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This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled with
A appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘m ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may be more

susceptible to damage because very small parametric changes could cause the device not to meet its published specifications.
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ORDERING INFORMATION®
TEMPERATURE PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
—55°C t0 125°C Tepce 20-pin FK 5962-9088203V2A 5962-9088203V2A

TLC2201AMFKBQMLV

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl

web site at www.ti.com.

(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.
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EQUIVALENT SCHEMATIC
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ACTUAL DEVICE COMPONENT COUNT

COMPONENT TLC2201
Transistors 17
Resistors 2
Diodes 1
Capacitors 1

3
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ABSOLUTE MAXIMUM RATINGS®

Over operating free-air temperature range (unless otherwise noted).

VALUE UNIT
Vpb Supply voltage®, Vpp. to Vpps -8t08 Y
Vip Differential input voltage ©) +16 v
\ Input voltage (any input) 18 Y
1 Input current (each input) 15 mA
lo Output current (each output) +50 mA
Duration of short-circuit current at (or below) 25°C® Unlimited

Continuous total power dissipation

See Dissipation Ratings Table

Tc Operating case temperature -55to 125 °C
Tstg Storage temperature —65 to 150 °C
Case temperature for 60 seconds 260 °C

(1) Stresses beyond those listed under absolute maximum ratings may cause permanent damage to the device. These are stress ratings
only and functional operation of the device at these or any other conditions beyond those indicated under recommended operating
conditions is not implied. 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 y,pp+ and Vpp-.

(3) Differential voltages are at IN+ with respect to IN-.

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

rating in not exceeded.

THERMAL RESISTANCE FOR FK PACKAGE®W®
over operating free-air temperature range (unless otherwise noted)

PARAMETER

TEST CONDITIONS

MIN

TYP MAX

UNIT

Reic ‘ Junction-to-case thermal resistance

MIL-STD-883 test method 1012

16

°C/IW

(1) Maximum power dissipation is a function of T (max), 8;c and Tc. The maximum allowable power dissipation at any allowable case
temperature is PD = (T; (max) - Tc)/0;c. Operating at the absolute maximum T; of 150°C can affect reliability.
(2) The package thermal impedance is calculated in accordance with MIL-STD-883.

RECOMMENDED OPERATING CONDITIONS

Product Folder Link(s): TLC2201-SP

MIN MAX | UNIT
Vpp+ Supply voltage 2.3 18 \%
Vic Common-mode input voltage Vpp-  Vpp+-2.3 \%
Tc Operating case temperature -55 125 °C
4 Submit Documentation Feedback Copyright © 2011, Texas Instruments Incorporated
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ELECTRICAL CHARACTERISTICS
over operating free-air temperature range, Vpp = 5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TA(l) MIN TYP MAX UNIT
v InbUt offset Volt. 25°C 80 200 v
nput offset voltage
10 P g Full range 400 H
Temperature coefficient of input o
Oyio offset voltage Full range 0.5 uv/°C
Input offset voltage long-term Vic =0, 25°C 0.001 v/imo
dift Rs =50 O ' H
25°C 0.5
lio Input offset current pA
Full range 500
) 25°C 1
Iis Input bias current pA
Full range 500
Common-mode input voltage _
Vicr range Rs=500Q Full range 0to 2.7 \%
v Maximum high-level output R =10 kQ 25°C 4.7 4.8 v
OH voltage t Full range 4.7
v Maximum low-level output g 25°C 0 50 v
oL voltage © Full range 50
Vo=1Vto4V, 25°C 150 315
A Large-signal differential voltage Ry =500 kQ Full range 75 vimv
VD amplification Vo=1Vi04V, 25°C 25 55
RL =10 kQ Full range 10
VlC = V|CRmin, 25°C 90 110
CMRR | Common-mode rejection ratio Vo =0, dB
Rs =50 Q Full range 85
Supply voltage rejection ratio _ 25°C 90 110
k Vpp=4.6Vto16V dB
SVR (AVpps+/AV|0) bD Full range 85
Vo=25V 25°C 11 15
I Supply current 0 ' mA
bo PPy No load Full range 15
Vo=05Vto25V, 25°C 1.8 25
SR Slew rate at unity gain R. =10 kQ V/us
C. =100 pF Full range 11
_ _ , f=10 Hz 25°C 18
A Equivalent input noise voltage nvViVHz
f=1kHz 25°C 8
v Peak-to-peak equivalent input f=01to1Hz 25°C 05 v
") | noise voltage f=0.1to 10 Hz 25°C 07 g
In Equivalent input noise current 25°C 0.6 fANHz
f=10 kHz,
Gain-bandwidth product RL =10 kQ, 25°C 1.8 MHz
CL =100 pF
Om Phase margin at unity gain CR:t 2 igong 25°C 45°

(1) Full range is -55°C to 125°C.
(2) Typical values are based on the input offset voltage shift observable through 168 hours of operating life test at T = 150°C extrapolated

to T = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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ELECTRICAL CHARACTERISTICS
over operating free-air temperature range, Vpp = £5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS TA(l) MIN TYP MAX UNIT
v InbUt offset Volt. 25°C 80 200 v
nput offset voltage
10 P g Full range 400 H
Temperature coefficient of input o
Oyio offset voltage Full range 0.5 uv/°C
Inpu(tz)offset voltage long-term Vic =0, 25°C 0.001 u\V/mo
drift Rs=50Q
25°C 0.5
lio Input offset current pA
Full range 500
) 25°C 1
Iis Input bias current pA
Full range 500
Common-mode input voltage _ -5to
Vicr range Rs=500Q Full range 27 \%
v Maximum positive peak output 25°C 4.7 4.8 v
OM*+ | voltage swing Full range 4.7
R|_ =10kQ o
v Maximum negative peak output 25°C -4.7 -4.9 v
OM- | voltage swing Full range 4.7
Vo =4V, 25°C 400 560
A Large-signal differential voltage Ry =500 kQ Full range 200 vimv
VD amplification Vo =4V, 25°C 90 100
R_=10kQ Full range 45
Vic = V|CRmin, 25°C 90 115
CMRR | Common-mode rejection ratio Vo =0, dB
Rs =50 Q Full range 85
Supply voltage rejection ratio _ 25°C 90 110
k Vpp =+2.3Vto +8V dB
SVR (AVpps+/AV|0) bD Full range 85
Vo=0V 25°C 11 15
I Supply current 0 ' mA
bo PPy No load Full range 15
Vo =123V, 25°C 2 2.7
SR Slew rate at unity gain R. =10 kQ V/us
C. =100 pF Full range 13
_ _ , f=10 Hz 25°C 18
A Equivalent input noise voltage nvViVHz
f=1kHz 25°C 8
v Peak-to-peak equivalent input f=01to1Hz 25°C 05 v
") | noise voltage f=0.1to 10 Hz 25°C 07 g
In Equivalent input noise current 25°C 0.6 fANHz
f=10 kHz,
Gain-bandwidth product RL =10 kQ, 25°C 1.9 MHz
CL =100 pF
. N R, = 10 kQ, . o
®m Phase margin at unity gain C_ = 100 pF 25°C 48

(1) Full range is -55°C to 125°C.
(2) Typical values are based on the input offset voltage shift observable through 168 hours of operating life test at T = 150°C extrapolated
to T = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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PARAMETER MEASUREMENT INFORMATION
2 kQ 10 kQ
Vpp* VpD +
— Vo 100 Q Vo
Vpp-/GND VbD r
200 200 RL
— = (see Note A)
NOTE A: C_ includes fixture capacitance.
Figure 1. Noise-Voltage Test Circuit Figure 2. Phase-Margin Test Circuit
v Ground Shield VDD+
DD+
> Vo
Vo
vi—|E
VbD
CL RL
(see Note A) = =
NOTE A: C_ includes fixture capacitance.
Figure 3. Slew-Rate Test Circuit Figure 4. Input-Bias and Offset-Current Test Circuit

TYPICAL VALUES

Typical values presented in this data sheet represent the median (50% point) of device parametric performance.

INPUT BIAS AND OFFSET CURRENT

At the picoamp bias current level of the TLC2201 accurate measurement of the bias current becomes difficult.
Not only does this measurement require a picoammeter, but test socket leakages can easily exceed the actual
device bias currents. To measure these small currents, Texas Instruments uses a two-step process. The socket
leakage is measured using picoammeters with bias voltages applied but with no device in the socket. The device
is then inserted in the socket, and a second test measuring both the socket leakage and the device input bias
current is performed. The two measurements are then subtracted algebraically to determine the bias current of
the device.

NOISE

Texas Instruments offers automated production noise testing to meet individual application requirements. Noise
voltage at f = 10 Hz and f = 1 kHz is sample tested on every TLC2201. For other noise requirements, please
contact the factory.
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TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
Vio Input offset voltage Distribution Figure 5
. vs Common-mode input voltage Figure 6
lig Input bias current . .
vs Free-air temperature Figure 7
. vs Output curre Figure 8
Vowm Maximum peak output voltage . .
vs Free-air temperature Figure 9
Vorp) Maximum peak-to-peak output voltage vs Frequency Figure 10
vs Frequency Figure 11
VoH High-level output voltage vs High-level output current Figure 12
vs Free-air temperature Figure 13
vs Low-level output current Figure 14
VoL Low-level output voltage . .
vs Free-air temperature Figure 15
. . . T vs Frequency Figure 16
Avp Large-signal differential voltage amplification . .
vs Free-air temperature Figure 17
vs Supply voltage Figure 18
los Short-circuit output current PP y 9 .g
vs Free-air temperature Figure 19
CMRR Common-mode rejection ratio vs Frequency Figure 20
vs Supply voltage Figure 21
Ibp Supply current . .
vs Free-air temperature Figure 22
. Figure 23
Small signal .
Figure 24
Pulse response .
. Figure 25
Large signal .
Figure 26
vs Supply voltage Figure 27
SR Slew rate ppy. 9 .g
vs Free-air temperature Figure 28
) . 0.1Hzto1Hz Figure 29
Noise voltage (referred to input) .
0.1 Hz to 10 Hz Figure 30
vs Supply voltage Figure 31
Gain-bandwidth product ppy. 9 .g
vs Free-air temperature Figure 32
) vs Supply voltage Figure 33
Om Phase margin . .
vs Free-air temperature Figure 34
Phase shift vs Frequency Figure 16
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TYPICAL CHARACTERISTICS
INPUT BIAS CURRENT
VS
INPUT OFFSET VOLTAGE DISTRIBUTION COMMON-MODE INPUT VOLTAGE
20 T T T T T 1 10 T
408 Units Tested From 2 Wafer Lots VDD —015 v
Vpp+=15V 8| Tp =25°C
16 Ta =25°C 6
P Package <
o
X v 4
' k=
2 )
T 12 E 2
S 3
g 'E 0y
=] I— ]
£ 8 N . 5 -2
8 5
] T 4
o o
4 _I L -6
-8
0 -10
-500 -300 -100 100 300 500 S5 4 3 2 1 0 1 2 3 4 5
V|o - Input Offset Voltage - uV V|c - Common-Mode Input Voltage - V
Figure 5. Figure 6.
INPUT BIAS CURRENT® MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE OUTPUT CURRENT
300 T 5 T
Vpp+=15V Vpp+=+5V
i >I v \\ Ta = 25°C
- = +
250 Vic=0 % 4 N ~
' z Vom-
= 200 =
] o
: e
o
g 150 .
m o
2 E
£ 100 g
1 x
o =
50 _s 1
o
/ =
0 0
25 45 65 85 105 125 0 2 4 6 8 10
Tp - Free-Air Temperature - °C llgl - Output Current - mA
Figure 7. Figure 8.

(1) Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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[Voml - Maximum Peak Output voltage - V

Vo - High-Level Output Voltage - V

-2

TYPICAL CHARACTERISTICS (continued)

MAXIMUM PEAK OUTPUT VOLTAGE®
VS
FREE-AIR TEMPERATURE

Vom+

BV

<

O

o

= |+
n

0 kQ

Vowm.

-75 50 -25 0 25 50 75 100 125

Tp - Free-Air Temperature - °C

Figure 9.

HIGH-LEVEL OUTPUT VOLTAGE
VS

FREQUENCY
5
N
\/\
4 \
\ Ta = 55°C
3
Ta =125°C
2 \\\
1 \\
Vpp=5V \\\
R, =10 kQ ™S
0 ||
10 k 30 k 100 k 300 k 1M

f - Frequency - Hz

Figure 11.

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

vs
FREQUENCY
> 10
2 \\\
G
. \
é- \ Ta = 55°C
=]
S \
s 6
[}
e
8
2 Ta = 125°C \
o 4
: N
E \
=]
£ \\5\
x
o 2 N
= \Q\
‘. [ VDDx=%5V NN
o ™~
& | R.=10kQ
>° 0 | |
10 k 30k 100 k 300 k 1M
f - Frequency - Hz
Figure 10.
HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT
Vbp \
N Ta = 25°C
VDD-2 ‘
> Vpp=5V
S Vpp-4 \ \ \
8
S Vpp6
4 Vpp=10V \ \
5 Vpp-8
3 Yoo
2
2 Vpp-10
-
)
£ Vpp-12
';5 Vpp =16V
> Vpp-14
Vpp-16 \
0 1 2 3 4 5

loy - High-Level Output Current - mA

Figure 12.

(2) Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TYPICAL CHARACTERISTICS (continued)
HIGH-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGE
Vs Vs
FREE-AIR TEMPERATURE LOW-LEVEL OUTPUT CURRENT
6 T T 2 T T
Vpp=5V Ta = 25°C Vbp=5V —¥»
Ry =10kQ Vpp=10V
%5 > _
° ® Vpp=16V
g 215 7
S 4 S
= =3
©3 & 1 /3
S ]
52 g
T < 05
T |
o
21 >
0 0
75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10
Tp - Free-Air Temperature - °C lgL - Low-Level Output Current - mA
Figure 13. Figure 14.
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
LOW-LEVEL OUTPUT VOLTAGE AMPLIFICATION AND PHASE SHIFT
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
1.5 T 120 T 30°
Vbp=5V \ Vpp+ =45V
> 100 RL =10 kQ 50°
, _ AVD CL =100 pF
Q © - (!
3 loL=5mA L = Ta =25°C
S oL " ST 80 N 70°
S 1 = 5 . \ \ &
2 // - N N . 2
= _— < § 60 90° @
o _|_— S "_'g_ Phase Shift \\ g
; % Ea N AN 110°
- 2o
3 05 5% \ \
9 T = N, o
3 o2 20 130
o <
> 0 \ 150°
loL=1mA
0 OL‘ L -20 170°
75 -50 -25 0 25 50 75 100 125 10 100 1k 10 k 100 k 1M
T, - Free-Air Temperature - °C f - Frequency - Hz
Figure 15. Figure 16.
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TYPICAL CHARACTERISTICS (continued)
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION SHORT-CIRCUIT OUTPUT CURRENT
VS VS
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
130 12 T
Vo=0
< Ta= 25°C
120 S~ Vpp- = +5V, R, =500 kQ £ 8
.g 0 \\ DDi - El L 'E
6T o
- 1 ~ :5
£ g ~~ 34 i ———
QE 110 o~ H
E & Vpp =5 V,R =500 kQ 5 Vip = 100 mV
S E & o0
® g VpD+ =+5V,R_=10kQ z
& < 100 | g
o E
& > ~Y 0 4
P = 5
<§> 00| VDD =5V,RL=10k0 T~ s
(o] -8 <
0 Vip =100 mV
\\;P ‘
80 12 ‘ ‘
-75 -50 -25 0 25 50 75 100 125 0 1 2 3 4 5 6 7 8
Tp - Free-Air Temperature - °C IVpp 2l - Supply Voltage - V
Figure 17. Figure 18.
SHORT-CIRCUIT OUTPUT CURRENT COMMON-MODE REJECTION RATIO
Vs Vs
FREE-AIR TEMPERATURE FREQUENCY
15 : : 120 i
Vpp+=15V m Ta =25°C
< Vo=0 °
g 10 2100 N
§ 5 Vpp+=+5V
5 5 = 80
8 V|p = 100 mV 2 N
3 [)
a2 4
3 o 3 60 \
5 s
g £ Vpp=5V \
Q -5 £ 40 N
5 Vip =100 mV § \
= m
ﬁ 0 /// ?
'0.10 e — g‘: 20 N
(72} |
v =
—/ [T)
15 0
75 50 25 0 25 50 75 100 125 10 100 1k 10k 100k ™
Tp - Free-Air Temperature - °C f - Frequency - Hz
Figure 19. Figure 20.
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TYPICAL CHARACTERISTICS (continued)

SUPPLY CURRENT
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Figure 21.
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TYPICAL CHARACTERISTICS (continued)
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Figure 25. Figure 26.
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Figure 27. Figure 28.
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TYPICAL CHARACTERISTICS (continued)
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TYPICAL CHARACTERISTICS (continued)
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APPLICATION INFORMATION

LATCH-UP AVOIDANCE

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC2201 inputs
and outputs are designed to withstand —100-mA surge currents without sustaining latch-up; however, techniques
reducing the chance of latch-up should be used whenever possible. Internal protection diodes should not be
forward biased in normal operation. Applied input and output voltages should not exceed the supply voltage by
more than 300 mV. Care should be exercised when using capacitive coupling on pulse generators. Supply
transients should be shunted by the use of decoupling capacitors (0.1 pF typical) located across the supply rails
as close to the device as possible.

ELECTROSTATIC DISCHARGE PROTECTION

These devices use internal ESD-protection circuits that prevent functional failures at voltages at or below 2000 V.
Care should be exercised in handling these devices as exposure to ESD may result in degradation of the device
parametric performance.

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 35 were generated using the TLC2201
typical electrical and operating characteristics at 25°C. Using this information, output simulations of the following
key parameters can be generated to a tolerance of 20% (in most cases):

+ Maximum positive output voltage swing
+ Maximum negative output voltage swing
* Slew rate

* Quiescent power dissipation

* Input bias current

* Open-loop voltage amplification

* Unity-gain frequency

+ Common-mode rejection ratio

* Phase margin

+ DC output resistance

* AC output resistance

« Short-circuit output current limit

(3) G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, “Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE
Journal of Solid-State Circuits, SC-9, 353 (1974).
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Figure 35. Boyle Macromodel and Subcircuit
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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 ©)
@ ©)
5962-9088203V2A Active Production LCCC (FK) | 20 55 | TUBE No SNPB N/A for Pkg Type -55to 125 5962-
9088203V2A
TLC2201
AMFKBQMLV
5962-9088203V2A.A Active Production LCCC (FK) | 20 55 | TUBE No SNPB N/A for Pkg Type -55t0 125 5962-
9088203V2A
TLC2201
AMFKBQMLV

@ status: For more details on status, see our product life cycle.

@ 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 Tl RoHS Statement for additional information and value definition.

@ Lead 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. TI 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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OTHER QUALIFIED VERSIONS OF TLC2201-SP :
o Catalog : TLC2201

o Military : TLC2201M

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications
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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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