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LINEAR
INTEGRATED
CIRCUITS

TYPES TLO66M, TLOGBL TLO66C, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

D2494, FEBRUARY 1979—-REVISED AUGUST 1983

5 DEVICES COVER COMMERCIAL,
INDUSTRIAL, AND MILITARY
TEMPERATURE RANGES

® Very Low, Adjustable ('‘Programmable’’)

Power Consumption

® Adjustable Supply Current . . . 5 4A to

200 pA
Very Low Input Bias and Offset Currents
Wide Supply Range . . . £+1.2V to +18 V

Wide Common-Mode and Differential
Voltage Range

Output Short-Circuit Protection
High Input Impedance . . . JFET-Input Stage

® Unity-Gain Bandwidth . . . 1 MHz Typ

(100 kHz at 25 ;W)
High Slew Rate . . . 3.5 V/us Typ
Internal Frequency Compensation

Latch-Up-Free Operation

description

The TLO66, TLO66A, and TLO66B are JFET-input
operational amplifiers similar to the TLO61 with the
additional feature of being power-adjustable. They
feature very low input offset and bias currents, high
input impedance, wide bandwidth, and high slew rate.
The power-control feature permits the amplifiers to be
adjusted to require as little as 25 microwatts of power.
This type of amplifier, which provides for changing
several characteristics by varying one externai
element, is sometimes referred to as being
“‘programmable.”’ The JFET-input stage combined
with the adjustable-low-power feature results in
superior bandwidth and slew rate performance
compared to low-power bipolar-input devices.

TLO66M . . . JG PACKAGE

TLO66), TLO66C, TLO66AC, TLO66BC . . . D, JG, OR P PACKAGE

(TOP VIEW)
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NC—No internal connection

symbol

OFFSET NULL
N1

OFFSET NULL
N2

NONINVERTING
INPUT IN+
OUTPUT
INVERTING
INPUT IN-

The TLO66M is characterized for operation over the full military temperature range of —55°C to 125°C; the TLO66I
is characterized for operation from —26°C to 85°C; the TLO66C, TLO66AC, and TLOB6BC are characterized for

operation from 0°C to 70°C.
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TYPES TLOG6M, TLOG6I, TLOGGC, TLOGGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic | vees

VWA—@-

NONINVERTING

INPUT
INVERTING 5092
INPUT b
p
31000

lec~ 285 T

¢ 2.85 + Rgyy cco

where Rgyq is in k2

and Igc(g) = Icc with Rext = 0

POWER
CONTROL
Rext
—* Vee-
OFFSET OFFSET OUTPUT
NULL NULL
(NT) (N2) COMPONENT VALUES SHOWN ARE NOMINAL
absolute maximum ratings over operating free-air temperature (unless otherwise noted)
TLOGGC
TLOBEM TLOG6I TLOBBAC | UNIT
TLOG6BC
Supply voltage, Vo + (see Note 1) 18 18 18 \
Supply voltage, Vo — (see Note 1) -18 -18 -18 v
Differential input voltage (see Note 2} +30 +30 +30 v
Input voltage (see Notes 1 and 3) +15 +15 +15 \
Voitage between power-control terminal and Vi — +0.5 +0.5 +0.6 \
Duration of output short circuit (see Note 4) unlimited unlimited unlimited
Continuous total dissipation at {or below)
0 680 0 w
25°C free-air temperature (see Note 5) 68 68 m
Operating free-air temperature range —551t0 125 | -25 t0 85 0to 70 °C
Storage temperature range --65 t0 150 | -65 to 150 | -65 to 150{ °C
H, FK,
Lead temperature 1,6 mm (1/16 inch) from case for 80 seconds F or 300 300 300 °C
JG package

Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds | D or P package 260 260 °C

NOTES: 1. All voltage values, except differential voltages, are with respect to the midpoint between Vee+ and Vee -
2. Differential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. The magnitude of the input voitage must never exceed the magnitude of the supply voltage or 15 volts, whichever is less.
4. The output may be shorted to ground or to either supply. T and/or supply voltages must be fimited to ensure that the dissipation rating
is not exceeded.
5. For operation above 25 °C free-air temperature, refer to Dissipation Derating Curves in Section 2. In the JG package, the TLOB6I, TLO66C, TLOB6AC,
and TLOBBBC chips are glass-mounted; the TLO66M chips are alioy-mounted.
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TYPES TLO66M, TLO66I, TLOG6C

ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS
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TYPES TLOG6GAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, Voc = +15 V

T 6A T C
PARAMETER TEST CONDITIONS LOBBAC LOG6B UNIT
MIN  TYP MAX| MIN TYP MAX
Vo =0, Rg = 50 Q,
T: = 25°C ° 3 6 2 3
v Input offset voltage — v
1o Ineu a9 Vo = 0, Rs = 50 0, s . m
TA = full range )
Temperature coefficient| Vg = 0, Rg = 50 @,
10 10 Vi
“VvIo of input offset voltage TA = full range wvI°C
Vo =0, Ta = 25°C 5 100 5 100 A
o Input offset current? 0 A P
Vo =0, Ta = full range 3 3 nA
Vo =0, Ta = 25° 30 200 30 200 A
hg Input bias current? o) 0 A ¢ P
Vo =0, Ta = full range 7 7 nA
vigg Sommemmedeinput L ogec £115 £115 v
voltage range
v Maximum peak Ta = 25°C, Ry = 10 kQ, +10 +13.5 +10  £13.6 v
OM  5utput voltage swing Ta = full range, AL = 10 k@ £10 =135 £10 135
R ka, Vo = 210V,
L; ignal differential TL - '2(;"(: 0" 4 6 ¢ 6
arge-s erenti =
Avp ge-signal ditfere A Vimv
voltage ampilification RL = 10 kQ, Vo = £10V, 4 4
Ta = full range
Bq Unity-gain bandwidth TA = 25°C, Ry = 10 k@ 1 1 MHz
r Input resistance TA = 25°C 1012 1012 Q
o Output resistance Ta = 25°C, f = 1kHz 220 220 Q
Common-mode Vic = VicrRmin, Vg =0,
CMRR 80 86 80 86
rejection ratio Rg = 50 Q, TA = 25°C d8
Supply voltage
Vi = *9Vto x15V, Vg = 0,
KSVR rejection ratio Rcc_ o0 ° 75 a 2?:>°c 80 95 80 95 8
(AVec £/AVip) s =0 A=
No load, Vo = 0,
P Total power dissipation [ 7.5 6 7.5 mw
D otal power dissipa Ta = 25°C
No load, Vo =0,
! Suppl nt 200 250 200 250 A
cc upply curre: Ta = 25°C w
Al characteristics are measured under open-loop it with zero de input voltage uniess otherwise specified. Full range of Ta = -55°C

to 125°C for TLOBBM; —26°C to 85°C for TLO66I; and 0°C to 70°C for TLO66C, TLOGBAC, and TLOG6BC, The electrical parameters are measured with
the power-control terminal (pin 8) connected to Vee --
‘lnput bias currents of a FET-input operational ampiifier are normat junction reverse . which are itive. Pulse iy must be used
that will maintain the junction temperature as close to the ambient temperature as is possible.
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TYPES TLO66M, TLOG6I, TLOGGC, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, VCC+ = +15V, TA = 25°C, Rext = 0

PARAMETER TEST CONDITIONS MIN TYP MAX UNIT
L Vi =10V, RL = 10 k2,
SR Slew rate at unity gai 2 3.5 V.
© at unity gain CL = 100 pF, See Figure 1 Ius
t Rise time Vi = 20 mV, RL = 10 kQ 0.2 us
Overshoot factor Cp = 100 pF, See Figure 1 10%
Vn Equivalent input noise voltage Rg = 100 0, f = 1kHz 42 nVv/VHz

PARAMETER MEASUREMENT INFORMATION

10 k2

e AAA,
WA

1kQ
Vi Vi O—AW—4

e

€y = 100 pF $RL=10ka
1 R TC|_=100pF

FIGURE 1—-UNITY-GAIN AMPLIFIER FIGURE 2—GAIN-OF-10 INVERTING AMPLIFIER

INPUT OFFSET VOLTAGE NULL CIRCUIT

Operational Amplifiers H

Vee-

FIGURE 3
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TYPES TLO66M, TLO66I, TLO66C, TLOG6AC, TLOBGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS
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118~ Input Bias Current-nA

VOM-Maximum Peak Output Voltage—V

INPUT BIAS CURRENT

FREE-AIR TEMPERATURE

TYPICAL CHARACTERISTICS T

MAXIMUM PEAK OUTPUT VOLTAGE

v
SUPPLY VOLTAGE

100 - '. T
sof voCe© £19Y [T I
Rext = 0 — > LR 10K !
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FIGURE 4

MAXIMUM PEAK OUTPUT VOLTAGE

s
FREE-AIR TEMPERATURE

IVCC - Supply Vottage--v

FIGURE 5

MAXIMUM PEAK OUTPUT VOLTAGE

vs
LOAD RESISTANCE

VOM- Maximum Peak Output Voltage -V

>

S
@

MAXIMUM PEAK OUTPUT VOLTAGE

vs
EXTERNAL-CONTROL RESISTANCE

100 Tk 10k

Rext~External-Controt Resistance ~§2

FIGURE 6

MAXIMUM PEAK QUTPUT VOLTAGE
vs

FREQUENCY
. 15 T
e RN > s sy |
> cCe = | 3
B Rext= 0 2125
1128 — g ‘1250 A g
4 Ta=25°C H
3 See Figure 2 >
i 3 3
3 H
: S
75 x +7.5) g
: / g
E g /] £
+ : £
Veet =BV H / 2
| Rext =0 E N s
*28M R < 10k = 5 i £
See Figure 2 o R T Lo
ol 11 > oL LU L Ll
<75 -50 25 0 25 50 75 100 126 100 200 400 700 Tk 2k 4k TkiDk Tk 10k 100k ™ 10M
Ta—Free-Air Temperature—°C Ri-Load Resistance -2 f—Frequency —Hz
FIGURE 7 FIGURE 8 FIGURE 9

Ayp-Differential Voltage Amplification—V/mV

DIFFERENTIAL VOLTAGE AMPLIFICATION

EXTERNAL-CONTROL RESISTANCE

m
HHMIIIIHI‘

Ve = $15V
RL=10kQ
Ta=28°C
LALEN § L)
1 10 100

Rex(—External-Control Resistance—2

il
1k

FIGURE 10

AvD--Differential Voltage Amplification--V/mV

DIFFERENTIAL VOLTAGE AMPLIFICATION

LARGE SIGNAL

DIFFERENTIAL VOLTAGE AMPLIFICATION

and PHASE SHIFT

Ta-Free-Air Temperature—"C

FIGURE 11

v vs
FREE-AIR TEMPERATURE FREQUENCY
0 105
fFvege = 115V
[Rext=0 §
7R = 10k0 5 08
— z
3
4 E é
. <3 PHASE SHIFT 5 =
g‘ (right scale) 1/ H
H 3
3 102 90° &
2 H DIFFERENTIAL \
£ VOLTAGE
s 0 IPLIFICATION 138"
a lleft scale) \ J
>
< o
1 1 180
~75 50 -25 0 25 50 75 100 125 110 100 1k 10k 100k 1M 10M

t-Frequency-Hz

FIGURE 12

tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
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TYPES TLOG6M, TLOG6I, TLOGBC, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

SUPPLY CURRENT

TYPICAL CHARACTERISTICS T

SUPPLY CURRENT

EXTERNAL-CONTROL RESISTANCE

s
SUPPLY VOLTAGE
250 T T
Rext =0 |
Ta-25°C ! | .
200 |— No Signal ‘ );4—
‘fl Noload | g | i g‘
: i L
£ 150 1 o A &
o i 3
§ i z
i g
3 100 T R 3
g 3
9 S
50 R e e e =
i
| i
° : |

0 2 4 6 8 10 12 14 16
Vecs - Supply Voltage -V

FIGURE 13

TOTAL POWER DISSIPATION

vs
EXTERNAL-CONTROL RESISTANCE

Pp-Total Power Dissipation—uW

) 10 100 1k 10k 100k
Rext— External-Control Resistance—S2

FIGURE 18

EQUIVALENT INPUT NOISE VOLTAGE

v
FREQUENCY

o 120

2

k Vees = 15V

ESN ey

3 Ta=75C

3 Rext = 100 kQ2

3 N

3 PR

% \y

2 60—l Rex = 10K

35 |

2

£ Rext 0

H

:

2 20

T

&

5 GLLL

10 40 100 400 1k 4k 10k 40k 100K

(~Frequency—Hz
FIGURE 19

CMRR-Common-Mode Rejection Ratio—-dB

Vq—Equivalent Input Noise Voltage—uV

4
1 10 100 1k 10k 100k

Rex1- External-Control Resistance—$2

FIGURE 14

ALL EXCEPT TLOB6C
COMMON-MODE REJECTION RATIO

vs
EXTERNAL-CONTROL RESISTANCE

T || »'“lm”
il “u ‘lll“h"
il |l l] ll“ “l
| !
Vees = 15V
RL =10k
82 Ta=25°C
sl i1
1 10 100 1k 100 k

0
10 40 100 400 YTk

Rext—External-Control Resistance—§1
FIGURE 17

EQUIVALENT INPUT NOISE VOLTAGE

vs
SOURCE RESISTANCE

i
fliEe

||Illmlllll
==

Veoe = 218V
=Ry =10k
Ta=25°C

il
4k 10k 40K100K
Rg—Source Resistance—S1

FIGURE 20

SUPPLY CURRENT

v
FREE-AIR TEMPERATURE

250
B S
I e
g 150 f—
H
o
2z
§ 100
@
3 Veee =15V
S 50| Rext 0
No Signal
No Load
0 |
-75 -50 -25 0 25 50 75 100 125°

Ta~Free-Ar Temperature -°C

FIGURE 15

ALL EXCEPT TLOS6C
COMMON-MODE REJECT!ON RATIO

W

v
FREE-AIR TEMPERATURE 7))
87 144
Vegr =215V
2 Roxt = 0 o
2 g6 | Rys 1040 =
H [ b
K] —— H—3
$ o e [
H 7 £
< /
§ 84 1 <
S
: -
ge [}
§ c
Y 82 Q
e | P
H ®
° g ©
75 50 25 0 25 50 76 100 125 -
Ta-Free-Air Temperature—"C g-
FIGURE 18 o

81— Unity Gain Bandwidth—MHz

0.1

UNITY GAIN BANDWIDTH

EXTERNAL- CON':‘ROL RESISTANCE
T T T
H“{I!H ““mjl“mm

10 10k
Rext—External-Control Resistance—Q

FIGURE 21

1Data at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
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TYPES TLOG6M, TLO66I, TLO66C, TLOGGAC, TLOGGBC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICSt

NORMALIZED UNITY-GAIN BANDWIDTH,

w

SLEW RATE SLEW RATE, and PHASE SHIFT
v vs VOLTAGE FOLLOWER
EXTERNAL-CONTROL RESISTANCE FREE-AIR TEMPERATURE LARGE SIGNAL PULSE RESPONSE
2 6
52 T i 1.03 PUT —
: || .y
3 1.2 JUNITY-GAIN BANDWIDTH_pHASE SHIFT{ 1.02 4
-0 | H L Neftscate) (right scale) = > \
3 See Figure 1 | £ | [ w1 & % o2
> Pl ] / 5 =
| H
H E T SLEW RATE £z o \
L @ 1 efrscale) 1 3 : BUTPUT
3 £ s 03 i h
3 3 N HI ‘ |
o z 09 099 § % 2 T et
@ H | ™~ z 3 / Rext < 0 !
3 Vees =15V E R = 10kS2
20812 Tioka .98 Cp = 100 pF
E = By for Phase Shitt | — Ta - 25°C o
i Lo E 07 1 1 i | 097 -6 i f L
1 10 100 1k W0k 100k ~75 -50 -25 0 25 50 76 100 125 Q 2 4 6 8 0
Rext - External Control Resistance—§1 TA~Free-Air Temperature—°"C  Time-us
FIGURE 22 FIGURE 23 FIGURE 24
OUTPUT VOLTAGE
v
ELAPSED TIME
28 { T
o 2 ——1= OvERSHOOT = ==~ =T~ -
3 =
3 T
- Q, -‘ 90
[+}] g6
=3 s 1/
S N |
3 g 1
i
2 £ / Ve = 215V
10% | Rext=0
> o L Rg- 0k 4
3 fetoe] [ Ta=26°C
_a -
he) 0 02 04 06 08 1 12 14
—— - Time—ps
=
a' FIGURE 25
- tData at high and low temperatures are applicable only within the rated free-air temperature ranges of the various devices.
(]
TYPICAL APPLICATION DATA
Vees
10k, 10k,
; 0.1%
NpuT _ 100KS2 #"m
A
Vee-
Reoxt
g OuTPUT
100 kQ
Veet
° Veer 1mMa
INPUT w0k, 0k,
B + 0.1% 0.1% -
100 ka TLO66 TL066| 1009
- ﬁ + 1
t+—o Vee— Vee-
Rext Rext

FIGURE 26 -INSTRUMENTATION AMPLIFIER

Texas
3-106 INSTRUMENTS



TYPES TLOGGM, TLOGGI, TLOG6C, TLOBGAC, TLOG6BC
ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

. TYPICAL APPLICATION DATA

10kQ 100 k2 1kQ
VAUA uv
0.06 uF 0.06 uF
0.14F ik N | Nk
tuF
9 6—0 >
L 10 kQ
S —
S ~
| o.wzlxﬂ

0.001 uF

FIGURE 27—-MICROPHONE PREAMPLIFIER WITH TONE CONTROL

0.14F
Vee+
6.8ks 6.8k
0.1,4F
I * + =
50 @ TLOGE

10kQ
- 1MQ

Vee—

FIGURE 28—AC AMPLIFIER

Operational Amplifiers H
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TYPES TLOG66M, TLO66!, TLOG6C, TLOBGAC, TLOG6BC

ADJUSTABLE LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL APPLICATION DATA ‘

IC PREAMPLIFIER RESPONSE CHARACTERISTICS

25 T T 111177 [ ] ] ‘ ”l
VAKX BASS T AR
NG Vees ]=[i.“1'5 v | |TREBLE
@ 15 {—Ta = 25°C
T ™. See Figure 30 il
& 10 AN y
2 /
151 5 /
£ \ %
g o =
< . ,/’ N
.
g A N
< —-10
> |4 N
v N
~15 1 <
3 _20 ] M
MIN BASS TREBLE
_25 LI L
.9 20 40 100 200400 1k 2k 4k 10k 20k
] f—Frequency —Hz
)
= FIGURE 29
[}
3
Q
- 220 k2
> 0.00375 pF l/
3 ’_'K 10kQ ~L 0.003uF
g 270 0.03,F
= ¢ N Y
C-D. N vy vees MIN AN l MIN
br 0.01 uF 100 kQ2 eI

BASS 2% e ‘6“1 343'1(9 TREBLE
MAX ( MAX

1000
o 0.03 uf L
INPUT
10 k2 S 0.003 uF
BALANCE
< < 5k2gy *|/
3 1000 47 k3 N 4_1( 68 k2
L a7 uF
75 uF 50 pF
T_T
he

FIGURE 30—IC PREAMPLIFIER

OuUTPUT
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