————2xRg Xl g
R R, R,
1+ — 1+ —
R, R,

@

In an ideal case R; = R and R, = Ry, and Vgyr can then be calculated using Equation 3:

V Ry Re x|
= —X X
ouT R S *Load (3)
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However, as the resistors have tolerances, they cannot be perfectly matched.

R]_:RiARl
RZZRzi'ARZ
R=R* AR
Ry = Ry AR,
Tolz%
R @)

By developing the equations and neglecting the second order, the worst case is when the tolerances add up.
This is shown by Equation 5.

Vout = = (4 Tol) Ry X Vgar +| 142 Tol| 14 —2R &XR x|
ouT — — R+R BAT - R+R R S 7~ 'LOAD

g TRy
where
e Tol=0.01for 1%
e Tol =0.001 for 0.1% 5)

If the resistors are perfectly matched, then Tol = 0 and Vg is calculated using Equation 6.

V, = 9 %R x|
ouT R S 7 'LOAD (6)

The highest error is from the common mode, as shown in Equation 7.

4 (Tol) Rg V,
o X VBAT
R+ Rg )
Gain of 10, Ry / R = 10, and Tol = 1%:
Common mode error = ((4 x 0.01) / 1.1) x 12V = 0.436 V

Gain of 10 and Tol = 0.1%:
Common mode error = 43.6 mV

The resistors were chosen from 2% batches.
R; and R 12 kQ
R, and Ry 120 kQ

Ideal Gain =120/12 =10

The measured value of the resistors:
R; =11.835 kQ
R =11.85kQ
R, =117.92 kQ
Ry = 118.07 kQ
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8.2.1.3 Application Curves

1.2 12
1 10
S os s s
3] [}
[=2} [}
g g
S 06 S 6
2 2
3 o4 g 4
0.2 2
—— Measured —— Measured
— Ideal —— Ideal
0 0
0 0.2 0.4 0.6 0.8 1 1.2 0 2 4 6 8 10 12
Load Current (A) Load Current (A)
Figure 55. Output Voltage Measured vs Ideal Figure 56. Output Voltage Measured vs Ideal
(0Oto 1 A) (0to 10 A)

9 Power Supply Recommendations

Supply voltage for a single supply is from 4.4 V to 16 V, and from £2.2 V to £8 V for a dual supply. In the high-
side sensing application, the supply is connected to a 12-V battery.
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10 Layout

10.1 Layout Guidelines

The TLC2272M-MIL device is a wideband amplifier. To realize the full operational performance of the device,
good high-frequency printed-circuit-board (PCB) layout practices are required. Low-loss 0.1-uF bypass capacitors
must be connected between each supply pin and ground as close to the device as possible. The bypass
capacitor traces should be designed for minimum inductance.

10.2 Layout Example

VIN—A AN ¥

"

duabsupply | V5
operation

[ —

{or GND for single supply)

RG vouT
’j'\f Vv -
L~
— RF
A
{Schematic Representation)
Place components
Run the input traces  dose to device and o
as far away from each ofher o reduce e
the supply lines parasific emors S+
as possible I {
\ : NC

T =" T~ | |
i 1, ¢ ! —————— T
1 GND O—Ny : Ve JI | {) GND
I 1 1 |
1 | L
' vinO - out 1‘%
I ! |
________________ : NC Use low-ESR, ceramic

| - bypass capaciion

|

|

Ground (GND) plane on another layer

Figure 57. Layout Example
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11 Device and Documentation Support

11.1 Receiving Notification of Documentation Updates

To receive naotification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alert me to register and receive a weekly digest of any product information that has
changed. For change details, review the revision history included in any revised document.

11.2 Community Resources

The following links connect to TI community resources. Linked contents are provided "AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TI's views; see TI's Terms of
Use.

TI E2E™ Online Community TlI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers. At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TlI's Design Support Quickly find helpful E2E forums along with design support tools and
contact information for technical support.

11.3 Trademarks

E2E is a trademark of Texas Instruments.
MicroSim Parts, PSpice are trademarks of MicroSim.
All other trademarks are the property of their respective owners.

11.4 Electrostatic Discharge Caution

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.

11.5 Glossary

SLYZ022 — TI Glossary.
This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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13-Jun-2026

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
5962-9555201NXD Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55to 125 Q2272M
5962-9555201NXDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55t0 125 Q2272M
5962-9555201NXDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -55t0 125 Q2272M
5962-9555201Q2A Active Production LCCC (FK) | 20 55| TUBE No SNPB N/A for Pkg Type -55t0 125 5962-
9555201Q2A
TLC2272
MFKB
5962-9555201QHA Active Production CFP (U) | 10 25| TUBE No SNPB N/A for Pkg Type -55to 125 9555201QHA
TLC2272M
5962-9555201QPA Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55to 125 9555201QPA
TLC2272M
TLC2272MFKB Active Production LCCC (FK) | 20 55| TUBE No SNPB N/A for Pkg Type -55t0 125 5962-
9555201Q2A
TLC2272
MFKB
TLC2272MFKB.A Active Production LCCC (FK) | 20 55 | TUBE No SNPB N/A for Pkg Type -55t0 125 5962-
9555201Q2A
TLC2272
MFKB
TLC2272MJG Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 TLC2272MJG
TLC2272MJG.A Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 TLC2272MJG
TLC2272MJIGB Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9555201QPA
TLC2272M
TLC2272MJIGB.A Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9555201QPA
TLC2272M
TLC2272MUB Active Production CFP (U)| 10 25| TUBE No SNPB N/A for Pkg Type -551t0 125 9555201QHA
TLC2272M
TLC2272MUB.A Active Production CFP (U) | 10 25| TUBE No SNPB N/A for Pkg Type -55t0 125 9555201QHA
TLC2272M

@ status: For more details on status, see our product life cycle.
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@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

) | ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

© part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI'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 Tl 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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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

*
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962-9555201Q2A FK LCcC 20 55 506.98 12.06 2030 NA
5962-9555201QHA U CFP 10 25 506.98 26.16 6220 NA

TLC2272MFKB FK LCCC 20 55 506.98 12.06 2030 NA
TLC2272MFKB.A FK LCcC 20 55 506.98 12.06 2030 NA
TLC2272MUB u CFP 10 25 506.98 26.16 6220 NA
TLC2272MUB.A U CFP 10 25 506.98 26.16 6220 NA
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GENERIC PACKAGE VIEW
FK 20 LCCC - 2.03 mm max height

8.89 x 8.89, 1.27 mm pitch LEADLESS CERAMIC CHIP CARRIER

This image is a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.
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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.

INSTRUMENTS

www.ti.com



PACKAGE OUTLINE

JGOOO8A CDIP - 5.08 mm max height
CERAMIC DUAL IN-LINE PACKAGE
7.11
T T i
— =\
| ——
6X|2.54

5¢ [

7

10.16 iﬁ ax 165
7
—H

0.58
8X .38
MIN [ ¢ [0.25]c]A[B]

1.65
9.00 {; 1.14 -
* +
ol 4X (0.94) ] !
0.51 J =—3.30
MIN
=— 5.08 MAX »\
7.87 SEATING PLANE
7.37

0.36 N/L ] Lﬁ 0°-15" TYP
020 ""P

4230036/A 09/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. This package can be hermetically sealed with a ceramic lid using glass frit.
4. Index point is provided on cap for terminal identification.
5. Falls within MIL STD 1835 GDIP1-T8

i
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EXAMPLE BOARD LAYOUT
JGOOO8A CDIP - 5.08 mm max height

CERAMIC DUAL IN-LINE PACKAGE

(7.62)

0.05 MAX —Tr
ALL AROUND

TYPl 4*{ ! 8
o €

|
6X (2.54) (R0.05) TYP ‘
|
|

7X (D 1.6)
8X (1) ;@

THRU

METAL
TYP

®

|
|
|
|
SOLDER MASK/ ‘
OPENING SYMM
TYP

LAND PATTERN EXAMPLE
NON SOLDER MASK DEFINED
SCALE: 9X

4230036/A 09/2023

INSTRUMENTS
www.ti.com




q PACKAGE OUTLINE
UOO10A e~ - CFP - 2.03 mm max height

CERAMIC FLATPACK

27 MAX _
.045 MAX [ -010%.002 PIN1ID GLASS .005 MIN
TYP —l \ TYP

! = \i__? """"""""""" + ]
= — - — - — -\ : 10
8X .050+.005 =4 ! f
}—L+—————————ﬁ» 3 1
[ 1 I .27 MAX
1 : 1 GLASS
[ 1
10X .017+.002 j 51 . g l6
+019
5X .32+.01 2417 o 5X .32+.01
.005+.001 1 +
R +.013
T 067 012
L 045
026

4225582/A 01/2020

NOTES:

1. All linear dimensions are in inches. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
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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
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory 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 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, TI's General Quality Guidelines, 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. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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