TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

® Supply Current ... 300 uA Max ® High Open-Loop Gain ... 6.5 V/uv

® High Unity-Gain Bandwidth . .. 2 MHz Typ (136 dB) Typ

® High Slew Rate . .. 0.45 V/us Min ® Low Offset Voltage . . . 100 pV Max

® Supply-Current Change Over Military Temp ® Offset Voltage Drift With Time
Range...10 pA Typ at Vec+=+ 15V 0.005 uVvimo Typ

® Specified for Both 5-V Single-Supply and ® Low Input Bias Current . .. 50 nA Max
+15-V Operation ® |ow Noise Voltage . . . 19 nV/~Hz Typ

® Phase-Reversal Protection

description

The TLE202x, TLE202xA, and TLE202xB devices are precision, high-speed, low-power operational amplifiers
using a new Texas Instruments Excalibur process. These devices combine the best features of the OP21 with
highly improved slew rate and unity-gain bandwidth.

The complementary bipolar Excalibur process utilizes isolated vertical pnp transistors that yield dramatic
improvement in unity-gain bandwidth and slew rate over similar devices.

The addition of a bias circuit in conjunction with this process results in extremely stable parameters with both
time and temperature. This means that a precision device remains a precision device even with changes in
temperature and over years of use.

This combination of excellent dc performance with a common-mode input voltage range that includes the
negative rail makes these devices the ideal choice for low-level signal conditioning applications in either
single-supply or split-supply configurations. In addition, these devices offer phase-reversal protection circuitry
that eliminates an unexpected change in output states when one of the inputs goes below the negative supply
rail.

A variety of available options includes small-outline and chip-carrier versions for high-density systems
applications.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized
for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of -55°C to 125°C.

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.

All trademarks are the property of their respective owners.

PRODUCTION DATA information is current as of publication date.
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2021 AVAILABLE OPTIONS

PACKAGED DEVICES
Viomax SMALL CHIP CHIP
Ta AT25C | oUTLINE! SSOP* CARRIER CERAMIC DIP | PLASTIC DIP TSSOP* FORMS
DB JG P PW Y
0) (DB) (FK) (3G) (P) (PW) (v)
0°Cto | 200 uV |TLE2021ACD TLE2021CDBLE TLE2021ACP — —
70°C 500 uv | TLE2021CD - - TLE2021CP TLE2021CPWLE | TLE2021Y
-40°C
to 200 uv | TLE2021AID TLE2021AIP
500 uv | TLE2021ID - - - TLE2021IP - -
85°C
-55°C
to 100 pv — o TLE2021BMFK | TLE2021BMJG — . o
125°C 500 uv | TLE2021MD TLE2021MFK | TLE2021MJG TLE2021MP
T The D packages are available taped and reeled. To order a taped and reeled part, add the suffix R (e.g., TLE2021CDR).
* The DB and PW packages are only available left-end taped and reeled.
8 Chip forms are tested at 25°C only.
TLE2022 AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP
Viomax SMALL CHIP CERAMIC PLASTIC
T . $ % §
A |AT25°C | OUTLINET S(SD%'; CARRIER DIP DIP T?F?v(\)/;j Fo(s)'v'
(D) (FK) (JG) P
0°C 150 uv | TLE2022BCD - — — —
to 300 uVvV | TLE2022ACD — — — TLE2022ACP — —
70°C 500 uv | TLE2022CD TLE2022CDBLE TLE2022CP TLE2022CPWLE | TLE2022Y
-40°C | 150 uv | TLE2022BID —
to 300 uVv | TLE2022AID — — — TLE2022AIP _ _
85°C 500 uv | TLE2022ID TLE2022IP
-55°C | 150 uv — — TLE2022BMJG —
to 300 uv | TLE2022AMD — TLE2022AMFK | TLE2022AMJG | TLE2022AMP — —
125°C | 500 uv | TLE2022MD TLE2022MFK | TLE2022MJG TLE2022MP
T The D packages are available taped and reeled. To order a taped and reeled part, add the suffix R (e.g., TLE2022CDR).
* The DB and PW packages are only available left-end taped and reeled.
§ Chip forms are tested at 25°C only.
TLE2024 AVAILABLE OPTIONS
PACKAGED DEVICES
CHIP
Viomax SMALL CHIP CERAMIC PLASTIC §
Ta . FORM
AT 25°C OUTLINE CARRIER DIP DIP )
(DW) (FK) (J) (N)
500 uv | TLE2024BCDW TLE2024BCN —
0°C to 70°C 750 uwv | TLE2024ACDW — — TLE2024ACN —
1000 uVv | TLE2024CDW TLE2024CN TLE2024Y
500 uVv | TLE2024BIDW TLE2024BIN
-40°C to 85°C 750 uv | TLE2024AIDW — — TLE2024AIN —
1000 uV | TLE2024IDW TLE2024IN
500 uVv | TLE2024BMDW TLE2024BMFK TLE2024BMJ TLE2024BMN
-55°C to 125°C 750 uv | TLE2024AMDW TLE2024AMFK TLE2024AMJ TLE2024AMN —
1000 Vv | TLE2024MDW TLE2024MFK TLE2024MJ TLE2024MN

8 Chip forms are tested at 25°C only.
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2021 TLE2021
D, DB, JG, P, OR PW PACKAGE FK PACKAGE
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2021Y chip information

This chip, when properly assembled, display characteristics similar to the TLE2021. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vee+
1
oFfFseTN1 &) ™

@
IN+ &4.\ ©)

ouT
ne @D

OFFSET N2 &(
4)

Vee - /GND

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tymax= 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.

< 54 b
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2022Y chip information

This chip, when properly assembled, displays characteristics similar to TLE2022. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

B

= Vee
— (8)

= IN+ ©) +

= (1)

= 2 ouT
— IN- —— -

= (5)

= %) tH—— IN+
= ouT ®)

— -— IN-
—= 1488

— 80 . ; @)

— TLEEO22 Vee-

:: CHIP THICKNESS: 15 MILS TYPICAL
__: BONDING PADS: 4 x 4 MILS MINIMUM
:: Tjymax = 150°C

_—: TOLERANCES ARE +10%.

= ALL DIMENSIONS ARE IN MILS.

:: v PIN (4) IS INTERNALLY CONNECTED
_ TO BACKSIDE OF CHIP.

< 86 g
‘\ \‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2024Y chip information

This chip, when properly assembled, displays characteristics similar to the TLE2024. Thermal compression or
ultrasonic bonding may be used on the doped aluminum-bonding pads. This chip may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

Vee+

TN E O s )
7 | ‘_ :I N o | 10UT

2

106
%) —— 2IN+
20UT
N ORP
(10)
2IN+ 22 ¢ ®)
9) 30UT
3IN- — -
(14) * —(12) 4IN+
40UT
‘ — —(13) 4IN -

100

X XX

4

(11)
Vee-/16GND
A A
¢ 140 P CHIP THICKNESS: 15 MILS TYPICAL

‘WWW“W\W‘W\W"W\‘\W“W\W“WW“WW\“‘W\W"W\W"\‘W\“WW\“‘\‘\‘\‘\“‘\‘\‘\‘\“
BONDING PADS: 4 x 4 MILS MINIMUM

Tjymax = 150°C
TOLERANCES ARE +£10%.
ALL DIMENSIONS ARE IN MILS.

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

equivalent schematic (each amplifier)

Vees
l
Q13
22
Q3 Q7 Q17 Q Q28 Q31 Q35
Q19 [Jng i
o1 [ M
Q24 Q32 EQ39
Q20
Q5 Q8l—t 1 QsaT[Q%
| .| Q38
Q2 D3 Q11 ? T Lj_z‘_'_
o g C4T ouT
IN - Q4 < 14
v o [ NQ12 Q i R7
D4 o —+{Q23 Q25]+—
c2 I E
IN + S o2 I\Qlo Y /E]_‘ ) Q40
L J o c3
Coz Q27 11
R6
Q15
AT | o o1 Qze]——gioso sti—[p:w
OFFSET N1 Q16
R3 R5
OFFSETN2 —— | I
Vce-/GND
ACTUAL DEVICE COMPONENT COUNT
COMPONENT TLE2021 TLE2022 TLE2024
Transistors 40 80 160
Resistors 7 14 28
Diodes 16
Capacitors 16
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)’

Supply voltage, Vec+ (SEE NOE L) ..o e e e e 20V
Supply voltage, Ve - (SEE NOtE 1) ..o e e e e -20V
Differential input voltage, Vip (SEe@ NOtE 2) . ... i +0.6 V
Input voltage range, V| (@any input, See NOte 1) . ... ...ttt e Ve
Input current, 1} (aCh INPUL) . . ..o o e e e +1 mA
Output current, Ig (each output): TLE2021 . .. ... e +20 mA
TLE2022 . +30 mA

TLE2024 . 40 mA

TOtal CUIMTENE INTO VoGt + v ot ettt ettt e et e e e e e e e e e e e e e e e e e 80 mA
Total CUITeNt OUL O Voo L oo e e e e e e e 80 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ..........c .. unlimited
Continuous total power dissipation ............... it See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix ......... .. i 0°C to 70°C
Isuffix ... -40°C to 85°C

Msuffix ....... . i -55°C to 125°C

Storage temperature range, Tsgg - ..« o vt -65°C to 150°C
Case temperature for 60 seconds, Tc: FKpackage . ... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, DP, P, or PW package ........ 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°C

T 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.

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Ve 4+, and Ve .

2. Differential voltages are at IN+ with respect to IN —. Excessive current flows if a differential input voltage in excess of approximately
600 mV is applied between the inputs unless some limiting resistance is used.

3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta =70°C Ta = 85°C Ta = 125°C
POWER RATING  ABOVE T4 =25°C  POWER RATING POWER RATING POWER RATING
D-8 725 mw 5.8 mW/°C 464 mW 377 mwW 145 mw
DB-8 525 mW 4.2 mW/°C 336 MW — —
DW-16 1025 mw 8.2 mW/°C 656 MW 533 mwW 205 mW
FK 1375 mw 11.0 mw/°C 880 mW 715 mw 275 mW
J-14 1375 mwW 11.0 mW/°C 880 mwW 715 mw 275 mwW
JG-8 1050 mw 8.4 mW/°C 672 MW 546 mW 210 mw
N-14 1150 mwW 9.2 mW/°C 736 mW 598 mW 230 mwW
P-8 1000 mwW 8.0 mW/°C 640 mW 520 mW 200 mW
PW-8 525 mW 4.2 mW/°eC 336 mW — —

recommended operating conditions

C SUFFIX | SUFFIX M SUFFIX
UNIT
MIN  MAX MIN  MAX MIN  MAX
Supply voltage, Ve +2 +20 +2 +20 +2 +20 \%
Veg=+ 5V 0 35 0 3.2 0 3.2
Common-mode input voltage, V¢ \%
Vee+ =115V -15 13.5 -15 13.2 -15 13.2
Operating free-air temperature, Tp 0 70 -40 85 -55 125 °C

‘9 TeEXAS
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TLE2021 electrical characteristics at specified free-air temperature, Vocc =5 V (unless otherwise noted)

TLE2021C TLE2021AC TLE2021BC
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX| MIN TYP MAX| MIN TYP MAX
, | 25°C 120 600 100 300 80 200
V Input offset voltage AV
10 P 9 Full range 850 600 30| *
Temperature coefficient of o
o0 input offset voltage Full range 2 2 2 uv/°Cc
| ff I long- i
nput offset voltage long-term drift 25°C 0.005 0.005 0.005 LV/mo
(see Note 4) Vic=0, Rg=50Q
. 25°C 0.2 6 0.2 6 0.2 6
| | t t t A
10 nput ofiset curren Full range 10 10 10 n
b 25°C 25 70 25 70 25 70
| Input bias current nA
18 P Full range 90 90 90
0 -03 0 -03 0 -03
25°C to to to to to to
35 4 35 4 3.5 4
Vicr Common-mode input voltage range Rg=50Q o o o \Y
Full range to to to
35 3.5 3.5
b | | 25°C 4 4.3 4 4.3 4 4.3
V High-level output voltage \Y
oH 'gh-level olitput voltag ‘ Full range 3.9 3.9 3.9
R =10kQ
ovel | - 25°C 07 08 07 08 07 08
V, Low-level output voltage \%
oL w-level output voliag Full range 0.85 0.85 0.85
A Large-signal differential Vo=14Vto4V, 25°C 0.3 15 0.3 15 0.3 15 VA
VD voltage amplification R =10 kQ Full range 03 0.3 0.3 H
o _ Vic = Vicgrmin, 25°C 85 110 85 110 85 110
CMRR Common-mode rejection ratio dB
) Rs =50 Q Fulrange | 80 80 80
Supply-voltage rejection ratio 25°C 105 120 105 120 105 120
kSVR pply 9 ) VCC =5Vto30V dB
(AVcc/AVio) Full range 100 100 100
| 25°C 200 300 200 300 200 300
| Su current A
. PRy Full range 300 300 30| *
Vo =25V, No load
Alec Suppl){-current change over Full range 5 5 5 uA
operating temperature range

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to Ta = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.

NOISIO3Hd HIMOd-MO1 a33dS-HOIH HNaITvox3
AX202311 ‘gx20231L ‘vx20231L X20231L

SH3HINdINY TYNOILYH3dO

0T0Z Y39INIAON A3SIATY - L66T AdVYNH93d - AT6TSO1S
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TLE2021 electrical characteristics at specified free-air temperature, Voc = %15V (unless otherwise noted)

TLE2021C TLE2021AC TLE2021BC
PARAMETER TEST CONDITIONS Tat UNIT
MIN  TYP MAX MIN TYP MAX MIN TYP MAX
25°C 120 500 80 200 40 100
Vio Input offset voltage Y
Full range 750 500 200
Temperature coefficient of o
VIO nput offset voltage Full range 2 2 2 wvrEC
Input offset voltage long-term drift o
(see Note 4) Vic=0, Rg=50Q 25°C 0.006 0.006 0.006 uv/mo
25°C 0.2 6 0.2 6 0.2 6
lio Input offset current nA
Full range 10 10 10
b 25°C 25 70 25 70 25 70
| Input bias current nA
1B P Full range 90 90 90
-15 -153 -15 -153 -15 -153
25°C to to to to to to
135 14 135 14 135 14
V mmon-m input vol ran Rg=50Q \
ICR Common-mode input voltage range s=50 15 15 15
Full range to to to
135 135 135
y Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3 Vv
OM+  output voltage swing Fullrange | 13.9 13.9 13.9
R =10kQ
v Maximum negative peak L 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 v
OM-= output voltage swing Full range | -13.7 ~13.7 ~13.7
A Large-signal differential Vo=%10V, 25°C 1 6.5 1 6.5 1 6.5 Vi
VD voltage amplification R =10 kQ Full range 1 1 1 "
o _ Vic = V|cgr min, 25°C 100 115 100 115 100 115
CMRR Common-mode rejection ratio dB
) Rs =50 Q Full range 96 96 96
‘ Supply-voltage rejection ratio Vec+=% 25V 25°C 105 120 105 120 105 120 a8
SVR (AVee/AVip) to+15V Full range | 100 100 100
| 25°C 240 350 240 350 240 350
Icc Supply current LA
Full range 350 350 350
Vo =0, Noload 9
Alec Suppl){-current change over Full range 6 6 6 uA
operating temperature range

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation
and assuming an activation energy of 0.96 eV.

SH3IHINdINY TYNOILYH3IdO

NOISID34d HIMOd-MOT d33dS-HOIH HNAITVIX3

0T0Z JY39INIAON A3SIATY - L66T AdVYNH93d - AT6TSO1S
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TLE2022 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

TLE2022C TLE2022AC TLE2022BC
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
25°C 600 400 250
Vv Input offset voltage \Y,
10 P 9 Full range 800 550 s00| M
Temperature coefficient of
V10 input offset voltage Full range 2 2 2 uv/ec
Input offset voltage long-term
i (s00 Note 4)9 9 Vic =0, Rs =50 Q 25°C 0.005 0.005 0.005 wV/mo
25°C 0.5 6 0.4 6 0.3 6
lio Input offset current nA
Full range 10 10 10
25°C 35 70 33 70 30 70
lig Input bias current nA
Full range 90 90 90
0 -03 0 -03 0 -03
25°C to to to to to to
v Common-mode input Re 250 0 35 4 3.5 4 3.5 4 v
ICR voltage range s~ 0 0 0
Full range to to to
3.5 3.5 3.5
25°C 4 4.3 4 4.3 4 4.3
V, High-level output voltage \%
OH 9 P 9 Full range 3.9 3.9 3.9
RL=10ka 25°C 0.7 0.8 0.7 0.8 0.7 0.8
VoL Low-level output voltage - ' ' - ' - \%
Full range 0.85 0.85 0.85
Large-signal differential _ _ 25°C 03 15 0.4 15 0.5 15
Ao voltage amplification Vom1aViodV. R.Z10K2 Mriitange | 03 04 05 Vi
g 25°C 85 100 87 102 90 105 g
CMRR  Common-mode rejection ratio | Vic = V,crmin, Rg =50 Q B
J Ic = VIcR s Full range 80 82 85
‘ Supply-voltage rejection ratio | _ .\, o0 25°C 100 115 103 118 105 120 dB
SVR (AVcc £/AVI0) cer Full range 95 98 100
| 25°C 450 600 450 600 450 600
Icc Supply current LA
Full 600 600 600
V=25V, No load J range
Al Supply current change over Full range 7 7 7 A
cc operating temperature range 9 H

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to Tp = 25°C using the Arrhenius

equation and assuming an activation energy of 0.96 eV.

NOISIO3Hd HIMOd-MO1 a33dS-HOIH HNaITvox3
AX202311 ‘gx20231L ‘vx20231L X20231L

SH3HINdINY TYNOILYH3dO
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TLE2022 electrical characteristics at specified free-air temperature, Vocc =+15 V (unless otherwise noted)

TLE2022C TLE2022AC TLE2022BC
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX
25°C 150 500 120 300 70 150
Vio Input offset voltage uv
Full range 700 450 300
Temperature coefficient of
o0 input offset voltage Full range 2 2 2 uv/ec
Input offset voltage long-term o
drift (see Note 4) Vic =0, Rg=50Q 25°C 0.006 0.006 0.006 uv/mo
25°C 0.5 6 0.4 6 0.3 6
lio Input offset current nA
Full range 10 10 10
b 25°C 35 70 33 70 30 70
| Input bias current nA
1B P Full range 90 90 90
-15 -15.3 -15 -153 -15 -153
25°C to to to to to to
Common-mode input 135 14 135 14 135 14
Vicr voltage range Rs=500Q _15 _15 _15 v
Full range to to to
135 135 135
Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3
V, : \Y,
OM+  output voltage swing Full range 13.9 13.9 13.9
R =10 kQ
MaXimum negative peak L 25°C -13.7 -14.1 -13.7 -141 -13.7 -14.1
V : \Y,
OM- " output voltage swing Fullrange | -13.7 -13.7 -13.7
Large-signal differential _ _ 25°C 0.8 4 1 7 15 10
Avp voltage amplification Vo=%10V, RL=10kQ Full range 0.8 1 15 Viuv
g 25°C 95 106 97 109 100 112 q
CMRR  Common-mode rejection ratio | V¢ = V|crmin, Rs=50Q B
) Ic = YICR S Full range 91 93 96
‘ Supply-voltage rejection ratio | _ o\, iy 25°C 100 115 103 118 105 120 B
SVR (AVcc£/AVio) cee™ =< - Full range 95 98 100
| 25°C 550 700 550 700 550 700
Icc Supply current UA
Full range 700 700 700
Vo =0, No load 9
Al Supply current change over Full range 9 9 9 A
cc operating temperature range 9 K

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to Tp = 25°C using the Arrhenius

equation and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

TLE2024C TLE2024AC TLE2024BC
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
. | 25°C 1100 850 600
V Input t volt \Y
10 Aput ofiset votlage Full range 1300 1050 goo| *
N0 Temperature coefficient of Full range 2 2 2 uv/eC
input offset voltage
Input offset voltage long-term 250C 0.005 0.005 0.005 V/mo
drift (see Note 4) Vic =0, Rs=50Q : : : H
. 25°C 0.6 6 0.5 6 0.4 6
| Input t t A
10 nput offset curren Full range 10 10 10 "
25°C 45 70 40 70 35 70
lig Input bias current nA
Full range 90 90 20
0 -0.3 0 -0.3 0 -0.3
25°C to to to to to to
v Common-mode input voltage |  _ 3.5 4 3.5 4 3.5 4 v
ICR range S 0 0 0
Full range to to to
35 3.5 3.5
25°C 3.9 4.2 3.9 4.2 4 4.3
V, High-level output voltage \%
OH 9 P 9 Fullrange | 3.7 3.7 3.8
RL =10 kQ
25°C 0.7 0.8 0.7 0.8 0.7 0.8
V Low-level output voltage \
oL P 9 Full range 0.95 0.95 0.95
Large-signal differential B B 25°C 02 15 0.3 15 0.4 15
Avo voltage amplification Vo=14ViodV, R =10k Fory range 0.1 0.1 0.1 Viwv
g 25°C 80 90 82 92 85 95 g
CMRR  Common-mode rejection ratio | V|c = V|crmin, Rs =50 Q B
) Ic = VIcR s Fullrange | 80 82 85
S ly-voltage rejection ratio 25°C 98 112 100 115 103 117
ksyR  opply-volagefejectionratio 1y, =5vio30v dB
(AVcc/AVio) Full range 93 95 98
| 25°C 800 1200 800 1200 800 1200
Icc Supply current LA
Full range 1200 1200 1200
Vo=25YV, No load 4 9
Alec Supply current change over Full range 15 15 15 uA
operating temperature range

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Veec =+15 V (unless otherwise noted)

TLE2024C TLE2024AC TLE2024BC
PARAMETER TEST CONDITIONS TA’r UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
25°C 1000 750 500
Vio Input offset voltage uv
Full range 1200 950 700
N0 Temperature coefficient of Full range 2 2 2 vIeC
input offset voltage
Input offset voltage long-term o
drift (see Note 4) Vie =0, Rs =50 Q 25°C 0.006 0.006 0.006 wv/mo
25°C 0.6 6 0.5 6 0.4 6
lio Input offset current nA
Full range 10 10 10
b 25°C 50 70 45 70 40 70
| Input bias current nA
1B P Full range 90 ) 90
-15 -153 -15 -153 -15 -153
25°C to to to to to to
v Common-mode input voltage Re =500 13.5 14 13.5 14 13.5 14 v
IR range s -15 -15 -15
Full range to to to
135 13.5 135
y Maxnrnum posmve peak Output 25°C 13.8 14.1 13.9 14.2 14 14.3 v
OM+*  voltage swing Fullrange | 13.7 13.8 13.9
R. = 10 kQ
v Max|mum negative peak Output 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 v
OM- voltage swing Full range | -13.6 -13.6 -13.6
Large-signal differential _ _ 25°C 0.4 2 0.8 4 1 7
Avp voltage amplification Vo=#10V, R =10k Full range 0.4 0.8 1 Vipv
g 25°C 92 102 94 105 97 108 g
CMRR  Common-mode rejection ratio V|c = V|crmin, Rs =50 Q B
Ject I Ic IcRM! S Full range 88 90 93
‘ Supply-voltage rejection ratio Ve =25V to£15 V 25°C 98 112 100 115 103 117 B
SVR (AVcc£/AVio) cesm =< - Full range 93 95 98
| 25°C 1050 1400 1050 1400 1050 1400
| S current A
cc tpply cu Full range 1400 1400 1400 | M
Vo =0, No load
Al Supply current change over Full range 20 20 20 A
CC  operating temperature range 9 u

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed 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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TLE2021 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS t TLE2021) TLE2021A] TLE2021B| UNIT
Ta MIN TYP MAX MIN TYP MAX MIN TYP MAX
. | 25°C 120 600 100 300 80 200
V Input t volt A%
10 nput ofiset votage Full range 950 600 30| *
Temperature coefficient of o
Ovio input offset voltage Full range 2 2 2 uvree
Input offset voltage long-term drift o
(see Note 4) Vic=0, Rg=50Q | 25°C 0.005 0.005 0.005 uv/imo
. 25°C 0.2 6 0.2 6 0.2 6
| Input t t A
10 fput offset curren Full range 10 10 10 n
25°C 25 70 25 70 25 70
lig Input bias current nA
Full range 90 90 90
0 -0.3 0 -0.3 0 -03
25°C to to to to to to
35 4 35 4 35 4
Vicr Common-mode input voltage range Rs=50Q 0 0 o \
Full range to to to
3.2 3.2 3.2
25°C 4 4.3 4 4.3 4 4.3
V High-level output voltage \
oH g P g Fullrange [ 3.9 3.9 3.9
RL =10 kQ
25°C 0.7 0.8 0.7 0.8 0.7 0.8
V Low-level output voltage \
oL P 9 Full range 0.9 0.9 0.9
A Large-signal differential Vo=14Vto4V, 25°C 0.3 15 0.3 15 0.3 15 N
VD voltage amplification RL =10 kQ Fullrange | 0.25 0.25 0.25 H
d Vic = Vicg min 25°C 85 110 85 110 85 110 g
CMRR Common-mode rejection ratio ' B
) Rs=50Q Full range 80 80 80
Supply-voltage rejection ratio 25°C 105 120 105 120 105 120
KsvR pplyvotiage rel Vee =5V1030V dB
(AVcc/AVi) Fullrange | 100 100 100
| 25°C 200 300 200 300 200 300
| Supply current A
ce PRy Vo =25V, Full range 300 300 30| M
] No load
Alec Supply current change over Full range 6 6 6 uA
operating temperature range

T Full range is — 40°C to 85°C.

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2021 electrical characteristics at specified free-air temperature, Vec =% 15V (unless otherwise noted)

TLE2021I TLE2021Al TLE2021BI
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
25°C 120 500 80 200 40 100
Vio Input offset voltage Y
Full range 850 500 200
Temperature coefficient of o
VIO input offset voltage Full range 2 2 2 uvrEC
Input offset voltage long-term drift .
(see Note 4) Vic=0, Rg=50Q | 25°C 0.006 0.006 0.006 uv/mo
25°C 0.2 6 0.2 6 0.2 6
| Input offset current nA
10 put ofiset curre Full range 10 10 10
25°C 25 70 25 70 25 70
lis Input bias current nA
Full range 90 90 90
-15 -153 -15 -153 -15 -153
25°C to to to to to to
Common-mode input voltage range 135 14 135 14 135 14
Vicr P gerang Rs=50Q \Y
-15 -15 -15
Full range to to to
13.2 13.2 13.2
y Maximum posmve peak output 25°C 14 14.3 14 14.3 14 14.3 Vv
OM+  yoltage swing Fullrange | 13.9 13.9 13.9
R =10kQ .
v MaXImum negative peak Output 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 v
OM- " voltage swing Full range | -13.6 -13.6 -13.6
A Large-signal differential Vo =10V, 25°C 1 6.5 1 6.5 1 6.5 VALY
VD voltage amplification R_ = 10 kQ Fullrange | 0.75 0.75 0.75 H
o _ Vic = Vicg Min, 25°C 100 115 100 115 100 115
CMRR Common-mode rejection ratio Rf: 50ICQR Full range 9% 9% 9% dB
‘ Supply-voltage rejection ratio Vec+ =+2.5V 25°C 105 120 105 120 105 120 a8
SVR (AVce/AVio) to+15V Fullrange | 100 100 100
| 25°C 240 350 240 350 240 350
Icc Supply current LA
Full range 350 350 350
| - Vo =0V, No load 9
Supply-current change over
Alcc operating temperature range Full range ! ! ! WA

T Full range is - 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2022 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

PARAMETER TEST CONDITIONS t TLE2022) TLE2022A] TLE2022B| UNIT
Ta MIN TYP MAX MIN TYP MAX MIN TYP  MAX
, | 25°C 600 400 250
V Input offset voltage A%
10 P 9 Full range 800 550 40| *
Temperature coefficient of
®vio input offset voltage Full range 2 2 2 uvieC
Input offset voltage long-term
anft (oe6 ot 4y Vic = 0, Rs =50 Q 25°C 0.005 0.005 0.005 uV/mo
25°C 0.5 6 0.4 6 0.3 6
lio Input offset current nA
Full range 10 10 10
25°C 35 70 33 70 30 70
lig Input bias current nA
Full range 20 20 90
0 -03 0 -03 0 -03
25°C to to to to to to
v Common-mode input Re 250 0 3.5 4 3.5 4 3.5 4 v
ICR voltage range s~ 0 0 0
Full range to to to
3.2 3.2 3.2
25°C 4 4.3 4 4.3 4 4.3
V, High-level output voltage \%
OH 9 P 9 Fullrange | 3.9 3.9 39
RL =10 kQ
25°C 0.7 0.8 0.7 0.8 0.7 0.8
VoL Low-level output voltage \%
Full range 0.9 0.9 0.9
Large-signal differential _ _ 25°C 0.3 15 04 15 0.5 15
Avp voltage amplification Vo=14Vto4V, R =10k Full range 0.2 0.2 0.2 Vipv
g 25°C 85 100 87 102 90 105 q
CMRR  Common-mode rejection ratio | Vic = V,crmin, Rs =50 Q B
J Ic = VIcR s Full range 80 82 85
‘ Supply-voltage rejection ratio | _ .\, o0 25°C 100 115 103 118 105 120 B
SVR (AVcc£/AVio) cer Full range 95 98 100
| 25°C 450 600 450 600 450 600
Icc Supply current LA
Full 600 600 600
V=25V, No load W~ range
Al Supply current change over Full range 15 15 15 A
cc operating temperature range ¢ H

T Full range is —40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2022 electrical characteristics at specified free-air temperature, Vec ==+ 15V (unless otherwise noted)

operating temperature range

TLE2022I TLE2022Al TLE2022BI
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP  MAX MIN TYP  MAX MIN TYP  MAX
25°C 150 500 120 300 70 150
Vio Input offset voltage Y
Full range 700 450 300
Temperature coefficient of o
o0 input offset voltage Full range 2 2 2 uv/ec
Input offset voltage long-term B _ 2590 0.006 0.006 0.006 v/
drift (see Note 4) Vic =0, Rs=50Q : : . uVv/mo
25°C 0.5 6 0.4 6 0.3 6
lio Input offset current nA
Full range 10 10 10
b 25°C 35 70 33 70 30 70
| Input bias current nA
1B P Full range 90 90 90
-15 -15.3 -15 -153 -15 -153
25°C to to to to to to
Common-mode input 135 14 135 14 135 14
Vicr P Rs=50Q \Y
voltage range 15 -15 —_15
Full range to to to
13.2 13.2 13.2
Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3
V . \Y
OM + output voltage swing Full range 13.9 13.9 13.9
R =10 kQ
y MaXimum negative peak L 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 Y
OM- output voltage swing Fullrange | -13.6 -13.6 -136
Large-signal differential _ _ 25°C 0.8 4 1 7 15 10
Avp voltage amplification Vo=£10V, RL=10kQ Full range 0.8 1 15 ViV
g 25°C 95 106 97 109 100 112 g
CMRR  Common-mode rejection ratio | Vic = V|crmin, Rs=50Q B
) Ic = YICR S Full range 91 93 96
Supply-voltage rejection ratio 25°C 100 115 103 118 105 120
Ksvr pply-vollage rey Vee=425V10+15V dB
(AVcce+/AVio) Full range 95 98 100
| 25°C 550 700 550 700 550 700
Icc Supply current LA
Full range 700 700 700
Vo =0, No load 9
Alee Supply current change over Full range 30 30 30 uA

T Full range is - 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to Tp = 25°C using the Arrhenius

equation and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

TLE20241 TLE2024Al TLE2024BI
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
. | 25°C 1100 850 600
V Input t volt \Y
10 Aput ofiset votlage Full range 1300 1050 goo| *
N0 Temperature coefficient of Full range 2 2 2 uv/eC
input offset voltage
Input offset voltage long-term 250 0.005 0.005 0.005 V/mo
drift (see Note 4) Vic =0, Rs=50Q : : : H
. 25°C 0.6 6 0.5 6 0.4 6
| Input t t A
10 nput offset curren Full range 10 10 10 "
25°C 45 70 40 70 35 70
lig Input bias current nA
Full range 90 90 20
0 -0.3 0 -0.3 0 -0.3
25°C to to to to to to
v Common-mode input voltage | - _ . 3.5 4 3.5 4 3.5 4 v
ICR range s= 0 0 0
Full range to to to
3.2 3.2 3.2
y Maximum positive peak 25°C 3.9 4.2 3.9 4.2 4 4.3 v
OM*  output voltage swing Full range 3.7 3.7 3.8
RL =10kQ -
OM- " output voltage swing Full range 0.95 0.95 0.95
Large-signal differential _ _ 25°C 02 15 0.3 15 0.4 15
Avo voltage amplification Vo=14VtodV,  R.=10kQ mor range 0.1 0.1 0.1 Viv
g 25°C 80 90 82 92 85 95 g
CMRR  Common-mode rejection ratio | V|c = V|crmin, Rs =50 Q B
) Ic = VicR s Full range 80 82 85
S ly-voltage rejection ratio 25°C 98 112 100 115 103 117
ksVR o opply-votiage rejection Tatio = 425Vvi0+15V dB
(AVcce+/AVio) Full range 93 95 98
| 25°C 800 1200 800 1200 800 1200
| S current A
cc upply cu Full range 1200 1200 1200 M
Vo =0, No load
Alec Supply current change over Full range 30 30 30 uA
operating temperature range

T Full range is —40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Veec =+15 V (unless otherwise noted)

TLE2024I TLE2024Al TLE2024BI
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX
25°C 1000 750 500
Vio Input offset voltage uv
Full range 1200 950 700
N0 Temperature coefficient of input Full range 2 2 2 vIeC
offset voltage
Input offset voltage long-term 2500 0.006 0.006 0.006 V/mo
drift (see Note 4) Vic=0, Rs=50Q ’ : ) "
25°C 0.6 6 0.5 6 0.4 6
lio Input offset current nA
Full range 10 10 10
b 25°C 50 70 45 70 40 70
| Input bias current nA
1B P Full range 90 ) 90
-15 -153 -15 -153 -15 -153
25°C to to to to to to
Common-mode input voltage 13.5 14 13.5 14 13.5 14
Vicr P g Rg=50Q Y
range -15 -15 -15
Full range to to to
13.2 13.2 13.2
y Maximum posmve peak Output 25°C 13.8 14.1 13.9 14.2 14 14.3 v
OM+*  voltage swing Fullrange | 13.7 13.7 13.8
R =10 kQ
v Max|mum negative peak Output 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 v
OM- voltage swing Full range | -13.6 -13.6 -13.6
Large-signal differential _ _ 25°C 0.4 2 0.8 4 1 7
Avp voltage amplification Vo=#10V, R =10k Full range 0.4 0.8 1 Vipv
g 25°C 92 102 94 105 97 108 g
CMRR  Common-mode rejection ratio V|c = V|crmin, Rs =50 Q B
) Ic ICR S Full range 88 90 93
‘ Supply-voltage rejection ratio Ve =25V to£15 V 25°C 98 112 100 115 103 117 B
SVR (AVcc£/AVio) cesm =< - Full range 93 95 98
| 25°C 1050 1400 1050 1400 1050 1400
| Su current A
cc PPy Full range 1400 1400 1400 | M
Vo =0, No load
Alce Supply current change over Full range 50 50 50 uA
operating temperature range

T Full range is - 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2021 electrical characteristics at specified free-air temperature, Vocc =5 V (unless otherwise noted)

TLE2021M TLE2021BM
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX MIN TYP MAX
25°C 120 600 80 200
Vio Input offset voltage Full range 1100 300 nv
Temperature coefficient of o
Ovio input offset voltage Full range 2 2 uvree
Input offset voltage long-term drift (see Note 4) Vic=0, Rg=50Q 25°C 0.005 0.005 uv/mo
25°C 0.2 6 0.2 6
lio Input offset current Full range 10 10 nA
25°C 25 70 25 70
Iig Input bias current Full range 90 90 nA
0 -0.3 0 -0.3
25°C to to to to
v Common-mode input Re 50 0 3.5 4 3.5 4 v
ICR voltage range S- 0 0
Full range to to
3.2 3.2
25°C 4 4.3 4 4.3
V, High-level output voltage \%
OH 9 P 9 Fullrange | 38 38
R =10 kQ
25°C 0.7 0.8 0.7 0.8
VoL Low-level output voltage \%
Full range 0.95 0.95
Large-signal differential _ _ 25°C 0.3 15 0.3 15
Avp voltage amplification Vo=14Vio4V, R =10ka == range 0.1 0.1 Viv
25°C 85 110 85 110
CMRR Common-mode rejection ratio V|c = V|crmin, Rs =50 Q Full range 80 80 dB
‘ Supply-voltage rejection ratio Ver =5V 10 30 V 25°C 105 120 105 120 dB
SVR (AVcc+/AV o) ce= Full range | 100 100
| 25°C 170 230 170 230
Icc Supply current LA
Full 230 230
V=25V, No load J” range
Supply current change over
Alee operating temperature range Full range o ° KA

T Full range is - 55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2021 electrical characteristics at specified free-air temperature, Vec = +15 V (unless otherwise noted)

operating temperature range

TLE2021M TLE2021BM
PARAMETER TEST CONDITIONS TA’r UNIT
MIN TYP MAX MIN TYP MAX
25°C 120 500 40 100
Vio Input offset voltage Full range 1000 200 uv
Temperature coefficient of o
ovio input offset voltage Full range 2 2 wvree
Input offset voltage long-term drift (see Note 4) Vic=0, Rg =50 Q 25°C 0.006 0.006 uv/mo
25°C 0.2 6 0.2 6
lio Input offset current Full range 10 10 nA
25°C 25 70 25 70
lis Input bias current Full range % 9 nA
-15 -153 -15 -153
25°C to to to to
v Common-mode input Re =500 135 14 135 14 v
ICR voltage range S~ _15 _15
Full range to to
13.2 13.2
v Maximum positive peak 25°C 14 143 14 143 v
OM+ output voltage swing } Full range 13.8 13.8
R. =10 kQ
v Maximum negative peak 25°C -13.7 -14.1 -13.7 -14.1 v
OM - output voltage swing Full range | -13.6 -13.6
Large-signal differential _ _ 25°C 1 65 1 65
Avp voltage amplification Vo=+10V, R =10ke Full range 0.5 05 Vinv
25°C 100 115 100 115
CMRR  Common-mode rejection ratio V|c = V|crmin, Rg =50 Q Full range 9% 9% dB
K Supply-voltage rejection ratio Vers =4 25V 10415V 25°C 105 120 105 120 dB
+ =X Z. o
SVR (AVcc£/AVi0) ces Fullrange | 100 100
| 25°C 200 300 200 300
| Su current A
cc PPy Full range 300 30| *
Vo =0, No load
Alec Supply current change over Full range 10 10 uA

T Full range is -55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2022 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

TLE2022M TLE2022AM TLE2022BM
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP  MAX MIN TYP MAX
25°C 600 400 250
V| Input offset voltage Y,
10 P 9 Full range 800 550 40| M
Temperature coefficient of
%vio input offset voltage Full range 2 2 2 uvreC
Input offset voltage long-term
g (506 Note 4)9 g Vic = 0, Rs =50 Q 25°C 0.005 0.005 0.005 uv/mo
25°C 0.5 6 0.4 6 0.3 6
| Input offset current nA
10 P Full range 10 10 10
25°C 35 70 33 70 30 70
lig Input bias current nA
Full range 90 90 90
0 -03 0 -03 0 -03
25°C to to to to to to
v Common-mode input Re =50 Q 3.5 4 3.5 4 35 4 v
ICR voltage range S= 0 0 0
Full range to to to
3.2 3.2 3.2
25°C 4 4.3 4 4.3 4 4.3
V High-level output voltage \%
OH 9 P 9 Full range 3.8 338 38
RL=10ka 25°C 0.7 0.8 0.7 0.8 0.7 0.8
VoL Low-level output voltage - ' ' ' ' ' \%
Full range 0.95 0.95 0.95
Large-signal differential _ _ 25°C 03 15 04 15 0.5 15
Avbp voltage amplification Vo=14Vto4V, R_=10kQ Full range o1 o1 o1 Viuv
25°C 85 100 87 102 90 105
CMRR  Common-mode rejection ratio | Vic = V,crmin, Rs =50 Q dB
J Ic = VIcR s Full range 80 82 85
‘ Supply-voltage rejection ratio | _ .\, o0 25°C 100 115 103 118 105 120 dB
SVR (AVce+/AVo) cer Full range 95 08 100
| 25°C 450 600 450 600 450 600
| Su current A
cc PRY Full range 600 600 60| *
Vo=25YV, No load
Al Supply current change over Full range 37 37 37 A
ce operating temperature range g K

T Full range is - 55°C to 125°C.

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2022 electrical characteristics at specified free-air temperature, Vocc =+15 V (unless otherwise noted)

TLE2022M TLE2022AM TLE2022BM
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX
25°C 150 500 120 300 70 150
Vio Input offset voltage Y
Full range 700 450 300
Temperature coefficient of
o 0
VIO input offset voltage Full range 2 2 2 uv/ec
Input offset voltage long-term B B 2590 0.006 0.006 0.006 v/
drift (see Note 4) Vic =0, Rs=50Q : : . uv/mo
25°C 0.5 6 0.4 6 0.3 6
lio Input offset current nA
Full range 10 10 10
b 25°C 35 70 33 70 30 70
| Input bias current nA
1B P Full range ) 90 90
-15 -153 -15 -15.3 -15 -153
25°C to to to to to to
Common-mode input 135 14 135 14 135 14
Vicr P Rs=50Q \Y
voltage range ~15 _15 -15
Full range to to to
13.2 13.2 13.2
Maximum positive peak 25°C 14 14.3 14 14.3 14 14.3
V . Y
OM+  output voltage swing Full range 13.9 13.9 13.9
R =10 kQ
MaXimum negative peak L 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1
V . \Y
OM- output voltage swing Fullrange | -13.6 -13.6 -13.6
Large-signal differential _ _ 25°C 0.8 4 1 7 15 10
Avp voltage amplification Vo=+10V, RL=10kQ Full range 0.8 1 15 Vi
g 25°C 95 106 97 109 100 112 g
CMRR  Common-mode rejection ratio | V¢ = V|crmin, Rs=50Q B
) Ic = YICR S Full range 91 93 96
Supply-voltage rejection ratio 25°C 100 115 103 118 105 120
Ksvr pply-vollage rey Vecs=+25V10+15V dB
(AVcce+/AVio) Full range 95 98 100
| 25°C 550 700 550 700 550 700
Icc Supply current LA
Full range 700 700 700
Vo =0, No load 9
Alee Supply current change over Full range 60 60 60 uA
operating temperature range

T Full range is -55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to Tp = 25°C using the Arrhenius

equation and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Voc =5 V (unless otherwise noted)

TLE2024M TLE2024AM TLE2024BM
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
. | 25°C 1100 850 600
V Input t volt \Y
10 Aput ofiset votlage Full range 1300 1050 goo| *
N0 Temperature coefficient of Full range 2 2 2 uv/eC
input offset voltage
Input offset voltage long-term 250 0.005 0.005 0.005 V/mo
drift (see Note 4) Vic =0, Rs=50Q : : : H
. 25°C 0.6 6 0.5 6 0.4 6
| Input t t A
10 nput offset curren Full range 10 10 10 "
25°C 45 70 40 70 35 70
lig Input bias current nA
Full range 90 90 20
0 -0.3 0 -0.3 0 -0.3
25°C to to to to to to
v Common-mode input voltage | - _ . 3.5 4 3.5 4 3.5 4 v
ICR range s= 0 0 0
Full range to to to
3.2 3.2 3.2
y Maximum positive peak 25°C 3.9 4.2 3.9 4.2 4 4.3 v
OM*  output voltage swing Full range 3.7 3.7 3.8
RL =10kQ -
OM- " output voltage swing Full range 0.95 0.95 0.95
Large-signal differential _ _ 25°C 02 15 0.3 15 0.4 15
Avo voltage amplification Vo=14VtodV,  R.=10kQ mor range 0.1 0.1 0.1 Viv
g 25°C 80 90 82 92 85 95 g
CMRR  Common-mode rejection ratio | V|c = V|crmin, Rs =50 Q B
) Ic = VicR s Full range 80 82 85
S ly-voltage rejection ratio 25°C 98 112 100 115 103 117
ksVR o opply-votiage rejection Tatio = 425Vvi0+15V dB
(AVcce+/AVio) Full range 93 95 98
| 25°C 800 1200 800 1200 800 1200
| S current A
cc upply cu Full range 1200 1200 1200 M
Vo =0, No load
Alec Supply current change over Full range 50 50 50 uA
operating temperature range

T Full range is - 55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2024 electrical characteristics at specified free-air temperature, Veec =+15 V (unless otherwise noted)

TLE2024M TLE2024AM TLE2024BM
PARAMETER TEST CONDITIONS Tal UNIT
MIN  TYP MAX MIN  TYP MAX MIN  TYP MAX
25°C 1000 750 500
Vio Input offset voltage uv
Full range 1200 950 700
N0 Temperature coefficient of Full range 2 2 2 vIeC
input offset voltage
Input offset voltage long-term o
drift (see Note 4) Vic =0, Rg =50 Q 25°C 0.006 0.006 0.006 uv/mo
25°C 0.6 6 0.5 6 0.4 6
lio Input offset current nA
Full range 10 10 10
b 25°C 50 70 45 70 40 70
| Input bias current nA
1B P Full range 90 ) 90
-15 -153 -15 -153 -15 -153
25°C to to to to to to
Common-mode input voltage 13.5 14 13.5 14 13.5 14
Vicr P g Rg=50Q Y
range -15 -15 -15
Full range to to to
13.2 13.2 13.2
y Maximum posmve peak Output 25°C 13.8 14.1 13.9 14.2 14 14.3 v
OM+*  voltage swing Fullrange | 13.7 13.7 13.8
R =10 kQ
v Max|mum negative peak Output 25°C -13.7 -14.1 -13.7 -14.1 -13.7 -14.1 v
OM- voltage swing Full range | -13.6 -13.6 -13.6
Large-signal differential _ _ 25°C 0.4 2 0.8 4 1 7
Avp voltage amplification Vo=#10V, R =10k Full range 0.4 0.8 1 Vipv
g 25°C 92 102 94 105 97 108 g
CMRR  Common-mode rejection ratio V|c = V|crmin, Rs =50 Q B
) Ic ICR S Full range 88 90 93
‘ Supply-voltage rejection ratio Ve =25V to£15 V 25°C 98 112 100 115 103 117 B
SVR (AVcc£/AVio) cesm =< - Full range 93 95 98
| 25°C 1050 1400 1050 1400 1050 1400
| Su current A
cc PPy Full range 1400 1400 1400 | M
Vo =0, No load
Alce Supply current change over Full range 85 85 85 uA
operating temperature range

T Full range is -55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated to T = 25°C using the Arrhenius equation

and assuming an activation energy of 0.96 eV.
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TLE2021 operating characteristics, Vcc =5V, Ty = 25°C

C SUFFIX I SUFFIX M SUFFIX
PARAMETER TEST CONDITIONS Ta UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
SR Slew rate at unity gain Vo=1Vto3V, SeeFigurel 25°C 0.5 0.5 0.5 Vius
v Equivalent input noise voltage | f=10Hz 25°C 21 50 21 50 21 VIHz
" (see Figure 2) f=1kHz 25°C 17 30 17 30 17
v Peak.to_peak equiva|ent input f= 0.1to 1 Hz 25°C 0.16 0.16 0.16 v
N(PP)  noise voltage f=0.1t010 Hz 25°C 0.47 0.47 0.47 "
In Equivalent input noise current 25°C 0.09 0.09 0.9 pA/Hz
By Unity-gain bandwidth See Figure 3 25°C 1.2 1.2 1.2 MHz
Om Phase margin at unity gain See Figure 3 25°C 42° 42° 42°
TLE2021 operating characteristics at specified free-air temperature, Vcc =115V
C SUFFIX | SUFFIX M SUFFIX
PARAMETER TEST CONDITIONS TAJr UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
| 25°C 0.45 0.65 0.45 0.65 0.45 0.65 ’
SR S te at uni i Vo=1Vto3V, SeeFi 1 V
ew rate at unity gain fo) 0 ee Figure 1 range | 0.5 02 0 us
v Equivalent input noise voltage f=10Hz 25°C 19 50 19 50 19 ViHz
" (see Figure 2) f=1kHz 25°C 15 30 15 30 15
v Peak-to-peak equivalent input f=01tol1Hz 25°C 0.16 0.16 0.16 v
N(PP)  noise voltage f=0.1t010 Hz 25°C 0.47 0.47 0.47 H
In Equivalent input noise current 25°C 0.09 0.09 0.09 pA/Hz
By Unity-gain bandwidth See Figure 3 25°C 2 2 2 MHz
Om Phase margin at unity gain See Figure 3 25°C 46° 46° 46°

T Full range is 0°C to 70°C for the C-suffix devices, —40°C to 85°C for the I-suffix devices, and —55°C to 125°C for the M-suffix devices.
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TLE2022 operating characteristics, Vec =5V, T = 25°C

C SUFFIX | SUFFIX M SUFFIX
PARAMETER TEST CONDITIONS MIN VP MAX MIN VP MAX MIN VP MAX UNIT
SR Slew rate at unity gain Vo=1Vto3V, SeeFigurel 0.5 0.5 0.5 Vius
Equivalent input noise vol f=10 Hz 21 50 21 50 21 -
Vi (sc:; lg;urte ZF))Ut eise volage f=1KkHz 17 30 17 20 T nVAHz
f=0.1to1Hz 0.16 0.16 0.16
Vnep)  Peak-to-peak equivalent input noise voltage = 011010 Hz 047 0.47 0.47 uv
In Equivalent input noise current 0.1 0.1 0.1 pANHZ
B4 Unity-gain bandwidth See Figure 3 1.7 1.7 1.7 MHz
Om Phase margin at unity gain See Figure 3 47° 47° 47°
TLE2022 operating characteristics at specified free-air temperature, Vec =115V
PARAMETER TEST CONDITIONS Ta € SuFFiX | SuPFIXT M SUFFIXT UNIT
MIN TYP MAX MIN TYP MAX MIN TYP MAX
25°C 0.45 0.65 0.45 0.65 0.45 0.65
SR Slew rate at unity gain Vo =110V, See Figure 1 Full range 0.45 0.42 04 Vius
v Equivalent input noise f=10 Hz 25°C 19 50 19 50 19 N
voltage (see Figure 2) f=1kHz 25°C 15 30 15 30 15
Peak-to-peak equivalent f=01to1Hz 25°C 0.16 0.16 0.16
VNPP)  input noise voltage f=0.1t010 Hz 25°C 0.47 0.47 0.47 n
In Equivalent input noise current 25°C 0.1 0.1 0.1 pARHZ
B, Unity-gain bandwidth See Figure 3 25°C 2.8 2.8 2.8 MHz
Om Phase margin at unity gain See Figure 3 25°C 52° 52° 52°

T Full range is 0°C to 70°C for the C-suffix devices, —40°C to 85°C for the | suffix devices and -55°C to 125°C for the I-suffix devices.
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TLE2024 operating characteristics, Vcc =5V, Ty = 25°C

C SUFFIX I SUFFIX M SUFFIX
PARAMETER TEST CONDITIONS N TP MAX | MIN TP MAx | MIN_ TYP  MAX UNIT
SR Slew rate at unity gain Vo=1Vto3V, SeeFigurel 0.5 0.5 0.5 Vius
f=10 Hz 21 50 21 50 21 .
Vi Equivalent input noise voltage (see Figure 2) =1 Kz 17 20 17 20 17 nVA/Hz
f=0.1to 1 Hz 0.16 0.16 0.16
Vnep) — Peak-to-peak equivalent input noise voltage 011010 Hz 047 0.47 0.47 uv
In Equivalent input noise current 0.1 0.1 0.1 pARHZ
By Unity-gain bandwidth See Figure 3 1.7 1.7 1.7 MHz
Om Phase margin at unity gain See Figure 3 47° 47° 47°
TLE2024 operating characteristics at specified free-air temperature, Vcc = +15 V (unless otherwise noted)
C SUFFIXT | SUFFIXT M SUFFIXT
PARAMETER TEST CONDITIONS Ta MIN TP MAX MIN VP MAX MIN VP MAX UNIT
25°C 0.45 0.7 0.45 0.7 0.45 0.7
SR Slew rate at unity gain Vo=%10V, See Figurel Full range 0.45 0.42 04 Vius
v, Equivalent input noise voltage f=10Hz 25°C 19 50 19 50 19 AVNEZ
(see Figure 2) f=1kHz 25°C 15 30 15 30 15
Vi) Peak-to-peak equivalent input noise | f=0.1t0 1 Hz 25°C 0.16 0.16 0.16 W
voltage f=0.1t0 10 Hz 25°C 0.47 0.47 0.47
In Equivalent input noise current 25°C 0.1 0.1 0.1 pANHZ
By Unity-gain bandwidth See Figure 3 25°C 2.8 2.8 2.8 MHz
Om Phase margin at unity gain See Figure 3 25°C 52° 52° 52°

T Full range is 0°C to 70°C for the C-suffix devices, —40°C to 85°C for the | suffix devices and -55°C to 125°C for the I-suffix devices.
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2021Y electrical characteristics at Vcc =5V, Ta = 25°C (unless otherwise noted)

TLE2021Y
PARAMETER TEST CONDITIONS N TYP MAX UNIT
Vio Input offset voltage 150 nv
Input offset voltage long-term drift (see Note 4) 0.005 uV/mo
lio Input offset current Vie =0, Rs=500 0.5 nA
s Input bias current 35 nA
-0.3
Vicr Common-mode input voltage range Rs =50 Q to \%
4
VoH Maximum high-level output voltage 4.3 \Y
VoL Maximum low-level output voltage RL=10ka 0.7 \Y
Avp Large-signal differential voltage amplification Vo=141t04V, R =10 kQ 15 VipVv
CMRR Common-mode rejection ratio Vic = V|cr min, Rg=50Q 100 dB
ksvr Supply-voltage rejection ratio (AVcc +/AV o) Veec =5Vto30V 115 dB
Icc Supply current Vo=25YV, No load 400 HA
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated

to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLE2021Y operating characteristics at Vecc =5V, Tp = 25°C

TLE2021Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
SR Slew rate at unity gain Vo=1Vto3V 0.5 Vius
f=10Hz 21 N
V Equivalent input noi It nV/NHz
n quivalent input noise voltage PR 17
f=0.1to1Hz 0.16
V Peak-to-peak ivalent i i I Vv
N(PP) eak-to-peak equivalent input noise voltage = 011010 Hz 0.47 u
In Equivalent input noise current 0.1 pARHZ
By Unity-gain bandwidth 1.7 MHz
Om Phase margin at unity gain 47°
‘bi TEXAS
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2022Y electrical characteristics, Vec =5V, Ta = 25°C (unless otherwise noted)

TLE2022Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 150 600 uv
Input offset voltage long-term drift (see Note 4) 0.005 uV/mo
VIC =0, RS =50Q
lio Input offset current 0.5 nA
s Input bias current 35 nA
-0.3
Vicr Common-mode input voltage range Rg =50 Q to \%
4
Vou Maximum high-level output voltage 4.3 \Y
- R, =10kQ
VoL Maximum low-level output voltage 0.7 \
Avp Large-signal differential voltage amplification Vo=14t04V, R =10 kQ 15 Viuv
CMRR Common-mode rejection ratio Vic = V|cr min, Rs=50Q 100 dB
Ksvr Supply-voltage rejection ratio (AVcc + /AV o) Vecec =5Vto30V 115 dB
lcc Supply current Vo =25V, No load 450 LA
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated

to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLE2022Y operating characteristics, Vcc =5V, Tp = 25°C

TLE2022Y
PARAMETER TEST CONDITIONS MIN P MAX UNIT

SR Slew rate at unity gain Vo=1Vto3YV, See Figure 1 0.5 Vius

f=10 Hz 21 -
Vi Equivalent input noise voltage (see Figure 2) PR 17 nVAHzZ

f=0.1to 1 Hz 0.16
Vnpp) — Peak-to-peak equivalent input noise voltage = 011010 Hz 047 uv
In Equivalent input noise current 0.1 pANHZ
Bq Unity-gain bandwidth See Figure 3 1.7 MHz
Om Phase margin at unity gain See Figure 3 47°

I
{‘ TEXAS
POST OI!EESB;E g&iﬁ&gﬁgs 75265 31



TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION

OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TLE2024Y electrical characteristics, Vecc =5V, Ta = 25°C (unless otherwise noted)

TLE2024Y
PARAMETER TEST CONDITIONS MIN VP MAX UNIT
Input offset voltage long-term drift (see Note 4) 0.005 uV/mo
o Input offset current Vic=0, Rs =50 Q 0.6 nA
s Input bias current 45 nA
-0.3
Vicr Common-mode input voltage range Rs =50 Q to \%
4
VoH High-level output voltage 4.2 \Y
VoL Low-level output voltage Ri=10ke 0.7 \Y
Avp tgﬂg;:'gﬁlizfggﬂt'a' Vo=14Vto4V, R_=10kQ 15 ViV
CMRR  Common-mode rejection ratio Vic = Vicrmin, Rs =50 Q 90 dB
kSVR (S;J\?sly/-z\c;:toa)ge rejection ratio Vec=5V1030V 112 dB
lcc Supply current Vo=25YV, No load 800 UA
NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated

to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLE2024Y operating characteristics, Vcc =5V, Tp = 25°C

TLE2024Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate at unity gain Vo=1Vto3V, SeeFigurel 0.5 Vius
f=10Hz 21 NG
V, Equivalent i i I Fi 2 nVA Hz
n quivalent input noise voltage (see Figure 2) =1 Kz 17
f=0.1t01Hz 0.16
Y Peak-to-peak ivalent i i I \Y
N(PP) eak-to-peak equivalent input noise voltage 011010 Hz 047 w
In Equivalent input noise current 0.1 pANHZ
By Unity-gain bandwidth See Figure 3 1.7 MHz
Om Phase margin at unity gain See Figure 3 47°
‘bi TEXAS
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TLE202x, TLE202xA, TLE202xB, TLE202xY

EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

PARAMETER MEASUREMENT INFORMATION

20 kQ 20 kQ
5V 15V
Vo Vo
V| + V| +
= -15V
30 pF 20 kQ 30 pF 20 kQ
(see Note A) (see Note A)
(a) SINGLE SUPPLY (b) SPLIT SUPPLY
NOTE A: C, includes fixture capacitance.
Figure 1. Slew-Rate Test Circuit
2kQ
2kQ
15V
5V
20Q _ —— Vo
25V % —— Vo
+
200 1 -15V
20Q 20 Q

(a) SINGLE SUPPLY

(b) SPLIT SUPPLY

Figure 2. Noise-Voltage Test Circuit

10 kQ 10 kQ
5V 15V
100 Q
V| ——nn—4 - V| —nn—e
Vo 100Q Vo
25V +

= -15V

30 pF =< 10 kQ 30 pF 7~ 10 kQ
(see Note A) (see Note A)

(a) SINGLE SUPPLY (b) SPLIT SUPPLY

NOTE A: C_ includes fixture capacitance.
Figure 3. Unity-Gain Bandwidth and Phase-Margin Test Circuit
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

PARAMETER MEASUREMENT INFORMATION

15V
Vo VO
V) +
-15Vv
10 kQ 30 pF 10 kQ
(see Note A) (see Note A)
(a) SINGLE SUPPLY (b) SPLIT SUPPLY

NOTE A: C, includes fixture capacitance.

Figure 4. Small-Signal Pulse-Response Test Circuit

typical values

Typical values presented in this data sheet represent the median (50% point) of device parametric performance.
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS

Table of Graphs
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1B P vs Free-air temperature 11,12, 13
Iy Input current vs Differential input voltage 14
. vs Output current 15, 16, 17
Vowm Maximum peak output voltage vs Free-alr temperafure 18
. vs High-level output current 19, 20
VoH High-level output voltage vs Free-air temperature 21
vs Low-level output current 22
Vou Low-level output voltage vs Free-air temperature 23
Vopp) Maximum peak-to-peak output voltage vs Frequency 24,25
. . . L vs Frequency 26
Avp Large-signal differential voltage amplification vs Free-aif temperature 27,28, 29
L vs Supply voltage 30-33
los Short-circuit output current vs Free-air temperature 34 _37
vs Supply voltage 38, 39, 40
lec Supply current vs Free-air temperature 41,42, 43
CMRR  Common-mode rejection ratio vs Frequency 44, 45, 46
SR Slew rate vs Free-air temperature 47, 48, 49
Voltage-follower small-signal pulse response 50, 51
Voltage-follower large-signal pulse response 52 - 57
. . . 0.1to 1 Hz 58
Vnep) — Peak-to-peak equivalent input noise voltage 011t 10 Hz 59
Vi Equivalent input noise voltage vs Frequency 60
. . . vs Supply voltage 61, 62
B1 Unity-gain bandwidth vs Free-air temperature 63, 64
vs Supply voltage 65, 66
Om Phase margin vs Load capacitance 67, 68
vs Free-air temperature 69, 70
Phase shift vs Frequency 26

J@ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

35



TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLE2021

DISTRIBUTION OF TLE2022

INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
20 I T T T T 20 T T T T T
231 Units Tested From 1 Wafer Lot 398 Amplifiers Tested From 1 Wafer Lot
Vcet = 15V Vee+ = 215V
16 — TA =25°C 16 — TA = 25°C
. P Package - P Package
N xR
2 ]
'% 12 g 12
S 5 J_LLL
) [}
g g -
c - .E
3 3 i
g g
4 J 1 4 J ‘-I—
Lo | | T !
-600 -450 -300 -150 O 150 300 450 600 -600 =400 —200 0 200 400 600
V|o - Input Offset Voltage — uVv V|0 - Input Offset Voltage - uVv
Figure 5 Figure 6
TLE2021
INPUT BIAS CURRENT
DISTRIBUTION OF TLE2024 VS
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
16 T | T T T T -40
796 Amplifiers Tested From 1 Wafer Lot Vee: = 15V
VCCi =115V _35 TA =25°C
Ta = 25°C
N Package r-l <
° 12 -30 =
: : ~
4 ® _25 \‘
©
8 & -20
: ~
é g -15
g ] B
4 2 _10
-5
_IJ .
0 = 0
-1 -05 0 0.5 1 -15  -10 -5 0 5 10 15
V|0 - Input Offset Voltage - mV V|c - Common-Mode Input Voltage - V
Figure 7 Figure 8
3 1,
EXAS
INSTRUMENTS
36 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS

TLE2022 TLE2024
INPUT BIAS CURRENT INPUT BIAS CURRENT
Vs Vs
COMMON-MODE INPUT VOLTAGE COMMON-MODE INPUT VOLTAGE
-50 T T -60 |
VCCi = +15V
V =x15V
Tp = 25°C cex
-45 Tp =25°C
< T -50
| I
e -40 =
[ ]
O \ O
) N o -40
g -3 ~—_ ke
@ m \
5 \ 5 ~—
Q. Q.
£ -30 ™ £
| o~ |
Q o -30
-25
-20 -20
_15 -10 _5 0 5 10 15 -15 -10 -5 0 5 10 15
V|c - Common-Mode Input Voltage - V V|c - Common-Mode Input Voltage - V
Figure 9 Figure 10
TLE2022
TLE2021
+
INPUT BIAS CURRENTT INPUT BIA§SCURRENT
Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
_35 -50 | T |
N Vee+ = 215V Vee+ = 215V
Vo = 0 Vo = 0
-30 Vic=0 -45 Vic=0
< < N
T 25 !
- e -40
] \\ 5
3 -20 ~_ 3 \
" T~ g -35
8 s N
© _1s 5 RN
a g N
< _| —30 T~
m -10 o ™~
-25
-5
0 -20
Tp - Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 11 Figure 12

T 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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T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

1

‘9 TeEXAS
INSTRUMENTS

38 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS
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T 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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T 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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Ayp- Large-Signal Differential
Voltage Amplification - V/uV

Ios - Short-Circuit Output Current - mA

TLE2022

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
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Figure 30

T 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

TLE2022 AND TLE2024
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Figure 33 Figure 34
T 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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TLE2022 AND TLE2024
SHORT-CIRCUIT OUTPUT CURRENT
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SHORT-CIRCUIT OUTPUT CURRENT T
Vs
FREE-AIR TEMPERATURE
15 T T
VCCi =115V
< Vo =0
E 10
5 <
= 3.
] 1
O 5 =
5 o
= Vip = -100 mV 8
g 0 >
=
o »
2 -5 -
2 8
= Vip =100 mV
n ~ ID -
1 \\
w =10 ~
O ~—
— \\
\\
-15
-75 -50 -25 0 25 50 75 100 125

Ta - Free-Air Temperature - °C
Figure 37

12

-12
-75

250

200

150

100

50

TLE2021
SHORT-CIRCUIT OUTPUT CURRENTT
VS
FREE-AIR TEMPERATURE

I I
VCCi:J_rISV

VO:O

VID =-100 mV

~

T~
~— Vip = 100 mV

T

-50 -25 0 25 50 75 100 125
Tp - Free-Air Temperature - °C

Figure 36

TLE2021
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Figure 38

T 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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TLE2024
SUPPLYVCSURRENT SUPPLY CURRENT
VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
500 T
Vo =0 1000 i | |
No Load — \l:lo _LO g Tp = 125°C —
] o Loa
400 |— ] — S -
~ /P’; 7 800
< /4/ /,
- / 3 A
1
c — oro : // = 950C
@ Tp = 25°C = Ta =25°C
S 300 s .
3 | 2 600 |
jun - o 4
> Tp = 125°C /] 3 Tp = -55°C
& Ty = -55°C —/] 2
@ 200 [ a
| (/3) 400 I’
Q |
O Q
- o
100 J 200 ﬂ
0 0
0 2 4 6 8 10 12 14 16 2 4 6 ) 10 12 14 16
|Vce+l - Supply Voltage - V
|Vce+| - Supply Voltage - V
Figure 39 Figure 40
TLE2021 TLE2022
SUPPLY CURRENT? SUPPLY CURRENT?
VS Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
225 T T 500
Vec+ =15V
\
200 ot // VCCi =+15V
400 e : t
175 _— T~
< - < 7 —
?' T |1 Vec: =125V
- 150 -
3 Vecr =125V S 300
8 125 8
> >
2 100 =
a 3 200
1 75 1
el s
50 100
Vo= =
25 [— V0= 0 Vo=0
No Load No Load
0 l 0 |
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
T — Free-Air Temperature - °C Ta - Free-Air Temperature - °C
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T 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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Figure 45 Figure 46

T 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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TLE2021 TLE2022
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Figure 49 Figure 50
T 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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15
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TYPICAL CHARACTERISTICS
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See Figure 1
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-5 / \ s
-15 15
0 20 40 60 80 0 20 40 60 80
t-Time - s t - Time - us
Figure 55 Figure 56
TLE2024
VOLTAGE-FOLLOWER LARGE-SIGNAL PEAK-TO-PEAK EQUIVALENT
PULSE RESPONSE S INPUT NOISE VOLTAGE
15 = 0.1TO1Hz
' 1
Vee+ =215V ° 0.5 ~ T
RL=10kQ E i VCCi_ i15V
10 | CL=30pF § 0.4 Tp = 25°C
Tp = 25°C / 5 s
> See Figure 1 / g .
! z
%) 5 = 0.2
£ 2
S 0 z 0.1
2 IS 0
3 E
' _p w -0.1
g %
& -02
e
-10 I -os
(]
o
1 -04
-15 =
0 20 40 60 80 & -05
t - Time - us < 0 1 2 3t Ti‘rl’ness 6 7 8 9 10
Figure 57 Figure 58
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS

PEAK-TO-PEAK EQUIVALENT

EQUIVALENT INPUT NOISE VOLTAGE

INPUT NOISE VOLTAGE Vs
2 0.1 TO 10 Hz FREQUENCY
ql) 0.5 N 200 LU T L
2 Vec: = £15V |§ Vec: = 15V
§ 0.4 [— Tp=25°C S Rs=20Q
® T Tp = 25°C
2 0.3 . 160 See Figure 2
z . l l g
5 0.2 <
2 L] Nl I
= 01 % 120
g 3
g 0 =
= g
w -0l | | y I — 80
= c
< o)
¢ -02 I [
e S
£ -03 O 40
o) 1 N
o ‘\.
| -04 = H—
o
a -05 0
Z 0 1 2 3 4 5 6 7 8 9 10 1 10 100 1k 10k
t-Time-s f - Frequency - Hz
Figure 59 Figure 60
TLE2021 TLE2022 AND TLE2024
UNITY-GAIN BANDWIDTH UNITY-GAIN BANDWIDTH
VS VS
SUPPLY VOLTAGE SUPPLY VOLTAGE
4 4 T T
R, = 10 kQ R, = 10kQ
CL=30pF CL=30pF
Y Ta=25C N Tp = 25°C
s 3 See Figure 3 s s | See Figure 3
1 |
< < L
h=l s -
g 2 g 2 _
T e
> >
= — =
-} -}
1 1 1 1
— —
m m
0 0
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
|Vece+l - Supply Voltage - V [Vce+l - Supply Voltage - V
Figure 61 Figure 62
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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

TYPICAL CHARACTERISTICS

TLE2021 TLE2022 AND TLE2024
UNITY-GAIN BANDWIDTH? UNITY-GAIN BANDWIDTHT
Vs VS
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
4 R. = 10 kQ 4 o ‘ ‘
- RL=10kQ
C_=30pF L
SL o P s \ CL=30pF
X eeFigure T \ See Figure 3
S 3 - = 3 NG
| 1
< \ < \\
e o
= \ s Vec+ =115V \
3 Vet = £15V o° ~
= \ S \ \
m 2 A m —
k= ~ \ k= 2 \\
2 \\ \\ 2 Vee =5V \\
£ c
7 1 \‘\ 7 1 ]
— —l
@ Vec=5V \\ @
0 0
-7 -5 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C Tp - Free-Air Temperature - °C
Figure 63 Figure 64
TLE2021 TLE2022 AND TLE2024
PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
50° 55° T T
R =10 kQ Ri =10 KO
CL=30pF CL = 30 pF
- O, L -
| Ta=27C | Ta=2sC
48° [— See Figure 3 53 See Figure 3
I
I - g) //
g 46° — g 5 //
%) / o /
(2]
2 I
= / g
o o o /
) 44° / 1 49
£ / £ /
. <
42° 7 47°
40° 45°
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
|Vce+l - Supply Voltage - V |[Vcesl = Supply Voltage - V
Figure 65 Figure 66
T 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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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

60°

50°

40°

30°

dm - Phase Margin

20°

10°

50°

48°

46°

44°

42°

om - Phase Margin

40°

38°

36°

-75

TYPICAL CHARACTERISTICS

TLE2021
PHASE MARGIN
VS

LOAD CAPACITANCE

R =10 kQ
Ta =30 pF
See Figure 3

T~

0 20
CL-

40 60 100

Load Capacitance - pF
Figure 67

80

TLE2021

PHASE MARGINT

VS

FREE-AIR TEMPERATURE

RL =10 kQ
CL=30pF
[— See Figure 3

VCCiz +15V

/]

4

</

-50 -25

Ta -

0 25 50 75 100
Free-Air Temperature - °C

125

Figure 69

¢m - Phase Margin

om - Phase Margin

TLE2022 AND TLE2024
PHASE MARGIN
Vs
LOAD CAPACITANCE
70° T
\ RL = 10kQ
60° N Tp = 25°C
QQ’*Z +15V See Figure 3
50° ™ S
VCC = SV\\\
40° \ —
\
30°
20°
10°
00
0 20 40 60 80 100
C_ - Load Capacitance - pF
Figure 68
TLE2022 AND TLE2024
PHASE MARGINT
Vs
FREE-AIR TEMPERATURE
54°
52° —
/ Vees= +15V \\
50°
//
48°
- \\ Vee =5V
46° T
\
44°
RL =10 kQ
400 |- CL=30pF
See Figure 3
ol L
-75 -50 -25 O 25 50 75 100 125
Ta - Free-Air Temperature - °C
Figure 70

T 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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TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

APPLICATION INFORMATION

voltage-follower applications

The TLE202x circuitry includes input-protection diodes to limit the voltage across the input transistors; however,
no provision is made in the circuit to limit the current if these diodes are forward biased. This condition can occur
when the device is operated in the voltage-follower configuration and driven with a fast, large-signal pulse. It
is recommended that a feedback resistor be used to limit the current to a maximum of 1 mA to prevent
degradation of the device. This feedback resistor forms a pole with the input capacitance of the device. For
feedback resistor values greater than 10 k<, this pole degrades the amplifier phase margin. This problem can
be alleviated by adding a capacitor (20 pF to 50 pF) in parallel with the feedback resistor (see Figure 71).

Cg =20 pF to 50 pF

f “«— E<1mA

Re

Vee+

Vi

Vee-

Figure 71. Voltage Follower

Input offset voltage nulling

The TLE202x series offers external null pins that further reduce the input offset voltage. The circuit in
Figure 72 can be connected as shown if this feature is desired. When external nulling is not needed, the null
pins may be left disconnected.

IN-——~
—— OFFSET N2
IN + +

OFFSET N1

Ve - (split supply)
1kQ GND (single supply)

Figure 72. Input Offset Voltage Null Circuit

J@ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 53



TLE202x, TLE202xA, TLE202xB, TLE202xY
EXCALIBUR HIGH-SPEED LOW-POWER PRECISION
OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using Microsim Parts™, the model generation software used
with Microsim PSpice™. The Boyle macromodel (see Note 5) and subcircuit in Figure 73, Figure 74, and Figure
75 were generated using the TLE202x 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

NOTE 5: 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).

99 °
3
Vec+ —0—@ ®
L ree
cee i lee
p
rel re2
IN- 1
e ;i) 14
IN+ —; Q1 Q2
dp C1
11 12
rcl rc2 ~
Vee-
4 Ay

Figure 73. Boyle Subcircuit

PSpice and Parts are trademarks of MicroSim Corporation.
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OPERATIONAL AMPLIFIERS

SLOS191D - FEBRUARY 1997 - REVISED NOVEMBER 2010

.SUBCKT TLE2021 12345
*

cl 11
c2 6

c3 87
cpsr 85
dem+ 81
decm- 83
dc 5

de 54
dip 90
din 92
dp 4

ecmr 84
egnd 99
epsr 85
ense 89
fb 7

12 6.244E-12

7 13.4E-12

0 10.64E-9

86 15.9E-9

82 dx

81 dx

53 dx

5 dx

91 dx

90 dx

3 dx

99 (299) 1

0 poly(2) (3,0) (4,000.5.5

0 poly(1) (3,4) -60E-6 2.0E-6
2 poly(1) (88,0) 120E-6 1

99 poly(6) vb vc ve vip vin vpsr 0 547.3E6

+ -50E7 50E7 50E7 -50E7 547E6

ga 6
gcm O
gpsr 85
grel 4
grc2 4
grel 13
gre2 14
hlim 90

0 1112 188.5E-6

6 10099 335.2E-12
86 (85,86) 100E-6

11 (4,11) 1.885E-4

12 (4,12) 1.885E-4
10 (13,10) 6.82E-4
10 (14,10) 6.82E-4
0 vlim 1k

hcmr 80 1 poly(2) vem+ vem- 0 1E2 1E2

irm 3 4 185E-6

iee 3 10 dc 15.67E-6

iio 2 0 2E-9

i1 88 0 1E-21

ql 11 89 13gx

g2 12 80 1l4qgx

R2 6 9 100.0E3

rcm 84 81 1K

ree 10 99 14.76E6

ml 87 0 2.55E8

rm2 87 88 11.67E3

rol 8 5 62

ro2 7 99 63

vem+ 82 99 13.3

vem- 83 99 -14.6

voo 9 0 dcO

vC 3 53 dc1.300

ve 54 4 dc1.500

vim 7 8 dcO

vip 91 0 dc3.600

vin. 0 92 dc3.600

vpsr 0 86 dcO
.model dx d(is=800.0E-18)
.model gx pnp(is=800.0E-18 bf=270)
.ends

Figure 74. Boyle Macromodel for the TLE2021

. SUBCKT TLE2022 1 2 3 45

*

cl 11
c2 6
dc 5
de 54
dilp 90
din 92
dp 4
egnd 99
fb 7
+ 45. 47E6 -
ga6 O
gcm 0 6
iee 3
hl'im 90
ql 11
q2 12
r2 6

12 6. 814E-12

7 20.00E-12

53 dx

5 dx

91 dx

90 dx

3 dx

0 poly(2) (3,0) (4,0) 0.5 .5
99 pol y(5) vb vc ve vip vin O
50E6 50E6 50E6 -50E6

11 12 377.9E-6

10 99 7.84E-10

10 DC 18. 07E-6

0 vlim 1k

2 13 gx

1 14 gx

9 100. OE3

rcl 4 11 2.842E3

rc2 4 12 2.842E3

gel 13 10 (10,13) 31.299E-3

ge2 14 10 (10,14) 31.299E-3

ree 10 99 11.07E6

rol 8 5 250

ro2 7 99 250

rp 3 4 137.2E3

vb 9 0dc O

Ve 3 53 dc 1.300

ve 54 4 dc 1.500

viim7 8 dc O

vip 91 0 dc 3

vin 0 92 dc 3
.nodel dx d(is=800.0E-18)
.nodel gx pnp(is=800.0E-18 bf=257.1)
. ends

Figure 75. Boyle Macromodel for the TLE2022
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
o Drawing Qty 0) (6) ®3) (415)

5962-9088101MPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55t0 125 9088101MPA Samples
TLE2021M s S

5962-9088102M2A ACTIVE Lccc FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55t0 125 5962- Samples
9088102M2A s S
TLE2022MFKB

5962-9088102MPA ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55 to 125 9088102MPA P
TLE2022M

5962-9088103M2A ACTIVE Lccec FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55 to 125 5962- Samnles
9088103M2A 23mp-2
TLE2024MFKB

5962-9088103MCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type -55t0 125 5962-9088103MC
A 5 B
TLE2024MJB

5962-9088104Q2A ACTIVE Lccc FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55 to 125 5962- tmnles
9088104Q2A e
TLE2021
AMFKB

5962-9088104QPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55t0 125 9088104QPA tmnles
TLE2021AM s

5962-9088105Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- P
9088105Q2A
TLE2022A
MFKB

5962-9088105QPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 9088105QPA
TLE2022AM s S

5962-9088106Q2A ACTIVE Lccc FK 20 1 TBD POST-PLATE N/ A for Pkg Type -55t0 125 5962- Samples
9088106Q2A s S
TLE2024A
MFKB

5962-9088106QCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type -55 to 125 5962-9088106QC Samples
A 5 &
TLE2024AMJB

5962-9088107Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- amnles
9088107Q2A s
TLE2021
BMFKB



http://www.ti.com/product/TLE2021M?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022M?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022M?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024M?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024M?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021B?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
©) Drawing Qty @ ® ® (@/5)
5962-9088107QPA ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55 to 125 9088107QPA P,
TLE2021BM
5962-9088108Q2A ACTIVE Lccc FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samples
9088108Q2A - =
TLE2022B
MFKB
5962-9088108QPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 9088108QPA tmnles
TLE2022BM el
5962-9088109Q2A ACTIVE Lccc FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- tmnles
9088109Q2A e
TLE2024
BMFKB
5962-9088109QCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type -55 to 125 5962-9088109QC P—
A g
TLE2024BMJB
TLE2021ACD ACTIVE soIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021AC Samples
& no Sh/Br) —
TLE2021ACDG4 ACTIVE soIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021AC Samples
& no Sb/Br) —
TLE2021ACDR ACTIVE soIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021AC
& no Sh/Br) —
TLE2021ACDRG4 ACTIVE soIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2021AC P
& no Sh/Br) . .
TLE2021ACP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type TLE2021AC R
(RoHS) —
TLE2021ACPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2021AC —
(RoHS) —
TLE2021AID ACTIVE soIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2021Al
& no SbiBr) —
TLE2021AIDG4 ACTIVE soiC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2021Al ——
& no Sb/Br) —
TLE2021AIDR ACTIVE soiC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021Al ——
& no Sb/Br) —
TLE2021AIDRG4 ACTIVE solC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021Al
& no Sh/Br) a—
TLE2021AIP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type TLE2021Al P—
(ROHS) —

Addendum-Page 2



http://www.ti.com/product/TLE2021B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021A?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
©) Drawing Qty @ ® ® (@/5)
TLE2021AMFKB ACTIVE LCcC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962-
9088104Q2A s
TLE2021
AMFKB
TLE2021AMJGB ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55t0 125 9088104QPA tmnles
TLE2021AM R
TLE2021BMFKB ACTIVE Lccc FK 20 1 TBD POST-PLATE N / A for Pkg Type 5962- amnles
9088107Q2A R
TLE2021
BMFKB
TLE2021BMJG ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55t0 125 TLE2021 amnles
BMJG SR
TLE2021BMJGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type 9088107QPA tmnles
TLE2021BM Sk
TLE2021CD ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2021C
& no Sb/Br) —
TLE2021CDG4 ACTIVE solC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2021C amnles
& no Sh/Br) a—
TLE2021CDR ACTIVE solIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2021C omoles
& no Sh/Br) i
TLE2021CDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2021C
& no Sh/Br) —
TLE2021CP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type 0to 70 TLE2021CP
(ROHS) —
TLE2021CPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N/ A for Pkg Type 0to 70 TLE2021CP Samples
(ROHS) —
TLE2021ID ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 2021l -
Samples
& no Sh/Br)
TLE2021IDG4 ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 2021l
Samples
& no Sh/Br)
TLE2021IDR ACTIVE solC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2021l
& no Sh/Br) . .
TLE2021IDRG4 ACTIVE solIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2021l —
& no Sh/Br) —
TLE2021IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type -40 to 85 TLE2021IP ——
(RoHS) —



http://www.ti.com/product/TLE2021AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021B?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2021?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
©) Drawing Qty @ ® ® (@/5)
TLE2021IPE4 ACTIVE PDIP P 50 Pb-Free CU NIPDAU N / A for Pkg Type -40t0 85 TLE2021IP Sample
s
TLE2021MD ACTIVE soIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 2021M Samnles
& no Sh/Br) —
TLE2021MDG4 ACTIVE solc D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2021M Samples
& no Sb/Br) —
TLE2021MJG ACTIVE CDIP JG 1 TBD A42 N / A for Pkg Type -55 to 125 TLE2021MJIG
TLE2021MJGB ACTIVE CDIP JG 1 TBD A42 N / A for Pkg Type -55t0 125 9088101MPA amnles
TLE2021M R
TLE2022ACD ACTIVE solC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2022AC
& no Sb/Br) —
TLE2022ACDG4 ACTIVE soIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2022AC amnles
& no Sh/Br) a—
TLE2022ACDR ACTIVE soIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022AC omoles
& no Sh/Br) i
TLE2022ACDRG4 ACTIVE soIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022AC Samplas
& no Sh/Br) —
TLE2022ACP ACTIVE PDIP P 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022AC Sample
s
TLE2022ACPE4 ACTIVE PDIP P 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022AC Samples
(ROHS) —
TLE2022AID ACTIVE solIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 2022Al Samplas
& no Sh/Br) —
TLE2022AIDG4 ACTIVE solIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 2022Al P—
& no Sh/Br) -
TLE2022AIDR ACTIVE solIC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022Al
& no Sh/Br) . .
TLE2022AIDRG4 ACTIVE solC D 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022Al —
& no Sh/Br) —
TLE2022AIP ACTIVE PDIP P 50 Pb-Free CU NIPDAU N/ A for Pkg Type TLE2022Al ——
(RoHS) —
TLE2022AMD ACTIVE soIC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 2022AM
& no Sb/Br) —
TLE2022AMDG4 ACTIVE solC D 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022AM ——
& no Sb/Br) —
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http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022A?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
©) Drawing Qty @ ® ® (@/5)
TLE2022AMDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 2022AM
& no Sh/Br) —
TLE2022AMDRG4 ACTIVE soIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022AM Samples
& no Sh/Br) —
TLE2022AMFKB ACTIVE Lccec FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samples
9088105Q2A s
TLE2022A
MFKB
TLE2022AMJGB ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 9088105QPA tmnles
TLE2022AM R
TLE2022BMFKB ACTIVE LCcC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962-
9088108Q2A s
TLE2022B
MFKB
TLE2022BMJGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type -55t0 125 9088108QPA
TLE2022BM R
TLE2022CD ACTIVE solC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022C amnles
& no Sh/Br) a—
TLE2022CDG4 ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022C = 1
samples
& no Sh/Br)
TLE2022CDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2022C
& no Sh/Br) —
TLE2022CDRG4 ACTIVE solc D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 2022C
& no Sh/Br) —
TLE2022CP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022CP Samples
(ROHS) —
TLE2022CPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022CP Samplas
(ROHS) —
TLE2022ID ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 2022l
Samples
& no Sh/Br)
TLE2022IDG4 ACTIVE solC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2022|
& no Sh/Br) . .
TLE2022IDR ACTIVE solIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2022l —
& no Sh/Br) —
TLE2022IDRG4 ACTIVE solC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40 to 85 2022l ——
& no Sh/Br) ———



http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022AM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022BM?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2022?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
©) Drawing Qty @ ® ® (@/5)
TLE2022IP ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022IP
(ROHS) —
TLE2022IPE4 ACTIVE PDIP P 8 50 Pb-Free CU NIPDAU N / A for Pkg Type TLE2022IP Samples
(RoHS) —
TLE2022MD ACTIVE solc D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 2022M Samples
& no Sb/Br) —
TLE2022MDG4 ACTIVE solIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022M
Samples
& no Sh/Br)
TLE2022MDR ACTIVE solIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 2022M P—
& no Sh/Br) . .
TLE2022MDRG4 ACTIVE solC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 2022M P—
& no Sh/Br) . .
TLE2022MFKB ACTIVE LccC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samnles
9088102M2A L
TLE2022MFKB
TLE2022MJG ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 TLE2022MJG P—
TLE2022MJGB ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type -55 to 125 9088102MPA
TLE2022M Sl
TLE2024ACDW ACTIVE solIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024AC P—
& no Sb/Br) —
TLE2024ACDWG4 ACTIVE solC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM 0to 70 TLE2024AC —
& no Sh/Br) —
TLE2024ACDWR ACTIVE SoIC DW 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024AC
& no Sh/Br) —
TLE2024ACN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type TLE2024ACN ——
(RoHS) —
TLE2024ACNE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type TLE2024ACN ——
(RoHS) —
TLE2024AIDW ACTIVE soIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40t0 85 TLE2024Al tmnles
& no Sh/Br) a—
TLE2024AIDWG4 ACTIVE soIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -40to 85 TLE2024Al
& no Sh/Br) i
TLE2024AIN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type TLE2024AIN Samplas
(ROHS) —
TLE2024AMFKB ACTIVE Lccc FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samnles
9088106Q2A Sl
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
&) Drawing Qty @ ® @ (4/5)
TLE2024A
MFKB
TLE2024AMJB ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type -55 to 125 5962-9088106QC
A 8 B
TLE2024AMJB
TLE2024BMDW ACTIVE solc DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 TLE2024BM Samplas
& no Sh/Br) —
TLE2024BMDWG4 ACTIVE solic DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024BM
& no Sb/Br) —
TLE2024BMDWR ACTIVE SoIC DW 16 2000  Green (RoHS CU NIPDAU Level-1-260C-UNLIM  -55 to 125 TLE2024BM
& no Sh/Br) —
TLE2024BMFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962- Samplas
9088109Q2A s
TLE2024
BMFKB
TLE2024BMJ ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type -55 to 125 TLE2024BMJ Samples
TLE2024BMJB ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type -55 to 125 5962-9088109QC —
A 5 o
TLE2024BMJB
TLE2024CDW ACTIVE soIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024C
& no Sh/Br) i
TLE2024CDWG4 ACTIVE SoIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024C
& no Sh/Br) i
TLE2024CDWR ACTIVE soIC DW 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024C Samples
& no Sh/Br) —
TLE2024CDWRG4 ACTIVE solIc DW 16 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024C Samples
& no Sb/Br) —
TLE2024CN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type TLE2024CN
(ROHS) —
TLE2024CNE4 ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N / A for Pkg Type TLE2024CN
(ROHS) —
TLE2024IDW ACTIVE SsoIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024l P—
& no Sh/Br) . -
TLE2024IDWG4 ACTIVE soIC DW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM TLE2024l —
& no Sh/Br) . -
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http://www.ti.com/product/TLE2024?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024?CMP=conv-poasamples#samplebuy
http://www.ti.com/product/TLE2024?CMP=conv-poasamples#samplebuy
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http://www.ti.com/product/TLE2024?CMP=conv-poasamples#samplebuy
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead/Ball Finish MSL Peak Temp Op Temp (°C) Device Marking Samples
@) Drawing Qty @ Q) ® @rs)
TLE2024IN ACTIVE PDIP N 14 25 Pb-Free CU NIPDAU N/ A for Pkg Type TLE2024IN m
(ROHS)
TLE2024MDW ACTIVE SoIC DwW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 TLE2024M ol
& no Sh/Br) P
TLE2024MDWG4 ACTIVE SoIC DwW 16 40 Green (RoHS CU NIPDAU Level-1-260C-UNLIM -55 to 125 TLE2024M B o
& no ShiBr) P
TLE2024MFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N / A for Pkg Type -55 to 125 5962-
9088103M2A L
TLE2024MFKB
TLE2024MJB ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type -55to 125 5962-9088103MC Samples
A
TLE2024MJB

@ 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. TI 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.

@ 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.

© | ead/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.
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Important Information and Disclaimer: The information provided on this page represents TlI'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.

OTHER QUALIFIED VERSIONS OF TLE2021, TLE2021A, TLE2021AM, TLE2021M, TLE2022, TLE2022A, TLE2022AM, TLE2022M, TLE2024, TLE2024A, TLE2024AM,
TLE2024B, TLE2024BM, TLE2024M :
o Catalog: TLE2021A, TLE2021, TLE2022A, TLE2022, TLE2024A, TLE2024B, TLE2024

o Automotive: TLE2021-Q1, TLE2021A-Q1, TLE2021A-Q1, TLE2021-Q1, TLE2022-Q1, TLE2022A-Q1, TLE2022A-Q1, TLE2022-Q1, TLE2024-Q1, TLE2024A-Q1, TLE2024A-Q1,

TLE2024-Q1

o Enhanced Product: TLE2021-EP, TLE2021A-EP, TLE2021A-EP, TLE2021-EP, TLE2022-EP, TLE2022A-EP, TLE2022A-EP, TLE2022-EP, TLE2024-EP, TLE2024A-EP, TLE2024A-
EP, TLE2024-EP

o Military: TLE2021M, TLE2021AM, TLE2022M, TLE2022AM, TLE2024M, TLE2024AM, TLE2024BM

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
o Enhanced Product - Supports Defense, Aerospace and Medical Applications

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
*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)
TLE2021ACDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLE2021ACDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2021AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2021CDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2021IDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022ACDR SoOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022AMDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022AMDRG4 SOIC D 8 2500 330.0 12.5 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022CDR SoOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLE2022CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2022MDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLE2024ACDWR SoIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1
TLE2024CDWR SOIC DW 16 2000 330.0 16.4 10.75 | 10.7 2.7 12.0 | 16.0 Q1

Pack Materials-Page 1



i3 Texas PACKAGE MATERIALS INFORMATION
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TAPE AND REEL BOX DIMENSIONS
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*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLE2021ACDR SoIC D 8 2500 367.0 367.0 38.0
TLE2021ACDR SOIC D 8 2500 340.5 338.1 20.6
TLE2021AIDR SoIC D 8 2500 340.5 338.1 20.6
TLE2021CDR SolIC D 8 2500 340.5 338.1 20.6
TLE2021IDR SoIC D 8 2500 340.5 338.1 20.6
TLE2022ACDR SOIC D 8 2500 340.5 338.1 20.6
TLE2022AIDR SoIC D 8 2500 340.5 338.1 20.6
TLE2022AMDR SolIC D 8 2500 367.0 367.0 38.0
TLE2022AMDRG4 SoIC D 8 2500 340.5 338.1 20.6
TLE2022CDR SOIC D 8 2500 367.0 367.0 38.0
TLE2022CDR SoIC D 8 2500 340.5 338.1 20.6
TLE2022IDR SolIC D 8 2500 340.5 338.1 20.6
TLE2022MDR SolIC D 8 2500 367.0 367.0 38.0
TLE2024ACDWR SOIC DW 16 2000 367.0 367.0 38.0
TLE2024CDWR SOIC DW 16 2000 367.0 367.0 38.0

Pack Materials-Page 2



GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040083-5/G
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JOO14A

PACKAGE OUTLINE
CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

12X

1

.100
[2.54]

PIN1ID
(OPTIONAL)

j{
-]

7

i
i
i
i
i

@ 4X .005 MIN

\ e ‘ﬂ\ g e

1
} 14 | — T
J‘ 14X .014-.026
} 14X .24155-.26655 [0.36-0.66]
[1.15-1.65] |9 [.010 [0.25][c[A[B]

754-.785

1 (9151994
ik
ik
} 8

AT GAGE PLANE

)
.—L 245-.283
—~ 2MAXTYP 13 MIN TYP
[6.22-7. 19] [5.08] 3.3]
SEATING PLANE
.308-.314
[7.83-7.97]

T .015 |GAGE PLANE

0°-15°
TYP

[0.38]

»\\—r 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

4. Index point is provided on cap for terminal identification only and on press ceramic glass frit seal only.

5. Falls within MIL-STD-1835 and GDIP1-T14.

INSTRUMENTS
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EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

e (300 ) TYP
SEE DETAIL A A~ [7.62]
1! \ H @ V14
/

/SEE DETAIL B

\
/

N4 | N
S ‘ —
- @ - O
12X (.100 ) \ ‘
[2.54] | i
& | ©
e -
— — - + —
14X (B .039) ‘
"o | ©
|
© . ©
|
© ) O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX ﬂ (.063)
0.05 [1.6]
ALIE AR(])UND I METAL (®.063)
SOLDER MASK [1.6]
L~ OPENING
\METAL JL
/ 002 MAX
(R.002 ) TYP el S A [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
13 TEXAS
INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO—G8)

PLASTIC SMALL QUTLINE

1A

Pin 1

\
I
Index Area m hj
4
0.050 ( <

1 [ \
|

v
Toowo

0.004 (

0.020 (0,51)
0.012 (0,31)

[ ]0.010 (0,25) @]

L 0.069 (1,75) Max

, []0.004 (0,10)

0.010 (0,25) // /A\
0.005 (0,15)1 , \
/ \ \
A
Gauge Plane D __i
S
0.050 (1,27) o
0.016 (0,40)

? Seating Plane

4040047-3/M 06 /11

NOTES: All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AA.

.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

w3 TExas
INSTRUMENTS
www.ti.com



LAND PATTERN DATA

PLASTIC SMALL OUTLINE

D (R—PDSO-G8)

Stencil Open)ings

Example
Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

Example
Solder Mask Opening
(See Note E)

ExampI?N?)?:rg)Layout (Note D
— =—8x0,55
—=— = 6x1,27
‘ ‘ ¢ — 61,27
ANEEEEN .1
|_||_||_||_|1 8”{50 uuur
5,40 5,40
e
‘1] [1.1] 1 1]
L L U uug

\ —»‘—0’07 ’
\ All Around /
\. /
N Y
- P
—~ .
4211283-2/E 08/12

All linear dimensions are in millimeters.

NOTES:
This drawing is subject to change without notice.

Customers should

A

B.

C. Publication IPC-7351 is recommended for alternate designs.
D

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

i3 TEXAS
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GENERIC PACKAGE VIEW
DW 16 SOIC - 2.65 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040000-2/H

13 TEXAS
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MECHANICAL DATA

MCEROO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00) '

Ao A

) 0.280 (7,11)
0.245 (6,22)

S

1 4
0.065 (1,65)
0.045 (1,14)

0.063 (1,60) 0.020 (0,51) MIN 0.310 (7,87)
0.015 (0,38) » 0.290 (7,37)
0.200 (5,08) MAX
— ¢ Seating Plane

T 0.130 (3,30) MIN

0.023 (0,58) o150
AJLL770015(038) —> \4/ 0°-15
(0100 (2,59) | 0.014 (0,36)

0.008 (0,20)

4040107/C 08/96

A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8

{’} TeEXAS
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POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—IN—LINE PACKAGE

0.400 (10,16)
035 (9,02)
5
[ ™M ;
0.260 (8,60)
0.240 (6,10)
° ‘
=RSy=asy=psy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T /—\ 0.015 (0,38)
\ 0.200 (5,08) MAX —TGouge Plane
L Seating Plane
0.100 (2,54) L 0.430 (10,92) J
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E 04/2010
NQTES: A. Al linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.
C. Falls within JEDEC MS—001 variation BA.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—-IN—LINE PACKAGE
16 PINS SHOWN
< A ol PINS ™1 44 16 18 20
16 9
PP A P e e
0.745 | 0745 | 0.850 | 0.940
D) %ES?S)) ACMING 18,92y | (18,92) | (21,59) | (23,88)
A | ws-oor
T T T S T =T VARIATION | AA B8 AC AD
w J L 8
0.070 (1,78)
0025 (114 A
0.045 (1,14) .
—» rom(om A\ 0.020 (0,51) MIN %

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

\ ' TGouge Plane
4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

J 0.430 (10,92) MAX

r_——-\

0.021 (0,53)
0.015 (0,38)

[-4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.

@ Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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MECHANICAL DATA

FK (S—=CQCC—N*x*) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN

_ NO. OF A B
TERMINALS
Xk

MIN MAX MIN MAX

«©

- 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) |(9,09) | (7,80) | (9,09)

0.442 | 0.458 | 0.406 | 0.458

—_— ’ 281 (11,23) |(11,63) | (10,31) |(11,63)

22 8 | 0890 [ 0660 [ 0495 [ 0560

Ase | ! (16,26) |(16,76) | (12,58) |(14,22)
o, | 0740 0761 | 0495 | 0560

24 6 (18,78)(19,32) | (12,58) | (14,22)
0.938 | 0.962 | 0.850 | 0.858

25 5 68

N (23,83)|(24,43)| (21,6) | (21,8)
» 1141 | 1165 | 1.047 | 1.063
26 27 28 1 2 3 4 (28,99)((29,59) | (26.6) | (27,0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &
0.010 (0,25)
0,045 (1,14)
0.035 (0,89)
A Y

' , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004
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IMPORTANT NOTICE

Texas Instruments Incorporated (TI) reserves the right to make corrections, enhancements, improvements and other changes to its
semiconductor products and services per JESD46, latest issue, and to discontinue any product or service per JESDA48, latest issue. Buyers
should obtain the latest relevant information before placing orders and should verify that such information is current and complete.

TI's published terms of sale for semiconductor products (http://www.ti.com/sc/docs/stdterms.htm) apply to the sale of packaged integrated
circuit products that Tl has qualified and released to market. Additional terms may apply to the use or sale of other types of Tl products and
services.

Reproduction of significant portions of Tl information in Tl data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Tl is not responsible or liable for such reproduced
documentation. Information of third parties may be subject to additional restrictions. Resale of Tl products or services with statements
different from or beyond the parameters stated by Tl for that product or service voids all express and any implied warranties for the
associated TI product or service and is an unfair and deceptive business practice. Tl is not responsible or liable for any such statements.

Buyers and others who are developing systems that incorporate Tl products (collectively, “Designers”) understand and agree that Designers
remain responsible for using their independent analysis, evaluation and judgment in designing their applications and that Designers have
full and exclusive responsibility to assure the safety of Designers' applications and compliance of their applications (and of all Tl products
used in or for Designers’ applications) with all applicable regulations, laws and other applicable requirements. Designer represents that, with
respect to their applications, Designer has all the necessary expertise to create and implement safeguards that (1) anticipate dangerous
consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that might cause harm and
take appropriate actions. Designer agrees that prior to using or distributing any applications that include TI products, Designer will
thoroughly test such applications and the functionality of such Tl products as used in such applications.

TI's provision of technical, application or other design advice, quality characterization, reliability data or other services or information,
including, but not limited to, reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to
assist designers who are developing applications that incorporate Tl products; by downloading, accessing or using Tl Resources in any
way, Designer (individually or, if Designer is acting on behalf of a company, Designer’'s company) agrees to use any particular TI Resource
solely for this purpose and subject to the terms of this Notice.

TI's provision of Tl Resources does not expand or otherwise alter TI's applicable published warranties or warranty disclaimers for Tl
products, and no additional obligations or liabilities arise from TI providing such Tl Resources. Tl reserves the right to make corrections,
enhancements, improvements and other changes to its Tl Resources. Tl has not conducted any testing other than that specifically
described in the published documentation for a particular TI Resource.

Designer is authorized to use, copy and modify any individual Tl Resource only in connection with the development of applications that
include the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE
TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TlI Resources may require a license from a third party under the patents or other intellectual property of the
third party, or a license from Tl under the patents or other intellectual property of TI.

TI RESOURCES ARE PROVIDED “AS I1S” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS. TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY DESIGNER AGAINST ANY CLAIM,
INCLUDING BUT NOT LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF
PRODUCTS EVEN IF DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL Tl BE LIABLE FOR ANY ACTUAL,
DIRECT, SPECIAL, COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN
CONNECTION WITH OR ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER Tl HAS BEEN
ADVISED OF THE POSSIBILITY OF SUCH DAMAGES.

Unless Tl has explicitly designated an individual product as meeting the requirements of a particular industry standard (e.g., ISO/TS 16949
and ISO 26262), Tl is not responsible for any failure to meet such industry standard requirements.

Where TI specifically promotes products as facilitating functional safety or as compliant with industry functional safety standards, such
products are intended to help enable customers to design and create their own applications that meet applicable functional safety standards
and requirements. Using products in an application does not by itself establish any safety features in the application. Designers must
ensure compliance with safety-related requirements and standards applicable to their applications. Designer may not use any Tl products in
life-critical medical equipment unless authorized officers of the parties have executed a special contract specifically governing such use.
Life-critical medical equipment is medical equipment where failure of such equipment would cause serious bodily injury or death (e.qg., life
support, pacemakers, defibrillators, heart pumps, neurostimulators, and implantables). Such equipment includes, without limitation, all
medical devices identified by the U.S. Food and Drug Administration as Class Ill devices and equivalent classifications outside the U.S.

Tl may expressly designate certain products as completing a particular qualification (e.g., Q100, Military Grade, or Enhanced Product).
Designers agree that it has the necessary expertise to select the product with the appropriate qualification designation for their applications
and that proper product selection is at Designers’ own risk. Designers are solely responsible for compliance with all legal and regulatory
requirements in connection with such selection.

Designer will fully indemnify Tl and its representatives against any damages, costs, losses, and/or liabilities arising out of Designer’s non-
compliance with the terms and provisions of this Notice.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2017, Texas Instruments Incorporated


http://www.ti.com/sc/docs/stdterms.htm



