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TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS
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High Input Impedanc e ... JFET-Input Stage
Latch-Up-Free Operation

® | ow Power Consumption
® \Wide Common-Mode and Differential
Voltage Ranges High Slew Rat e . . . 13 V/us Typ

Output Short-Circuit Protection Includes V cc+

® |ow Total Harmonic
Distortion ... 0.003% Typ

description

The TLO8x JFET-input operational amplifier family is designed to offer a wider selection than any previously
developed operational amplifier family. Each of these JFET-input operational amplifiers incorporates
well-matched, high-voltage JFET and bipolar transistors in a monolithic integrated circuit. The devices feature
high slew rates, low input bias and offset currents, and low offset voltage temperature coefficient. Offset
adjustment and external compensation options are available within the TLO8x family.

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

symbols

TLO81 TLO82 (EACH AMPLIFIER)
TLO84 (EACH AMPLIFIER)

OFFSET N1
IN+ IN+ +
ouTt ouT
IN—- IN- ——
OFFSET N2

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PRODUCTION DATA information is current as of publication date. o Copyright [J 1999, Texas Instruments Incorporated
Products conform to specifications per the terms of Texas Instruments l On products compliant to MIL-PRF-38535, all parameters are tested
standard warranty. Production processing does not necessarily include s I E‘XAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters.
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TLO81M
U PACKAGE
(TOP VIEW)
NC[] 1 o 10[] NC
OFFSETNL1[] 2 o[l NC
IN-] 3 8|l Vees
IN+[] 4 7[] ouT
Vee-[l s 6] OFFSET N2

TLO81, TLO81A, TLO81B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
OFFSET N1 [] 1 o 8[] NC
IN-[] 2 70 Vee+
IN+ ] 3 6] OUT
Vee-[] 4 5[] OFFSET N2

TLO81M ... FK PACKAGE

TLO82M
U PACKAGE
(TOP VIEW)
NC[] 1 < 10[] NC
10UT[] 2 9]l Vee+
1IN-[] 3 8] 20UT
1N+[] 4 7[] 2IN—
Vcc_ 5 6 ] 2IN+

TLO82, TLO82A, TL082B
D, JG, P, OR PW PACKAGE

(TOP VIEW)
10UT []1 o 8|l Vec+
1N-[] 2 7[] 20UT
1IN+ [] 3 6] 2IN—
Vee-[] 2 5[] 2IN+

TLO82M . . . FK PACKAGE

(TOP VIEW)
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NC [] 4 18[1 NC
IN-[]5 17 Vee+
NC []6 16[] NC
IN+ [] 7 15[] ouT
NC []8 14[] NC
9 10 11 12 13
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TLO84, TLO84A, TL0O84B
D, J, N, PW, OR W PACKAGE

(TOP VIEW)
5 .0
29%2°%

/G S | N - -

NG ]43 212018 A\
1IN-[]s 17[] 20UT
NC [] 6 16[] NC
1IN+ [] 7 15[] 2IN—
NC []8 14[] NC
9 10 11 12 13
rrarar
24,928
>O N

TLO84M . .. FK PACKAGE

(TOP VIEW)
10UT [ 1 o 14]] 40UT
1N-] 2 13[] 4IN—
1IN+ 3 12[] 4IN+
Vee+[J4 1l Vee-
2IN+[] 5 10[] 3IN+
2IN-[] 6 o[l 3IN-
20UT [| 7 g[] 30UT

NC — No internal connection

(TOP VIEW)
I '5 '5 I
2000 Z
A Z2 < <
/ LI JLJLJ0L]
3 2 1 2019
1IN+ [] 4 18[1 4IN+
NC []5 17[] NC
Vee+ 6 16[] Vee-
NC []7 15[ NC
2IN+[] 8 14[] 3IN+
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AVAILABLE OPTIONS

PACKAGED DEVICES cHip
A | Viomax SMALL SMALL CHIP CERAMIC | CERAMIC | PLASTIC | PLASTIC TssOP FLAT FLAT FORM
AT 25°C | OUTLINE | OUTLINE | CARRIER DIP DIP DIP DIP W) PACK PACK )
(D008) (D014) (FK) ) (JG) (N) (P) L) (W)
15mV | TLO81CD TLOSICP | TLO81CPW
6mV | TLOS1ACD — — — — — TLOB1ACP — — —
3mV | TLO81BCD TLOS1BCP
0°C 15mV | TL0O82CD TLOS2CP | TLOS2CPW TLOS2Y
to 6mV | TLOS2ACD — — — — — TLO82ACP — —
70°C 3mV | TLO82BCD TLOS2BCP
15 mV TLO84CD TLO84CN TLO84CPW TLOS4Y
6 mvV — TLOS4ACD — — — TLOS4ACN — — —
3mv TLO84BCD TLO84BCN
—40°C 6mV | TLO81ID TLOS1IP
to 6mV | TLO82ID — — — TLOS2IP — — — —
85°C 6mV | TLO84ID | TLO84ID TLO84IN
—40°C
to — — — — — — — — — —
125°C 9mv TLO84QD
—55°C 6 mV TLO81MFK TLO81MJG TLOS1MU
to 6 mV - - TLO82MFK TLO82MJIG - - - TLO82MU -
125°C 9mv TLOBAMFK | TLO84MJ TLOS4MW

The D package is available taped and reeled. Add R suffix to the device type (e.g., TLO81CDR).

SH3AHITdAV TYNOILYH3dO LNdNI-134C
A¥8071L "a¥807L 'V¥8071L ‘780711 'AZ8071L
d¢80711 'VZ807L Z8071L 'dT801L 'VT801L T80TL
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schematic (each amplifier)

. T

IN— 64 Q
128 O

64 Q

ouT

-

} 1080 Q
‘ A d

\

OFFSET N1 OFFSET N2

Vce-

TLO81 Only

Component values shown are nominal.
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TLO82Y chip information

These chips, when properly assembled, display characteristics similar to the TL082. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
=y
= Vee+
= (8)
— un+ G IS
= &)
= ) 10UT
- 1IN —— =
- ®)
- @) tH— 2IN+
= 20UT
= (6)
= - 2in-
- 61 4
= Vce-
= CHIP THICKNESS: 15 TYPICAL
= BONDING PADS: 4 x 4 MINIMUM
= Tjmax = 150°C
= TOLERANCES ARE +10%.
= ALL DIMENSIONS ARE IN MILS.
e PIN (4) IS INTERNALLY CONNECTED
N TO BACKSIDE OF CHIP.
¢ 61 >
‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\
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TLO84Y chip information

These chips, when properly assembled, display characteristics similar to the TL084. Thermal compression or
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive
epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
Vee+

4)
(3)
1IN+ X2 )7 )
) 10UT
1IN- — =
5
g LI
20UT
10)
3IN+ 22y ®)
9) 30UT
3IN- — =
40UT
i [CORpT
(11)

Vce-

AR AR AR AN AR AN
o

CHIP THICKNESS: 15 TYPICAL

« 105 g
‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘M‘M‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘\‘ BONDING PADS: 4 x 4 MINIMUM

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

PIN (11) IS INTERNALLY CONNECTED
TO BACKSIDE OF CHIP.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted) T
TLO8_C
TLO8_AC TLO8_I TLO84Q TLO8_M UNIT
TLO8_BC
Supply voltage, Vcc + (see Note 1) 18 18 18 18 Vv
Supply voltage Vcc— (see Note 1) -18 —-18 -18 -18 \Y
Differential input voltage, V|p (see Note 2) +30 +30 +30 +30 Vv
Input voltage, V| (see Notes 1 and 3) +15 +15 +15 +15 \Y
Duration of output short circuit (see Note 4) unlimited unlimited unlimited unlimited
Continuous total power dissipation See Dissipation Rating Table
Operating free-air temperature range, Ta 0to 70 —-40t085 | —-40t0 125 | -55t0 125 °C
Storage temperature range, Tstg - 6510150 | —65t0 150 | —65to 150 | — 65 to 150 °C
Case temperature for 60 seconds, T FK package 260 °C
Is_:ggnts;nperature 1,6 mm (1/16 inch) from case for 60 J or JG package 300 °c
Is_sggnts;nperature 1,6 mm (1/16 inch) from case for 10 IIZ\,NNIE)aP(,:Ii)a:ge 260 260 260 oc

1 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 Vcc + and Ve —.
2. Differential voltages are at IN+ with respect to IN—.
3. The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15 V, whichever is less.
4. The output may be shorted to ground or to either supply. Temperature and/or supply voltages must be limited to ensure that the
dissipation rating is not exceeded.
DISSIPATION RATING TABLE
PACKAGE Ta £25°C DERATING DERATE Ta =70°C Ta =85°C Tpa = 125°C
POWER RATING FACTOR ABOVE Tp POWER RATING POWER RATING POWER RATING
D (8 pin) 680 mwW 5.8 mW/°C 32°C 460 mW 373 mw N/A
D (14 pin) 680 mW 7.6 mW/°C 60°C 604 mW 490 mW 186 mW
FK 680 mW 11.0 mw/°C 88°C 680 mW 680 mW 273 mW
J 680 mW 11.0 mw/°C 88°C 680 mW 680 mW 273 mW
JG 680 mW 8.4 mWw/°C 69°C 672 mW 546 mW 210 mwW
N 680 mwW 9.2 mw/°C 76°C 680 mW 597 mW N/A
P 680 mW 8.0 mw/°C 65°C 640 mW 520 mW N/A
PW (8 pin) 525 mW 4.2 mw/°C 25°C 336 mW N/A N/A
PW (14 pin) 700 mw 5.6 mW/°C 25°C 448 mW N/A N/A
U 675 mW 5.4 mw/°C 25°C 432 mW 351 mW 135 mW
w 680 mW 8.0 mW/°C 65°C 640 mW 520 mW 200 mwW
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electrical characteristics, V. cc+ = 15 V (unless otherwise noted)

TLO81C TLO81AC TLO81BC TLO81I
TLO82C TLO82AC TLO82BC TLO82I
PARAMETER TEST CONDITIONS Tat TLOS4C TLOSAAC TLOS4BC TLO84I UNIT
MIN TYP MAX | MIN TYP MAX | MIN TYP MAX TYP MAX
V Input offset volt V 0 R 50 Q 25°C 3 3 6 2 3 3 0 Y
nput offset voltage = = m
10 P 9 © S Full range 75 5 9
Temperature
avio coefficient of input Vo=0 Rg =50 Q | Full range 18 18 18 18 uv/ec
offset voltage
25°C 5 5 100 5 100 5 100 pA
o Input offset current¥ |Vo =0
Full range 2 2 10 nA
25°C 30 30 200 30 200 30 200 pA
B Input bias current ¥ Vo=0
Full range 7 7 20 nA
Common-mode input -1z -1z -12 -12
VICR e e P 25°c | +11 to £11 to £11 to to v
gerang 15 15 15 15
) R =10kQ 25°C +12 £135 +12 £135 +12 £135 +13.5
VoM Maximum peak o "5 G o 12 12 +12 v
output voltage swing Full range
RL=2kQ +10 +12 +10 +12 +10 +12 +12
Large-signal Vo=#10V, R =2 2kQ | 25°C 25 200 50 200 50 200 200
AvD differential voltage VimVv
amplification Vo =10V, R 22kQ | Fullrange 15 25 25
B1 Unity-gain bandwidth 25°C 3 3 3 3 MHz
f Input resistance 25°C 1012 1012 1012 1012 Q
Common-mode V|c = Vicrmin, R
CMRR rejection ratio Vo =0, Rs =50 Q 25°C 70 86 75 86 75 86 86 dB
Supply voltage Ve = +15V 10 £ 9V
KSVR rejection ratio oo U Raceoa | 2°C 70 86 80 86 80 86 86 dB
(AVccs IAVI0) o= S
lce Supply current Vo =0, No load 25°C 1.4 14 28 14 28 14 28| mA
(per amplifier)
Vo1/Vo2 Crosstalk attenuation | Ayp = 100 25°C 120 120 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified. Full range for Tp is 0°C to 70°C for TLO8_C, TLO8_AC,
TLO8_BC and —40°C to 85°C for TLO8_]I.
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in Figure 17. Pulse techniques must be used
that maintain the junction temperature as close to the ambient temperature as possible.

666T AMVNH93d AISIATY — LL6T AdVYNH93d — 3T80SOT1S
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electrical characteristics, V. cc + = +15 V (unless otherwise noted)

TLO81M, TLO82M TLO84Q, TL084M
PARAMETER TEST CONDITIONST TA UNIT
MIN TYP MAX | MIN TYP MAX
25°C 3 6 3 9
Vio Input offsetvoltage Vo =0, Rg=50Q mV
Full range 9 15
Temperature
avio coefficient of input Vo=0 Rgs=50Q Full range 18 18 pv/eC
offset voltage
25°C 5 100 5 100 pA
o Input offset currentt Vo =0
125°C 20 20 nA
25°C 30 200 30 200 pA
B Input bias current¥ Vo=0
125°C 50 50 nA
Common-mode input 12 t12
VicR oy 25°C +11 to +11 to Vv
defand 15 15
) R =10kQ 25°C +12 +13.5 +12 135
VoM Maximum peak R 2 10 kQ +12 +12 Vv
output voltage swing Full range
RL22kQ +10 +12 +10 +12
Large-signal Vo=%10V, R 22kQ 25°C 25 200 25 200
AvD differential voltage V/mV
amplification Vo=%10V, R 22kQ Full range 15 15
B1 Unity-gain bandwidth 25°C 3 3 MHz
ri Input resistance 25°C 1012 1012 Q
Common-mode Vic = VIicrmin, o
CMRR rejection ratio Vo =0, Rg=50Q 25°C 80 86 80 86 dB
Supply voltage s .
KSVR rejection ratio xCC:B‘E’ v tg‘i\é’o 0 25°C 80 86 80 86 dB
(AVcc+/Avio) o " S
Supply current _ .
Icc (per amplifier) Vo =0, No load 25°C 14 28 1.4 28 mA
Vo1/Vo2 Crosstalk attenuation | Ayp =100 25°C 120 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode input voltage unless otherwise specified.
% Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperatures as close to the ambient temperature as is possible.

operating characteristics, V. cc+ = *15V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS MIN TYP MAX | UNIT
V=10V, RL=2kQ, C_ =100pF, See Figure1 8l 13
SR Slew rate at unity gain V=10V, R =2kQ, CL =100 pF, 50 Vius
Ta=-55°Ct0125°C, See Figure 1
ty Rise time ) 0.05 us
V=20 mV, R =2kQ, CL =100 pF, See Figure 1
Overshoot factor 20%
: : : f=1kHz 18 nViWHz
Vi qutuvalent input noise Rg=200Q
voltage f=10 Hz to 10 kHz 4 uv
I, Eduivalentinput noise Rg=200, f=1kHz 0.01 pANHZ
THD  Total harmonic distortion F/l_rTi;ZB v Avb =1, Rs =1k, RL=22kO, 0.003%

[On products compliant to MIL-PRF-38535, this parameter is not production tested.
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electrical characteristics, V. cc+ =15V, Tp = 25°C (unless otherwise noted)

TLO82Y, TL084Y
PARAMETER TEST CONDITIONST UNIT
MIN TYP  MAX
Vio Input offset voltage Vo =0, Rg=50Q 3 15 mv
avio Temperature coefficient of input offset voltage Vo =0, Rg=500Q 18 pv/ec
llo Input offset current? Vo =0, 5 200 pA
B Input bias currentt Vo =0, 30 400 pA
-12
VICR Common-mode input voltage range +11 to \%
15
Vom Maximum peak output voltage swing R =10 kQ, +12 135 \Y
AvD Large-signal differential voltage amplification Vo =10V, RL = 2kQ 25 200 V/mV
By Unity-gain bandwidth 3 MHz
f Input resistance 1012 Q
= i = 70 86
CMRR Common-mode rejection ratio Vic =Vicrmin, - Vo =0, dB
Rg=500Q 70 86
. . Vec=+15Vio£9V, 70 86
k Supply voltage rejection ratio (AV I/\Y dB
SVR pply voltage rej (AVees /Avio) Vo =0, Rs =500 20 86
Icc Supply current (per amplifier) Vo =0, No load 14 2.8 mA
Vo1/Vo2 Crosstalk attenuation Ayp = 100 120 dB

T All characteristics are measured under open-loop conditions with zero common-mode voltage unless otherwise specified.
t Input bias currents of a FET-input operational amplifier are normal junction reverse currents, which are temperature sensitive as shown in
Figure 17. Pulse techniques must be used that maintain the junction temperature as close to the ambient temperature as possible.

operating characteristics, V. cc+ =15V, Tp = 25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX | UNIT
SR Slew rate at unity gain V=10V, RL=2kQ, C| =100pF SeeFigure1 8 13 V/us
tr Rise time . 0.05 us
Vi=20mv, RL=2kQ, C| =100pF SeeFigure1
Overshoot factor 20%
_ _ _ f=1kHz 18 nV/vHz
Vn Equivalent input noise voltage Rg=20Q
f=10 Hz to 10 kHz 4 uv
In Equivalent input noise current Rg =20 Q, f=1kHz 0.01 pA/\/E
THD  Total harmonic distortion ?/LFTT(EZG v Avp =1, Rs=1ka, RL=2kQ, 0.003%
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PARAMETER MEASUREMENT INFORMATION

10kQ
ouT 1kQ
\4
ouT
CL =100 pF RL =2kQ
RL I C|_ =100 pF
Figure 1 Figure 2
100 kQ
—AA——————— TLO81
c2 IN— -
‘_{% ouT
C1 500 pF IN+ + N2
N1
ouT
1.5kQ
= Vce-
Figure 3 Figure 4

J@ TEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265 1



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICS

Table of Graphs

FIGURE
vs Frequency 56,7
. vs Free-air temperature 8
V M k I )
oM aximum peak output voltage vs Load resistance 9
vs Supply voltage 10
. . . e vs Free-air temperature 11
Large-signal differential voltage amplification
AyD vs Frequency 12
Differential voltage amplification vs Frequency with feed-forward compensation 13
Pp Total power dissipation vs Free-air temperature 14
| Supply current vs Free-air temperature 15
cc PR vs Supply voltage 16
B Input bias current vs Free-air temperature 17
Large-signal pulse response vs Time 18
Vo Output voltage vs Elapsed time 19
CMRR Common-mode rejection ratio vs Free-air temperature 20
Vi Equivalent input noise voltage vs Frequency 21
THD Total harmonic distortion vs Frequency 22
MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
FREQUENCY FREQUENCY
15 T T T ‘l‘q‘”” 1‘0I‘<£2HH +15 TTIT T T 1T
Vect =115V L= RL =2kQ
> Ta=25°C Th - 25°C
| 125 See Figure 2 | > #125 Vecx=#15V See Figure 2 1
(3]
g )
o 8
> %10 S 210
§ Vcc+=+10V =
o =+
8 £ Vcec+=+10V
¥ *78 O 175
o \ 3
: \ € \
g 15 VCe+ =15V E 45
3 £ Vcc+=%5V \
= \ 3
| 25 \ =
S 2 ! +2.5
O \ = \
> \ @) N
NG = \\
0 i 0 I
100 1k 10k 100 k Y 10M 100 1k 10k 100 k 1M 10M

f— Frequency — Hz
Figure 5

f— Frequency — Hz

Figure 6
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TYPICAL CHARACTERISTICS T

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
VS VS
FREQUENCY FREE-AIR TEMPERATURE
T T TTI +15
Vcc+=+15V
R =2kQ
See Figure 2

RL = 10kQ

I+
[N
N
o
_|
>
|
N
a1
o
(@]

+12.5

RL = 2kQ

+

[N

3
/

VoM™ Maximum Peak Output Voltage — V
I+
3
ol
"]
"
VoM™ Maximum Peak Output Voltage — V
+
~
(6]

\ Vec+=+15V
N See Figure 2

0 0 ' '

10k 40k 100 k 400k 1M 4M 10M -75 -50 -25 O 25 50 75 100 125

f — Frequency — Hz Tp — Free-Air Temperature — °C

Figure 7 Figure 8

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE
Vs Vs
LOAD RESISTANCE SUPPLY VOLTAGE
+15 T 1 +15 [ T
Vec+=%15V Rl =10kQ
Tp =25°C Ta=25°C
+12.5 |- See Figure 2 =

/

I+
[N
N
(&)

I+
[
o

/|

I+

~

o
N

/|

I+
[¢)]

— Maximum Peak Output Voltage — V

/

VoM~ Maximum Peak Output Voltage — V

I+
o
\\
Vom

I+

N

(o)1

AN

0 0
0.1 0.2 04 07 1 2 4 7 10 0 2 4 6 8 10 12 14 16
R| — Load Resistance —k Q |Vcc+| — Supply Voltage — V
Figure 9 Figure 10

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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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICS T

LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
'S
FREE-AIR TEMPERATURE

1000
700
400
8 200
2> T~
o £ I
£ > 100 e S—
a Ll 70 —
c
©
g5
=
58 2
8 <
| & 10
of 7
>0
< > B
4 [ Vec+=+15V
, | vo=+10v
RL =2kQ
1 | |
-75 -50 -25 0 25 50 75 100 125
Ta — Free-Air Temperature — °C
Figure 11
LARGE-SIGNAL
DIFFERENTIAL VOLTAGE AMPLIFICATION
S
FREQUENCY
106 1 1 1
Vec+=+5Vito £15V
R =10 kQ
105 \\ Tp = 25°C
IS \
c >
S E 100 0°
2 >| \ Differential Voltage
a/l \ \ Amplification &
= 5 &
g-% 103 (left scale) 45° &
2 o [
= \ 2
&g \ N g
< 102 ~ 90°
()]
of \
P Phase Shift N\ \
101 (right scale) \ 135°
\ 180°

1 10 100 1k 10k 100k 1M 10M

f — Frequency — Hz

Figure 12

T Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICS T

DIFFERENTIAL VOLTAGE AMPLIFICATION TOTAL POWER DISSIPATION
S VS
FREQUENCY WITH FEED-FORWARD COMPENSATION FREE-AIR TEMPERATURE
106 T T 250 T T
- Vcc+=%15V
- Vecx=+15V 225 No Signal
€ 105 IAN C2=3pF _ | . No Load
S Ta = 25°C 200 S~
L See Figure 3 = \\
S \ E 175 <
= 104 [ ™~ TLO84, TLO85
= \ § 150 T~
g \ 8 ~—
<C [}
3 125
% 10 \ g
= g 100 .
S 3 T TLO82, TL083
\
_Tg 102 o 75 \\
o '—I 50 TLO81
= T —
5 10 £ I B
a 5
>
< 1 0
100 1k 10k 100k 1M 10M -75 -50 -25 0 25 50 75 100 125
f— Frequency With Feed-Forward Compensation — Hz Ta — Free-Air Temperature — °C
Figure 13 Figure 14
SUPPLY CURRENT PER AMPLIFIER SUPPLY CURRENT
S S
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2.0 T T 2.0 | |
Vce+=+15V — oE0
18 No Signal . 18 |- AZ2°C
No Signal
\\ No Load N
1.6 ~ 16 I No Load
< T~ <
E 14 ~— € 14
! Iy I :
5 12 ~ S 12
— ;
= 1.0 L>)‘ 1.0
o a
o [oX
Z o8 3 08
[ I
H 06 06
3 8
- 04 - 04
0.2 0.2
0 0
-75 -50 -25 0 25 50 75 100 125 0 2 4 6 8 10 12 14 16
Tp — Free-Air Temperature — °C |Vce+ | — Supply Voltage — V
Figure 15 Figure 16

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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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

TYPICAL CHARACTERISTICS T

INPUT BIAS CURRENT

Vs
FREE-AIR TEMPERATURE
100 £ : 6
-~ Vece=+15V
/ g )
/ >
< 10 7 |
| 7 ]
= // g 2
o 7 8
5 )
(@) // <>_-
g 1 ER
o] - >
= 6]
= ya g
£ / S —2
: =]
2 01 ,"/ I3
2z
l,/ -4
0.01 -6
-50 -25 0 25 50 75 100 125
Tp — Free-Air Temperature — °C
Figure 17
OUTPUT VOLTAGE
VS
ELAPSED TIME
28 89
24 m
e T 88
el
E 20 5
| c 87
16 9
:.j, Vec+=+15V I3
= RL=2kQ i)
= 12 C| =100 pF T 86
2 TA =25°C g
8 ) See Figure 1 g .
o £
> 4 g
Vs I
84
0 / &
=
(®)
-4 83
0O 02 04 06 08 10 12

t— Elapsed Time — ps

Figure 19

VOLTAGE-FOLLOWER
LARGE-SIGNAL PULSE RESPONSE

Vcc+=%15V
- RL=2kQ
B / CL =100 pF
Tp = 25°C
Output
/ Input \
1\
0 05 1 15 2 25 3 3.5
t—Time — us
Figure 18
COMMON-MODE REJECTION RATIO
VS
FREE-AIR TEMPERATURE
| |
Vcc+=%15V
RL = 10kQ
r
-75 -50 -25 0 25 50 75 100 125

Tp — Free-Air Temperature — °C

Figure 20

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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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

50

nv/ ‘\/E

40

30

20

10

Vi, — Equilvalent Input Noise Voltage —

0

TYPICAL CHARACTERISTICS T

EQUIVALENT INPUT NOISE VOLTAGE

TOTAL HARMONIC DISTORTION

VS Vs
FREQUENCY FREQUENCY
TTTIT T T 17 1 =
Vec+ =215V — Voc+=215V
Avp =10 04 - Avp=1
\ Ta = 25°C S L Tp =25°C
|
\ £ on /
N\ 5 i
\, 2
N 2 o004
N
o
S
~ [
ey I /
3 0.01 -/
= 7
' 0.004 4
[a e —
T
'_
0.001
10 40 100 400 1k 4k 10k 40k 100k 10 400 1k 4k 10k 40k 100k
f— Frequency — Hz f— Frequency — Hz
Figure 21 Figure 22

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

APPLICATION INFORMATION

RE =100 kQ
Vcee+
¢——— Output Input ——s R1 R2 1-— Output
b I
1kQ “T Yee-
5 R3 R1=R2=2(R3)=15MQ
1 3.3kQ jg.l " C<1 EZ cl=C2= % =110 pF
m 1 fo = MI:T =1kHz
Figure 23 Figure 24

‘9 TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265

17



TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

APPLICATION INFORMATION

Vee+

TLO84 >—— Output A

TLO84 vVees

TLO84 >—— Output B

100 kQ 100 kQ

s—V\WN—— VCC+
p——© 100 kQ

S
Y,
100 pF T leO kQ CC+

TLO84 >——  Output C

s

Figure 25. Audio-Distribution Amplifier

®— 6 cos wt

6 sin wt 1N4148
-15V
18 pF 18 kQ
( > (see Note A)
Vee+
88.4 kQ
88.4 kQ
1kQ
15V
1N4148 18 kQ
— 88.4 kQ (see Note A)

NOTE A: These resistor values may be adjusted for a symmetrical output.

Figure 26. 100-KHz Quadrature Oscillator

18
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

APPLICATION INFORMATION

Figure 27. Positive-Feedback Bandpass Filter

16 kQ 16 kQ
220 pF 220 pF
¢ ¢
I\ I\
43 kQ 30 kQ 43 kQ 30 kQ
43kQ Vee+ vVee+
Input O I 43kQ 43KQ It [;\,4]\ 43kQ
TLO84 1a —— N — TLO84, 1a Output
+ TLO84 ' + TLO84 B
+ +
1.5kQ Vce- 1.5kQ Vce-
Vee- Vce-
na
Output A -
Output A Output B
~—~——
—— — \
—_— .
N\ / - \ [
2 kHz/div 2 kHz/div
Second-Order Bandpass Filter Cascaded Bandpass Filter
fo =100 kHz, Q = 30, GAIN =4 fo = 100 kHz, Q = 69, GAIN = 16
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN

0.050 (1,27)

0.020 (0,51)

T rﬁ 0.014 (0,35) | ©]0.010 (0,25 W]
14

ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ ﬁ T 0.008 (0,20) NOM

0.244 (6,20) i

0.228 (5,80)

0.157 (4,00)
0.150 (3,81)

v

Gage Plane i

[ 0.010 (0,25)

0.044 (1,12)
0.016 (0,40)

0.010 (0,25) |~ 0.004 (0,10)

' 0.069 (1,75) MAX

OB 00

0.004 (0,10)
PINS **
8 14 16
DIM
0197 | 0344 | 0.394
A MAX (5,00) | (8,75) | (10,00)
0.189 | 0.337 | 0.386
A MIN 4,80) | (855) | (9,80)

4040047/D 10/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion, not to exceed 0.006 (0,15).
Falls within JEDEC MS-012

oow
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

FK (S-CQCC-N**)
28 TERMINAL SHOWN

LEADLESS CERAMIC CHIP CARRIER

y

18 17 16 15 14 13 12

0.055 (1,40)
0.045 (1,14)

N

y =

Sem ol e -

Y S—
4 N
19 11
20 10
21 9
B SQ
22 8
ASQ
23 7
24 6
25 5
o /
VN~

26 27 28 1 2 3 4

0.020 (0,51)

¢

0.010 (0,25)

0.050 (1,27)

4 0020051

0.010 (0,25)

0.045 (1,14)
0.035 (0,89)

0.045 (1,14)

0.035 (0,89)

4040140/D 10/96

NO. OF
TERMINALS
wx MIN MAX MIN MAX
20 0.342 | 0358 | 0307 | 0.358
(869 | (9,09 | (7.80) | (9,09)
o8 0.442 | 0458 | 0406 | 0.458
(11,23) | (11,63) | (10,31) | (11,63)
a4 0.640 | 0.660 | 0.495 | 0.560
(16,26) | (16,76) | (12,58) | (14,22)
o 0.739 | 0761 | 0.495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)
68 0938 | 0962 | 0850 | 0.858
(23,83) | (24,43) | (21.6) | (21,8)
a4 1.141 | 1.165 | 1.047 | 1.063
(28,99) | (29,59) | (26,6) | (27,0)
0.080 (2,03)
«— 0.064 (1,63)

NOTES:

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

This package can be hermetically sealed with a metal lid.
The terminals are gold plated.

Falls within JEDEC MS-004
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE
14 PIN SHOWN
PINS™ 14 16 18 20
DIM

0310 | 0310 | 0310 | 0.310
. A MAX 787) | (7.87) | (7.87) | (7.87)
" . A MIN 0290 | 0290 | 0290 | 0.290
@37 | 737 | 737 | .37

M nnnn
T B MAX 0.785 | 0.785 | 0.910 | 0.975
(19,94) | (19,94) | (23,10) | (24.77)

) c
0.755 | 0.755 0.930
l B MIN 19,18) | 19,18)| T | (23,62
U U UL C MAX 0300 | 0.300 | 0.300 | 0.300
1 . 7.62) | (7.62) | (7.62) | (7.62)
0.065 (1,65)
9965 {1,69) 0245 | 0245 | 0245 | 0.245
0.045 (1,14) C MIN ez B AR AR
0.100 (2,54)
—») 0070 (78 0.020 (0,51) MIN A

T

0.200 (5,08) MAX
_v ¢

* 0.130 (3,30) MIN

4 s * -

Seating Plane

o 023 (0,58)
0.015 (0,38) 8-8%823

4040083/D 08/98

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

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

Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18, GDIP1-T20, and GDIP1-T22.
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE PACKAGE
le 0.400 (10,20) N|
0.355 (9,00)
8 5
Aot
) 0.280 (7,11)
0.245 (6,22)
T
1 4
0.065 (1,65)
0.045 (1,14)
0.310 (7,87
0.020 (0,51) MIN — WM
f

0.200 (5,08) MAX
v ¢ Seating Plane
? 0.130 (3,30) MIN

0015 (038) 0.014 (0,36)

0.008 (0,20)

0.063 (1,60)
0.015 (0,38)

0.100 (2,54)

>

4040107/C 08/96

NOTES: A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.

D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
E. Falls within MIL-STD-1835 GDIP1-T8
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

N (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE
16 PIN SHOWN
PINS **
14 16 18 20
DIM
0.775 0.775 0.920 0.975
“————— A ———————> A MAX 19.69) | (19.69) | (23.37) | (24,77
16 9 A MIN 0.745 0.745 0.850 0.940
T T T T e e (18,92) (18,92) (21.59) (23,88)

D) 0.260 (6,60)

0.240 (6,10)

I}

[ g e g ey e e g g

1 8
0.070 (1,78) MAX

_ 0.310 (7,87)
—> ’« 0.035 (0,89) MAX 0.020 (0,51) MIN 0.200 (7.37)

0.200 (5,08) MAX

i Seating Plane

—> (¢

0.125 (3,18) MIN

0.100 (2,54)

0°-15°
\_’ \‘/

0.021 (0,53)

> 0015 (0,38) |$| 0.010 (0,25) @| 0.010 (0,25) NOM

14/18 PIN ONLY

4040049/C 08/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.)
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
P (R-PDIP-T8) PLASTIC DUAL-IN-LINE PACKAGE

0.400 (10,60)
0.355 (9,02)

0.260 (6,60)
0.240 (6,10)

O

N — iy —
1

0.070 (1,78) MAX

B 0.310 (7,87)
0.020 (0,51) MIN 0.290 (7,37)

0.200 (5,08) MAX
v i Seating Plane

f

0.125 (3,18) MIN

0.100 (2,54) \‘/ 0°-15°

—p
0.021 (0,53)
0.015 (0,38) [ [o010025 @)

0.010 (0,25) NOM

4040082/B 03/95

NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA

PW (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14 PIN SHOWN
0,30
14 8
T 0,15 NOM
450 6,60 i
430 620 /
L
O l Gage Plane _L
noooonhn] Do
1 7 e N
— A —p 0,75
—» e 5
(B
J _{ Seating Plane ‘ ]
0,15? U
L 1,20 MAX o0 ' ~[0,10 |
PINS **
8 14 16 20 24 28
DIM
A MAX 3,10 5,10 5,10 6,60 7,90 9,80
A MIN 2,90 4,90 4,90 6,40 7,70 9,60
4040064/E 08/96

NOTES: A. Alllinear dimensions are in millimeters.

This drawing is subject to change without notice.

Body dimensions do not include mold flash or protrusion not to exceed 0,15.
Falls within JEDEC MO-153

oow
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOSO081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

MECHANICAL DATA
U (S-GDFP-F10)

CERAMIC DUAL FLATPACK

0.250 (6,35)
¢ 0.246 (6,10) ’
| | v
I I
1 1
|
I : 0.006 (0,15)
0.004 (0,10)
0.080(2.93) | | 0.045 (1,14
0.050 (1,27) | I 0.045 (1,14)
| | 0.026 (0,66)
I I
I I
0.350 (8,89) : 0-300(7.62) : 0.350 (8,89)
0.250 (6,35) 0.250 (6,35)
| 1 10 | 0.019 (0,48)
! £ 0.015 (0,38)
[ 1O [ ]
[ [ f
I I
[ i |- J
: : 0.050 (1,27) |
0.250 (6,35) ' i ' | i '
| |
[ I | | I J
| |
[ | | J —*—
5 6
! I I 0.025 (0,64)
0.005 (0,13)
1.000 (25,40)
= 0.750 (19,05) g
4040179/B 03/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F10 and JEDEC MO-092AA
3 15
EXAS
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TLO81, TLO81A, TLO81B, TL082, TLO82A, TL082B
TLO82Y, TLO84, TLO8B4A, TL084B, TLO84Y
JFET-INPUT OPERATIONAL AMPLIFIERS

SLOS081E — FEBRUARY 1977 — REVISED FEBRUARY 1999

W (R-GDFP-F14)

MECHANICAL DATA

CERAMIC DUAL FLATPACK

Base and Seating Plane

0.360 (9,14)
y 0.240 (6,10)

1

0.255 (6,48)

14

0.280 (7,11)

0.260 (6,60)
0.235 (5,97)
[ [ v
I I v
| |
| L | I
| | 0.007 (0.18)_JK
| | 0.004 (0,10)
0.080 (2,03) | |
0.045 (1,14) | | 0.045 (1,14)
| | 0.026 (0,66)

¢ 0:360(9.14)

I 0.240 (6,10) 0.019 (0,48)
I _§ 0015(0,39)
[

I

T

! ! 0.050 (1,27)
[ I [ ]
I I
1 1
0.390(9,91) | ! [T J
0.335 (8,51) ! !
[ ! [ ]
[ [
I | ! | I 0.025 (0,64)
[ [ 0.015 (0,38)
| |
[ X I ]
[ [
| 7 8 | +
1.000 (25,40)
0.735 (18,67)
4040180-2/B 03/95
NOTES: A. Alllinear dimensions are in inches (millimeters).

. This drawing is subject to change without notice.

. Index point is provided on cap for terminal identification only.
. Falls within MIL STD 1835 GDFP1-F14 and JEDEC MO-092AB

A
B
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D
E
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IMPORTANT NOTICE

Texas Instruments and its subsidiaries (TI) reserve the right to make changes to their products or to discontinue
any product or service without notice, and advise customers to obtain the latest version of relevant information
to verify, before placing orders, that information being relied on is current and complete. All products are sold
subject to the terms and conditions of sale supplied at the time of order acknowledgement, including those
pertaining to warranty, patent infringement, and limitation of liability.

TI warrants performance of its semiconductor products to the specifications applicable at the time of sale in
accordance with TI's standard warranty. Testing and other quality control techniques are utilized to the extent
Tl deems necessary to support this warranty. Specific testing of all parameters of each device is not necessarily
performed, except those mandated by government requirements.

CERTAIN APPLICATIONS USING SEMICONDUCTOR PRODUCTS MAY INVOLVE POTENTIAL RISKS OF
DEATH, PERSONAL INJURY, OR SEVERE PROPERTY OR ENVIRONMENTAL DAMAGE (“CRITICAL
APPLICATIONS”). TI SEMICONDUCTOR PRODUCTS ARE NOT DESIGNED, AUTHORIZED, OR
WARRANTED TO BE SUITABLE FOR USE IN LIFE-SUPPORT DEVICES OR SYSTEMS OR OTHER
CRITICAL APPLICATIONS. INCLUSION OF TIPRODUCTS IN SUCH APPLICATIONS IS UNDERSTOOD TO
BE FULLY AT THE CUSTOMER'S RISK.

In order to minimize risks associated with the customer’s applications, adequate design and operating
safeguards must be provided by the customer to minimize inherent or procedural hazards.

Tl assumes no liability for applications assistance or customer product design. Tl does not warrant or represent
that any license, either express or implied, is granted under any patent right, copyright, mask work right, or other
intellectual property right of Tl covering or relating to any combination, machine, or process in which such
semiconductor products or services might be or are used. TI's publication of information regarding any third
party’s products or services does not constitute TI's approval, warranty or endorsement thereof.

Copyright [0 1999, Texas Instruments Incorporated





