TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

SLOS0490 - NOVEMBER 1989 — REVISED MAY 1996

® Excellent Output Drive Capability e Wide Operating Supply Voltage Range
Vo=1t25VMinatR =100, Vec+=t35Vte+18V
Vecr=+5V High Open-Loop Gain . . . 280 V/mV Typ
Vo =+125V Min at Ry =600 & Low Offset Voltage . . . 500 pV Max

Veer=+15V Drift With Ti
® Low Supply Current. .. 280 uA Typ LOX&T;;M\?;:?‘QT?VP" ith Time

[ ]

g:;:’_g::::::ﬁ: g:,;::g: Slew Rate and e Low Input Bias Current...5pA Typ
Ayp=05 Min
Slew Rate = 10 V/us Typ
Gain-Bandwidth Product = 6.5 MHz Typ

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE

VS
descripti on e LOAD RESISTANCE
i [ TTTH
The TLE2161, TLE2161A, and TLE2161B are g Vees=%5V
JFET-input, low-power, precision operational % Ta=25°C
amplifiers manufactured using the Texas 2 8 5
Instruments Excalibur process. Decompensated 2 LT
for stability with a minimum closed-loop gain of 5, a /,—""
these devices combine outstanding output drive ¥ ¢ //
capability with low power consumption, excellent &,’ i
dc precision, and high gain-bandwidth product. 5
In addition to maintaining the traditional JFET § 4
advantages of fast slew rates and low input bias g
and offset currents, the Excalibur process offers g
outstanding parametric stability over time and 2 2
temperature. This results in a device that remains 1
precise even with changes in temperature and e
over years of use. S,
10 100 1k 10k
RL - Load Resistance - Q
AVAILABLE OPTIONS
PACKAGE
A Vlomfx SMALL CHIP CERAMIC PLASTIC
AT 25°C OUTLINE CARRIER DIP oIP
(D) (FK) (JG) (P)
0°C 500 UV — — _— TLE2161BCP
to 1.5mV TLE2161ACD TLE2161ACP
70°C 3mv TLE2161CD — - TLE2161CP
~40°C 500 UV - — —_ TLE2161BIP
to 1.5mv TLE2161AID TLE2161AIP
85°C 3mv TLE2161ID — — TLE2161IP
-55°C 500 UV — — TLE2161BMJG | TLE2161BMP
to 1.5mv TLE2161AMD TLE2161AMFK | TLE2161AMJG | TLE2161AMP
125°C 3amv TLE2161MD TLE2161MFK TLE2161MJG TLE2161MP

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLE2161ACDRY).

B 89:1724 0107474 639

"@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

PRODUCTION DATA information is current as of publication date.
Products conform to apectiications per the terms of Texas Instruments
standard warranty. P does not rily include
testing of all parametars.

Copyright © 1996, Texas Instruments Incorporated

6-347



TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
&POWER OPERATIONAL AMPLIFIERS

050490 — NOVEMBER 1989 - REVISED MAY 1996

description (continued)

A variety of available options includes small-outline packages and chip-carrier versions for high-density system
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 t6 125°C.

D, JG, OR P PACKAGE FK PACKAGE
(TOP VIEW) (TOP VIEW)
Or-rQ0 0
OFFSETN1 [| 1 s[INC 22222
i P 7lVec. ==
2 1 19
IN+[3  sfjouT NC []4° 219 Ne
Vee- [] 4 5] OFFSET N2 IN-[]s5 17 Vee +
NC s 16[] NC
IN+[]7 15[ out
NC []8 14[] NC
J 9 10 11 1213 [
o
O 1ONO
Z2 p2Z2
O
>

NC - No internal connection

equivalent schematic

Vee +
QL
N+
Q40 @43
IN-
a3 as RS
a a7 our
200
R
Q10 100 Q
[+7] R3 o Q42
o1 24 k02
15 pF
C215pF (411
a2 Qs 21
OFFSET Nt —4
OFFSET N2 Q12 028 R
R4 R2 RS Q
R1 {55102 1.1 kQ ieokQ l Q22
11102
T
Vee -

All component values are nominal.
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

ER OPERATIONAL AMPLIFIERS

SLOS049D - NOVEMBER 1989 — REVISED MAY 1996

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

Supply voitage, Vog + (see Note 1)
SUPPIY VORAGE, VG =+ v v v v e v enaee s s et s s s a e
Differential input voltage, Vip (See NOte 2) .......ooe i
Input voltage range, V{ (any input)
input current, I (BACN INPULY ... oe et
OULPUL CUITENL, |03+« .o e et e ettt et e e e e e ettt s

TOtal CUITEBNEINEO VGG 4 - -« v v v vneeer s sne e as sttt e e s et st e e
TOtal CUITENE QUL OF VG0 = -+ e v et e e e eee e e e e e et a st sttt
Duration of short-circuit current at (or below) 25°C (see Note 3)
Continuous total power dissipation
Operating free-air temperature range, Ta: C suffix
| suffix

M suffix

Storage temperature rangs, Tgig

Case temperature for 60 seconds: FK package

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package
Lead temperature 1,6 mm (1/16 inch) from case for 60seconds: JG package

See Dissipation Rating Table
...................................... 0°C to 70°C

19V

80 mA
unlimited

—40°C to 85°C

—55°C to 125°C
- 65°C to 150°C
260°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. Allvoltage values, except differential voltages, are with respect to the midpoint between VGG 4+, and VGG —

2. Differential voltages are at IN+

with respect to IN—.

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

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR TA=70°C Tp = 85°C Tp = 126°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 1375 mW 11.0 mW/°C 880 mW 715 mW 275 mW
JG 1050 mwW 8.4 mwW/°C 672 mW 546 mW 210 mW
P 1000 mwW 8.0 mW/°C 640 mW 520 mwW 200 mW
recommended operating conditions
C SUFFIX I SUFFIX M SUFFIX UNIT
MIN MAX MIN MAX MIN MAX
Supply voltage, VCC + 3.5 +18 +3.5 +18 +3.5 +18 v
V =t5V -1.6 4 -1.6 4 -1.6 4
Common-mode input voltage, Vic CC+ \'
Veg=1 15V -1 13 -11 13 -1 13
Operating free-air temperature, T 0 70 -40 85 -55 125 °C
B 89L1724 0107476 u0l WA
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TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

ELPOWER OPERATIONAL AMPLIFIERS

08049D — NOVEMBER 1889 — REVISED MAY 1996

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

TLE2161C, TLE2161AC
PARAMETER TEST CONDITIONS Tat TLE2161BC UNIT
MIN TYP MAX
25°C 0.8 3.1
TLE2161C
Full range 4
Vv Input offset volt TLE2161AC 2< 05 28 \
nput offset voltage m
10 pu g Full range 3.5
25°C 0.5 1.9
TLE2161BC
Fult range 24
— - Vic=0, Rg=50Q
ayv|Q  Temperature coefficient of input offset voltage Fult range 6 uvec
Input offset voltage long-term drift (see Note 4) 25°C 0.04 wV/mo
I Input offset t 257 ! pA
nput offset curren
1o P e Full range 0.8 nA
. 25°C 3 pA
B Input bias current
Full range 2 nA
. -16 -2
25°C to 4 to 6 v
VicR  Common-mode input voltage range 1%
Full range o4 \
25°C 35 3.7
R =10kQ
v Maxi i K output volt ) Full range 3.3 v
ximum positive peak output voltage swin
OM+ Maximum posiive p pul voltage swing 25°C 25 31
Ry =100Q
Full range 2
25°C -3.7 -3.9
AL = 10kQ
v Maxi " K outout volt . Full range -3.3 v
— Maximum negative peak output voltage s
OM um negative p P 9e swing 25°C ~25 -27
RL =100 Q
Full range -2
25°C 15 80
Vo=%28V, R_=10kQ
Full range 2
A La ignal differential volt lificati Vo=0to2V, R.=100Q 257 o7 4 Vimv
rge-signal differential voltage amplification =0to2V, = 'm
VD ge-sig g P 0 L Full range 0.5
25°C 0.5 3
Vg=0t0-2V, R =100Q
Full range 0.25
i Input resistance 25°C 1012 Q
Gj Input capacitance 25°C 4 pF
F2) Open-loop output impedance lo=0 25°C 280 Q
. ) 25°C 65 82
CMRR  Common-mode rejection ratio Vic=Vicrmin, Rg=50Q dB
Full range 65
jection rati Voot =t5Vio+15V, 25°C 75 93
k Supply-voltage rejection ratio (AVe ey /AV CC+ ’ dB
SVR pply ge rej (AVeet/avig) RS 2500 Full range g
| Supol " 25°C 280 325
cc upply curren
Fufl 50
— — Vo =0, No load L ange 8
upply-current change over operating
AICC  temperature range Full range 29 HA
1 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 Ta = 150°C extrapolated

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

6-350
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

SLOS049D ~ NOVEMBER 1989 — REVISED MAY 1996

operating characteristics at specified free-air temperature, Vgc +=+5 V (unless otherwise noted)

TLE2161C, TLE2161AC
PARAMETER TEST CONDITIONS Tat TLE2161BC UNIT
MIN  TYP MAX
25°C 7 10
SR Slew rate (see Figure 1) Ayp =5, R_=10kQ, Cp =100pF Fuli 5 Vius
range
Equivalent input noise voltage Rg=209Q f=10Hz 58 100
V N 25°C
n (see Figure 2) Rg=20Q,  1=1kHz G i
Peak-to-peak equivalent input _ o
Vn(PP) noise voltage f=0.1 Hzto 10 Hz 25°C 1.1 v
In Equivalent input noise current f=1kHz 25°C 1 tANHz
THD  Total harmonic distortion XO(P”) =2V, Ayp=5 T=10kHz | 5g0 0.025%
L =10kQ
Gain-bandwidth product f=100kHz, R _=10kQ, Cy =100 pF 25°C 5.8 MHz
(see Figure 3) f=100kHz, R =100kQ, Cp =100 pF 43
1, Settling time £=01% 25°C 5
etth !
i i £=001% 10 hs
Maximum output-swing o
BOM  pangwidth Ayp =5, Ry = 10 kQ 25°C 420 kHz
Ayp =5, R =10kQ, C_=100 pF 70°
Om Phase margin (see Figure 3) VD L L P 25°C
Ayp =5, R =100Q, Ci =100 pF 84°
T Fult range is 0°C to 70°C.
M &89L1724 0L07?478 284 M
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS049D — NOVEMBER 1989 — REVISED MAY 1996

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

TLE2161C, TLE2161AC
PARAMETER TEST CONDITIONS Tat TLE2161BC UNIT
MIN TYP MAX
25°C 0.6 3
TLE21
LE2161C Full range 3.9
Vi Input offset volt TLE2161AC 25°C 85 18 mv
10 nput ofiset voltage Full range 2.5
25°C 0.3 0.5
TLE2161BC
Full range 1
avip  Temperature coefficient of input offset voitage | Vic =0, Rg=50Q Full range 6 uv/Cc
Input offset voltage iong-term drift o
(see Note 4) 25°C 0.04 wv/mo
| Input offset current 25°C 2 pA
10 nput ofiset cu Full range 1| oA
| Input bi rent zC 4 pA
18 put bias cun Full range 3 nA
o -1 -12
‘ 2C 13 1016 v
VICR Common-mode input voltage range T
Fuli range 1013 \
25°C 13.2 13.7
RL=10kQ
V Maximum positive peak output voltage swin Full range 13 \
v
OM +  Maximum positive peak output voltags swing o o000 25°C 125 132
L= Full range 12
25°C -132 -137
RL =10kQ
V Maximum negative peak output voltage swi Full range 13 \
- imu| ",
OM- Max gatlve peak output voltage swing 25°C  |-125  -13
RL = 600 Q
Full range -12
Ve o £10V. A = 10kQ 25°C 30 230
o==10V L= Full range 20
Al Large-signal differential volta: mplification |V, Oto8YV, RL=600Q 25°C 25 100 VimVv
-Si ial v e al i = f = m
VD ge-8ig ge amp 0 L Fullrange | 10
25°C 3 25
Vo= -8V, R_=600Q
0=0t L=60 Full range 1
i Input resistance 25°C 1012 Q
[ Input capacitance 25°C 4 pF
25 Open-loop output impedance lp=0 25°C 280 Q
CMRR  Common-mode rejection ratio A Vicrmin, Rg =500 257C 72 S0 dB
-1 il = =
y IC=YicRmin,  Rs Full range 70
§ - ! Vect=15Vto 15V, 25°C 75 93
ksvR  Supply-voltage rejection ratio (AVc o+ 1AV |0) RS =500 Full rangs 75 dB
25°C 290 350
Icc Supply current pA
— — - VO =0, No load Full range 375
upply-current change over operating
Alce temperature range Full range 34 HA

1 Fuli 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 TA = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

B 89b1724 0107479 110 WN
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS0490 — NOVEMBER 1989 - REVISED MAY 1896

operating characteristics at specified free-alr temperature, Vcc . = +15 V (unless otherwise noted)

TLE2161C, TLE2161AC
PARAMETER TEST CONDITIONS Tat TLE2161BC UNIT
MIN TYP MAX
o 25°C 7 10
SR Slew rate (see Figure 1) Ayp =5, RL=10kQ, Cp=100pF Vius
Full range 5
Equivalent input noise voltage | As =20, f=10Hz 70 100
v ) 25°C
n (see Figure 2) Rg=20Q  f=1kHz o eo| "V
Peak-to-peak equivalent input _ o
Vn(PP) noise voltage f=0.1Hzto 10Hz 25°C 1.1 uv
In Equivalent input noise current | f=1kHz 25°C 1.1 fANHz
THD  Total harmonic distortion Voppy=2V. Ayp=5  f=10kHz, 25°C 0.025%
RL=10kQ
Gain-bandwidth product f=100kHz, R =10kQ C_ =100 pF . 6.4
A 25°C MHz
(see Figure 3) f=100kHz, R_=600Q, CL=100 pF 56
t Settling time £=01% 25°C 5
s 9 £=0.01% 10 he
BoMm r::mmwmm'swmg Ayp =5. RL=10kQ 25°C 116 KHz
AyD =5, RL=10kQ, C; =100 pF 72°
Om Phase margin (see Figure 3) VD L L P 25°C
AyD =5, AL =600Q, CL=100 pF 78°
1 Full range is 0°C to 70°C.
M 89k1L724 0107480 932 EN
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS0490 ~ NOVEMBER 1988 — REVISED MAY 1996

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

TLE21611, TLE2161Al
PARAMETER TEST CONDITIONS Tat TLE2161B) UNIT
MIN  TYP MAX
TLE21611 25°C 08 31
Full range 4.4
25°C 0.6 26
Vio Input offset voltage TLE2161Al Full range 39 mv
TLE2161BI 25°C 0.5 1.9
Full range 27
ayvio  Temperature cosfficient of input offset voltage Vig=0, Rg=50Q [ Fullrange 6 wvrC
;rs\z:t ;;ff:: ;/oltage long-term drift 25°C 0.04 uVimo
25°C 1 pA
lio Input offset current Full range 3 vy
, 25°C 3 pA
i Input bias current Full range 2 A
-1.6 -2
25°C to to
4 6
Vicr Common-mode input voltage range e \
Full range to
4
25°C 3.5 3.7
AL =10kQ
VoM + Maximum positive peak output voitage Full range 31 v
25°C 25 3.1
AL=1000 Full range 2
25°C -3.7 -39
RL=10kQ
N . . Fullrange | -3.1
VoM - Maximum negative peak output voltage swing Vv
25°C -25 =27
RL=1000 Full range -2
25°C 15 80
Vo=128V, R =10kQ Fall range 2
AvD Large-signal differential vottage amplification Vo=0t2V, R.=100Q 25°C 078 ° Vimv
Full range 0.5
Vo=0to-2V, R =100Q 25°C 95 3
Full range 0.25
T Input resistance 25°C 1012 Q
cj Input capacitance 25°C 4 pF
Zy Open-loop output impedance lo=0 25°C 280 Q
CMRR Common-mode rejection ratio Vic=Vicrmin, Rg=50Q 25°C &5 82 dB
Full range 65
ksvr  Supply-voltage rejection ratio (AVoc AV|0) gngsB 35 Vie£ 15V, Fuﬁfaﬁge ;g s dB
lcc Supply current 25°C 20 325 UA
Full range 350
Supply-current change over operating Vo=0. No load
alce temperature range Full range 29 HA

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

I 46961724 0107481 479 W
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
1LPOWER OPERATIONAL AMPLIFIERS

SLOS049D — NOVEMBER 1989 — REVISED MAY 1996

operating characteristics at specified free-air temperature, Vgg + =+ 5 V (unless otherwise noted)

TLE2161], TLE2161Al
PARAMETER TEST CONDITIONS Tat TLE2161BI UNIT
MIN  TYP MAX
SR Slew rate (see Figure 1) Ayp=5 RL=10kQ, Cp=100pF 257C ! 10 Vi)
ew rate (see Figure =5, = = s
9 VD L L P Full range 5 "
Equivalent input noise Rg=20Q, f=10Hz . 59 100
Vn voltage (see Figure 2) Rg=20Q, f=1kHz 25C 43 60 nVAHz
Peak-to-peak equivalent
Vi(PP) it nfisy o“;‘ge £=0.1 Hzto 10 Hz 25°C 1.4 ny
in El?rl:gnatlem input noise f=1kHz 25°C 1 ANz
THD  Total harmonic distortion ‘FQO(PP) =2V, Ayp=5  f=10kHz, 25°C 0.025%
L=10kQ
Gain-bandwidth product f=100kHz, R =10kQ, CL_=100 pF 055G 5.8 MHz
(see Figure 3) f=100kHz, RL=100Q, Ci =100 pF 43
t Settiing fi £=01% 25°C 5
ettling time @
s 9 £=0.01% 10 us
Maximum output-swing o
BOM  pandwidth Ayp =5, RL=10kQ 25°C 420 kHz
Ayp =5, RL=10kQ, C_ =100 pF 70°
Om Phase margin (see Figure 3) VD L L P 25°C
Ayp =5, RL=100Q, C__=100 pF 84°
T Full range is — 40°C to 85°C.
B 239L1724 0307482 705 WA
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS049D — NOVEMBER 1989 — REVISED MAY 1996

electrical characteristics at specified free-air temperature, Voc + =+ 15 V (unless otherwise noted)
TLE21611, TLE2161Al

PARAMETER TEST CONDITIONS Tat TLE2161BI uNIT
MIN TYP MAX
25°C 0.6 3
TLE21611 Full range 4.3
Vio input offset voltage TLE2161Al 25°C 95 15 mv
Full range 2.9
TLE21618BI 25T REL
Full range 13
oyt  Temperature coefficient of input offset voltage Vic=0. Rg =500 Full range 6 uvre
Input offset voltage long-term drift (see Note 4) 25°C 0.04 pV/mo
25°C 2 pA
o Input offset current Full rangs 3 oA
. 25°C 4 pA
B Input bias current Full range 3 oA
-1 -12
25°C to to \
) 13 16
VicR  Common-mode input voltage range e
Full range to v
13
25°C 132 137
) N ) RL=10ka Fullrangs | 13
VoM + Maximum positive peak output voltage swing 25°C o5 132 v
RL-6000 Full range 12
AL = 10kQ 25°C ~132 ~13.7
i . X Full range -13
VoM - Maximum negative peak output voltage swing 250 T AT v
AL=600Q Full range ~12
Vo=+110V, RL=10kQ 25°C 0 2%
Full range 20
AvD Large-signal differential voltage ampilification Vp=0to8V, Ry =600Q 25°C 2 100 V/mv
Full range 10
Vp=0to—-8V, R_=6000Q 2C 3 25
Full range 1
T Input resistance 25°C 1012 Q
cj Input capacitance 25°C 4 pF
2 Open-foop output impedance lo=0 25°C 280 Q
CMRR Common-mode rejection ratio Vic=V|icrmin, Rg=50Q 25°C 72 © dB
Full range 65
ksvR  Supply-voltage rejection ratio (AVGG4 /AVIQ) \F/!giisa 35 Vio115V, Fuﬁsragge ;: 2 dB
25°C 290 350
lcc :upp:y curreni : . voro. o loag Fullrange 575 HA
Alee ‘eu:'r:ge ): ac;nd:ree:wa :g eange over operating Full range 34 WA

1 Full range is — 40°C to 85°C.
NOTE 4: Typical values are based on the input ofiset voltage shift observed through 168 hours of operating life test at To= 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

M 4961724 0107483 Lul W
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS049D — NOVEMBER 1989 — REVISED MAY 1996

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

TLE21611, TLE2161Al
PARAMETER TEST CONDITIONS Tat TLE2161IB UNIT
MIN TYP MAX
] 25°C 7 10
ow rate (see Figure WD =5, L= =100 pl us
SR Si te Fi 1) A 5 RL=10kQ, Cp =100pF Full range 5 Vi
v Equivalent input noise voltage | Rg=20Q, f=10Hz 25°C 70 100 VAT
n (see Figure 2) Rg =209, f=1 kHz 40 60
Peak-to-peak equivalent input _ o
Vn(PP) noise voltage f=0.1Hzto 10Hz 25°C 1.1 uv
In Equivalent input noise current | f=1kHz 25°C 1.1 tANHZ
THD  Total harmonic distortion ;E(—P% =2V, AD=S. 1210k | e 0.025%
Gain-bandwidth product f=100KkHz, RL=10kQ, CL=100pF| . 6.4 MHz
(see Figure 3) f=100kHz, R =600Q, CL_=100 pF 5.6
o £=0.1% 5
ts Settling time 25°C us
£=0.01% 10
Maximum output-swing _ _ o
Bom bandwidth Ayp =5, R =10 kQ 25°C 116 kHz
Ayp =5, RL=10kQ, C| =100 pF 72°
om Phase margin (see Figure 3) VD L - L P 25°C
Ayp =5, RL=600Q, C_ =100 pF 78°
1 Full range is — 40°C to 85°C.
B 2961724 0107484 548 I
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
&POWER OPERATIONAL AMPLIFIERS

0S0490 — NOVEMBER 1989 — REVISED MAY 1996

electrical characteristics at specified free-air temperature, Voc + =+ 5 V (unless otherwise noted)

TLE2161M
TLE2161AM
PARAMETER TEST CONDITIONS Tat TLE2161BM UNIT
MIN  TYP MAX
TLE2161M 25°¢ 08 31
. Full range 6
25°C 06 26
Vio Input ofiset voltage TLE2161AM Full range 76 mV
TLE2161BM 25°C 05 19
Full range 3.1
Temperature coefficient of input offset Vie = Re =500 o
WIO  ygitage ic=0 S Full range 6 uv/ec
Input offset voltage long-term drift .
(see Note 4) 25°C 0.04 uv/imo
25°C 1 pA
o Input offset current Full range P Y
; 25°C 3 pA
B Input bias current ol ran 7 vy
ull range
N -1.8 -2
25°C tod 106 v
ViCR Common-mode input voltage range s
Full range tod \
25°C 35 37
All packages Ry =10 kQ \
L Full range 3
Maximum positive peak FK and JG B 25°C 25 36
Voum + output voltage swing packages RL=6000 Full range 2 v
DandP R = 1009 25°C 25 3.1
packages L= Full range 2
25°C -3.7 -39
All packages R =10kQ
Full range -3
Maximum negative peak | FK and JG 25°C -25 -35
VoM - output voltage swing packages RL=6000 Full range _2 v
D and P 25°C -25 -27
RL =100 Q
packages L Full range -2
25°C 15 80
All packages Vp=+28YV, R =10kQ Full range 5
25°C 1 65
Vo=0to25V, RL=600Q
FK and JG Full range 0.5
Large-signal differential packages 25°C 1 16
AVD  yoltage amplification Vo=0to-25V, R =6000 Full range 05 vimy
25°C 0.76 45
Vg=0to2V, Rp =100 Q
DandP Full range 0.5
packages 25°C 0.5 3
Vgp=0to-2V, R =100Q
Full range 0.25

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 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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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS049D — NOVEMBER 1989 — REVISED MAY 1996

electrical characteristics at specified free-air temperature, Vcc 1 = + 5 V (unless otherwise noted

continued)
TLE2161M
TLE2161AM
PARAMETER TEST CONDITIONS Tat TLE2161BM UNIT
MIN TYP MAX
fi Input resistance 25°C 1012 Q
o] Input capacitance 25°C 4 pF
25 Open-loop outputimpedance lo=0 25°C 280 Q
o ! ) 25°C 65 82
CMRR  Common-mode rejection ratio Vic =VicRmin, RAg=50Q dB
Full range 60
. ) Vecr=+5Vio 115V, 25°C 75 93
[3 Supply-voltage rejection ratio (AV, AV - dB
SVR pply-voltage rej (AVeo#/aVIO) | pglsoq Full range pes
| Suppl t 25°C 280 325 A
cC upply curren W
Vo =0, No load Full range 350
Supply-current change over operating
Alce temperature range Fuli range 39 KA
T Full range is — 55°C to 125°C.
operating characteristics, Vog 1 =+ 5V, Tp = 25°C
TLE2161M
TLE2161AM
PARAMETER TEST CONDITIONS TLE2161BM UNIT
MIN TYP MAX
SR Slew rate (see Figure 1) Ayp =5, R = 10 kS, CL =100 pF 10 Vius
v Equivalent inout noi age (see Figure 2) Rg=20Q, f=10Hz 59 A
uivalent input noise voitage (see Figure
" g P 9 Y Rg=20Q, f=1kHz 43 nVAHz
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 fANHz
THD Total harmonic distortion QVD =5, Vo(pp) =2V, f=10kHz, 0.025%
L =10kQ
) ) ! f=100kHz, R =10kQ, C_ =100 pF 58
Gain-bandwidth product (see Figure 3) MHz
f=100kHz, R =600kQ, C| =100 pF 43
: Settling t e=01% 5
ettling time s
i g £=0.01% 10 !
BoMm Maximum output-swing bandwidth Ayp =5, R = 10kQ 420 kHz
Ayp =5, RL= 10k, CL=100 pF 70°
Om Phase margin (see Figure 3) VD L L P
Ayp =5, RL =600 Q, C( =100 pF 84°
B &9bl724 010748b 350 HE
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

POWER OPERATIONAL AMPLIFIERS

LOS048D — NOVEMBER 1989 — REVISED MAY 1996

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

TLE2161M
TLE2161AM
PARAMETER TEST CONDITIONS Tat TLE2161BM UNIT
MIN TYP MAX
25°C 06 3
TLE2161M Full range 6
25°C 05 1.5
Vio {input offset voltage TLE2161AM Fullrangs 36 mv
25°C 0.3 0.5
TLE2161BM Full range 1.7
ayj0  Temperature coefficient of input offset voltage | VIC =0, Rg=500Q Full range 6 uv/rC
::th r\(])‘f)f;e: ;/oltage long-term drift 25°C 0.04 wV/mo
25°C 2 pA
o Input offset current Fall rango 20 A
ig Input bias current 25°C 4 PA
Full range 40 nA
BC 1 11 :1a to }g v
VICR Common-mode input voltage range T
: Full range to 13 \
25°C 13.2 13.7
i . . RL=10ka Full range 125
VoM + Maximum positive peak output voltage swing 25°C 25 132 v
RL =600 0 Full range 12
R —10KkQ 25°C -132 -137
VoM - Maximum negative peak output voltage swing h Fulirange | -12.5 \
AL = 600 0 25°C -12.5 -13
Full range -12
Vo=110V, RL =10kQ 25°C %0 240
Full range 20
AvD Large-signal differential voltage amplification [Vo=0to8V, R =600Q 25°C 25 100 v/imv
Full range 7
25°C 3 25
Vo=0to-8V, Ry =600Q Full range ,
i Input resistance 25°C 1012 Q
Cj input capacitance 25°C 4 pF
Zg Open-loop output impedance lo=0 25°C 280 Q
CMRR  Common-mode rejection ratio Vic =V|crmin, Rg=50Q 25°C 72 80 dB8
Full range 65
- . Vi =+5Vtot15V, 25°C 75 93
kgvR  Supply-voltage rejection ratio (AVCC+ /AV|Q) Rgcfso Q Ful range o5 dB
25°C 290 350
lcc Supply current . vo-0. \o load Full range 375 A
Ao Zﬁgg;ﬂ:??; :g:nge over operating Full range 46 wA

 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 Ta = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
LPOWER OPERATIONAL AMPLIFIERS

SLOS049D - NOVEMBER 1989 — REVISED MAY 1996

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

TLE2161M
TLE2161AM
PARAMETER TEST CONDITIONS Tat TLE2161BM UNIT
MIN TYP MAX
SR Slew rate (see Fi 1) A 5 R =10k, Cp =100pF 25°C ! 10 V)
ew rate (see Figure =5, = = s
g vD L L L range 5 .
Equivalent input noise voltage | Rg=209, f=10Hz 70
A " 25°C H
n (see Figure 2) Rg=200, f=1 kHz ) nVAHz
Peak-to-peak equivalentinput | o
VN(PP) noise voltage f=0.1Hzto 10 Hz 25°C 1.1 wv
Ih Equivalent input noise current |f=1Hz 25°C 1.1 tAnHz
THD  Total harmonic distortion ;O(PP) =2V, Ayp=5  t=10kHz, 25°C 0.025%
L=10kQ
Gain-bandwidth product f=100kHz, R =10kQ, C =100 pF 255C 6.4 MHz
{see Figure 3) t=100kHz, R_=600%Q, CL =100 pF 56
1 Settling t e=01% 25°C >
ettling time
s 9 £=0.01% 10 ne
BoM :,";x(',';ilgg,wtp”t'sw'”g Ayp =5, RL = 10kQ 25°C 116 kHz
AvD =5, RL=10kQ, C| =100 pF 72°
Om Phase margin (see Figure 3) |2 L » L P 25°C
AVD = 5, RL=600%, CL =100 pF 78°
1 Full range is — 55°C to 125°C.
M 491724 0107488 123 WA
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS049D - NOVEMBER 1989 — REVISED MAY 1996

PARAMETER MEASUREMENT INFORMATION

8kQ 2k
v
CC+ vee +
\/
o Vo
2kQ Vi
vVee - cL Vee -
(see Note A) I Rg Rs
NOTE A: C_includes fixture capacitance. - -
Figure 1. Slew-Rate Test Circuit Figure 2. Noise-Voltage Test Circuit
10 kQ

vi

Vo

Vee - cL RL

(see Note A)

NOTE A: Cy_includes fixture capacitance.

Figure 3. Gain-Bandwidth Product and Phase-Margin Test Circult

typical values
Typical values presented in this data sheet represent the median (50% point) of device parametric performance.
Input bias and offset current

At the picoampere bias-current level typical of the TLE2161, TLE2161A, and TLE2161B, accurate
measurement of the bias current becomes difficult. Not only does this measurement require a picoammeter,
but test socket leakages can easily exceed the actual device bias currents. To 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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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
pPOWER OPERATIONAL AMPLIFIERS

SLOS048D - NOVEMBER 1989 — REVISED MAY 1996

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 4
s Input bias current vs Commpn—moda input voltage 5
vs Free-air temperature 6
ho Input offset current vs Free-air temperature ]
VICR Common-mode input voltage range limits vs Free-air temperature 7
VoM Maximum positive peak output voltage vs Output current 8
VoM Maximum negative peak output voltage vs Output current 9
VoM Maximum peak output voltage vs Supply voltage 10, 11,12
Vopp) Maximum peak-to-peak output voltage vs Frequency 13,14,15
AyD Large-signal differential voltage amplification z Ii:g?;:::m b e;ature :g
los Short-circuit output current vs Elapsed time 18
Large-signal voltage amplification vs Fres-air temperature 19
2 Output impedance vs Freguency 20
CMRR  Common-mode rejection ratio vs Frequency 21
loc Supply curent ve Fraaai omperatre 2
Pulse response Small si_gnal 24,25
Large signal 26, 27
Noise voltage (referred to input) 0.1t0 10 Hz 28
Vn Equivalent input noise voltage vs Frequency 29
THD Total harmonic distortion vs Frequency 30, 31
Gain-bandwidth product :: Erepglayirv ::al::g:rature gg
m Phase margin :: E:‘ep:'ayirv toe“nawg:rature gg
Phase shift vs Frequency 16
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TLE2161, TLE2161A, TLE2161B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

POWER OPERATIONAL AMPLIFIERS

LOS049D — NOVEMBER 1989 — REVISED MAY 1996

TYPICAL CHARACTERISTICST
TLE2161 INPUT BIAS CURRENT
DISTRIBUTION OF vs
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
15 T T T T T T 60 T !
736 Amplifiers Tested From 3 Wafer Lots Voci=115V
Veep=115V Vip=0
¥ |ta=25c 50 [ Tp =25°C
é P Package < /
1
210 40
; i
s 3
B > 0 /
o
§ g
fs o,
-4 n /
2 /
10 /
0 : . 0
-4 -3 -2 -1 0 1 2 3 4 -20 -15 <10 -5 0 5 15 20
V|0 - Input Offset Voltage - mV V|c - Common-Mode Input Voitage - 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
15 Vee 4+ 42
1 EVeo+=115V
E " Vic=0 >
1
5 1 —m——————— W
g n § Positive Limit
-]
103 a
B : = £ Voo .
[ i /, '§ -~ B
2 B ] Vee - +4
D 102 E
i i 13
_'I= - § —] Negative Lim
2 10t > Vec-+3 — ]
2 £
]
= 1 Vec-+2
25 45 65 85 105 125 -75 -50 -26 0 25 S0 75 100 125

Ta - Free-Air Temperature - °C

Figure 6

TA ~ Free-Air Temperature — °C

Figure 7

1 Data at high and low temperatures are applicabie only within the rated operating free-air temperature ranges of the various devices.
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS049D - NOVEMBER 1989 — REVISED MAY 1996

TYPICAL CHARACTERISTICS
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE
vSs vs
OUTPUT CURRENT OUTPUT CURRENT
> 16 T > -16
'l) TA = 25°C ® TA =25°C
o -4
g 14 % -14
2 12| veoi=t15V — é-m — Vegs=+15V
5 3 .
= 10 E -10 \
2 o
2 s 2 -8
% |
4 zZ _¢
g © E
=2 "3
£ £
FE g
= [——— =
—
I; 2|— Vecr =15V = ' -2 veei=15V ™~
=
I 3 L1 | AN
0 -10 -20 -30 -40 -50 -60 0 5 10 15 20 25 30 35 40
Io — Output Current — mA lp — Output Current - mA
Figure 8 Figure 9
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
20 T T 20 T T
RL=10k R =600Q
> 15| Ta=25C Pt s 15| Ta=25°C -
o i 2 T vom
g 10 /‘/ i g 10 -~ *
= =
.g_ 5 '/ E_ 5 ]
z + H +
s 0 5 °
E.’ ~ a ~
£ E
S -5 5 -5 ~
g E ™~
g -10 \\\ g -10 =~
\
IE Vom - IE \\VQM -
- O -15 ‘
L-15 S
-20 -20
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
I Voo + | - Supply Voltage - v 1Veet | - Supply Veltage - V
Figure 10 Figure 11
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS048D - NOVEMBER 1989 — REVISED MAY 1996

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK
MAXIMUM PEAK OUTPUT VOLTAGE
v ve OUTPUT VOLTAGE

SUPPLY VOLTAGE v
FREQUENCY
10 T T T 17T
Vec+=15V
RL=10kQ
Ta=25°C

6 T
RL=100G

Tp=25°C | Vom+

4 -

/

2 ~J

, \

S~ \\

VOM -

Vo — Maximum Peak Output Voltage - V
»n
\
VO(PP)" Maximum Peak-to-Peak Output Voltage — V

0 2 4 L] 8 10 10k 100 k 1M 10M
V¢ +| - Supply Voltage - V f - Frequency - Hz

Figure 12 Figure 13

MAXIMUM PEAK-TO-PEAK MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE
vs vs
FRQUENCY FREQUENCY

30 Ll TP 40 1 LI LALL
Vcci=i15V Vcci=isv
\ RL=10kQ RL=10kQ
25 \ TA =25°C 4 Ta=25°C 11l

g &% 8 8

\
\
\

15

10

10 N

"N

VO(PP) — Maximum Peak-to-Peak Cutput Voltage ~ V
8
"

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

N -y

10k 100 k 1M 10M 10k 100 k 1M 10M
f - Frequency — Hz f - Frequency — Hz

Figure 14 Figure 15
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS049D - NOVEMBER 1989 - REVISED MAY 1996

TYPICAL CHARACTERISTICSt

LARGE-SIGNAL DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL
AMPLIFICATION AND PHASE SHIFT VOLTAGE AMPLIFICATION
V8 vs
FRQUENCY FREE-AIR TEMPERATURE
120 60° 400 T T
RL =10 kQ
_ 100 \\ - 80° 350
] Phase Shift T >
£ N EE
£ !0 Y 100° § 500
£ 5 AvD £ .
°%F £ 5 g2s0 I
E 2 e N 206 3§ Vecr=115V |
@ 2 \ a 2=
¢ % a0 w i T8
2 g N & o g \
5§ \ § g 150
55 20 N 160° -]
> Vecr=£15V 2 100
< RL=10kQ \l < ——t—
of o= 180° Vec+=25V M
CL =100 pF \ 50 — VYCCx== ~—]
TA=25°C ’
-20 — 200° 0
01 1 10 100 1k 10k 100k 1M 10M —-75 -50 =25 0 25 50 75 100 125
f - Frequency — Hz Ta - Free-Air Temperature - °C
Figure 16 Figure 17
SHORT-CIRCUIT OUTPUT CURRENT LARGE-SIGNAL VOLTAGE AMPLIFICATION
vs vs
ELAPSED TIME FREE-AIR TEMPERATURE
80 | , 80
Vip=-100mV i Veer=215V
E 60 g 60 —— ~— Vo=0
] 1 Vip=-100 mV \N\
£ 40 £ 40
g g
3 20 " 3 2
: vee+ =°_15 v 3
5 o} Ta=25°C 5 0
o Vo=0 o
F 3
g -20 8 -20
g 3 Vip =100 mV/
o —40 o -40 "
5 c"r:: //
| ! |
o ~60 Vip=100mV - o -60 =
8 8
-80 -80
0 10 20 30 40 50 60 ~-75 -50 -25 0 25 50 75 100 125
t-Elapsed Time-s TA — Free-Air Temperature - °C
Figure 18 Figure 19

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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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS049D — NOVEMBER 1989 ~ REVISED MAY 1996

TYPICAL CHARACTERISTICSt

OUTPUT IMPEDANCE

173
FREQUENCY
1000 [T T T 17 @
Vog=215V ©
TA =25°C | | | K ¥ A 0
100 T k]
G Ayp =100, 4 4 c
. 7 y §
0 : g
3 iedlli®elll 2
(]
E A g
= 1
= / L] /| =
2 A AT 1
3 L Y o
=] f €
| 0.1 p g
0 L 7] [2)
Ll Avp=1 !
0.01 £
=
o
0.001
10 100 1k 10k 100 k 1M
f— Frequency — Hz
Figure 20
SUPPLY CURRENT
vs
SUPPLY VOLTAGE
340 T i
Vo=0
No Load
320
3 1
L Ta =125°C L] 1
3 |4+ 3
5 300 = E
S At Ta=25C_L~ o
E // %_'
=3 —— o
w:l' 280 @
[}
8 8
260
.—-—/,
TA=-55°C
240 | | |
0 2 4 6 8 10 12 14 16 18 20

Vo 4+l = Supply Voltage — V

Figure 22

100

20

320

280

260

COMMON-MODE REJECTION RATIO

vs

FREQUENCY

Vcc+=15V
Tp=25°C

N\

AN

AN

10 100 1k 10k 100k 1M 1i0M
f - Frequency — Hz
Figure 21
SUPPLY CURRENT
Vs
FREE-AIR TEMPERATURE
I
Vo=0
No Load
//
=t
/ VcIC}‘ 15V
/ L1
v
é Veer=15V
7
240
-75 -50 -26 O 25 50 75 100 125

Ta — Free-Air Temperature - °C
Figure 23

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

SLOS0490 - NOVEMBER 1989 ~ REVISED MAY 1996

Vo ~ Output Voltage — mV

-50

-100

TYPICAL CHARACTERISTICS
SMALL-SIGNAL SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
100
~ £ s0 -
1
1]
g
S
3 0
=
9
Veee=15V o Veer=115V
Ayp=56 - 50 Ayp=5
RL=10kQ RL = 10 kQ
CL=100pF C =100 pF
TA=25°C Ta =25°C
See Figure 1 See Figure 1
1 1 [l _ 100 Il i 1
0 05 1 15 2 25 3 0 05 1 15 3
t-Time-yus t-Time -us
Figure 24 Figure 25
LARGE-SIGNAL LARGE-SIGNAL

PULSE RESPONSE PULSE RESPONSE

Vo - Output Voltage — V

15

10

Vg — Output Voltage - V
)

- Vet =115V
Vv =t5V s
AVDE5 ® Avp=5
AL = 10 kQ RL=10kQ
Cp =100 pF -10 C|_=10?pF
Ta = 25°C Ta =25°C
See Figure 1 See Figure 1
. -15 | |
0 5 10 15 0 10 20 30 40
t-Time-pus t-Time-us
Figure 26 Figure 27
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS0490 - NOVEMBER 1989 —- REVISED MAY 1996

TYPICAL CHARACTERISTICS
NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
(REFERRED TO INPUT) vs
OVER A 10-SECOND INTERVAL FREQUENCY
L — \5 100 T T 71
Vee+ =115V < Ve =45V
f=0.110 10 Hz 2 \ Rg =20 ©
TA=25°C I | 180 \ Ta=25°C
i g See Figure 2
0.5 & gu
£ s N
. S \h
3 3 6 k
E 0 g \‘\
LIk : i
g a BE
: £
! H
< g
>_o0s ] §
IE 20
i
>=
"o 17 2 3 4 5 6 7 8 9 10 0, 10 100 1k 10k
t-Time-s f— Frequency — Hz
Figure 28 Figure 29
TOTAL HARMONIC DISTORTION TOTAL HARMONIC DISTORTION
vs vSs
FREQUENCY FREQUENCY
0.25 —T—TTTTTm 0.6 ~—TTTTTITT
Veo+=25V Vecr=1 5V
Ayp =2 ° Ayp=10
¥ Voppy=2V 5 05} vopp)=2V
g 0.2 TA =925°C .s TA =25°C ’
£ £
8 2 04
: :
S o 2
s [ !
g E 0.3
-]
§ 0.1 ;
E 02
8 Al = /
A Source Signal a Source Signal
E 0.05 E 0.1
0 0
10 100 1k 10k 100 k 10 100 1k 10k 100 k
t - Frequency - Hz f - Frequency - Hz
Figure 30 Figure 31
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
1LPOWER OPERATIONAL AMPLIFIERS
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Gain-Bandwidth Product — MHz

¢ m— Phase Margin

TYPICAL CHARACTERISTICS

GAIN-BANDWIDTH PRODUCT GAIN-BANDWIDTH PRODUCT
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
7 ! 7 =100 kHz
=100 kHz RL = 10 kQ
RL =10k N 4 CL =100 pF
66 [ % = ;g?c” F £ 66 P See Figure 3—]
= hmmme 1 \
See Figure 3 " 3 Voo =15 VN
6.2 ] 2 62 ™~
' / a > J
- \
] SN
/ ™
5.8 V4 é 5.8 [
/ £ SN
5.4 © 54
5 5
0 4 8 12 16 20 -75 -50 -25 0 25 50 75 100 125
IVoe+ | - Supply Voltage ~ V Ta — Free-Air Temperature - °C
Figure 32 Figure 33
PHASE MARGIN PHASE MARGIN
vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
74° T 78°
Ayp=5 Ayp=5
RL=10kQ RL =10 kQ
3 cL=100pF L=
L="o0p 76° \ CL=100pF |
Ta=25°C See Figure 3
720 See Figure 3 \ g
// B ™ \\
71° /,/ g
Q
g 720 \
70° // fl \
v =t5V
/ £ 700 CC+ X
60° \
68° 68° 7
Vecr=115V \
67° 660 I l
0 2 4 6 8 10 12 14 16 18 20 -75 -50 -25 0 25 50 75 100 125
IVee+ | — Supply Vottage -V Ta ~ Free-Air Temperature - °C
Figure 34 Figure 35
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TLE2161, TLE2161A, TLE2161B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
POWER OPERATIONAL AMPLIFIERS

LOS0490 - NOVEMBER 1989 - REVISED MAY 1996

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 36 and Figure 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):

® Maximum positive output voltage swing ¢  Gain-bandwidth product

® Maximum negative output voltage swing ® Common-mode rejection ratio
¢ Slew rate Phase margin

¢ Quiescent power dissipation DC output resistance

® [nput bias current AC output resistance

® Open-loop voltage amplification Short-circuit output current limit

vVees —¢ 3y
i Ol e
P
IN—i 10 1 ve
ko 18 A
IN+ @
1 1 12 do
ci
rd1 rd2 54
de
4 -
Vee - e O —p—s

ouTt

Figure 36. Boyle Macromodel

NOTE5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers”, IEEE
Joumal of Solid-State Circuits, SC-9, 353 (1974).

PSpice and Parts are trademark of MicroSim Corporation.
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APPLICATION INFORMATION

macromodel information (continued)

.subckt TLE2161 1 2 3 4 5

cl
c2
de
de
dlp
dln
dp
egnd
fb
ga
gcm
iss
hlim
Jjl
j2
r2
rdl
rd2
rol
ro2
rp
rss
vb
ve
ve
vlim
vlip
vin
.model
.model
.ends

11
6
5

54

90

92
4

99
7
6
0
3

90

11

12
6

oy

u

w
O -3 W oW--lwe ik

£

12
7
53
5d
91
90
3
0
99

jx PJF

125.4E-14
5.000E-12

gBEE

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vc ve vlip vin 0 4.085E6 -4E6 4E6 4E6 —4E6
11 12 201.1E-6

10 99 3.576E-9

dc 45.00E-6

vlim 1K

10 djx

10 jx

100.0E3

4.973E3

4.973E3

280

280

113,2E3

4.444E6

dc 0O

dc 2

dc 2

dc 0

dec 50

dec 50

(Is=800.0E-18)
(Is=1.000E-12 Beta=480E-6 Vto=-1}

Figure 37. Macromode! Subcircuit
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APPLICATION INFORMATION

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-leve! signal processing; however, leakage currents on printed
circuit boards and sockets can easily exceed bias-current requirements and cause degradation in system
performance. It is 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.

vi
»— Vo V| —AAA—4
— Vo
4
R2
R1 R3 §
= R4
Where R3 _R2 = - =

R4 Ri
Figure 38. Use of Guard Rings

input offset voltage nulling

The TLE2161 series offers external null pins that can further reduce the input offset voltage. The circuit in
Figure 39 can be connected as shown if the feature is desired. When external nulling is not needed, the null
pins may be left disconnected.

N2 ouTt

IN +

N1

5kQ
vee -

Figure 39. Input Offset Voltage Nulling
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