W 89b1724 008084b 7 WM TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uwPOWER OPERATIONAL AMPLIFIERS

D3371, NOVEMBER 1989

TEXAS INSTR (LIN/INTFQ) 25E D

NOTICE

available features SEE ORDER OF DATA FOR ERRATA INFORMATION 7—/77-/5"

e Excellent Output Drive Capability ... e Macromodel Included
Vo= t25VMinatR = 100, e Wide Operating Supply Voltage Range . ..
Vecx = £5V Voot = £35Vto+20V
Vo = £125V Minat R = 600 <, =T =" -
Veet = £15V e High Open-Loop Gain ... 280 V/mV Typ
e Low Supply Current ... 255 pA Typ e Low Offset Voitage ... 500 uV Max
e Decompensated for High Slew Rate and e Low Offset Voltage Drift with Time ...
Gain-Bandwidth Product ... 0.04 pV/mo Typ
Ayp = 5Min e Low Input Bias Current ... 5pA Typ

Slew Rate = 10 V/us Typ

Gain-Bandwidth Product = 6.5 MHz Typ MAXIMUM PEAK-TO-PEAK

. OUTPUT VOLTAGE SWING
description . vs

The TLE2161, TLE2161A, and TLE2161B are LOAD RESISTANCE
JFET-input, low-power, precision operational 10 =TT ]
amplifiers manufactured using Texas Instruments Vect = 5V i
Excalibur process. Decompensated for stability Ta = 25°C
with a minimum closed-loop gain of 5, these
devices combine outstanding output drive
capability with low power consumption, excellent
dc precision, and high gain-bandwidth product.

In addition to maintaining the traditional JFET
advantages of fast slew rates and low input bias
and offset currents, the Excalibur process offers
outstanding parametric stability over time and
temperature. This results in a device that
remains precise even with changes in tem-
perature and over years of use.

Vo(pp) — Output Voltage Swing - V

A variety of available options includes small- 10
outline packages and chip-carrier versions for
high-density system applications.

100 1k
RL — Load Resistance - Q

10 k

AVAILABLE OPTIONS

PACKAGE
TA Vio max SMALL- CHIP CERAMIC METAL PLASTIC
AT 25°C OUTLINE CARRIER DIP CAN DiP
(D) (FK) (JG) (L) P
0°C | 500 uV _ —_ TLE2161BCJG | TLE2161BCL | TLE2161BCP
to 1.5mV | TLE2161ACD e TLE2161ACJG | TLE2161ACL | TLE2161ACP
70°C 3mV | TLE2181CD — TLE2161CJG TLE2161CL TLE2161CP
—40°C | 500 uv _— — TLE2161BIJG TLE2161BIL TLE2161BIP
to 1.5mV | TLE2161AID _ TLE2161AIJG TLE2161AIL TLE2161AIP
85°C 3mV | TLE2161ID — TLE21611JG TLE2161IL TLE2161IP
—55°C | 500 pV _— _ TLE2161BMJG | TLE2161BML | TLE2161BMP
to 15mV | TLE2161AMD | TLE2161AMFK | TLE2161AMJG | TLE2161AML | TLE2161AMP
125°C 3mV [ TLE2161MD | TLE2161MFK TLE2161MJG TLE2161ML TLE2161MP

D packages are available taped-and-reeled. Add “R" suffix to device type (e.g., TLE2161ACDR).

PRODUCTION DATA documents contaln Informatfon
current as of publication date, Products conform to

Copyright © 1989, Texas Instruments Incorporated

TeEXAS #
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specifications per the terms of Texas instruments
standard warranty, Production rwcesslng does not
necessarlly include testing of all parameters.




TLE2161, TLE2161A, TLE21618 ™ B7bi724 D080SHT 7 W
EXCALIBUR JFET-INPUT HIGH OUTPUT-DRIVE T 0915

wPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC) 25E D

description (continued)

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

D, JG, OR P PACKAGE FK PACKAGE L PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
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equivalent schematic

)

IN+ (F

IN—E i
Qi Q3 ‘JQS —|o7

g .
:gj

Q43

ouT
200
R
100 Q
-———’ioe R3 Q42
2.4kQ a41
cl
i
16 pF " e
)Y
21 Q15 W
OFFSET N1 — :
OFFSET N2 Q12 ozs)——-
Rlg 4R4  SR2 RS Q22 R7
11ka3  $55kQ T11kn S60kQ 2 j600Q
Vee-

Alf component values are nominal.
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M 8961724 0080848 0 W TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
1POWER OPERATIONAL AMPLIFIERS
TE
XAS INSTR (LIN/INTFC) 25E D 7= 095

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

Supply voltage, VGG (888 NOtE 1) ..o .o 22V
SUPPIY VOIBGE, VG m  + « v v v v v v v v e v e e e v e e e et -22V
Differential input voltage (586 NOte 2) . . ... .. vuiuiiii t44 V
Input voltage range, V| (8ny iNPUL) . ... .o ooveinii e Veo+
Input current, 1) (BACK INPUE) . . . ..« ee e +1 mA
OULPUL GUITBNE, [0 « « v vt e et et e et et +80 mA
Total current into VG terMINal .. ..o v e 80 mA
Total current out of Voo—terminal. .. ...t e 80 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) . ........cocvvv v unlimited
Continuous total dissipation . . .. ......oivr e See Dissipation Rating Table
Operating free-air temperature range, Ta: M-suffix ... -55°C to 125°C

FSUFfIX oot e —-40°C to 85°C

C-SUMIX .« ot ie e 0°C to 70°C
Storage temperature range. . . .. ...vvvenee et s e —-65°C to 150°C
Case temperature for 60 seconds: FK package ..............oconeieiniiininnreeeees 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: DorPpackage ............... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or Lpackage .............. 300°C

NOTES: 1, All voltage values, except differential voltages, are with respect to the midpoint between Vees and Voo- -
2. Differential voltages are at the noninverting input with respect to the inverting input.
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 Tp £25°C DERATING FACTOR Tp =70°C Tp =85°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
FK 1376 mW 11.0 mW/°C 880 mW 715 mW 275 mW
JG 1050 mwW 8.4 mW/°C 672 mW 546 mW 210 mW
L 650 mW 5.2 mW/°C 416 mW 338 mW 130 mW
P 1000 mW 8.0 mW/°C 640 mW 520 mW 200 mwW

recommended operating conditions

M-SUFFIX I-SUFFIX C-SUFFIX
MIN MAX | MIN MAX | MIN max | UNIT
Supply voltage, Voo + +3.5 20 | £35 £20 | £35 *20 \
Voo = £5V | ~16 i =16 A -16 2
ﬁ:’;‘tr:z;’a';?slc Voos = £16V | =11 B -1 13 [ 11 13| v
Voot = £20V | - 16 165 | —15 165 | - 15 16.5
Operating free-air temperature, T - 55 125 | - 40 85 0 70 °C

TEXAS *? 3
INSTRUMENTS

POST OFFICE BOX 655303 * DALLAS, TEXAS 75265




M 89b1724 0080849 2 W
TLE2161M, TLE2161AM, TLE2161BM

K TEXAS INSTR (LIN/INTFC) 25E D
electrical characteristics at specified free-air temperature, Vg + = £5V
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
25°C 0.8 3.1
TLE2161M Full range 6
25°C 0.6 2.6 mv
Vio Input offset voltage TLE2161AM Full range 26
25°C 0.5 1.9
TLE2161BM v 0 A 500 Full range 3.1
oyio Temperature coefficient of input offset voltage Ic =% S = Full range 6 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
25°C 1 pA
o Input offset current Full range 15 A
_ 25°C 3 pA
B Input bias current Full range 30 A
-1.6 -2
25°C to to \Y
4 6
Vicrk Common-mode input voltage range 16
Full range to \
4
R 10%Q 25°C 3.5 3.7
L= Full range 3
Maximum positive peak FK, JG, and 25°C 2.5 3.6
V R = 600 Q v
OM+ Gutput voltage swing L packages | - Full range 2
DandP R 1009 25°C 2.5 3.1
packages L= Full range 2
25°C -37 -39
AL =10k Full range -3
Maximum negative peak FK, JG, and 25°C -25 -35
VoM- R = 600Q \)
oM output voltage swing L packages L Full range -2
Dand P R = 1000 25°C -25 -27
packages L= Full range| -2
25°C 15 80
Vo = £28YV, RL = 10kQ Full range 5
Vv 0to25V Ry = 600 Q 25°C ! 65
FK,JG,and | 'O = 105°Y L= Full range 0.5
Large-signal differential L. packages 25°C 1 16
Vo =0to-25V, R = 600Q VimV
Avo voltage amplification o ° L Full range 0.5
25°C 0.756 45
DandP Vo=0t2V. R =100 ey ™05
packages 25°C 0.75 3
Vo=0to-2V, R_ = 100Q Full range 05

TFull range is — 65°C to 126°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 Tp = 26°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

4 TexAas ‘{'P
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W a9k1724 0080850 9 W TLE2161M, TLE2161AM, TLE2161BM

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 25E D 7— 77 /5—
{ electrical characteristics at specified free-air temperature, Vog + = £5V
(unless otherwise noted) (continued)
PARAMETER TEST CONDITIONS Tat MIN  TYP MAX | UNIT
f [nput resistance 25°C 1012 Q
0j Input capacitance 25°C 4 pF
Zg Open-loop output impedance lo=0 25°C 560 Q
25°C 65 82
- jection rati Vic = VicR min, =50Q
CMRR Common-mode rejection ratio Ic JCR min Rg 0 Full range a0 dB
- , Voot = £5Vito£20V, 25°C 75 93
ksyr Supply-voltage rejection ratio (AVGG +/ AViQ) Rg = 50Q Full range 65 dB
25°C 255 310
lcc.  Supply current Full range 330 pA
Vo =0, No load
Supply current change over
Full range 39 LA
operating temperature range
Full range is — 55°C to 125°C
operating characteristics, Voc+ = +5V, Tp = 25°C
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate (see Figure 1) Ayp = 5, Ry = 10kQ, Cp = 100pF 10 Vius
, \ ’ Rg = 100Q, f = 10Hz 59
Vn Equivalent input noise voltage (see Figure 2) Re = 1000, 1= 1Kz 23 nVAHz
VN(PP) Peak-to-peak equivalent input noise voltage f = 0.1Hzto 10 Hz 1.1 uv
In Equivalent input noise current f = 1kHz 1 {ANHz
. Ayp = 5, Voppp) = 2V .
% THD  Total harmonic distortion f=10kHz, R = 10kQ 0.025%
. . . f = 100kHz, R_ = 10kQ, C{ = 100 pF 5.8
Gain-band
ain-bandwidth product (see Figure 3) f100kHz, R, = 6000, C = 100 pF 23 MHz
. e = 01% 5
Settling time T 001% 0 us
Boy  Maximum output-swing bandwidth Ayp = 5, Ry = 10kQ 420 kHz
, _ Ayp = 5, RL = 10kQ, C = 100pF 70°
ém Phase margin (see Figure 3) AVD = 5, AL = 6000, CL = 100pF B4

TeExas "-’P 5
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TLE2161M, TLE2161AM, TLE2161BM ™ 87k1vai 0080851 O WM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T~ 79—y
wPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 25E D
electrical characteristics at specified free-air temperature, Vo + = £ 15V (unless otherwise noted)
PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
TLE2161M 25°C 9.6 3
Full range 6
Input offset volt TLE2161AM 25°C 9.5 1.5 mV
Vio nput offset vollage Full range 3.6
25°C 0.3 0.5
TLE2161BM
Vie = 0 Re = 509 Full range 1.7
ayjo Temperature cosfficient of input offset voltage Ic =" §= Full range 6 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
lo  Input offset current 25°C 2 pA
10 Aput offset curren Full range 20 nA
g Inputbi t 25°C 4 pA
1B nput bias curren Full range 40 nA
| -1 -12
‘ 25°C to to V'
. 13 16
VicrR Common-made input voltage range Y
Full range to \
13
25°C . 13.
R, = 10ka 132 13.7
. i . Full range| 12.5
Vom+ Maximum positive peak output voltage swing 25°C 125 132 v
AL - 6000 Full range 12
RL = 10k 25°C -13.2 -137
\ . . Full range| — 12.5
VoM~ Maximum negative peak output voltage swing 25C |—125 —13 \
| ) AL = 6000 Fullrange| -12
| 25°C 30 230
= % \ = 1
Vo = 10V RL 0 ke Full range 20
25°C 25 100
- . . I - - v
Ayp Large-signal differential voltage amplification Vo=0to8Y, RL = 600Q Full range 7 mV
25°C 3 25
Vo=0to-8Y, Ry = 600Q Full range 3
i Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zy Open-loop output impedance lp=0 25°C 560 Q
CMRR Common-mode rejection ratio Vic = Vicgmin, Rg = 50Q 25°C 72 %0 dB
) IC = YicRm™. 1§ = Fulirange| 65
o ] Vog+ = £5Vitox15V, 25°C 75 93
KsyR Supply-voltage rejection ratio (AVge +/ AV|O) Rg = 50 Q Full range o5 dB
25°C 265 320
|
cGc  Supply current Full range 20| M
Supply current change over Vo =0 No load
Full range 46 RA

operating temperature range

tFull 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 T = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

R roter}
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TEXAS INSTR (LIN/INTFQ) 2S5E D WM 8951724 0080852 2 WM
TLE2161M, TLE2161AM, TLE2161BM

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

7= 79 -45

( operating characteristics at specified free-air temperature, Veet = £15V
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
25°C 7 10
i A = 5, Ry = 10kQ, C_ =1 F
SR Slew rate (see Figure 1) vp = 5 L 0 L 00 p Full range 5 Vips
| Equivalent input noise voltage Rg = 100Q, f = 10Hz 70 G
\ O, H
i Vn (see Figure 2) Rg = 1000, f = 1kHz 25°C 40 nviHz
| Peak-to-peak equivalent input
= 0.1H H ©
i VN(pp) noise voltage f = 0.1 Hzto 10 Hz 25°C 1.1 uv
| In Equivalent input noise current f = 1kHz 25°C 1.4 tA/VHz
T Ayp = 5. Vo(pp) = 2V
D rt ° .0259
‘ TH Total harmonic distortion f = 10kHz, R = 10kQ 25°C 0.025%
Gain-bandwidth product f = 100kHz, R_ = 10kQ, C; = 100pF 259G 6.4 MHz
(see Figure 3) f = 100kHz, Ry = 600Q, Ci = 100pF 5.6
iy e = 0.1% . 5
Settling time = = 0.01% 25°C 70 us
Maximum output-swing
= 5, Ry = kQ )
BOM  pangwidth Ayp =5 L =10 25°C 116 kHz
. ) Ayp = 5, R = 10kQ, Ci = 100 pF o 72°
®m Phase margin (see Figure 3) AV < 5, R, = 500%, CL = 100pF 25°C 750

tFulf range Is — 55°C to 125°C

o

TeEXAS '{'f
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TEXAS INSTR (LIN/INTFC) 256 D W 8951724 0030853 4 WM 7= 79—/5
TLE2161M, TLE2161AM, TLE2161BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
nwPOWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Voo + = £20V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tal MIN TYP MAX [ UNIT
25°C 0.6 3
TLE2161M Full range 6
25°C 0.6 1.6
Vio Input offset voltage TLE2161AM Full range 36 mvV
25°C 0.3 0.5
TLE2161BM Full range 1.7
ayjo Temperature coefficient of input offset voltage Vic = @ Rs = 500 Fuli range 6 uv/eC
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uV/mo
25°C 3 pA
o Input offset current Full range 20 oA
. 25°C 5 pA
B Input bias current Full range 20 A
-15 -17
25°C to to \Y
! 16.5 21
VicrR Common-mode input voltage range 15
Full range to \)
16.5
25°C 18.2 18.7
R = 10ka Full ran 17.5
. ge .
VoMs+ Maximum positive peak output voltage swing 25°C 5 184 v
RL = 6000 Full range 12
25°C | -18.2 -18.
RL = 10ka Full range | — 132 >
VoM~ Maximum negative peak output voltage swing 555G 15 —18 v
RL = 600C Full range| -12
25°C 30 280
Vo = £15V, RL = 10ka =5y range 20
Ayp Large-signal differential voltage amplification Vo=0to 10V, R = 600 Q Fuﬁf:acrige fg 80 VimV
25°C 3 20
Vo=0to—-10V, R_ =600Q Full rango ”
f Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zg Open-loop output impedance lo=0 25°C 560 Q
CMRR Common-mode rejection ratio Vic = Vicrmin, Rg = 50Q 25°C s 91 dB
Full range 65
ksvR Supply-voltage rejection ratio (AVee + / AViQ) ;:C=i5; ;5 Vio£20V, Fuﬁsraige ;: 93 ds
25°C 270 330
lcc  Supply current Full range 350 LA
Supply current change over Vo = 0. No load
Algo Full range 50 pA

operating temperature range

TFull 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 testat T 5 = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TEXAS INSTR (LIN/INTFCQ)

25E D

B 59L1724 0080854 L WM

TLE2161M, TLE2161AM, TLE2161BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

operating characteristics, Vog+ = £20V, Tp = 25°C ‘ ?
PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
SR Slew rate (see Figure 1) Ayp = 5, RL = 10kQ, C = 100pF 10 Vips
) ) , , Rg = 100Q, f = 10Hz 75
Vn Equwalent input noise voltage (see Figure 2) Re = 1000, 1 = Tknz 20 nviHz
Vn(pp) Peak-to-peak equivalent input noise voltage | f = 0.1 Hzto 10 Hz 1.1 uv
In Equivalent input noise current f = 1kHz 1.3 fANHz
o distarti Ayp = 6. Vopp) = 2V o
THD  Total harmonic distortion f = 10kHz, R = 10kQ 0.025%
, , . f = 100kHz, R = 10kQ, Cp = 100pF 6.5
-bi h
Gain-bandwidth product (see Figure 3) f = 100 kHz, Ry = 6009, C_ = 100 pF 5.7 MHz
e = 0.1% 5
Setli
ettling time c - 0.01% 10 us
Bom  Maximum output-swing bandwidth Ayp = 5, BRL = 10kQ 85 kHz
. . Ayp = 5, R = 10kQ, C_ = 100pF 72°
Ph r F
dm ase margin (see Figure 3) Avp = 5, RL - 600, CL = 100 pF 780

TEXAS {'P
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TEXAS INSTR (LIN/INTFC) 25 D WM 891724 0080855 & m  T=79-/5
TLE21611, TLE2161Al, TLE2161BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

L
electrical characteristics at specified free-air temperature, Vo + = £ 5V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA"' MIN TYP MAX | UNIT
25°C 0.8 3.1
TLE2161] Full range 4.4
) 25°C 0.6 2.6
Vio Input offset voltage TLE2161Al Full rangs 3.9 mv
25°C . 1.9
TLE21618I 0.5
Full range 2.7
— Vic = 0, Rg = 50Q "
oyjo Temperature coefficient of input offset voltage Full range 6 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 pvV/mo
| | et 25°C 1 pA
10 nput offset current Full range > A
| | bi 25°C 3 pA
B nput bias current Full range 2 A
-16 -2
25°C to to \
. 4 <]
Vicr Common-mode input voltage range 16
Full range to \
4
25°C 3.5 3.7
RL = 10kQ
\ - ] Full range 3.1
VoMms+ Maximum positive peak output voltage swing 25°C 25 31 \"
AL = 1000 Full range 2
25°C -37 -39
RL = 10ke Full range| - 3.1
VoM~ Maximum negative peak output voltage swing 250 — 2' ra—Y v
RL = 1000 Fullrange| -2
25°C 15 80
Vo = £2.8V, RL = 10kQ Full range 2
. . . I 25°C 0.75 45
Ayp Large-signal differential voltage amplification Vo=0to2V, RL = 100Q Full range 05 V/imV
25°C 0.75 3
Vo=0to-2V, R -1000 Full range 0.5
1 tnput resistance 25°C 1012 Q
Gj Input capacitance 25°C 4 pF
Zo Open-loop output impedance lo=0 25°C 560 Q
25°C 65 82
| i i i V = i =
CMRR Common-mode rejection ratio Ic = Vicgrmin, Rg = 50Q Full range o5 dB
o Voct = £5V10£20V, 25°C 75 93
ksyR Supply-voltage rejection ratio {AVge +/ AV|O) Rg = 50 Q Full range 65 dB
I Sunol t 25°C 255 310 A
cC upply curren Full range 325 | ¥
Supply current change over Vo =0 No load
pp y Full range 29 pA
operating temperature range

tFull 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 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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TEXAS INSTR (LIN/INTFQ) 25E D WH 849bLbl724 00808656 T W
TLE2161l, TLE2161Al, TLE2161BI

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

_
operating characteristics at specified free-air temperature, Voc+ = £5V /= /73 /5
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
25°C 7 10
i A = 5, =1 , =
SR Slew rate (see Figure 1) vD = 5 Ri 0kQ, C_ = 100pF Full range 5 Vius
Equivalent input noise voltage Rg = 100Q, f = 10Hz . 59 100
Yn (see Figure 2) Rg = 1009, f = 1kHz 25°C @ e | Ve
Peak-to-peak equivalent input
= 01H ° .
VN(PP) noise voltage f =0.1Hzto 10 Hz 25°C 1.1 uv
In Equivalent input noise current f = 1kHz 25°C 1 fANHz
: . Ayp =5 Vopp) = 2V . o
THD Total harmonic distortion f = 10kHz, Ry = 10k 25°C 0.025%
Gain-bandwidth_product f = 100kHz, R_ = 10kQ, C| = 100pF 25C 5.8 MHz
(see Figure 3) f = 100kHz, R_ = 100Q, C_ = 100pF 4.3
s e = 01% o 5
Seftling time = = 0.01% 25°C 0 us
Maximum output-swing
B = = o
OM  pandwidth Ayp = 5, RL = 10kQ 25°C 420 kHz
i Ayp = 5, R, = 10kQ, Cp = 100 pF 70°
F 0,
dm Phase margin (see Figure 3) Avp = 5, AL = 1000, CL = 100 pF 25°C 84°
TFull range is — 40°C to 85°C
L
I

INSTRUMENTS
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TEXAS INSTR (LIN/INTFC) 25€ D WM 49kl724 0080857 1 wm /- 79-/5

TLE21611, TLE2161Al, TLE2161BI

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

1wPOWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vo + = 15 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT
| TLE2161] 25°C 08 3
Full range 4.3
v Input offset volt TLE2161Al 25°C 05 131 nv
1o nput ofiset vollage Full range 2.9
TLE2161BI 250 03 05 ‘
Vie = 0 Re = 500 Full range 1.3 ;
ayio Temperature coefficient of input offset voltage Ic =% S= Full range 6 uv/°C |
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
25°C 2 pA
flo  Input offset current Full range 3 rA
1 Input bias ¢ t 25°C 2 pA
1B nput blas curren Full range 5| nA
=11 -12
25°C to to \
. 13 16
VicR Common-mode input voltage range N
Full range to \
13
° 2 13.7
RL = 10kQ 25°C 13
. e . Full range 13
Vom+ Maximum positive peak output voltage swing 25°C 25 132 \'
AL = 6000 Full range 12
25° -13.2 -137
RL = 10kQ 5°C 3 8
. i ! Full range| -13
VoM~ Maximum negative peak output voltage swing 55°C =125 =13 \'
R = 600Q Full range| -12
25°C 30 230
=+ =
Vo = £10V, RL = 10k Full range 20
25°C 25 100
A i . . I - -
vD Large-signal differential voitage amplification Vo=0t8V, R_ =600 Q Full range 0 VimV
25°C 3 25
Vo=0to-8V, R =6000Q Full range 3
M Input resistance 25°C 1012 Q
Ci Input capacitance 25°C 4 pF
Zo Open-loop output impedance o =0 25°C 560 Q
25°C 72 90
CMRR C - jecti i Vic = Vicrmin, Rg = 50Q
ommon-mode rejection ratio Ic ICR S Full range o5 dB
. _ Voot = £5Vtox 15V, 25°C 75 93
k Supply- \Y
SVR Supply-voltage rejection ratio (AVgg +/ AV|Q) Rg = 50 Q Full range 5 dB
25°C 265 320
I S
ce Supply current Full range 335 kA
Vo =0, No load
Supply current change over
\ Full range 34 pA
operating temperature range

TFult 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 Tp = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TEXAS INSTR (LIN/INTFC) 25¢ D WM 89L1724 0080858 3 W
TLE21611, TLE2161Al, TLE2161BI

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

wPOWER OPERATIONAL AMPLIFIERS

T=79-/5

operating characteristics at specified free-air temperature, Vcc+ = £15V

PARAMETER TEST CONDITIONS TAt MIN TYP MAX | UNIT
. 25°C 7 10
SR Slew rate (see Figure 1) Ayp =5, RL = 10kQ, Cy = 100pF Full rango 5 Vips
| Equlvalent input noise voltage Rg = 100Q, f = 10Hz 70 100
‘ 25° \/_
| Y (sae Figure 2) Rg = 1000, f = 1kHz 5°C P R
Peak-to-peak equivalent input
\Y/ f=01Hzto10H 25°C 1.1 \
| N(PP) noise voltage 210 10 Rz s
} In Equivalent input noise current f = 1kHz 25°C 1.1 tANHz
; Ayp = 5. Vo) = 2V o o
THD Total harmonic distortion f = 10kHz, R = 10kQ 25°C 0.025%
Gain-bandwidth product f = 100kHz, R = 10kQ, C| = 100pF 05°C 6.4 MHz
(see Figure 3) f = 100kHz, Ry = 600Q, C = 100pF 5.6
e = 01% 5
ling ti o
Settling time e = 0.01% 25°C 0 us
Maximum output-swing .
BOM  pandwicth Ayp = 5, RL = 10kQ 25°C 116 kHz
, ) Ayp = 5, RL = 10kQ, C| = 100pF 72°
Phase margin (see Figure 3 25°C
fm ase margin (see Figure 3) [0 5 R - 600, G, = 100 pF 78°

TFull range is ~ 40°C to 85°C
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TEXAS INSTR (LIN/INTFC)

25 D

TLE21611, TLE2161Al, TLE2161BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uwPOWER OPERATIONAL AMPLIFIERS

B 4961724 00804859 5

T=79 /5

.

electrical characteristics at specified free-air temperature, Vo + = 20 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
25°C 0.6 3
TLE2161l Full range 4.3
v | p I 25°C 06 1.6 mv
10 nput offset voltage TLE2161Al Full range 2.9
25°C 0.3 0.5
TLE21618I y 0 A 500 Fuli range 1.3
ocvjo Temperature coefficient of input offset voltage Ic =" S = Full range 6 uv/°C
Input offset voitage long-term drift (see Note 4) 25°C 0.04 uv/mo
| l o 25°C 3 pA
(o) nput offset current Full range 3 nA
| ' | b ) 25°C 5 pA
iB nput bias current Full range 5 A
-15 -17
25°C to to \
) 16.5 21
VicrR Common-mode input voltage range ~15
Full range to \Y
16.5
25°C 18.2 18.7
RL = 10kQ
. " . Full range 18
VoM Maximum positive peak output voltage swing 55°C 15 18.1 v
R = 6000 Full range 12
25°C -18.2 -18.7
R = 10k Fuli range| —-18
Voum- Maximum negative peak output voltage swing 55°C 15 —18 v
Rl = 6000 Full range] -12
25°C 30 280
Vo = £15V, RL =10k = range 20
A L ignal differential volt lificati \Y Oto10V RL = 600Q 25°C 25 80 VimV
vD Large-signal differential voltage amplification o=0to , L= Full range 10
25°C 3 20
Vo=0to-10V, R_ =600Q Full rango y
f Input resistance 25°C 1012 Q
i Input capacitance 25°C 4 pF
Zg Open-loop output impedance g =0 25°C 560 Q
L . \ 25°C 75 91
CMRR Common-mode rejection ratio Vic = Vicermin, Rg = 50Q Full range o5 dB
o . Voot = £5Vto+20V, 25°C 75 93
ksyR Supply-voltage rejection ratio (AVee +/ AV|Q) Rg = 50 Q Full range 65 ds
25°C 270 330
Icc  Supply current Full range a5 | M
Supply current change over Vo =0 No foad
PP Y g Full range 36 HA
operating temperature range

tFull range is — 40°C to 85°C
NOTE 4: Typlcal values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TEXAS INSTR (LIN/INTFC) 25£ D WM 89b1724 00808L0 1 WM
TLE21611, TLE2161Al, TLE2161BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

i , - , /= 79-/5
operating characteristics at specified free-air temperature, Vog+ = 20V
PARAMETER TEST CONDITIONS TA' MIN TYP MAX | UNIT
25°C 7
SR Slew rate (see Figure 1) Ayp = 5. RL = 10kQ, C_ = 100pF Fullfange 5 10 Vius
Equivalent input noise voltage Rg = 100Q, f = 10Hz 25°C 75 100
Vn (see Figure 2) , Rg = 100Q, f = 1kHz 20 a0 "V/Hz
Peak-to-peak equivalent input o
f=0. 10H 25°C _
VN(PP) noise voltage 0.1 Hzto 10 Hz 1.1 uv
I Equivalent input noise current | f = 1 kHz 25°C 1.3 fANHz
e Ayp =5, Vopp) =2V 25°C 0
THD Total harmonic distortion f=10kHz, R = 10kQ 0.025%
| Gain-bandwidth product f = 100kHz, R = 10kQ, C_ = 100 pF o 6.5
| L L 25°C MHz
| (see Figure 3) f = 100kHz, R_ = 600Q, C_ = 100 pF 5.7
| e =01% 5
| ing fi 25°C
‘ Settling time TT001% o us
Maximum output-swing
= = 25°C
Bom bandwidth Ayp = 5, RL 10 kQ 85 kHz
. Ayp = 5, RL = 10kQ, C_ = 100 pF o 72°
El 25°C
fm Phase margin (see Figure 3) AVD = 5. RL = 600Q, C_ = 100 pF 78°

tFull range is — 40°C to 85°C
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TEXAS INSTR (LIN/INTFC) 25 D WE 8961724 00808L1 3 M ]— 79-/%"
TLE2161C, TLE2161AC, TLE2161BC
S - N AR
electrical characteristics at specified free-air temperature, Voc + = 5 V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA'r MIN TYP MAX | UNIT
25°C 0.8 3.1
TLE2161C Full range 4
25°C 0.6 2.6
Vio [nput offset voltage TLE2161AC Full range 35 mv
25°C . .
TLE2161BC 0.8 1.9
y 0 Ae = 500 Full range 2.4
oyio Temperature coefficlent of input offset voltage Ic =" S = Fuli range 6 uv/eC
Input offset voltage long-term drift (see Note 4) 25°C 0.04 RrV/mo
| l st i 25°C 1 pA
10 nput offset curren Full range 08 | nA
[ ot bi 25°C 3 pA
B nput bias current Full range > T A
-1.6 -2
25°C to to v
) 4 6
Vicr Common-mode input voltage range 16
Full range to v
4
25°C 5 3.7
RL = 10kQ 3
. . . Full range 3.3
VoMs+ Maximum positive peak output voltage swing 25°C 25 3 v
RL = 1000 Full range 2
25°C -37 -39
RL = 10ke Full range| - 2 3
VoM- Maximum negative peak output voltage swing 25°C — 2' T ' -
R = 1000 Full range| -2
25°C 15 80
Vo = £28V, AL = 10ka Full range 2
. . e 25°C 0.75 45
Ayp large-signal differential voitage amplification Vo=0to2V, RL = 100 Q Full range 05 V/imV
25°C 0.75 3
Vo=0t-2V, R =1000 Full range 0.5
f Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zq Open-loop output impedance =0 25°C 560 Q
CMRR C de rejecti ti Vic =V min, Rg = 50Q 25°C 65 82 dB
ommon-mode rejection ratio Ic = Vicrmin, Rg = Full range 65
o Vogs = £5Vt0£20V, 25°C 75 93
ksyr Supply-voltage rejection ratio (AVge +/ AV|Q) R = 502 Full range 75 dB
25°C 256 310
lcc  Supply current Full range 320 pA
Supply current change over Vo=0 No foad
Alcc P py' Full range 29 HA
operating temperature range
tFull 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 Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
T {IF
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TEXAS INSTR (LIN/INTFC) 25€ DWW 8961724 00808k2 5 WM
TLE2161C, TLE2161AC, TLE2161BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
WPOWER OPERATIONAL AMPLIFIERS

y 7= 979-15

! operating characteristics at specified free-air temperature, Vocc+ = +5V
PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT
) 25°C 7 10
SR Slew rate (see Figure 1) Ayp = 5. RL = 10kQ, Ci = 100pF Full rango 5 Vips
Equivalent input noise voltage Rg = 100Q, f = 10Hz 59 100
° VNHz
Vn (see Figure 2) Rg = 1000, f = 1kHz 25°C 43 60 | ¢
Peak-to-peak equivalent input
= 0. H ° .
VN(PP) noise voltage f = 0.1 Hzto 10 Hz 25°C 1.1 uv
In Equivalent input noise current | f = 1kHz 25°C 1 tANHz
i< distortl Ayp =5  Vopp) = 2V o "
THD Total harmonic distortion f=10kHz, Ry = 10kQ 25°C 0.025%
Gain-bandwidth product f = 100kHz, R = 10kQ, C| = 100pF 250 5.8 MHz
(see Figure 3) f = 100kHz, R = 100Q, C| = 100pF 4.3
e = 01% 5
ling ti o
Settling time e = 0.01% 25°C 0 us

Maximum output-swing

B = 5, =1 ° 42 kH
OM bandwidth Ayp = 5 RL 0 kQ 25°C 0 z
. I Ayp = 5, RL = 10kQ, Cp = 100 pF 70°
Phase F 25°
®m ase margin (see Figure 3) Avp = 5, RL = 1000, CL = 100 pF Cc a0

TFull range is 0°C to 70°C
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TEXAS INSTR (LIN/INTFC) 25E D W 89bl724 0080863 7 W T_ 79_ /4~
TLE2161C, TLE2161AC, TLE2161BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pwPOWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Vog + = 15V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT
TLE2161C 25°C 06 3
Full range 3.9
Input off It TLE2161AC 250 05 131 v
Vio nput offset voltage Full range 25
25°C 0.3 0.5
TLE2161BC
Full range 1
- - Vic =0, Rg = 50Q -
ayjo Temperature coefficient of input offset voltage Full range 6 uv/°eG
Input offset voltage long-term drift (see Note 4) 25°C 0.04 pv/mo
I Input offset t 25°C 2 pA
Te) nput offset curren Full range ] oA
25°C 4 pA
B Input bias current Full range 3| A
-11 -12
25°C to to \
. 13 16
VicrR Common-mode input voltage range 1
Full range to Vv
13

25°C 132 13.7

RL = 10kQ
. . . Full range 13
VoM+ Maximum positive peak output voltage swing 25°C 25 132 \Y
RL = 6000 Fuli range 12
25° -132 -137
AL = 10kQ 5°C 2 3
i i . Full range] -13
VoMm- Maximum negative peak output voltage swing 25°C 25 —13 \
RL = 6000 Fullrange| -12
25°C 30 230
= \ = 1
Vo = 10V AL 0kt2 Full range 20
. . . - 25°C 25 100
Ayp Large-signal differential voltage amplification Vo=0to8YV, R =600Q Full range 10 VimV
25°C 3 25
Vo=0to-8V, Rg =600Q Full range 3
1 input resistance 25°C 1012 Q
c Input capacitance 25°C 4 pF
2 Open-loop output Impedance lo=0 25°C 560 Q
CMRR Common-mode rejection ratio Vic = Vjcrmin, Rg = 50Q 25°C 2 %o dB
) IC = YicRM. TS = Full range| 70
Voot = 25Vitox15V, 25°C 75 93
K § .
SVR  Supply-voltage rejection ratio (AVge +/ AV|O) Rg = 50 Q Full range 75 dB
25°C 265 320
|
CC  Supply current Full range 330 nA
Supply current change over Vo = 0. No load
Alcc Full range 34 uA

operating temperature range

tFull range s 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 T4 = 150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TEXAS INSTR (LIN/INTFC) 25E D WM 89L1724 00808k4 9 W
TLE2161C, TLE2161AC, TLE2161BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

77915

{ operating characteristics at specified free-air temperature, Vocc+ = £15V
PARAMETER TEST CONDITIONS TA‘r MIN TYP MAX | UNIT
25°C 7 10
i = 5, R = 10kQ, C| =
SR Slew rate (see Figure 1) Ayp =5 L L = 100 pF Full range 5 Vius
\
Equivalent input noise voltage Rg = 100Q, f = 10Hz 70 100
o VAHz
| Y (see Figure 2) Rg = 100Q, f = 1kHz 25°c I
Peak-to-peak equivalent input
= 0. 1 ° A
VN(pp) noise voltage f = 0.1Hzto 10 Hz 25°C 1 uv
In Equivalent input noise current f = 1kHz 25°C 1.1 fANHzZ
; Ayp =5 Vopp) = 2V o 5
THD  Total harmonic distortion f = 10kHz, Ry = 10kQ 25°C 0.025%
Gain-bandwidth product f = 100kHz, R = 10kQ, C = 100pF 25°C 6.4 MHz
(see Figure 3) f = 100kHz, R = 600Q, C_ = 100pF : 5.6
ey e =01% s 5
Settling time T 001% 25°C o us
Maximum output-swing
= y = ©; 11
BoM  bandwith Ayp =5  R_ = 10kQ 25°C 6 kHz
) , Ayp = 5  R_ = 10kQ, C_ = 100 pF 72°
F 0,
m Phase margin (see Figure 3) AVD = 5. RL = 6000, C_ = 100 pF 25°C 780

tFull range Is 0°C to 70°C
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TEXAS INSTR (LIN/INTFC) 25€ D N 8951724 00808kS 0 W TL Hg. /5~
TLE2161C, TLE2161AC, TLE2161BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
WPOWER OPERATIONAL AMPLIFIERS

electrical characteristics at specified free-air temperature, Voo + = £20 V (unless otherwise noted)

PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
25°C 0.6 3
TLE2161C Full range 3.9
25°C 0.6 1.6
Vio  Input offset voltage TLE2161AC Full range 55 mvV
25°C 0.3 0.5
TLE2161BC Full range ]
oyvio Temperature coefficient of input offset voltage Vic = 0. Rs = S0Q Full range 6 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 UV/mo
25°C 3 pA
o Input offset current Full range y A
. 25°C 5 pA
s Input bias current Full range 3T A
~-15 =17
25°C to to \
. 16.5 21
VicrR Common-mode input voltage range Y
Full range to \
16.5
25°C . 18.7
R = 10k Full range 1812 >
VoMm+ Maximum positive peak output voltage swing 25°C 5 181 v
RL = 6000 Fullrange| 12
25°C -18.2 -18.7
AL = 10ka Full range —818
VoM~ Maximum negative peak output voltage swing 25°C 15 _18 v
AL = 6000 Full range| -12
25°C 30 280
Vo = 15V, R = 10k Full range 20
Ayp Large-signal differential voltage amplification Vo=0t10V RL = 600 Q 25°C 25 80 V/imV
’ Full range 10
Vo=0to-10V, R_ = 600Q Fuﬁsraige ? 20
fi Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zg Open-loop output impedance lo=0 25°C 560 Q
CMRR Cammon-mode rejection ratio Vic = Vicemin, Rg = 50Q 25°C LE o ds
Full range 70
ksyR Supply-voltage rejection ratio (AVeg 4/ AViQ) ;gi%; ;5 Viox20V. Fuﬁsraige ;2 % ds
lcc  Supply current Fuﬁsraige 270 gig RA
Supply current change over Vo=o No load
Alg Full range 18 HA

operating temperature range

tFull 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 Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TEXAS INSTR (LIN/INTFC)

e5t D

B 49L1724 008086bL 2 1N

TLE2161C, TLE2161AC, TLE2161BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uwPOWER OPERATIONAL AMPLIFIERS

operating characteristics at specified free-air temperature, Voc+ = £20V
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
25°C 7 10
SR Slew rate (see Figure 1) Ayp = 5, R, = 10kQ, Cp = 100pF Full range 5 Vius
Equivalent Input noise voltage Rg = 100Q, f = 10Hz 75 100
v ° VHz
N (see Figure 2) Rg = 1000, f = 1kHz 25°C 20 6o | "2
Peak-to-peak equivalent input o
VN(PP) noise voltage f = 0.1Hzto 10 Hz 25°C 1.1 nY
In Equivalent input nolse current f = 1kHz 25°C 1.3 fANHZ
ic distorti Avp = 5. Vo(pp) = 2V o 9
THD Total harmonic distortion f = 10kHz, R = 10kQ 25°C 0.025%
Gain-bandwidth product f = 100kHz, Ry = 10kQ, Cp = 100pF 959G 6.5 MHz
(see Figure 3) f = 100kHz, R = 600Q, C|_ = 100pF 5.7
e = 0.1% 5
Settling ti °
ettling time e = 0.01% 25°C 10 us
Maximum output-swing o
BOM  pandwidth Ayp =5 Ry = 10kQ 25°C 85 kHz
; ) Ayp = 5, RL = 10kQ, C_ = 100pF o 72°
®m Phase margln (see Figure 3) Avp = 5, AL - 6000, CL = 100pF 25°C 80

TFull range is 0°C to 70°C
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W 590172y .
TLE2161, TLE2161A, TLE2161B 1080867 4 m 7=99-/5

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
WPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTF() 25E D

PARAMETER MEASUREMENT INFORMATION

8 kQ 10 kQ
M

2kQ v
CC- V.
CL cCc-
(see Note &) | RsZ 3Rs
NOTE A: C, includes fixture capacitance. = =
FIGURE 1, SLEW RATE TEST CIRCUIT FIGURE 2. NOISE VOLTAGE TEST CIRCUIT

10 kQ

NOTE A: C includes fixture capacitance.
FIGURE 3. GAIN-BANDWIDTH PRODUCT and PHASE MARGIN TEST CIRCUIT

typical values

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

input bias and offset current

At the picoampere bias-current level typical of the TLE2161, TLE2161A, and TLE2161B, accurate
measurement of the bias current becomes difficuit. Not only does this measurement require a picoammeter,
but test socket leakages can easily exceed the actual device bias currents. To accurately measure these small
currents, Texas Instruments uses a two-step process. The socket leakage is measured using picoammeters
with bias voltages applied but with no device in the socket. The device is then inserted into the socket and
a second test that measures both the socket leakage and the device input bias current is performed. The two
measurements are then subtracted algebraically to determine the bias current of the device.
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B 89k1724 00808LS b M TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

T- 7915

TEXAS INSTR (LIN/INTFC) e5E D

TYPICAL CHARACTERISTICS

table of graphs
FIGURE
Vio Input offset voltage Distribution 4
. vs Common-mode voltage 5
B Input bias current
vs Temperature 6
lio Input offset current vs Temperature 6
Vicr Common-mode input voltage range limits vs Temperature 7
) vs Qutput current 8.9
V Maximum peak output volta n
OM um p P ge swing vs Supply voltage 10, 11, 12
Vo(ppP) Maximum peak-to-peak output voltage vs Frequency 13, 14,15
' ) ) e vs Frequency 16
Diff i vol lif
Ayp ifferential voltage amplification vs Temperature 17
vs Time 18
Short-circui urrent
los ort-circuit output curren vs Temperature 19
Zg Output impedance vs Frequency 20
CMRR Common-mode rejection ratio vs Frequency 21
vs Supply voltage 22
Supply curren
lcc pply current vs Temperature 23
Pulse response Small-signal 24, 25
P Large-signal 26, 27
Noise voltage (referred to input) 0.1to 10 Hz 28
Vi Equivalent input noise voltage vs Frequency 29
THD Total harmonic distortion vs Frequency 30, 31
| |
Gain-bandwidth product vs  Supply voltage 32
vs Temperature 33
. vs Supply voltage 34
Phase margin
Im a9 vs Temperature 35
] Phase shift vs Frequency 16
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

B 5961724 0080869 & MW

T=09-15

TEXAS INSTR (LIN/INTFC) 25E D
TYPICAL CHARACTERISTICS?
TLE2161 INPUT BIAS CURRENT
DISTRIBUTION OF VS
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
15 i 3 1 T T ¥ 2 T I
736 Amplifiers tested from 3 wafer lots Vip=0
Veet = £15V Ta = 25°C
. Ta = 25°C «
e P Package l-L]_ S 15
g 10 ! =
= o 2
g 3
= @ 4
2 @
g 2
g 6 -‘IE Vect = £20V
E - 0.5 /
0 [ | | |

-4 -3 -2 -1 0 1 2 3 4
Vio - Input Offset Voitage — mV

0
-20 -15 -10 -5 O 5 10 15 20

Vic - Common-Mode Input Voltage — V

FIGURE 4 FIGURE 5
INPUT BIAS CURRENT COMMON-MODE
and INPUT OFFSET CURRENT INPUT VOLTAGE RANGE LIMITS
Vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
105 = Vees + 2
< ~Voet = 15V
& [vic=0 >
S 104 = ,,:/ é, Voo +1 —
5 = = T POSITIVE LIMIT
§ /'/ g
& 108 L _ 3
o ' = — £ Vees
-] 7 i % A A
ﬁ / o v . 41'.: "y
8 102 el ” | ~lho % ce-
(7] = == -]
Il /, E
o = § 1] NEGATIVE LIMIT
% 101 _ e LVCC_ +3 —
& e >
100 Vee- +2
25 45 65 85 105 125 -75 =50 -25 0 25 50 75 100 125
Ta — Free-Alr Temperature — °C Ta - Free-Air Temperature — °C
FIGURE 6 FIGURE 7

Lo o]

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TEXAS INSTR (LIN/INTFC)

25 D

TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

nPOWER OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICS

MAXIMUM POSITIVE PEAK

7= 729- 14—

MAXIMUM NEGATIVE PEAK

INSTRUMENTS

OUTPUT VOLTAGE OUTPUT VOLTAGE
vs Vs
OUTPUT CURRENT OUTPUT CURRENT
T 2 | T -20 —
o a Tp = 25°C 8 N— Ta = 26°C
g 18y + £ "B yooy = 220V
£ cct = $20V —— 3 cct = ¢ NG
> 16 Z -16
5 a2
g 14 g =14 M
¥ 12} Vecs = 18V ] g —12|- Vet = £15V \
o
£ 10 2 -10
= o]
S 8 3 -8
E E
E ° E°
8 4 3 -4
= = S —
'+ ol- Veot = %5V I— ll -2 Vecet = 25V I
5 L1 | g L [ |
> >
0 -10 -20 -30 -40 ~-50 -60 0 5 10 15 20 25 30 35 40
lo ~ Output Current - mA lo — Output Current - mA
FIGURE 8 FIGURE 9
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
e 20 ey
RL = 10kQ Ve R = 600 Q
T 15| Ta= 25°C L] T 15| Ta = 25°C ,//
g ) // Vom-+ g // Voms+
‘g_ 7 3 .~
5 . g s .
g // 8 ,/
§ o g 0
a 4 o d
E -5 \\ g -5 \\\
E E
E N £ N
g 0 \\\ g 40 ~.
| I
Vom- Vom-
§ -15 \‘\ § -15 \\\
N SN
-20 -20
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
Vcex | ~ Supply Voltage - V IVee+ | — Supply Voltage - V
FIGURE 10 FIGURE 11
i
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TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC)

B 2961724 008087} & HH T-—

79-/5

25E D

Vom — Maximum Peak Output Voltage — V

Vo(pp) — Maximum Peak-to-Peak Output Voltage — V

TYPICAL CHARACTERISTICS
" MAXIMUM PEAK-TO-PEAK

MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE
VS VS
SUPPLY VOLTAGE FREQUENCY
6 > 10 - =TT TTTTT
RL = 100Q v/ é, Veet = £5V
Ta = 25°C / oM+ 8 RL = 10kQ
4 - o 8 Ta = 25°C [
/ g \
2 A 3
=0
g ° \
0 $
2 \
g a \
-2 N E
3
\
»
» \\ g 2 \
] ' N
Vom- E
-6 S o
0 2 4 6 8 10 10k 100 k 1™ 10M
IVce+ | — Supply Voltage — V f — Frequency — Hz
FIGURE 12 FIGURE 13
MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE
VS Vs
FREQUENCY FREQUENCY
30 I T 1 Tt >| 40 1 { LREEELLEL
Veet = £15V o Veet = t20V
\ AL = 10kQ g 35 RL = 10k HH
25 Ta = 25°C T(]] S Tp = 25°C
\ g 30 \
20 3 \
\ x 25
: \
15 \ S 20
\
T \
10 £ \
\ g \
N x 10 \
5 N = N
\\ I 5 N
\\ g TR
0 9 0
10k 100 k 1M 10M 10k 100 k 1™ 10M
t = Frequency — Hz f - Frequency — Hz
FIGURE 14 FIGURE 15 &
B
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W 29k17z4 0080472 & TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 25E D
TYPICAL CHARACTERISTICSt ‘ - 77~/5—
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION and PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION
Vs vs
FREQUENCY FREE-AIR TEMPERATURE
120 60° 400
% \\ g R = 10kQ
L 100 AN 80° | 350
S | PHASE SHIFT 5 Voot = 20V
g 80 \\ \\ 100° g 300 \\\
ENENEE = uha N
o 60 < 12006 < Vees = £15V \\\\
P \ @ g 200 <]
Q £ -
> 40 q 140° 2 S
g \ L 3 150
§ 20 160° 8
£ :0011: I(115 v N % 100 —
1 L= Q o = [ —
e °f o 1oopr ™ L wf e —
< Tp = 25°C <
-20 . : 200° 0
0.1 1 10 100 1k 10k 100k 1M 1OM -75 ~-50 -25 O 25 50 75 100 125
f — Frequency ~ Hz Ta — Free-Air Temperature - °C
FIGURE 16 FIGURE 17
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENT
V'L VS
ELAPSED TIME FREE-AIR TEMPERATURE
80 T | 80 . T
< Vip = ~100 mV < Vect = 15V
£ 60 £ 60 - Vo=10
r—— M —]
J S Vip= -100mV | ~—_]
:.:,_ 40 E, 40 —
3 3
5 20 5 20
& Voot = £15V g
O ofTp=25C g o
3 Vo=0 3
5 ~20 3 -20
§ B .§ © Vip = 100mV___
n - 5 -
1 1 ///
8 -60 Vip = 100mV | 8-e0}— "
-80 -80
0 10 20 30 40 50 60 -75 =50 -25 0 25 50 75 100 125
t — Time - seconds Ta — Free-Air Temperature — °C
FIGURE 18 FIGURE 19

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLEZ161, TLEZ1G1A, TLERMGiR ™ 873724 00e0er3 T 7= 99-/5

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

wPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFQ) 25E D

TYPICAL CHARACTERISTICS?

OUTPUT IMPEDANCE COMMON-MODE REJECTION RATIO
Vs vs
FREQUENCY FREQUENCY
35 P—rrrrmr—TTT 100 " ' T
Veet = £15V ,H/" i A7 Q Vcex = 20V Ta = 25°C
TA = 25°C /) il |
30 / / °
: Tl § =TT\
I 25 | 8 Vect = t5V
g Ayp = 10 / 7/ ,'( g \
2 20 I g % I\
o @
E /Hl 3 : \
g 1 i )ﬁ/ 1 Eg 40
3 Ayp = 100 4 I / Ayp =1 E \
110 / / § \
? / / / P20
5 ) / 0@ \
V 4 =
/ U / L1 g \
0 aillBS il EEad 0
100 1k 10k 100k 1M 10M 10 100 1k 10k 100k 1M 10M
| f - Frequency ~ Hz f - Frequency — Hz
FIGURE 20 FIGURE 21
SUPPLY CURRENT SUPPLY CURRENT -
vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
300 [t 300 ,
Vo=0 Vo=0 | ‘
NO LOAD Ta=125°C | NO LOAD Vect = 20V
280 S 280
1
‘I‘ // /// ‘|- // Veet = £15V
S 260 ] g 260 e £5V7
=1 ’/ cct =+
3 TA = 25°C 3 7 // *
i z /
. Q.
t? 240 — a 20 7
——""—'_—-—_—‘ !
8 T Tp= -55°C 8 d
220 220
200 200
0 2 4 6 8 10 12 14 16 18 20 -75 -50 -25 0 25 50 75 100 125
Vcct| — Supply Voltage — V Ta — Free-Alr Temperature — °C
FIGURE 22 FIGURE 23

GBS

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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W 89k1724 00&0&7Y 1 TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

nPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 25 D

T-79-/5"

TYPICAL CHARACTERISTICS

SMALL-SIGNAL SMALL-SIGNAL

PULSE RESPONSE PULSE RESPONSE
100 100
E 50 ~ E 50
| 1
S S
2 2
=] ]
o Veet = £5V o Vee+ = 215V
IO Ayp=5 Io Ayp=5
> ~50 RL = 10kQ > =50 RL = 10kQ
CL = 100 pF CL = 100 pF
Ta = 25°C Ta = 25°C
See Figure 1 See Figure 1
~100 . — -100 R ”
1 2 3 1
t - Time -~ pus t - Time - ps
FIGURE 24 FIGURE 25
LARGE-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
4 15
3 p— 10
: T |
I |
5
G o
z 1 = 0
g 3=
8 Veet = 5V 3 Vees = €15V
> RL = 10kQ > RL = 10 kQ
1 CL = 100 pF 10 CL = 100 pF
Ta = 25°C [ Ta = 25°C
See Figure 1 See Figure 1
-2 l -15 | |
0 5 10 15 0 10 20 30 40
t - Time - us t — Time - us
FIGURE 26 FIGURE 27
£
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TLE2161, TLE2161A, TLE2161B W 39.1724 0080875 3 W /- 79-/5

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uwPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 25E D
TYPICAL CHARACTERISTICS
NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
(REFERRED TO INPUT) Vs
OVER A 10-SECOND INTERVAL FREQUENCY
1 ! ! ! N 100 IRARL (N |
Voot = 215V @ Voes = 5V
f= 0.1t0 10 Hz ‘\>= \ Rg = 100Q
Tp = 25°C [ 80 Ta=25°C 4
0.5 |—-1 | o See Figure 2
> £ \\
= ) N
| > 60 M
o ]
& -] N
= 0 I L -4 wa
s M | 5 ™~ 'l
3 g 4 1
-05 | S
:T 20
|
‘ 5
| -1 0
} 0 1 2 3 4 5 6 7 8 9 10 1 10 100 1k 10k
t-Time-s f — Frequency — Hz
FIGURE 28 FIGURE 29
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION
Vs Vs
FREQUENCY FREQUENCY
0.25 T 1 11100 | 0.6 T 1 11
Ayp= 5 Ayp = 10
] Vo(pp) = 2V R Vo(pp) = 2V
I o2|Ta=25C 1 05F1, = 25°C
s S
b= £
g g 04
a 015 a
2 2
5 é 0.3
g 01 Veet = :tSV% g Veet = tSV/ \I
§ SOURCE SIGNAL / § 0.2 /v f
I Voo = £20V | SOURCE SIGNAL 4 u
o 005 a
T £ o1 1
= = VCC.!. = +20V -
o : L 111
10 100 1k 10k 100 k 10 100 1k 10k 100k
f - Frequency — Hz f - Frequency - Hz
FIGURE 30 FIGURE 31
§
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W 29L1724 D08047L 5 W TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

7299 4

TEXAS INSTR (LIN/INTFC) e5E D
{ TYPICAL CHARACTERISTICS?

GAIN-BANDWIDTH PRODUCT GAIN-BANDWIDTH PRODUCT

Vs VS
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
7 ] 7 ! T Ll T T
f = 100 kHz 1 Vecx = 20V = 100 kHz
R = 10kQ _ RL = 10kQ
| C = 100 pF N ~I = CL = 100 pF _|
N 66} L p Y 66 ~
= Ta = 25°C | = \\ See Figure 3
! |
See Figure 3 / v + \\
1:3’ 6.2 = -§ 6.2 \ s
o -~
£ -~ £ —~ NN
§ / g ™~
2 =
= 58 2 58
-} d B I
é /| § Veet = ¥5V \
£ £ T~
& 54 8 54
5 5
0 4 8 12 16 20 -75 -50 -~-25 O 25 50 75 100 125
IVec | — Supply Voltage - V Ta — Free-Air Temperature — °C
FIGURE 32 FIGURE 33
PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
74° 1 j 1 76° | l
Ayp=5 Ayp =5
Ry = 10kQ N RL = 10kQ
73°}|- o D
CL = 100 pF 76 N CL = 100 pF ]|
Ta = 25°C See Figure 3
P 72°I gee Figure 3 /’l £ 740 . \\
] T ] ) N
('} (0
= 71° ,/ = \ xcci. = 220V
@ o
ﬁ / g 720 N NN
o. 70° // o \
! ! \'/ = 5V
E / E 70 CCz }\\
00" N
68° 68° / \‘\\
VCCi = £15V \
67° 66° ||
0 2 4 6 8 10 12 14 16 18 20 -7 -50 -25 O 25 50 75 100 125
IVce+| ~ Supply Voitage - V Ta — Free-Air Temperature - °C
FIGURE 34 FIGURE 35
TData at highrand low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2161, TLE2161A, TLE2161B ™ 8761724 0080877 7 MM T=79-15

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
WPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) e5E D
TYPICAL APPLICATION DATA

macromodel information

Macromodel information provided was derived using PSpice® Parts™ model generation software. The Boyle
macromodel (see Note 5) and subcircuit in Figures 36 and 37 were generated using the TLE2161 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):

Gain-bandwidth product
Common-mode rejection ratio
Phase margin

dc output resistance

ac output resistance
Short-circuit output current limit

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

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

3
Vees T
rss ‘Iss
p
N __L ., |10
Ad lﬂ] 2
IN+ —e
1 1 12
Cc1
rd1 rd2
4
Vee- ¢ ¢ +O-

ve
FIGURE 36. BOYLE MACROMODEL

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, Macromodeling of Integrated Circuit Operational Amplifiers, |EEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

PSpice is a registered trademark of MicroSim Corporation.
Parts is a trademark of MicroSim Corporation.

_
Macromodels, simufation models, or other models .
provided by TI, directly or indirectly, are net 1/
warqmte?l y ;I s full I repr;sent(ln tai" 0’! me TEXAS
specifications and operating ¢haracferistics of the
sgmlconduclur produput to wglch the model relates. lNST RUM ENTS
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W 8961724 0080878 9 M TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

7=79-/8

TEXAS INSTR (LIN/INTF() 25E D
! TYPICAL APPLICATION DATA

macromodel information (continued)

.gubckt TLE2161 1 2 3 4 5
cl 11 12 125.4E-14
c2 6 7 5.000E-12
de 5 53
de 54 5
dlp 90 91
dln 92 90
dp 4 3
egnd 99 0 poly(2) (3,0) (4,0) 0 .5 .5
fb 7 99 poly(5) vb ve ve vlp vlin 0 4.085E6 -4E6 4E6 4E6 -4E6
ga 6 0 11 12 201.1E-6
gem 0 6 10 99 3.576E-9
iss 3 10 dc 45.00E-6
hlim 90 0 vlim 1K
31 11 2 10 jx

1

EREEER

j2 12 10 jx
r2 6 9 100.0E3
rdl 4 11 4.973E3
rd2 4 12 4.973E3
rol 8 5 280
ro2 7 99 280
rp 3 4 113.2E3
rsa 10 99 4.444E6
vb 9 0de O
ve 3 53 dc 2
ve 54 4 dc 2
viim 7 8 de O

i vip 91 0 dc 50
vlin 0 92 dec 50

.model dx D(Is=800.0E~18)
.model jx PJF (Is=1.000E-12 Beta=480E-6 Vto=-1)
.ends

FIGURE 37. MACROMODEL SUBCIRCUIT
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TLE2161, TLE2161A, TLE2161B ™ 81724 0080879 0 - T=79-15
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

wPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC) 25E D

TYPICAL APPLICATION DATA

input characteristics

The TLE2161, TLE2161A and TLE2161B are specified with a minimum and a maximum input voltage that,
if exceeded at either input, could cause the device to malfunction.

Because of the extremely high input impedance and resulting low bias-current requirements, the TLE2161,
TLE2161A, and TLE2161B are well-suited for low-level signal processing; however, leakage currents on
printed circuit boards and sockets can easily exceed bias-current requirements and cause degradation in
system performance. Itis a good practice to include guard rings around inputs (see Figure 38). These guards
should be driven from a low-impedance source at the same voltage level as the common-mode input.

MA

Vi \]
Vo Vo

FIGURE 38. USE OF GUARD RINGS

input offset voltage nulling

The TLE2161 series offers external null pins that can be used to further reduce the input offset voltage. The
circuit of Figure 39 can be connected as shown if the feature is desired. If external nulling is not needed, the

null pins may be left disconnected.
} -
an
t 5kQ
Vee-

FIGURE 39. INPUT OFFSET VOLTAGE NULLING
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