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TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

D3345, OCTOBER 1989 — REVISED MAY 1980

T=797-S

TEXAS INSTR (LIN/INTFC)

available features

e Excellent Output Drive Capability e Wide Operating Supply Voltage Range
Vo= £25VMinatRL = 100 Q, Veec: = +35Vto+20V
| Voot = 5V . )
| Vo = £12.5VMinat R = 600 2, e High Open-Loop Gain ... 280 V/imV Typ
‘ Vee: = 215V ¢ Low Offset Voltage ... 500 uV Max
1 e Low Supply Current ... 280 pA Typ o Low Offset Voltage Drift with Time
| 0.04 uV/mo Typ

e High Unity-Gain Bandwidth ... 2.1 MHz Typ
e High Slew Rate ... 3.4 V/ius Typ
e Macromodels included

description

The TLE2061, TLE2061A, and TLE2061B are
JFET-input, low-power, precision operational
amplifiers manufactured using Texas Instruments 10

e Low Input Bias Current ... 5 pA Typ

MAXIMUM PEAK-TO-PEAK
OUTPUT VOLTAGE SWING

V&
LOAD RESISTANCE

Excalibur process. These devices combine Vclcl sy
outstanding output drive capability with low- > Ta :2506
power consumption, excellent dc precision, and Ls
wide bandwidth. %‘E gl ]
In addition to maintaining the traditional JFET o pal
advantages of fast slew rates and low input bias § 6 ’d
and offset currents, the Excalibur process offers S {
‘ outstanding parametric stability over time and 3 4
¥ temperature. This results in a “precision” device g
remaining precise even with changes in |
temperature and over years of use. E 2
The TLE2061, TLE2061A, and TLE2061B are O
ideal choices for any application requiring
excellent dc precision, high output drive, wide 0
bandwidth, and low power consumption. 10 100 Tk 10k
Rl ~ Load Resistance - Q
AVAILABLE OPTIONS
PACKAGE
Ta | Viomex SMALL- CHIP CERAMIC METAL PLASTIC
AT 25°C| OUTLINE CARRIER DIP CAN DIP
(D) (FK) (JG) (L) (P)
0°C | 500 v —_— —_ —_ TLE2061BCL | TLE2061BCP
to | 1.5mV | TLE2061ACD —_ —_— TLE2061ACL | TLE2061ACP
70°C | 3mV | TLE2061CD — — TLE2061CL | TLE2061CP
—40°C | 500 pv — [ _— TLE2061BIL | TLE2061BIP
to | 1.5mV | TLE2061AID — —_ TLE2061AIL | TLE2061AIP
85°C | 3mv | TLE2061ID —_— — TLE2061IL TLE2061IP
- 55°C | 500 uV — —_ TLE2061BMJG | TLE2061BML | TLE2061BMP
to | 15mV | TLE2061AMD | TLE2061AMFK | TLE2061AMJG | TLE2061AML | TLE2061AMP
125°C | 3mV | TLE2061MD | TLE2061MFK | TLE2061MJG | TLE2061ML | TLE2061MP
Q D packages are available taped-and-reeled. Add “R" suffix to device type (e.g., TLE2061ACDR).
L L ]
PRODUCTION DATA documents contain Information Copyright © 1990, Texas Instruments Incorporated
current as of publication date, Products conform to %
b, i A e TEXAS
necessarily Include testing of i parameters. INST RUMENTS
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TLE2061, TLE2061A, TLE2061B 25£ D NN 89L1724 0080739 b WM
EXCALIBUR JFET-INPUT HIGH OUTPUT-DRIVE T 945

uwPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

description (continued)

A variety of available options includes small-outline 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 to 125°C.

D, JG, OR P PACKAGE FK PACKAGE L PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
O ~-~000
oFrseT N1 [J1 U sfIne Sz22z2 NC
IN-(J2  7[dVees / 3212019
IN+[]3 6] ouT NG [14 8] ne OFFSET N1 @@ Vee +
Voo -4 5[] OFFSET N2 N- [ 170 Voo IN- @ ®)] out
- +
NC []6 16| NC IN + @@@ OFFSET N2
IN+{]7 15[] ouT »
Nc []s 14] NC 9%
9 10 11 12 13 Pin 4 of the L package is in electrical
o contact with the case.
O oy o
Z2 o222
O
>

NC ~ No internal connection

equivalent schematic

JJ Qa2
Q29
L Qa3 Q36
e
IN+
o J
oa-ﬁ—ﬁm Q43
iN- JwE G r‘@“
aik @3] [as Jar 14 b ] 58 ouT
Q35 200
p ! RO
Q30 Q38 100 Q
‘ﬁ:e R3 Q42
o1 24 kQ Q41
I¢ o Q39
15 pF y Q31
1 hﬁ
K| | C215pF ™S
0z, I\m Q21
OFFSET N1 —
OFFSET N2 4 at2 ozsj———-
R1¢ s R4 sR2 > RS Q22 s R7
11kQT  355kQ F11kQ 760k j600Q
Vee-

All component values are nominal. §

TEXAS {'P
INSTRUMENTS
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=5E D WM 87bL7EN 00BO7HO @ W TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFQ) 7_79_/5'

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

Supply voltage, Vo4 (888 Note 1) ... 22V
SUPPIY VORAGE, VGG + vt v vttt et ettt e -22V
Differential input voltage (see Note 2) . ... ..ot +44 V
Input voltage range, V| (@ny iNPUt) . ... ..o i Voot
Input current, Ij (@aCh INPULY . ..o e i £1 mA
OULPUL CUITBNE, 10 « v v v v v v +80 mA
Total current into Voo, terminal .. ..o oo 80 mA
Total current out of Vog—terminal. . ... o 80 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) .. ......... .. ..o, unlimited
Continuous total dissipation. ... ....... ... i i See Dissipation Rating Table
Operating free-air temperature range, Ta: C-suffix ........ .. ... o i, 0°C to 70°C

I-suffix ... —40°C to 85°C

M-suffix .......... . i -55°C to 125°C
Storage tempPerature raNge. . ..o« vttt it e —65°C to 150°C
Case temperature for 60 seconds: FKpackage ...............coiiiiiiiiiiiiiion., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D or P package ............... 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG or L package .............. 300°C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vo, 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 voitages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

; PACKAGE Ta <25°C DERATING FACTOR  Tp =70°C TA = 85°C Tp = 125°C
B 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 mwW 715 mW 275 mW
JG 1050 mW 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

C-SUFFIX I-SUFFIX M-SUFFIX
MIN MAX | MIN MAX | MIN max | UNT

Supply voltage, Ve +3.5 20 |35 +20 [+ 35 + 20 v

Voot =5V |-16 4 |-16 4 1-186 4
Common-mode input voltage, Vic Voot = £15V | —-11 13 | -1 13]-1 13 v

Voot = 20V | - 15 165 [ 15 165 | - 15 16.5
Operating free-air temperature, Tp 0 70 | - 40 85 | - 55 125 °C

L L N

TeEXxAas ¢
INSTRUMENTS
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25€ D MW 8961724 008074l 4 WM
TLE2061C, TLE2061AC, TLE2061BC

SPOWER OPERATIONAL AMPLIFIERS 1 - T=79-15
H TEXAS INSTR (LIN/INTFC)
[ L A R
electrical characteristics at specified free-air temperature, Vo + = £ 5V (unless otherwise noted)
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
25°C 0.8 3.1
TLE2061C Full range 4
Vv | ff | TLE2061AC 25 0.6 2.6 mV
10 Input offset voltage Full range 35
25°C . 1.
TLE2061BC 9.5 S
v o R 509 Full range 2.4
ayjo Temperature coefficient of input offset voitage Ic =% s = Full range 6 uv/ec
Input offset voitage long-term drift (see Note 4) 25°C 0.04 pv/mo
I | " 25°C 1 pA
10 nput offset current Full range 08 A
| Input bi 25°C 3 PA
B nput bias current Full range 2 A
-1.6 -2
25°C to to \'
) } 4 6
VicrR Common-mode input voltage range 16
Full range to \'
4
25°C . .
RL = 10kQ 85 87
. - . Fuli range 3.3
VoMm+ Maximum positive peak output voltage swing 55°C 25 31 Vv
Ry = 1000 Full range 2
25°C -37 -3
Rp = 10ka Full range| - 2.3 =
VoM- Maximum negative peak output voltage swing 55°C 25 —27 \
R = 1000 Full range -2
25°C 15 80
Vo =28V, RL = 10kQ oo >
A L ignal differential volt lificati \Y Oto2V RL= 100Q 25°C 0.7 45 vimV
vD Large-signal differential voltage amplification o=0t2V, L= Full range 05
25°C 0.75 3
Vo =0t-2V, A= 100Q Full range 0.5
T Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zg Open-loop output impedance o =0 25°C 280 Q
i . Rg = 50Q, 25°C 65 82
CMRR Common-mode rejection ratio Vie = VjoR min Full range 65 d8
o _ Voot = £5V10+20V, 25°C 75 93
ksyr Supply-voltage rejection ratio (AVeg +/ AV|0) Rg = 50 Q Full range 75 dB
25°C 280 325
lcc  Supply ourrent Full range 50 | M
Supply current change over Vo =0 No load
Pe y g Full range 29 pA
operating temperature range

tEull range is 0°C to 70°C,
NOTE 4: Typlcal values are based on the input offset voltage shift observed through 168 hours of operating life test at T4 = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TEXAS ‘Q‘
INSTRUMENTS
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25E D WM 89b1724 0080742 L MM
| TLE2061C, TLE2061AC, TLE2061BC
| EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
TEXAS INSTR (LIN/INTFC) HWPOWER OPERAHONALAM;LI_F!}ESS_/;
|

| operating characteristics at specified free-air temperature, Voc+ = +5V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA'r MIN TYP MAX UNIT
Slew rate at unity gain 25°C 26 34
= N = 1 V

SR (see Flgure 1) AL = 10k CL 00 pF Full range 25 fus
Equivalent input noise voltage f = 10 Hz, Rg = 100 Q 25°C 59 100

Y (see Figure 2) f = 1kHz, Rg = 1000 25°C 43 g0 | "V/VHz
Peak-to-peak equivalent input

= 0.1Hzto 10 H 25° 1.

VN(®PP) noise voltage f=0.1Hzto10 Mz 5C 1 m
In Equivalent input nolse current f = 1kHz 25°C 1 fANHz
- Ayp = 2, f = 10 kHz, o o

THD Total harmonic distortion Voep) = 2V, AL = 10kQ 25°C 0.025%
B Unity-gain bandwidth R = 10kQ, CL = 100 pF 25°C 1.8 MHz
1 (see Figure 3) RL = 100Q, C_ = 100 pF 25°C 1.3
0.1% 25°C 5
Settling time 0.01% 255G 0 us
Maximum-output-swing
=1, = 10kQ 25°C
Bom bandwidth Ayp =1 RL 0 140 kHz
P Phase margin at unity gain RL = 10kQ, CL = 100 pF 25°C 58°
m (see Figure 3) RL = 100 Q, CL = 100 pF 25°C 75°

TFull range Is 0°C to 70°C.

TEXAS “’P
INSTRUMENTS
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TLE2061C, TLE2061AC, TLE20G1BC ¢ ° ™ 87b1784 0080743 6 W
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T-79-15
nPOWER OPERATIONAL AMPLIFIERS ..o (v mntro)

N _ I
electrical characteristics at specified free-air temperature, Vo + = 15 V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA* MIN TYP MAX UNIT
TLE2061C 25°C 08 3
Full range 3.9
\/ Input offset voltage TLE2061AC 25°C 05 15 mV
10 nput otiset voliag Full range 2.5
25°C 0.3 0.5
TLE2061BC
Full range 1
— - Vic = 0, Rg = 50 Q -
aylo Temperature coefficient of input offset voltage Full range 6 uv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
I Input offset current 25°C 2 pA
10 nput o gurre Full range 1 nA
. 25°C 4 pA
) Input bias current Full range 3 A
-1 -12
25°C to to \
13 16
‘ VicrR Common-mode input voitage range m—y
Full range to \
13
25° 13.2 13.7
. - . Full range 13
VoM Maximum positive peak output voltage swing 25°C 125 132 v
RL = 6000 Full range 12
25° -13.2 -13.7
. . . Fultrange| -13
VoM~ Maximum negative peak output voitage swing 25°C 325 <13 \
R = 6000 Full range| -12
|
| 25°C 30 230
| Vo = £10V, R = 10kQ Iy range 20
| 25°C 25 100
| o . : I _ -
Ayp Large-signal differential voltage amplification Vo=0to8Y, RL = 600Q Full range 10 VimV
25°C 3 25
Vo=0to-8V, R =600Q Full range 3
fi Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
25 Open-loop output impedance lp=0 25°C 280 Q
Rg = 50 Q, 25°C 72 90
CMRR - {
MRR Common-mode rejection ratio Vig = VigR min Full range 70 dB
) Voot = t5Vio£15V, 25°C 75 93
K § .
SVR Supply-voltage rejection ratio (AVge +/ AV|0) Rg = 50 Q Full range 75 dB
25°C 290 350
I
Cc  Supply current Full range 375 HA
Supply current change over Vo = 0 No load
Fult range 34 pA

operating temperature range

tFull range Is 0°C to 70°C.
NOTE 4: Typical values are based an the Input offset voltage shift observed through 168 hours of operating life test at Ta =150°C extrapolated
to Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TeEXAS {'P
INSTRUMENTS
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cSE D WM 89b1724 0080744 T A

TLE2061C, TLE2061AC, TLE2061BC

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uPOWER OPERATIONAL AMPLIFIERS

77915

operg;ing characteristics at specified free-air temperature, Voc+ = *15V (unless otherwise
note

TEXAS INSTR (LIN/INTFC)

PARAMETER TEST CONDITIONS TA‘r MIN TYP MAX UNIT
. Slew rate at unity gain 25°C 2.6 3.4
R = kQ, = 10
SR (see Figure 1) L = 10ka L 0 pF Full range 25 Vins
Equivalent Input noise voltage f = 10 Hz, Rg = 100Q 25°C 70 100
VANHz
Vn (see Figure 2) f = 1kHz, Rg = 100Q 25°C 40 g0 | "VHz
Peak-to-peak equivalent input
=0.1H H o 1
VN(PP) noise voltage f =01Hzto10Hz 25°C 1 v
In Equivalent input noise current f = 1kHz 25°C 1.1 tANHz
! ! Ayp = 2, f = 10 kHz, o o
THD Total harmonic distortion Vore) = 2V, AL = 10k 25°C 0.025%
8 Unity-gain bandwidth R = 10kQ, Cp = 100 pF 25°C . 2 MHz
1 (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 15
o 0.1% 25°C 5
Seftling time 0 01;’ 255G o us
Maximum-output-swing
B A =1, R = 10 25° 4 H
OM  pandwidth vD = 1 L = 10ka © 0 kHz
s Phase margin at unity gain RL = 10kQ, CL = 100 pF 25°C 60°
m (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 70°
TFull range is 0°C to 70°C.
]
T {ip
EXAS
INSTRUMENTS
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25E D WM 8951724 0080745 1 WM
TLE2061C, TLE2061AC, TLE2061BC

H TEXAS INSTR (LIN/INTFC)
L L
electrical characteristics at specified free-air temperature, Ve + = £20 V (unless otherwise noted)
PARAMETER TEST CONDITIONS TAf MIN TYP MAX UNIT
25°C 0.6 3
TLE2061C Full range 3.9
v | p | 25°C 06 1.6 "y
10 nput offset voltage TLE2061AC Full range 25
25°C 0.3 0.5
TLE2061BC Full range 1
— : Vic = 0, Rg = 50Q -
oyjo Temperature coefficient of input offset voltage Full range 6 uv/ec
Input offset voltage long-term drift (see Note 4) 26°C 0.04 pv/mo
| . 25°C 3 pA
10 Input offset current Full range ] A
25°C 5 pA
s Input bias current Full range 3 A
-15 =17
25°C to to \
16.5 21
VicR Common-mode input voltage range 15
Full range to \
16.5
25°C 18.2 18.7
RL = 10ka Full range 818 :
VoMms+ Maximum positive peak output voltage swing 25°C 5 181 \
RL = 6000 Full range 12
25°C | -18.2 -18.
AL = 10ka Full range 1812 =
VoM- Maximum negative peak output voltage swing 25°C 15 "8 v
RL = 6000 Full range| -12
25°C 30 280
Vo = £15V, RL = 10ka Full range 20
. P 25°C 25 80
Ayp Large-signal differential voltage amplification Vo=0t10V, R_=600Q Full range 0 VimV
25°C 3 20
Vo=0to—-10V, R = 600Q Full range y
1 Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zg Open-loop output impedance lop=0 25°C 280 Q
] ) Rg = 50 Q, 25°C 75 91
CMRR Common-mode rejection ratio Vi = VioR min Full range 70 dB
o Voct = t5Vio£20V, 25°C 75 93
ksyR Supply-voltage refection ratio (AVgeo +/ AV|0) R = 50 Q Full range 70 dB
25°C 300 375
lcc  Supply current Full range 200 uA
Supply current change over Vo=o No load
Pply 9 Full range 18 uA

operating temperature range

tFull range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift cbserved through 168 hours of operating life test at T4 = 150°C extrapolated
to T = 25°C using the Arrhenlus equation and assuming an activation energy of 0.96 eV.

Sl

TEXAs *@
INSTRUMENTS
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2S5E D WM 49bl724 008074L 3 WA
TLE2061C, TLE2061AC, TLE2061BC
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS
7-79-15

operating characteristics at specified free-air temperature, Vcc+ = +20 V (unless otherwise

TEXAS INSTR (LIN/INTFCQ)

noted)
PARAMETER TEST CONDITIONS Tat MiIN TYP  MAX UNIT
Slew rate at unity gain 25°C 2.8 3.4
Ry = 10kQ, C =1 F
SR (see Figure 1) L 0 L 00p Fuli range 25 Vins
Equivalent Input noise voltage f = 10 H, Rg = 100 Q 25°C 75 100
VAHHz
Yn o (seo Figure 2) f = 1kHz, Rg = 1000 25°C 40 go | V"2
Peak-to-peak equivalent input
f=0. 10H 25° A
VN(pp) noise voltage 0.1 Hz to 10 Hz 5°C 1 uv
In Equivalent Input nolse current | f = 1kHz 25°C 1.3 fANHz
: ; Ayp = 2, f = 10 kHz, o
THD  Total harmonic distortion Voep) = 2V, AL = 10k 25°C 0.025%
B Unity-gain bandwidth R = 10kQ, CL = 100 pF 25°C 2.1 MHz
| 1 (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 16
| - 0.1% 25°C 5
Settling time 0.01% 25°C o us
Maximum-output-swing o
Bom bandwidth Ayp = 1, RL = 10kQ 25°C 28 kHz
. Phase margin at unity gain RL = 10kQ, CL = 100pF 25°C 60°
{ses Figure 3) Ry, = 600 Q, Cp = 100pF 25°C 70°

tFull rangs is 0°C to 70°C.

e .

TEXAS Q‘
INSTRUMENTS
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25E D MM 89L1724 0080747 5 W

TLE20611, TLE2061AI, TLE2061BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T99 15
WPOWER OPERATIONAL AMPLIFIERS

TEXAS INST-R (LIN/INTFQ)

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

PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT
25°C 0.8 3.1
TLE20611 Full range 4.4
25°C 06 26
Vio Input offset voltage TLE2061Al Full range 3.9 mv
256°C 0.5 1.9
TLE2061BI
Full range 2.7
— " Vic = 0, Rg = 50Q -
ayjo Temperature coefficient of input offset voltage Full range 6 pv/eCc
Input offset voltage long-term drift (see Note 4) 25°C 0.04 wV/mo
| i . 25°C 1 pA
10 nput offset current Full range > oA
| | bi 25°C 3 pA
B nput bias current Full rango 2 A
-1.6 -2
25°C to to v
4 6
VicrR Common-mode Input voltage range 16
Full range to \
4
25°C 3.5 3.7
, . ) Full range 3.1
Voms Maximum positive peak output voltage swing 25°C 25 a1 \
R = 100Q Full range 2
25°C -37 -39
RL = 10kQ
. \ ) Full range| - 3.1
VoM~ Maximum negative peak output voltage swing 35°C 25 —27 v
R = 1000 Fullrange| -2
25°C 15 80
Vo = t28V, R = 10kQ Full range 2
. " - 25°C 0.75 45
Ayp Large-signal differential voltage amplification Vo=0to2V, R_=100Q Full range 05 V/imV
25°C 0.75 3
Vo=0t-2V, R =100Q errareel 05
f Input resistance 25°C 1012 Q
Cj input capacitance 25°C 4 pF
Zo Open-loop output impedance lo=0 25°C 280 Q
] ] Rg = 50 Q, 25°C 65 82
CMRR Common-mode rejection ratio Vig = Vicr min Full range o5 dB
. Voc+ =15Vtox20V, 25°C 75 93
ksyr Supply-voltage rejection ratio (AVgG +/ AV|0) Ag = 500 Full range o5 dB
- 25°C 280 325
lcc  Supply current Full range 350 pA
Supply current change over Vo =0 No foad
Algo PPY g Full range 29 HA

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

e

TEXas “'P
INSTRUMENTS
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25E D WE 89kLL724 0080748 ? EM
TLE20611, TLE2061Al, TLE2061BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uwPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC) 7:79"/5.

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

PARAMETER TEST CONDITIONS T,¢\'r MIN TYP MAX UNIT
Slew rate at unity gain 25°C 2.6 3.4
Ry = 10kQ, = F
SR (see Figure 1) L 0k CL = 100p Full range 2.1 Vins
Equivalent input noise voltage f = 10 Hz, Rg = 100Q 25°C 59 100
Vi (see Figure 2) f = 1kHz, Rg = 100 Q 25°C 43 50| "V
Peak-to-peak equivalent input
f=01Hzto10H 25°C 1.1 \
VN(PP) noise voltage i z :
In Equivalent input noise current f = 1kHz 25°C 1 tA/NHz
THD  Total harmonic distortion Avp = 2 f = 10khz, 25°C 0.025%
a ic 0 Vo(pp) = 2V, RL = 10kQ ’ °
B Unity-gain bandwidth Ry = 10kQ, CL = 100pF 25°C 1.8 MHz
1 (ses Figure 3) RL = 100 Q, C_ = 100 pF 25°C 13
o 0.1% 25°C 5
Settling time 0.01% 25°C o us
Maximum-output-swing
A = 1, R = 10kQ 25°C 14 kH
BOM  pandwidth VD L=10 0 z
p Phase margin at unity gain RL = 10kQ, C| = 100 pF 25°C 58°
m (see Figure 3) RL = 100 Q, C, = 100 pF 25°C 75°
tFull range Is — 40°C to 85°C.
A A _
Ti {i’
EXAS
INSTRUMENTS
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25€ D WM 891724 0080749 9 WM
TLE20611, TLE2061Al, TLE2061BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T=-79-15
uwPOWER OPERATIONAL AMPLIFIERS FEXAS INSTR (LIN/INTEC)

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

PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT
TLE20611 25°C 06 2
Full range 43
Input offset volt TLE2061Al 25°C 0.5 15 mV
Vio nput offset voltage Fuli range 29
TLE2061BI 25°C 93 05
Vie = 0 Ac = 509 Fuli range 1.3
oyjo 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
llo  Input offset current 257 2 pA
Te) nput offset curren Full range 3 oA
kg Inputbi t 25°C 4 pA
B nput bias curren Full rango 5 oA
-11 -12
25°C to to v
13 16
| VicR Common-mode input voltage range Y
| Full range to \)
13
25° 13.2 13.7
RL = 10kQ c
- ) Full range 13
Vom+ Maximum positive peak output voltage swing 25°C 55 132 \
RL = 6002 Full range 12
25° -13.2 -13.7
RL = 10kQ c
. . ; Fult range| —-13 -
VoM~ Maximum negative peak output voltage swing 55°C |-125 —13 v
| R = 600 @ Full range| -12
' 25°C 30 230
Vo = £10V, RL = 10k Full range 20
25°C 25 100
-5 ificati = = \'
Ayp Large-signal differential voltage amplification Vo=0to8V, R_=600Q Full range 10 Vim
25°C 3 25
Vo =0t0-8V, R =600Q |- ange ;
| r Input resistance 25°C 1012 Q
| ¢ Input capacitance 25°C 4 pF
i 2o Open-loop output impedance lo=0 25°C 280 Q
Rg = 50Q, 25°C 72 90
CMRR - jocti i B
RR Common-mode rejection ratio Vic = Vicg min Full range o5 d
. Voot = £5Vtox 15V, 25°C 75 93
ksyRr Supply-voltage rejection ratio (AVee +/ AV|0) Ag = 50 Q Full range o5 dB
25°C 290 350
I
cc  Supply current Full range 375 KA
Supply current change over Vo = o No load
Full range 34 uA

operating temperature range

TFull range is ~ 40°C to 85°C.
NOTE 4: Typlcal values are based on the input offset voitage shift observed through 168 hours of operating life test at T p = 150°C extrapolated
to Tp = 26°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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25E D WM A9L1724 0080750 5 M
TLE20611, TLE2061Al, TLE2061BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS
7-99- 15

TEXAS INSTR (LIN/INTFC)

( operating characteristics at specified free-air temperature, Voc+ = +15V (unless otherwise
noted)
PARAMETER TEST CONDITIONS TA'f MIN TYP MAX UNIT
Slew rate at unity gain 25°C 2.6 34
=1 . = 100 pF
SR (see Figure 1) AL 0k L P Full range 2.1 Vins
Equivalent input noise voltage f = 10 Hz, Rg = 100 Q 25°C 70 100
G
Vn (see Flgure 2) f = 1kHz, Rg = 100 Q 25°C 40 T
Peak-to-peak equivalent input o
VN(PP) nolse voltage f=01Hzto10Hz 25°C 1.1 uv
In Equivalent input noise current f = 1kHz 25°C 1.1 {ANHz
) . . AVD = 2, f = 10 kHz, o o
THD Total harmonle distortion Voep) = 2V, AL = 10k 25°C 0.025%
B Unity-gain bandwidth R = 10kQ, CL = 100 pF 25°C - 2 MHz
1 (see Figure 3) RL = 6000, C_ = 100 pF 25°C 15
Settling time 0.1% : 25°C > s
g 0.01% 25°C 10 s
Maximum-output-swing o
Bom bandwidth Ayp = 1, RL = 10kQ 25°C 40 kHz
p Phase margin at unity gain RL = 10kQ, CL = 100 pF 25°C 60°
m (see Figure 3) RL = 600Q, CL = 100 pF 25°C 70°
tFull range Is — 40°C to 85°C.
£
‘ -
__

TeEXAas '!’f
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25E D WM 89b1724 00A07?51 7 WM
TLE20611, TLE2061Al, TLE2061BI

u TEXAS INSTR (LIN/INTFC)
E _
electrical characteristics at specified free-air temperature, Vo + = £20 V(unless otherwise noted)
PARAMETER TEST CONDITIONS TAf MIN TYP MAX | UNIT
| 25°C 0.6 3
TLE2081 Full range 4.3
Vv Input offset volt TLE2061Al 25% 06 181 v
10 nput offset voitage 06 Full range 59
TLE2061BI 25°C 0.3 0.5
08 Vie = 0 R 500 Full range 1.3
oyjo Temperature coefficient of input offset voitage Ic =" s = Full range 6 uv/°c
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
| nout off 25°C 3 pA
10 nput offset current Full range 3 A
25°C 5 pA
B Input blas current Full range 5 A
-15 =17
25°C to to \
16.5 21
VicrR Common-mode input voltage range _615
Full range to \
16.5
25°C 18. 18.7
RL = 10ke Full range 12
Voms+ Maximum positive peak output voltage swing 25°C 5 181 v
RL = 6000 Full range 12
25°C -18.2 -18.7
R = 10k Full range -818 >
VoMm- Maximum negative peak output voltage swing 55°C 5 —18 \
R = 600Q Full range| -12
25°C 30 280
Vo = £15V, R = 10kQ 1y range 20
) , _ o 25°C 25 80
Ayp Large-signal differentiai voltage amplification Vo=0t010V, R_=600Q Full range 0 VimV
25°C 3 20
Vo=0to—-10V, R = 600Q Full range ]
1 Input resistance 25°C 1012 Q
¢ Input capacitance 25°C 4 pF
Zy Open-loop output impedance lo=20 25°C 280 Q
Rg = 50 Q, 25°C 75 91
CMRR Common-mode rejection ratio VS . dB
ic = Vicr min Full range 65
o Vogt = £5Viot20V, 25°C 75 93
ksyR Supply-voltage rejection ratio (AVgc 1./ AV|Q) Rg = 50 Q Full range o5 dB
25°C 300 375
lcc  Supply current Full range 200 HA
Supply current change over Vo =0 No load
Alge PRl 9 Full range 36 A

operating temperature range

tFull range Is — 40°C to 85°C.
NOTE 4: Typical values are based on the input offset voitage shift observed through 168 hours of operating life test at T4 = 150°C extrapolated
fo Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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25 D WA &9LL724 0080752 9 M
TLE20611, TLE2061Al, TLE20618BI
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

T=79~/5

TEXAS INSTR (LIN/INTFC)

; operating characteristics at specified free-air temperature, Voc+ = +20 V (unless otherwise
noted)
PARAMETER TEST CONDITIONS TAf MIN TYP MAX UNIT
Slew rate at unity gain 25°C 2.8 3.4
= N = 1
SR (see Figure 1) RL = 10ka L 00 pF Full range 2.1 Vins
Equivalent input noise voltage f = 10 Hz, Rg = 100Q - 25°C 75 100 TG
Y (g0 Figure 2) f = 1 KMz, Rg = 1000 25°C 40 g0 | Ve
Peak-to-peak equivalent input
f=01H 10H ° .
VN(PP) nolse voltage 0.1 Hz to 10 Hz 25°C 1.1 uv
n Equivalent input noise current f = 1kHz 25°C 1.3 {ANHz
. , Ayp = 2, f = 10 kHz, o o
THD  Total harmonic distortion Voep) = 2V. AL = 10k 25°C 0.025%
B Unity-gain bandwidth RL = 10kQ, CL = 100 pF 25°C 2.1 MHz
1 (see Figure 3) R_ = 600 Q, C_ = 100 pF 25°C 16
- 0.1% 25°C 5
Settling time 0.01% 26°C 0 us
Maximum-output-swing
=1, R = 25°
Bom bandwidth Ayp = 1 L = 10kQ 5°C 28 kHz
| p Phase margin at unity gain RL = 10kQ, Cp = 100 pF 25°C 60°
m (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 70°
Full range Is ~ 40°C to 85°C.
I ]

TEXAS QP

INSTRUMENTS
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¢S5E D EM 89L1724 0080753 0 m
TLE2061M, TLE2061AM, TLE2061BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T=-19-/5
WPOWER OPERATIONAL AMPLIFIERS FEXAS INSTR (LIN/INTEC)

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

PARAMETER TEST CONDITIONS Tat MIN TYP MAX | UNIT
TLE2061M 25°C 0.8 3.1
206 Full range 6
Vio  Input offset volt TLE2061AM 25°C 06 281 v
10 nput ofiset voltage Full range 4.6
TLE2061BM 25°C 0.5 1.9
06 v 0 A 500 Full range 3.1
oyjo Temperature coefficient of input offset voltage Ic =" s = Full range 6 pv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
| Input offset current 25°C ! pA
10 nput ofiset curren Full range 15 nA
| | bi i 25°C 3 pA
B nput bias curren Full range 30 A
—-1.6 -2
25°C to to \
, 4 6
VicrR Common-mode input voltage range Y
Full range to v
4
25°C 3.5 3.7
RL = 10k Full range 3
Maximum positive peak FK, JG, and 25°C 2.5 3.6
R = 600 Q v
OM+ output voltage swing L packages L Full range 2
DandP 25°C 25 3.1
packages AL = 1000 Full range 2
25°C -35 -39
R = 10k Fullrange| -3
Maximum negative peak FK, JG, and 25°C -25 -35
- = 600 Q \
M output voltage swing L packages AL = 60 Full range -2
D and P 25°C -25 -27
packages AL = 100Q Full range| -2
25°C 15 80
Vo = 28V, R = 10kQ Full range 2
25°C 1 65
FK, JG, and Vo =0t25V, R =600Q Full range 0.5
-si i i L packages 25°C 1 1
Large-signal 'd'lffe'rentlal p g Vo = 0to~25V, R = 600Q 6 v/mV
voltage amplification Full range 0.5
25°C 0.75 45
D and P Vo=0tw2V, R =100 el os
packages 25°C 0.75 3
Vo=0to-2V, R_=100Q Full range 05

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 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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25E D WM 89kL1724 D0&0754 2 WM

TLE2061M, TLE2061AM, TLE2061BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

TEXAS INSTR (LIN/INTFC) MPOWER OPERATIONAL'?‘M_PII;gI—EI;}

#

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

(continued)
“PARAMETER TEST CONDITIONS Tal MIN TYP MAX | UNIT

1] Input resistance 25°C 1012 Q

G Input capacitance 25°C 4 pF

Zy Open-loop output impedance o =0 25°C 280 Q

Rg = 50Q, 25°C 85 82

c - jection rati ,
‘ MRR Common-mode rejection ratio Vig = VigR min Full range %0 dB
| - Voot = £5V0£20V, 25° 75 ~
3 ksyr Supply-voltage rejection ratio (AVgg £/ AV|Q) Rgc—iso Q Fu||5raige o5 3 dB
| =
1 25°C 280 325
| lcc  Supply current Eull range 250 IT.
1 Supply current change over Vo =0 No load :

Alge PPy g Full range 39 HA

operating temperature range

tFull range Is — 55°C to 125°C.

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

<
=)

PARAMETER TEST CONDITIONS Ta MIN TYP MAX UNIT
Slew rate at unity gain
= 10kQ, = F 250 .
SR (se6 Figure 1) RL = 10 CL = 100p C 3.4 Vius
Equivalent input noise voltage f = 10 Hz, Rg = 100Q 25°C 59
VHz
(see Figure 2) t = 1kHz, Rg = 100Q 25°C 43 nviHz
Peak-to-peak equivalent input
f=01H 10H 25° 1.1
VN(PP ) noise voltage 0.1 Hzto 10 Hz © mv
‘ Q In Equivalent input noise current f = 1kHz 25°C 1 tANHz
‘ THD  Total harmonic distortion Avp = 2, f = 10khz, 25°C 0.025%
a Voppy = 2V, RL = 10kQ ) °
B Unity-gain bandwidth R = 10kQ, Cp = 100 pF 25°C 1.8 MHz
1 (see Figure 3) R = 600 Q, CL = 100pF 25°C 1.3
o 0.1% 25°C 5
Settling time 0.01% 25°C 0 us
Maximum-output-swing
=1, = 250
BOM  pandwidth AvD RL = 10kQ 5°C 140 kHz
p Phase margin at unity gain RL = 10kQ, CL = 100 pF 25°C 58°
m (see Figure 3) RL = 600 Q, CL = 100 pF 25°C 75°
___ M

TEXAS J@
INSTRUMENTS
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25E DWW 89bL1724 0080755 4 W
TLE2061M, TLE2061AM, TLE2061BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE |
pwPOWER OPERATIONAL AMPLIFIERS TExAS INSTR (LIN/INTFC) T-09-/5

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

PARAMETER TEST CONDITIONS TA'f MIN TYP MAX | UNIT
25°C 0.6 3
TLE2061M Full range 6
25°C 0.5 1.5
Vio Input offset voltage TLE2061AM Full range 36 mv
25°C . 0.
TLE2061BM 9.3 5
Vie = 0 Ra = 500 Full range 1.7
oyjo Temperature coefficient of input offset voltage Ic =" S = Full range 6 pV/eC
Input offset voltage long-term drift (see Note 4) 25°C 0.04 uv/mo
25°C 2 pA
o Input offset currentr Full range 0 A
. 25°C 4 pA
B 7 Input bias current Full rango N vy
-1 -12
25°C to to \J
. 13 16
VicrR Common-mode input voltage range Y
Full range to \"
13
25°C .
RL = 10kQ i3 137
. - . Full range| 12.5
Vom+ Maximum positive peak output voltage swing \
25°C 12.5 13.2
Full range 12
25°C - - 13.
R = 10kQ 18 - 137
, . Full range| — 12,5
VoMm- Maximum negative peak output voltage swing v
25°C -125 -13
RL = 600 Q
Full range| -12
25°C 30 230
= + =
Vo= %10V, Ry = 10k e e 20
. . . o 25°C 25 100
Ayp Large-signal differential voltage amplification Vo=0to8Y, RL = 600Q Full range 7 VimV
25°C 3 25
Vo=0to-8V, R_=600Q Full range ]
i Input resistance 25°C 1012 Q
G Input capacitance 25°C 4 pF
Zg Open-loop output impedance lop=0 25°C 280 Q
Rg = 50Q, 25°C
CMRR Common-niode rejection ratio s . 72 9% dB
Vic = VigR min Full range 65
) ] Voot =15Vto£15V, 25°C 75 93
k . . .
SVR Supply-voltage rejection ratio (AVo G +/ AV|Q) Ag = 50 Q Full range o5 dB
25°C 290 350
]
cc  Supply current Full range 375 hA
Supply current change over Vo =0 No load
Al Full A
ce operating temperature range ul range 46 H

tFull range is — 55°C to 125°C.
NOTE 4: Typleal 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.

el
C R
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M 29b1724 0080756 L W
TLE2061M, TLE2061AM, TLE2061BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

7-79-/5

25 D

TEXAS INSTR (LIN/INTFQ)

I _
operating characteristics at specified free-air temperature, Vocc+ = x15V (unless otherwise
noted)
PARAMETER TEST CONDITIONS TAf MIN TYP MAX UNIT
Slew rate at unity gain 25°C 2 3.4
SR (see Figure 1) AL = 10k, CL = 100pF ey range| 1.8 Vius
Equivalent input noise voltage f = 10 Hz, Rg = 100 Q 25°C 70
Vn (see Figure 2) f = 1kHz Rg = 100 Q 25°C 40 nVHHz
Peak-to-peak equivalent input
= 01H 25° .
VN(PP) nolse voltage f=01Hzto10Hz 5°C 1.1 uv
In Equivalent input noise current f = 1kHz 25°C 1.1 fANHz
i . . AVD = 2, f = 10 kHz, o o
THD  Total harmonic distortion Vorp) = 2V, AL = 10kQ 25°C 0.025%
B Unity-gain bandwidth BL = 10kQ, C = 100 pF 25°C 2 MHz
1 (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 15
. 0.1% 25°C 5
Seftling time 0.01% 25°C 0 us
Maximum-output-swing o
Bom bandwidth Ayp = 1. RL = 10kQ 25°C 40 kHz
p Phase margin at unity gain RL = 10kQ, CL = 100 pF 25°C 60°
m (see Figure 3) RL = 600 Q, CL = 100 pF 25°C 70°
tFull range is — 55°C to 125°C.
4
_
T {i’
EXAS
INSTRUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 75265 19



25£ D WM 89kL1724 0080757 & M
TLE2061M, TLE2061AM, TLE2061BM

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE 7= 915
a TEXAS INSTR (LIN/INTFCQ)
M ]
electrical characteristics at specified free-air temperature, Voe + = £20 V (unless otherwise noted)
PARAMETER TEST CONDITIONS TA* MIN TYP MAX UNIT
25°C 0.6 3
TLE2061M Full range 6
| 25°C 0.6 1.6 mv
Vio Input offset voltage TLE2061AM Full range 36
25°C 0.3 0.5
TLE2061BM Full range 1.7
" : Vic = 0, Rg = 50Q -
oylo Temperature coefficient of input offset voltage Fuli range 6 pv/°Cc
Input offset voltage long-term drift (see Note 4) 25°C 0.04 {V/mo
| 25°C 3 pA
10  Inputoffset gurrent Full rango 20 A
| | 25°C 5 pA
B nput blas current Full range 20 A
-15 -17
25°C to to \
’ 16.5 21
VicrR Common-mode input voitage range 15
Full range to \
16.5
25°C 1 18.
) . ) Full range| 17.5
Voms+ Maximum positive peak output voltage swing 25°C 5 181 Vv
RL = 6000 Full range 12
25°C -18 -18.7
RL = 10kQ
R . Fullrange| - 17.5
VoMm- Maximum negative peak output voitage swing 5550 15 _18 v
R = 600Q Full range| -12
25°C 30 280
Vo =£15V, R = 10K} Earse] 20
A L ignal diff tial vol lificati Vo =0toi0V, R_=600Q 25%C i &0 VimV
vD Large-signal differential voltage amplification o=0to , L= Full range 0
25°C 3 20
Vo =0to~10V, R = 600 Q Full range 1
T Input resistance 25°C 1012 Q
G Input capacitance , 25°C 4 pF
Zy Open-loop output impedance lop =0 25°C 280 Q
o _ Rg = 50 Q, 25°C 75 91
CMRR Common-mods rejection ratio Vig = ViGR min Full range o5 dB
o Voot = £5Vi0+20V, 25°C 75 93
ksyR Supply-voltage rejection ratio (AVge +/ AV|Q) Rg = 50 © Full range o5 dB
| Suppl ¢ 25°C 300 375 A
CC  Supply curren Full range a0 | M
Supply current change over Vo = 0 No load
Algg PP y g Full range 50 HA
operating temperature range

1Eull range is ~ 55°C to 125°C.
NOTE 4: Typlcal 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.
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| 25 D WM 89L1724 0080758 T WA
TLE2061M, TLE2061AM, TLE2061BM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFQ) T‘?? /5.-
operating characteristics at specified free-air temperature, Voc+ = *20 V (unless otherwise
noted)

PARAMETER TEST CONDITIONS TA MIN TYP MAX UNIT
Slew rate at unity gain
= kQ, = F 25° 4
SR (coe Figure 1) R = 10 CL = 100p c 3 Vius
Equivalent Input noise voltage f = 10 Hz, Rg = 100 Q 25°C 75
Vn (see Figure 2) f = 1kHz, Rg = 100Q 25°C 40 nViHz
Peak-to-peak equivalent input _ o
VN(PP) noise voitage f = 01Hzto 10 Hz 25°C 1.1 uv
In Equivalent input noise current f = 1kHz 25°C 1.3 fANHz
THD  Total harmonic distortion Avp = 2, f = 10kHz, 25°C 0.025%
© Voppy = 2V, RL = 10kQ mesr
B Unity-gain bandwidth R = 10kQ, CL = 100 pF 25°C 2.1 MHz
1 (see Figure 3) RL = 600 Q, C_ = 100 pF 25°C 16
— 0.1% 25°C 5
Settling time 0.01% 2550 m us
Maximum-output-swing o
BoMm bandwidth Ayp = 1, RL = 10kQ 25°C 28 kHz
p Phase margin at unity gain Ry = 10kQ, CL = 100 pF 25°C 60°
m (see Figure 3) RL = 600 Q, CL = 100 pF 25°C 70°
3
L SR ]
Ti *IP
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TLE2061, TLE2061A, TLE2061B 25E D EE 89b1724 0080759 1 WM
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

POWER OPERATIONAL AMPLIFIERS
K TEXAS INSTR (LIN/INTFQ) T=-99-/15

PARAMETER MEASUREMENT INFORMATION

10 kQ
Vo
Vi Vo
Vee-
CL RL
(see Note A) Vee-
Rs Rg
NOTE A: Cy_includes fixture capacitance. - T
FIGURE 1. SLEW RATE TEST CIRCUIT FIGURE 2. NOISE VOLTAGE TEST CIRCUIT

10 kQ

NOTE A: C_includes fixture capacitance.
FIGURE 3. UNITY-GAIN BANDWIDTH 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 picoamp bias current level typical of the TLE2061, TLE2061A, and TLE2061B, 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.

ot
CHE
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25F D WM 89kL1724 008070 & WM

TEXAS INSTR (LIN/INTFC)

TLE2061, TLE2061A, TLE2061B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uPOWER OPERATIONAL AMPLIFIERS

_— =794

L R _
TYPICAL CHARACTERISTICS
table of graphs
FIGURE
Vio Input offset voltage Distribution 4
I Inout bias current vs Common-mode voltage 5
B P vs Temperature 6
llo Input offset current vs Temperature 6
Vicr Common-mode input voltage range limits vs Temperature 7
. vs OQutput current 8.9
ol
Vom Maximum peak output voltage swing vs Supply voltage 10, 11, 12
Vo(PP) Maximum peak-to-peak output voltage vs Frequency 13, 14, 15
. . I vs Frequency 16
1 volt lificat
Ayp Differential voltage amplification vs Temperature 17
vs Time 18
-circul
log Short-circult output current vs Temperature 19
Z5 Output impedance vs Frequency 20
CMRR Common-mode rejection ratio vs Frequency 21
vs Supply voitage 22
| S
CG upply current vs Temperature 23
Pulse response Small-signal 24,25
P Large-signal 26, 27
Noise voltage (referred to input) 0.1t0 10 Hz 28
Vq Equivalent input noise voltage vs Frequency 29
THD Total harmonic distortion vs Frequency 30, 31
) ) vs Supply voltage 32
Unity-
B1 nity-gain bandwidth vs Temperature 33
vs Supply voltage 34
%m Phase margin vs Load capacitance 35
vs Temperature 36
Phase shift vs Frequency 16
IR ———
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TLE2061, TLE2061A, TLE2061B 25 D WE 89kL72Y D08O?EL T m
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uPOWER OPERATIONAL AMPLIFIERS ™ 179-/5%
TEXAS INSTR (LIN/INTFQ)

TYPICAL CHARACTERISTICS'

TLE2061 INPUT BIAS CURRENT
DISTRIBUTION OF Vs
INPUT OFFSET VOLTAGE COMMON-MODE INPUT VOLTAGE
15 T T T T T T 2 t
736 Amplifiers tested from 3 wafer lots Vip I= 0
Veex = 15V Tp = 25°C
. TA = 25°C : «
o P Package TS
§ 10} z
B 2
. 5
£ S
- K
o b
8 2
§ 5 —‘I= Voot = £20V|
£ b os /
Veet = £15 vé
0 R i 0 '
-4 -3 -2 -1 0 1 2 3 4 -20 -15 -10 -5 O 5 10 15 20
Vio - Input Offset Voltage - mV Vic — 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
105 - : Voo +2
< EVeoct = 15V
& [vic=0 >
‘5 104 ’ﬁ % Voo +1
5 7 2 POSITIVE LIMIT
et . o >
é 5
% 10? — 7 £ vees
9 7 8 A A
5 7 ° v 4f'-l e
8 102 s LA~ o Tce-
m = = ]
{ ,I' I} E
o 7 8 NEGATIVE LIMIT
% 101 e q/ . Vec- +3
R — g
100 Vee-~ +2
25 45 65 85 105 125 -75 -50 ~25 O 25 50 75 100 125
Ta — Free-Air Temperature — °C Ta - Free-Air Temperature ~ °C
FIGURE 6 FIGURE 7

1Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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25E D WM &dbl724 0080762 1 W fLE2061, TLE2061A, TLE2061B

EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

uPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

7=79-15
K TYPICAL CHARACTERISTICS
MAXIMUM POSITIVE PEAK MAXIMUM NEGATIVE PEAK
OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs '
OUTPUT CURRENT OUTPUT CURRENT
> 20 , 7 -20 —
o Ta = 25°C ) Ta = 25°C
8 "8 yooy = £20V 8 "1 voey = £20V
g cCt = — £ cCt = NG
> 16 = ~16 N
5 =
a &
g 14 8 -14 N—
¥ 12| Vcox = £15V — ] ¥ -12]- Voot = £15V
o o.
2 10 ,0 -10
§ 8 g -8
E
g 8 E"°
= 4 § -
‘+ 2l Vect = £5V ll -2]1— Vcet = 25V
Y I — 5 L | | |
>
0 -10 -20 -30 -40 -50 -60 0 5 10 15 20 25 30 35 40
ig — Output Current — mA lo — Output Current — mA
1 FIGURE 8 FIGURE 9
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK QUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE SUPPLY VOLTAGE
20 T T / 20 T T
RL = 10kQ RL = 600 Q
T 15| Ta= 25°C // T 15} Ta = 28°C ///
o v -1 \'/
‘5_!: 0 /l/ OM+ ;:p 0 / / OM+
> >
i s // i s ,//
3 f/ 3 ,/
£ X
g ° . g ° ]
§ 5 ™~ <] £ \~\
E E
% \\ R \
= -10 \\ = -10
ls N VoM- ': \\VOM—
§> -16 ~ ) -15 \\
-20 -20
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
[Vect | — Supply Voltage - V IVec+| — Supply Voitage — V
FIGURE 10 FIGURE 11
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TLE2061, TLE2061A, TLE2061B  °°F P ™ &7k17cH 0080763 3 m
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE

POWER OPERATIONAL AMPLIFIERS
W _ TEXAS INSTR (LIN/INTFC) [ - '79'/5:

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK

MAXIMUM PEAK OUTPUT VOLTAGE OUTPUT VOLTAGE
Vs Vs
SUPPLY VOLTAGE FREQUENCY
6 > 10 T TTTTTT
S RL = 100Q vﬂ é, Voot = £5V
I Ta = 25°C / oM+ Jui RL = 10kQ
g 4 , 2 4 Ta = 25°C ||
8 / 5
S =
5 2 A 3
2 % 5
S §
s 0 -}
1 \
E \
£ £ \
g S — 1 \\
> VoMm- g'; \~
-6 S o
0 2 q 6 8 10 = 10k 100k 1M 10M
[Vec+!| - Supply Voitage — 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 L TTTTH >| 40 I LU
% vCCi = 15V 8 VCC:t = 120V
8 RL = 10kQ 8 35 Ry = 10kQ [HI
?‘: 25 \ Ta = 25°C (T[] % Ta = 25°C
] 2 30
£ £ \
o 20 o \
X x 25
3 \ 3 \
% \ % \
S 15 2 20
% > \
B \ B \
o \ o 15
E 10 E ,{\
)
E \ £ 10
8 3
El 5 \\ =
= N L5 N
& \\\h E'_ \\~~
6 o Tt O o an
> 10k 100 k iMm 10M > 1ok 100k 1™ 10M
f - Frequency — Hz f — Frequency ~ Hz
FIGURE 14 FIGURE 15
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BSE D W 87L1724 0080764 5 W TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFC) 7~ 79-/5"
. -
{ TYPICAL CHARACTERISTICS?
LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION and PHASE SHIFT LARGE-SIGNAL VOLTAGE AMPLIFICATION
Vs Vs
FREQUENCY FREE-AIR TEMPERATURE
120 60° 400 .
@ | E
] E RL = 10kQ
| PHASE SHIFT > 250
< 100 80° i
[<] —~— c Veet: = 20V
§ ] £ 300
-é 80 A\ N 100° 8 T —
5 N £ —~
& Avp \ & g 20 s
o 60 N 120° %5 < Voot = 15V S \
8 \ \ 4 2 200 \\
2 40 A\ 140 3
';'5‘: \ \ ! 5 150
g 20 N\ 160° 5
g Veest = 215V \ g 100
( | R, = 10kQ N o a '/ = 5V \\\
Q CL = 100 pF \ 180 5 50— cex ]
< TaA = 25°C n Z
-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 SHORT-CIRCUIT OUTPUT CURRENT
VS VS
ELAPSED TIME FREE-AIR TEMPERATURE
80 l I 80 T T
< Vip = ~100 mV < Veer = 15V
£ 60 g 60 - — Vo=0
- - ViD= —100mV |t
g 40 g 40 ~]
5 5
2 20 S 20
§' Voot = £15V ‘g‘
S 0fTp=25%C S o
3 Vo=0 §
5 -20 5 -20
£ T Vip = 100mV__|
& -4 % ~40
8-60 Vip = 100mv | 8 -60 N
-80 -80
0 10 20 30 40 50 60 -76 -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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TLE2061, TLE2061A, TLE20618B 25 D WM 8951724 00807k5 7 WA
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T=79-15

pPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFO)

TYPICAL CHARACTERISTICS!
OUTPUT IMPEDANCE COMMON-MODE REJECTION RATIO
Vs Vs
FREQUENCY FREQUENCY
1000 T 100 T T T
VIC(':;II:"i“lslv ;__.m % VCC:I: = 20V TA = 25°C
TA = 25°C l " " ’f‘ I
100 T 7 /" 2 s\
a Ayp = 100/ 111U & T\
:‘l_{ 0 l A § Vot = 5V
£ Ayp = 10 A 2 \
/ M & 60
3 & N\
E 14 b 3
-] // // =
£ VTR L g 40 N\
S ool :
L A : N
I Ayp = 1 120
0.01 | E \
=
o \
0.001 0
10 100 1k 10k 100k 1M 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
340 ——— 340 ,
Vo=10 Vo=0
NO LOAD NO LOAD
i 320 §_ 320
-l
, Ta = 125°C // | —
& = Vect = £20V | |
g 300 g e g 300 —]
3 e Ta = 25°C 3 \'/ = 15V
> A// 2 / //cc*/f""‘
3 280 e 3 280 / //
:_) (|J / / Voot = 25V
o —— O / /
260 260 ,‘/
/
Tp = -55°C
240 L 1 | 240 -
0 2 4 6 8 10 12 14 16 18 20 -75 -50 -25 O 25 50 75 100 125
Voot | ~ Supply Voltage - V Ta — Free-Air Temperature — °C
FIGURE 22 FIGURE 23

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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TLE2061, TLE2061A, TLE20618B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
wPOWER OPERATIONAL AMPLIFIERS
T=79-/5

TEXAS INSTR (LIN/INTFC)

VOLTAGE-FOLLOWER

' TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER

SMALL-SIGNAL SMALL-SIGNAL
PULSE RESPONSE PULSE RESPONSE
100 100
E 50 = E 50 f‘
5 ]
g 2
o
> 90 > 0
5 =}
& &
-] =3
o o
5 Voot = %5V o Voo = 15V
> -50 RL = 10kQ > -50 RL = 10kQ \/
Cp = 100 pF CL = 100 pF
Ta = 25°C Ta = 25°C
See Figure 1 See Figure 1
-100 . : . -100 . . .
0 1 2 3 0 1 2 3
t - Time - us t - Time - us
FIGURE 24 FIGURE 25

VOLTAGE-FOLLOWER

VOLTAGE-FOLLOWER

LARGE-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
4 15 r r
Vees = 15V
Ry = 10kQ
3 10 ¢y = 100 pF
> > Ta = 25°C /
; 2 ‘L 5. See Figure 1
=3 o
> >
5 1 5 0
g 2
3 -]
Q o /
>l° 0 Voot = £5V ;I:) -5
RL = 10kQ
-1 | . CL = 100pF -10
Ta = 25°C
See Figure 1
-2 L -15
0 5 10 15 0 10 20 30 40
f - Time - us t ~ Time — us
FIGURE 26 FIGURE 27
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TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
1LPOWER OPERATIONAL AMPLIFIERS TEXAS INSTR (LINJINTEC) — T= n9-,5

S
TYPICAL CHARACTERISTICS

NOISE VOLTAGE EQUIVALENT INPUT NOISE VOLTAGE
(REFERRED TO INPUT) VS
OVER A 10-SECOND INTERVAL FREQUENCY
1 ! i ! N 100 LLLLLE T T
Vees = 15V E Vegt = £5V
f=01to 10 Hz = Rg = 100Q
Ta = 25°C l L 80 Ta = 25°C [}
0.5 | L o See Figure 2
> g N\
= s N
l g 60 b
| ) @ q
; g 0 { ' 2 \~~.
1 s [N I = i~
| 8 £
| 3 |5
j -0.5 1 g
i u?- 20
1 =
.-.1 0
o0 1t 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
0'3 I T TVTTTH 0'6 AL
Ayp = 2 Ayp = 10
R Vopp) = 2V H 2 Vo(pp) = 2V
i " Ta = 25°C t 0571, = 25°C
[ c
: s
% 0.2 ,% 0.4
a Q
) L
‘ g 5 03
| E Voot = 5V E Vees = €5V
| z z } |
| 8 o1 8 02
1 2 2 /4'
| I / I SOURCE SIGNAL 4{
[=] Q 1
= /1 g " '
SOURCE SIGNAL V Veet = £20V
o LTI T T T T¥ece = 22V . L
10 100 1k 10k 100 k 10 100 1k 10k 100 k
f - Frequency — Hz f — Frequency — Hz
FIGURE 30 FIGURE 31
*I’
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TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
nPOWER OPERATIONAL AMPLIFIERS

T-79-/5

TEXAS INSTR (LIN/INTFC)
[ TYPICAL CHARACTERISTICS?

UNITY-GAIN BANDWIDTH

UNITY-GAIN BANDWIDTH

Vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
2.5 e 2.5
AL = 10k ™\ Vccy = £20V
CL = 100 pF T~
- Ta = 25°C g
= See Flgure 3 ; | Voot = £15V
B B
3 T 3 N
g — § Veet = €5V \ \
£ I \\\
[1:] o
e Q \\
%‘ 1.5 g 1.5 \\
=] ]
| I
@ @ RL = 10kQ
CL = 100 pF
See Figure 3
1 1 —
0 2 4 6 8 10 12 14 16 18 20 -7 ~50 -25 O 25 50 75 100 125
[Vcct| — Supply Voltage ~ V Ta - Free-Air Temperature — °C
FIGURE 32 FIGURE 33
i PHASE MARGIN PHASE MARGIN
Vs Vs
SUPPLY VOLTAGE LOAD CAPACITANCE
62° T T T 60° i
RL = 10kQ Vect = £15V
61°—CL= 100 pF Ry = 10kQ
TA = 25°C 50° Tp= 25°C
600 See Figure 3 | \ See Figure 3
5 -~ —T 5 40 N
(' / [y}
2 o — : AN
8 a 30° A
E g // & N~ —
& g & 20°
57°
56° 10°
55° 00
0 2 4 6 8 10 12 14 16 18 20 200 400 600 800 1000
IVcct| = Supply Voltage - V CL - Load Capacitance - pF
FIGURE 34 FIGURE 35

¢

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

TEXAS {'P
INSTRUMENTS

POST OFFICE BOX 655303 + DALLAS, TEXAS 76265 31




TLE2061, TLE2061A, TLE2061B 25E D WM 89kl7zh 008077 4 W
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T-79-/5
wPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFQ)

TYPICAL CHARACTERISTICS!

PHASE MARGIN
Vs
FREE-AIR TEMPERATURE

66° —
RL = 10kQ
R CL = 100 pF
64° \\\ See Figure 3 |
£ gao|— s \
b N
S \ xcc:t = 20V
2 6o AN N3
& AN ‘
' Voot = 5V |
5 58° * \‘\
k X
56°
/
Vecs = £15V N
o [ ™~

-75 -50 -25 O 25 50 75 100 125
TA — Free-Air Temperature — °C

FIGURE 36

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

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 Figure 37 were generated using the TLE2061 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):

Unity gain frequency
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

NOTE 5: G. R. Boyle, B. M. Cohn, D. O. Pederson, and J. E. Soloman, “Macromodeling of Integrated Circuit Operational Ampiifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

PSpice Is a registered trademark of MicroSim Corporation.

L _ -]
Macramadels, simulation madels, or other models
provided hg Tl, directly or indlrectly, are not %
waripiod by T sl epsentig i, o e TEXAS
semiconductor product fo wﬂlch the model relates. INST RUMENTS
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TLE2061, TLE2061A, TLE2061B
EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE
uPOWER OPERATIONAL AMPLIFIERS

TEXAS INSTR (LIN/INTFQ)

TYPICAL APPLICATION DATA

macromodel information (continued)

Ct

rd2

/\5,4, I
+\_/~

de

Vee- —#

ve

.subckt TLE2061 1 2 3 4 5

cl
c2
de
de
dlp
dlin
dp
egnd
£fb
ga
gcm
iss
hlim
j1
j2
r2
rdl
rd2
rol
ro2
rp
rss
vb
ve
ve
vlim
vlip
vlin
.model
.model
.ends

11
6
5

54

90

92

(¢

©o =
OFJAaWwOoOW-JodhHdon

dx
jx

12
7
53
5
91
90

92

1.457E-12
15.00E~-12

dx

dx

dx

dx

dx

poly(2) (3,0) (4,0) 0 .5 .5
poly(5) vb vec ve vlip vlin 0 4.357E6 -4E6 4E6 4E6 -4E6
11 12 188.5E-6
10 99 3.352E-9
dc 51.00E-6
vliim 1K

10 5x

10 jx

100.0E3
5.305E3
5.305E3

280

280

113.2E3
3.922E6

de 0

de 2

de 2

de 0

de 50

de 50

D (Is=800.0E-18)
PJF (Is=2.000E-12 Beta=423E-6 Vto=-1)

FIGURE 37. BOYLE MACROMODEL AND SUBCIRCUIT

T-79-/15
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EXCALIBUR JFET-INPUT HIGH-OUTPUT-DRIVE T-79 -/5

TLE2061, TLE2061A, TLE2061B
1wPOWER OPERATIONAL AMPLIFIERS
TEXAS INSTR (LIN/INTFC)

#
TYPICAL APPLICATION DATA

input characteristics

The TLE2061, TLE2061A and TLE2061B 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 TLE2061,
TLE2061A, and TLE2061B 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. 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.

AN
Vi
Vo Vi
Vo Vo
AAA Vi
R2
R1 A3 ? §
- R4
whepe B3 . B2 = = =
R4 ~ R

FIGURE 38. USE OF GUARD RINGS

input offset voltage nulling

The TLE2061 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.
} .
o
t 5kQ
Vee-

FIGURE 39. INPUT OFFSET VOLTAGE NULLING
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