
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TLC2872Z, TLC2872Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 - OCTOBER 1992

equivalent schematic (each amplifier)
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TLC2872Z, TLC2872Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 - OCTOBER 1992

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

SUPPIY VORAGE, VDDt -ttt ettt ettt e e e i 8V
SUPPIY VORAGE, VDD -t et ettt e e -8V
Differential input voltage, Vip (see Note 1) . ... ... +16V
Input voltage range, V| (any input, see NOte 2) . ........ ...ttt e 8V
Input current, Ij (eaCh input) . ... ... +5 mA
OULPUE CUITENE, 10 .ot e e e e e +50 mA
Totalcurrentinto Vpp .« ovvvvinin i e +50 mA
Total currentoutof Vpp— ...l e e iaadiee i, +50 mA
Duration of short-circuit current at (or below) 25°C (seeNote 3) .............. ... ... unlimited
Continuous total dissipation ........... ... See Dissipation Rating Table
Operating free-air temperature range, TA ... .c.v ot it i —40°C to 150°C
-Storage temperature range . ...ttt e e —65°C to 165°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ..................ccoiiinne.. . 260°C

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. Differential voltages are at IN+ with respect to IN—. Excessive current will flow if input is brought below Vpp—-—0.3 V.

2. Alivoltage values, except differential voltages, are with respect to the midpoint between Vpp ;. and Vpp—.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Tp = 70°C Ta = 105°C Ta =125°C Ta = 150°C
POWER RATING ABOVETA=25°C POWER RATING POWER RATING POWER RATING POWER RATING
D 812 mw 5.8 MW/°C 551 mW 348 mW 232 mW 87 mW
P 1120 mwW 8 MW/°C 760 mW 480 mW 320 mwW 120 mW

recommended operating conditions

MIN MAX UNIT
Supply voltage, Vpp+ +2.2 +8 \
Input voltage range, V| Vpp- Vpp+-15 Vv
Common-mode input voltage, V|g VpD- VpD+-15 \
Operating free-air temperature, Tp —-40 150 °C

‘t’f TEXAS
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TLC2872Z, TLC2872Y

Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 — OCTOBER 1992

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

TLC2872Z
PARAMETER TEST CONDITIONS Tat N NP WAX UNIT
25°C 300 2500
Vio Input offset voltage Full range 3000 nv
Temperature coefficient of input offset 25°C o
ovIo voltage to 150°C 2 uvre
Input offset voltage long-term drift Vpp+ =125V, Vic=0, o
(see Note 4) Voz0, Rg= 500 25°C 0.002 uV/mo
25°C 0.0005
llo Input offset current Full range 3 nA
r
i 25°C 0.001
B Input bias current Full range 5 nA
0 -0.3
25°C to to
) 4 4.2
VicR Common-mode input voltage range Rg=50Q, Vo165 mV v
Full range to
3.5
I0H = —20 pA 25°C 495  4.99
25°C 4.85 4.93
' IOH =—200 pA
VoH  High-level output voltage Fullrange | 4.75 \Y
25°C 4.25 4.65
loH=—-1mA
Fullrange | 4.25
Vic=25V, loL = 50 hA 25°C 0.01 0.02
v 25V loL = 500 pA 25°C 009 0.15
VoL  Low-level output voltage [C==st oL= Full range 0.2 v
v 25V, | 5 mA 25°C 0.9 1.5
=2. s = 5m,
1c oL Full range 2
R = 10kaf 25°C 15 35
Large-signal differential voltage Vic=25YV, L=
AVD  amplification Vo=1Vio4V Fullrange | 10 Vimv
RL =1 Mot 25°C 175
fid Differential input resistance 25°C 1012 Q
17 Common-mode input resistance 25°C 1012 Q
] Common-mode input capacitance f=10kHz, P package 25°C 8 pF
Zp Closed-loop output impedance f=1MHz, Ay =10 25°C 140 Q
= = 25°C 70 75
CMRR Common-mode rejection ratio Vic=0t027V, Vo=25V, dB
Rg=50Q Full range 70
KSVR Supply voltage rejection ratio Vpp= 44V1016V, V|c=Vpp2 25°C 80" 95 o8
SR (avpp/avig) No load Fulrange | 80
25°C 22
IDD Supply current Vo=25YV, No load ol mA
ull range

TFull range is —40°C to 150°C.
$ Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, Vpp =5 V

TLC2872Z
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
A Vo=05Vt25V, RL=10kot, 25°C 23 36
SR Slew rate at unity gain Vi,
e Cp =100 pF¥ Full range 1.1 ks
v Equivalent inout noise volta =10 Hz 25°C 50 N
uivalent input noise voltage
n d P 9 T=1KkHz 25°C 9 nViHz
Peak-to-peak equivalent input noise |f=0.1to1Hz 25°C 1
Vi \Y
N(PP)  voltage = - fr=01t010Hz 25°C 1.4 "
In Equivalent input noise current 25°C 0.6 fANHz
Vo=05Vto25YV, |AV=1 0.0013%
THD + N Total harmonic distortion plus noise | f = 20 kHz, Ay =10 25°C 0.004%
R =10 k¥ Ay = 100 0.03%
. . f=10 kHz, RL = 10 kQ¥, o
- 21
Gain-bandwidth product CL=100 th 25°C 8 MHz
. e . Vopp)=2V, Ay =1, o 1
Bom Maximum output-swing bandwidth AL = 10 kat, CL=100pFt 25°C MHz
Ay =-1, To0.1% 25°C 15
L Step=0.5Vto25YV,
Settling time RL = 10 kot us
CL = 100 pF¥ T00.01% 26
Phase margin at unity gain 25°C 50°
om : 9 9 RL = 10 k¥, Gy = 100 pF¥
Gain margin 25°C 10 dB
1 Full range is —40°C to 150°C.
¥ Referenced to 2.5 V
i
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TLC2872Z, TLC2872Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 ~ OCTOBER 1992

electrical characteristics, Vpp =5 V, Ta = 25°C (unless otherwise noted)

PARAMETER TEST CONDITIONS TLC2872Y UNIT
MIN TYP MAX
Vio  Input offset voltage 300 2500 | uv
Input offset voltage long-term drift (see Note 4) Vic=0, Vo =0, 0.002 uV/mo
lio Input offset current Rg=50Q 0.0005 nA
iB Input bias current 0.001 nA
0 -0.3
to to
. 4 4.2
VicR Common-mode input voltage range Rg=50Q, Mols5mV Vv
to
3.5
loH =-20 uA 4.95 4.99
VoH  High-level output voltage loH =—200 pA 4.85 4.93 \
loH=—-1mA 4.25 4.65
Vic=25YV, loL= 50 pA 0.01 0.02
VoL  Low-level output voltage Vic=25V, loL = 500 pA 009 0.15 \
Vic=25V, loL= 5mA 0.9 1.5
N . Vig=25V, RL =10 kot L
Ayp  lLarge-signal differential voltage amplification Vg’___ 1ViodV RL= 1Mol pen V/mV
Tid Differential input resistance 1012 Q
1 Common-mode input resistance 1012 Q
Cj Common-mode input capacitance f=10kHz, P package 8 pF
20 Closed-loop output impedance f=1MHz, Ay =10 140 Q
CMRR  Common-mode rejection ratio \F"‘SC:S%'?}” V. Vo=25V 70 75 dB
ksvVR Supply voltage rejection ratio (AVpp+ /AV|0) \IQEII::): d4-4 Vto16V, Vic=Vpp/2, 80 95 dB
{[»)5) Supply current Vo=25YV, No load 2.2 3| mA
1t Referenced to 2.5 V
3 Texas
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operating characteristics, Vpp =5V, Tp = 25°C

TLC2872Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
N Vo=05Vt25V, RL=10kQf,
SR Slew rate at unity gain CL = 100 pFT 23 3.6 Vius
Vv Equivalent input noise voltage f=10Hz X VAHz
uivalent input noise volta
n q P! g o 1K 3 n z
v Peak-to-peak equivalent input noise volt f=01to1He ! v
aK-10-peak equivalent input noise voltage
N(PP) peaked i 9 =01t0 10 Hz 14 "
In Equivalent input noise current 0.6 fANHz
Vo=05Vto25V, |[Av=1 0.0013%
THD + N Total harmonic distortion plus noise f=20kHz, Ay =10 0.004%
RL=10kat Ay = 100 0.03%
) . f=10 kHz, R = 10kQt,
Gain-bandwidth product CL =100 pFt 2.18 MHz
. S . Voprp)=4.6V, Ay =1
Bom Maximum output-swing bandwidth RL(= 1()) xat, Cy = 100 pFt 1 MHz
Ay =-1, To 0.1% 15
- Step=05Vto25V, | o~ :
Settling time AL = 10 kat us
CL =100 pFT To 0.01% 2.6
Phase margin at unity gain 50°
L el o RL = 10 ke, Cy = 100 pFt
Gain margin 10 dB
t Referenced to 2.5 V
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TLC2872Z, TLC2872Y
Advanced LinCMOS™ RAIL-TO-RAIL
DUAL OPERATIONAL AMPLIFIERS

SLOS117 — OCTOBER 1992

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 1
[23Vile} Input offset voltage temperature coefficient Distribution 2
iB/lo  Input bias and offset currents vs Free-air temperature 3
\ Input voltage range vs Free-air temperature 4
VOH High-level output voltage vs Output current 5
VoL Low-level output voltage vs Output current 6,7
VoM Maximum output voltage vs Frequency 8
los Short-circuit output current \\;: E:;?erg tr:g:rature 1%
vs Load resistance 11
AyD Large-signal differential voltage amplification | vs Frequency 12
vs Free-air temperature 13
Ibp  Supply curent Ve Frob it omperatre is
SR Slwrte Ve Free.a temperature 7
m Phase margin zz E:)eac:ius:::cilance ::
Gain margin vs Load capacitance 19

NOTE: All loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLC2872Z DISTRIBUTION OF TLC2872Z

INPUT OFFSET VOLTAGE TEMPERATURE COEFFICIENT
2 891 )\m lif‘ers Fr‘om % ! J ! !
P 128 Amplifiers From
2 Wafer Lots 2 Wafer Lots
Vpp =£25V | VOD=%25V
ES 15 Ta=25°C o 0 P Package
é q TA = 25°C to 150°C
'3
g 8
.E. E 15
£ Q.
< £
5 10 2
[<)
o
g g 10
c S
e 5 5
o 5
0 0 s -
-16 -1.2 -08 -04 0 04 08 1.2 16 -5 -4 -3 -2 -1 0 1 2 3 4 5
V|0 - Input Offset Voltage — mV oyjo — Temperature Coefficient — uv/°C
Figure 1 Figure 2
INPUT BIAS AND OFFSET CURRENTS INPUT VOLTAGE RANGE
vs Vs
FREE-AIR TEMPERATURE FREE-AIR TEMPERATURE
70 T 5 T
<,-_,_ Vpp =+2.5V Vpp=5V
J, ol Vic=0 /
‘g Vo=0
E Rg =50 Q >|
3 g
: o VA
° 5 Viol <5mV
s B 8 : :
8 30 / S
i // i
=
£ = 5
5 // o =
s 10
2 /
o _
_—
= 0 -1
25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
TA - Free-Air Temperature - °C Ta - Free-Air Temperature - °C
Figure 3 Figure 4
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VoH - High-Level Output Voitage - V

VoL - Low-Level Output Voltage - V

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE
vs
HIGH-LEVEL OUTPUT CURRENT

1.2

LOW-LEVEL OUTPUT VOLTAGE

Vs

LOW-LEVEL OUTPUT CURRENT

T
Vpp=5V Vpp=5V | /
Ta = 150°C Vic=125V / /
5 > 1
1
— 3 /
\ ki /]
a I S os
\ :g_ Vic=0 /
3 Ta = 25°C 3 os / Vic=25V ——
3 v
1 /
2}—— Ta=150°C § 0.4 4
o
1 >° 0.2
0 0
0 1 2 3 4 0 1 2 3 4 5
IoH — High-Level Output Current ~ mA IoL — Low-Level Output Current — mA
Figure 5 Figure 6
LOW-LEVEL OUTPUT VOLTAGE MAXIMUM OUTPUT VOLTAGE
vs Vs
LOW-LEVEL OUTPUT CURRENT FREQUENCY
14 10 TTT1
Vpp=5V =
Vic=25V 9 ‘F"EZ ;05 I‘(’Q
1.2 / > 8 Ta =25°C
(=
1 / / ; 7
N S
a=150Cc A/ 5 6
0.8 / =
/ o 5
s v : )
/ Ta = 25°C E ¢
04 ; / 2 3
. 7 n \
=
/ £ 2
0.2 v’ >
1 N
0 0
0 1 2 3 4 5 6 10k 100 k iM i0M
loL — Low-Level Output Current - mA f - Frequency — Hz
Figure 7 Figure 8
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TYPICAL CHARACTERISTICS

SHORT-CIRCUIT OUTPUT CURRENT

SHORT-CIRCUIT OUTPUT CURRENT

vs Vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
12 15 T
Vo=0
< < Vpp=5V
$ 10 Vip =-100 mV ?
- - M[— vip=-100mV
E sl— 5 1D \\
5 é g T~
o 6 o I~~~
2 g7
3 4 3
= =
g g2 3
5 2 5
£ 1
[<] [<]
& o 6 _,
1 - | -
2 Vip =100 mV 8 Vip = 100 mV
2 -2vg=o — =
Ta =150°C s
2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
IVpp +! - Supply Voltage -V TA - Free-Air Temperature —-°C
Figure 9 Figure 10
LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION
vs
LOAD RESISTANCE
1000 e 7
T T T T 1T
[— Vo=%1V
L Tp =25°C
T > — Vpp=5V o
€ E 100 ! - aitl
8> - 5
i
apg
%5 a
€ 0 /'
SE 10 =—— Sie—
$E 7
G o /
-1 O /
18 /
(=3
1
2> 5 =
/
0.1
0.1 1 10 100

RL - Load Resistance — kQ

Figure 11
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION and PHASE MARGIN

g

Ayp- Large-Signal Differential
Voltage Amplification — V/mV

vs
FREQUENCY
80 T 180°
Vpp=5V
R =10 kQ
_ 60 AN CL=100pF - 435°
%’ o \ Ta =25°C
°
2 ~— N\L
£5 4 90° £
€ E
235 2 AN a5 8
6 & £
B3 \ \ a
X S o
es
<
-20 —45°
-40 -90°
1k 10k 100 k 1™ 10M
f ~ Frequency - Hz
Figure 12
LARGE-SIGNAL DIFFERENTIAL
VOLTAGE AMPLIFICATION SUPPLY CURRENT
vs Vs
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
+ + 3
Vpp=5V
Vic=25V L ]
Vo=1to4V 25 ]
L1
- TA= 25°c/ ——
~—— _é 2 o
RL=1MQ \\ g Tp = 150°C 1
© 15 "
S~ > . ——
Q
Q.
3
- ;L
~] o
- RL =10 kQ e ﬂ
0.5
T~ o= 0
T~ No Load
o i
-25 0 25 50 75 100 125 150 6 1 2 3 4 5 6 7 8
Ta — Free-Air Temperature —°C IVpp+! - Supply Voltage -~V
Figure 13 Figure 14
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TYPICAL CHARACTERISTICS

SUPPLY CURRENT ) SLEW RATE
Vs vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
3 T T 5 T T
Vpp=5V Vpp=5V
Vo=25V Ay=-1
. Ta =25°C
24 4
: | . SN
0 — - \ ;:i. \\\\ SR -
5 18 T3 \ \\
5 g \
3 3 NN
2 z \ N
[-%
Y 2 \
3 1.2 7} 2
® I SR+ N\
a &
= \
0.6 1 \\
0 0
-50 -25 0 25 50 75 100 125 150 10 100 1k 10k
Ta ~ Free-Air Temperature — °C CL - Load Capacitance — pF
Figure 15 Figure 16
SLEW RATE PHASE MARGIN
Vs . Vs
FREE-AIR TEMPERATURE LOAD CAPACITANCE
5 75° T T TTTIT
| voozsy | T
= TA = 25°C
’\'\\ SR- A 1] Rpull =100 Q ~ /"1
4 = TP
/
s N Rnull = 50 Q < /
S \ 5 | /
s 3 SR+ § 4 N ;
s \ = g /
o Q
3 é Rpui=20Q 4 | ) N1 /"
(7] 2 nl- 30° —— || A
I
% £ NI—+
\~‘n ﬂ!‘
\.\ o
1 Vpp =5V 15°N] Y
RL =10 kQ Rpuli =0 -1%5\
CL =100 pF L T Rnunn =102 —TTHH
\ Ay=1 o : 22 B

10 100 1000 10000

-50 -25 0 25 50 75 100 125 150
CL - Load Capacitance - pF

TA - Free-Air Temperature - °C
Figure 17 Figure 18
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TYPICAL CHARACTERISTICSt

GAIN MARGIN
vs
LOAD CAPACITANCE
15 T
Vpp=5V
Ay =1
R =10kQ
12 \‘\ Ta=25°C |[f
N
N
o ™
™
T 9 N
5 \\
(]
= N
£ 6 N
3 N
S Q\L
\\ L
3
0
10 100 1000 10000

C - Load Capacitance - pF

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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DUAL OPERATIONAL AMPLIFIERS
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APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using PSpice™ Parts™ model generation software. The Boyle
macromodel (see Note 5) and subcircuit in Figure 20 were generated using the TLC2872Z typical electrical and
operating characteristics at Ta = 25°C. Using this information, output simulations of the following key parameters

can be generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing Unity gain frequency
Maximum negative output voltage swing Common-mode rejection ratio
Slew rate Phase margin

Quiescent power dissipation DC output resistance

Input bias current AC output resistance

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

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

3
VcC+ —eo °
Rss§ él Iss
RP
2 10
IN- —@ < g
Xor P P
IN+ —&
1
ro1 < €13 mp2
60
VAD +C> :
Vee- - L
s
VE
.SUBCKT TLC287212345 o RD1 60 11 2.653E3
C1 11 12 14E-12 o RD2 60 12 2.653E3
C2 6 7 60.00E-12 S ROL 8 5 50
DC 5 53 DX o RO2 7 99 50
DE 54 5 DX . RP 3 4 4.310E3
DLP 90 91 DX RSS 10 99 925.9E3
DLN 92 90 DX ‘ VAD 60 4 -.5
DP 4 3 DX VB 9 0 DCO
EGND99 0 POLY (2)(3,0)(4,0)0.5.5 ve 3 53 DC .78
FB7 99  POLY (5) VB VC VE VLP VLN 0 VE 54 4 DC .78
+984.9E3 —1E6 1E6 1E6 —1E6, VLIM7 8 ©DC 0
GA 6 0 1112377.0E-6 ‘ : VLP 91 0 DC 1.9
GCM 0 6 10 99 134E-9 o . VLN 0 92 DC 9.4
ISS 3 10 DC 216.0E-6 . .MODEL DX D(IS=800.0E-18)
HLIM 90 0 VLIM1K .MODELJXPJF (IS=1.500E-12BETA=1.316E3
J11 2 100X + VTO=-.270)
J2 12 1 104X .ENDS
R2 6 9 100.0E3

Figure 20. Boyle Macromodel and Subcircuit
PSpice and Parts are trademarks of MicroSim Corporation.

Macromodels, simulation models, or other models provided by Ti,
directly or indirectly, are not warranted by Tl as fully represenﬁng all
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TLC4501, TLC4501A, TLC4501Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION OPERATIONAL AMPLIFIERS

SLOS188 — JANRUARY 1997

Power-On Calibration of Input Offset D PACKAGE
Voltage (TOP VIEW)

Low Input Offset Voltage . . . < 40 uV Max NG ] U NG
(TLC4501A) IN- ] 1 Voo

1 8
2 7

Low Input Offset Voltage Drift... <1 uVv/°C IN+[]3 s [jout
Low Input Bias Current Vpp _/GND [] 4 5[] NC

High Output Drive Capability
CL<1nFandRy >1kQ

High Open Loop Gain . ..> 120 dB
Rail-To-Rail Output Voltage Swing
Low Distortion ... <0.01% at 10 kHz
Low Noise . .. 12 nV//Hz at 1 kHz
High Slew Rate . .. 2.5 V/us

Low Power Consumption . ..
< 1.5 mA (Typical)

Short Calibration Time . . . 300 ms Typ

description

The TLC4501 self-calibrating operational amplifier utilizes the recent availability of on-chip digital and analog
signal processing to automatically null the input offset voltage at powerup. This self-calibrating feature requires
typically 300 ms to complete and is repeatable to within £3 uV on successive calibrations. The technique
involves the extraction and digital storage of the key offset-nulling information. This information is retained
without degradation as long as the circuit is powered. This eliminates the need for continuous chopping of the
input signal to refresh the offset information. Once the process is complete, the bulk of the calibration circuitry
drops out of the signal path and shuts down. This minimizes or eliminates any effect the calibration circuitry
might have on the desired signal path. It also allows the TLC4501 to be used exactly like any other operational
amplifier after the calibration cycle is complete.

The TLC4501 is a high-performance operational amplifier fabricated in a 1-um 5-V digital CMOS technology.
It achieves very high dc gain, as well as excellent power supply rejection ratio (PSRR) and common-mode
rejection ratio (CMRR). It uses a mixed-mode (analog/digital) internal compensation loop with digital storage
of the offset information and a current-mode output to reduce its input offset to < 40 pV. The TLC4501 also
features a rail-to-rail output structure capable of driving loads to 1 kQ and 1 nF. Unlike existing commercially
available low-offset high-precision ampilifiers, the TLC4501 needs only a single 5-V supply, requires no
trimming, and uses no bipolar transistors or JFETs.

AVAILABLE OPTIONS
PACKAGED DEVICET ‘CHIP FORM
TA Viomax AT 25°C SMALL OUTLINE )
(D)
40 pv TLC4501ACDR
0°C to 70°C
80 pV TLC4501CDR
TLC4501Y
40 v TLC4501AIDR
—40°C to 85°C
80 UV TLC4501IDR

T The D package is also available taped and reeled.

LinEPIC and Self-Cal are a trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date.

Products conform to specifications per the terms of Texas Instruments i
rd warranty. does not include TEXAS

standa

Copyright © 1997, Texas Instruments Incorporated
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description (continued)

To achieve high dc gain, large bandwidth, high CMRR and PSRR, as well as good output drive capability, the
TLC4501 is built around a 3-stage topology: two gain stages, one rail-to-rail, and a class-AB output stage. A
nested Miller topology is used for frequency compensation.

functional block diagram (during calibration)

V||)D
POWER-ON RESET S Q }—] ENABLE COUNTER
_ RC RCO
J_ R Q OSCILLATOR
3
CLOCK CAL
RESET ——1 DAC CORE
l\ SAR AMPLIFIER
LPF IJT/ RCO

During the calibration procedure, the operational amplifier is removed from the signal path and both inputs are
tied to GND.

The class AB output stage features rail-to-rail voltage swing and incorporates additional switches to put the
output node into a high-impedance mode during the calibration cycle. Small-replica output transistors (matched
to the main output transistors) provide the amplifier output signal for the calibration circuit. The TLC4501 also
features built-in output short-circuit protection. The output current flowing through the main output transistors
is continuously being sensed. If the current through either of these transistors exceeds the preset limit (60 mA
—70 mA) for more than about 1 ps, the output transistors are shut down to essentially their quiescent operating
point for approximately 5 ms. The device is then returned to normal operation. If the short circuit is still in place,
it is detected in less than 1 ps and the device is shutdown for another 5 ms.

The offset cancellation uses a current-mode digital-to-analog converter (DAC), whose full-scale current allows
for an adjustment of approximately +5 mV to the input offset voltage. The digital code producing the cancellation
current is stored in the successive-approximation register (SAR).

During power up, when the offset cancellation procedure is initiated, an on-chip RC oscillator is activated to
provide the timing of the successive-approximation algorithm. To prevent wide-band noise from interfering with
the calibration procedure, an analog low-pass filter followed by a Schmidt trigger is used in the decision chain
toimplement an averaging process. Once the calibration procedure is complete, the RC oscillator is deactivated
to reduce supply current and the associated noise.

The key operational-amplifier parameters CMRR, PSRR, and offset drift were optimized to achieve superior
offset performance. The TLC4501 calibration DAC is implemented by a binary-weighted current array using
a pseudo-R-2R MOSFET ladder architecture, which minimizes the silicon area required for the calibration
circuitry, and thereby reduces the cost of the TLC4501.
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description (continued)

Due to the performance (precision, PSRR, CMRR, gain, output drive, and ac performance) of the TLC4501, it
is ideal for applications like:

Data acquisition systems
Medical equipment

Portable digital scales

Strain gauges

Automotive sensors

Digital audio circuits
Industrial control applications

It is also ideal in circuits like:

A precision buffer for current-to-voltage converters, a/d buffers, or bridge applications
High-impedance buffers or preamplifiers

Long term integration

Sample-and-hold circuits

Peak detectors

The TLC4501 self-calibrating operational amplifier is manufactured using Texas instruments LinEPIC process
technology and is available in an 8-pin SOIC (D) Package. 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.
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TLC4501Y chip information

This chip, when properly assembled, display characteristics similar to the TLC4501C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip can be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
A VpD+
3) @
|'l1- + (6)
7)) ouT
IN- -
@
VDD-/GND

-~
(2]

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM
Tgmax = 150°C

TOLERANCES ARE £10%. '

ALL DIMENSIONS ARE IN MILS.

PIN (4) IS INTERNALLY CONNECTED
TO BACKSIDE CF CHIP.

vt bt boonon bononnondbonone e bononcneon oo o

P
b

P 81 »

O O R R R R N R R R R N R R A RN RS RN R RN AR RN B
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

Supply voltage, Vpp 4 (88 NOte 1) ... .. e e e, 7V
Differential input voltage, Vip (see Note 2) ... ... i i e e i 7V
Input voltage range, V) (any input,seeNote 1) ........... .. ... ... il e -03Vto7V
Input current, lj (€acCh INPUL) .. ... oo e e, +5mA
Outputeurrent, g ..o e +100 mA
Total current INtO VDD 4 - oot e e +100 mA
Total currentout of Vpp_/GND ... ... +100 mA
Electrostatic discharge (ESD) ...t it e e et >2kV
Duration of short-circuit current at (or below) 25°C (seeNote 3) ...........ccovvviviiiiiinns, unlimited
Continuous total power dissipation ................ .. it See Dissipation Rating Table
Operating free-air temperature range, TA: TLC4501C ... ...ttt 0°C to 70°C

TLCAB0Tl e —40°C to 85°C
Storage temperature range, Tag - - -+« «vrvunerernnneeten et —-65°C to 150°C
Case temperature for 60 seconds, Tg: FKpackage ............ ..., 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10seconds ...............ccviiiiiiinnnn. 260°C

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 Vpp —/GND.
2. Differential voltages are.at IN+ with respect to IN—. Excessive current flows when an input is brought below Vpp -~ 0.3 V.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum

dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE TA<25°C DERATING FACTOR TA=70°C Tp =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW
recommended operating conditions
TLC4501C TLC45011
UNIT
MIN MAX MIN MAX
Supply voltage, Vpp 4 6 4 6 \
Input voltage range, V| VDD~ VDpD+-23 | VDD~ VDD+-23 v
Common-mode input voltage, Vic Vpp- VDD+-23 | VDD~ VDD+-23 )
Operating free-air temperature, Tp 0 70 -40 85 °C
‘b TEXAS
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electrical characteristics at specified free-air temperature, Vpp = 5 V, GND = 0 (unless otherwise
noted)

TLC4501C TLC4501AC

) Tat
PARAMETER TEST CONDITIONS A MNP WAX| WMIN TP MAX UNIT
Vio Input offset 25°C -80 80 -40 40 Y
voltage Full range -80 80| -40 40
Temperature
coefficient of o,
avio input offset Vop=£25V, Vo=0, Full range 1 v 1 uv/eCc
voltage Vic =0, Rg=50Q
o Input offset cur- 25°C 1. 1 pA
rent Full range 500 500
. 25°C 1 1
B Input bias current pA
Full range 500 500
loH =- 500 pA 25°C 4.99 4.99
Vou High-level output 25°C 2.9 29 v
voltage IoH =—5mA - -
Full range 4.7 ) 4.7
Vic=25V, loL =500 pA 25°C 0.01 0.01
VoL Low-level output ] 25°C 01 01 v
voltage Vic=25V, loL=5mA - - -
Full range 0.3 0.3
Large-signal _ _ 25°C 200 1000 200 1000
AVD differential voltage X'C_'12'5 Vi XO ‘N1 tv f 4V VimV
ampﬁﬁcation L= k'Q" ee Note Full range 200 200
Differential input N
RiD) resistance 25°C 10 10 kQ
RL Input resistance See Note 4 25°C 1012 1012 Q
Common-mode o
CL input capacitance =10kHz, P package 25°C 8 8 pF
Closed-loop _ _ .
z0 output impedance Ay =10, f=100 kHz 25°C 1 1 Q
- Vic=01t027V, 25°C 9 100 90 100
cmMRR  Sommonmode - |yo'_ a5y, dB
rejection ratio Rg=1kQ Full range 85 85
Supply-voltage Vpp=4VtoéV, 25°C 90 100 90 100
ksvR rejection ratio Vic=0, dB
(AVDD +/AVI0) No load Full range 90 90
1 Supplycurrent  [Vo=25V,  Noload 2570 LI LENRES R
u urren =25V, o loa m,
b i 0 Full range 2 2
v Calibration input Full 4 4 v
IT(CAL)  threshold voltage ullrange )

T Full range is 0°C to 70°C.
NOTE 4: R and Cy_values are referenced to 2.5 V.
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electrical characteristics at specified free-air tem

perature, Vpp = 5 V, GND = 0 (unless otherwise

noted)
TLCA45011 TLCA4501Al
u
PARAMETER TEST CONDITIONS TA MIN TP MAX| MIN _ TYP WMAX UNIT
v Input offset 25°C -80 80| -40 40 v
10 voltage Fullrange | 80 80| -40 w| "
Temperature
coefficient of
oy ) Full range 1 1 V/°C
1o input offset Vpp=%25V, Vo=0, g »
voltage vic=0, Rs=50Q
" Input offset cur- 25°C 1 1 pA
o rent Full range 500 500
. 25°C 1 1
B Input bias current pA
Full range 500 500
! IOH = — 500 pA 25°C 4.99 4.99
VOH High-level output 25°C 2.9 29 v
voltage loH=-5mA
Full range 4.7 47
Vic=25V, loL=500pA 25°C 0.01 0.01
VoL Low-level output 25°C 01 0.1 v
voltage Vic=25V, loL=5mA
Full range 0.3 0.3
Large-signal _ _ 25°C 200 1000 200 1000
AvD differential voltage x'c__12&v’ \S/o _N1 tV t: 4V, Vimv
amplification L= ee Note Fulirange | 200 200
Differential input o
Rip) resistance 25°C 10 10 kQ
RL Input resistance | See Note 4 25°C 1012 1012 Q
Common-mode N
CL input capacitance f=10kHz, P package 25°C 8 8 pF
Closed-loop o
20 output impedance Ay =10, f=100 kHz 25°C 1 1 Q
Common-mode Vic=0t27V, 25°C 90 100 90 100
CMRR iecti fi Vo=25V, dB
rejection ratio Rg=1kQ Full range 85 85
Supply-voltage Vpp=4Vto6V, 25°C 90 100 90 100
kSVR rejection ratio Vic=0, dB
(AVDD +/AV|0) No load Full range 90 90
| Suppl t Vo=25V, No load 25°C ! 15 ! 15 mA
u curren =25V, o loa
Db s 0 Full range 2 2
Calibration input
VIT(CAL)  threshold voltage Full rangs 4 4 v
1 Full range is —40°C to 85°C.
NOTE 4: R|_and C|_values are referenced to 2.5 V.
3 1,
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operating characteristics, Vpp=5V

TLC4501C, TLC4501AC
PARAMETER - TEST CONDITIONS 1Al UNIT
MIN TYP  MAX
o 25°C 1.5 25 Vius
SR Slew rate at unity gain Vo=05Vto25V, CL=100pF
. Full range 1 Vius
V, Equivalent input noise voltage f=10Hz 25C L INHz
uivalent input noise i
n d P 9 f=1kHz 25°C 12 nVAHz
Peak-to-peak equivalent input f=0.1t0o1Hz 25°C 1
VNPP) o vorecs P " RV
noise voltage f=0.1t0 10Hz 25°C 1.5
In Equivalent input noise current 25°C 0.6 fANHZ
Vo=05Vto25V, |Ay=1 25°C 0.02%
THD + N Total harmonic distortion plus noise ;T_ 1=01k'2;’ Ay =10 25°C 0.08%
Cp =100 pF Ay =100 25°C 0.55%
. N f=10 kHz, RL=1kQ o
Gain-bandwidth product CL =100 pF 25°C 4.7 MHz
: : . Vo(pp) =2V, Ay =1, o
Bom Maximum output swing bandwidth RL =1k, CL =100 pF 25°C 1 MHz
AV =-1, o o
- Step=05Vt025V, |©%1% 25°C 16
ts Settling time RL=1ka us
CL =100 pF 10 0.01% 25°C 22
om Phase margin at unity gain R =1kQ, CL =100 pF 25°C 74
Calibration time 25°C 300 ms

T Full range is 0°C to 70°C.
NOTE 4: R|_ and C|_values are referenced to 2.5 V.
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operating characteristics, Vpp=5V

TLC45011, TLC4501A1
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
SR Slew rate at unity gai Vo=05Vt025V, C|=100pF 25°C 15 23 Vius
ew rate at unity gain =0. 025V, =
g o L P Full range 1 Vius
V, Equivalent input noise voltage f=10Hz 25 L V/AHz
n a i 9 f=1kHz 25°C 12 nvRz
Peak-to-peak equivalent input f=011t01Hz 25°C 1
VN(PP) | opeakeq P " pv
noise voltage f=0.1t0 10 Hz 25°C 1.5
In Equivalent input noise current 25°C 0.6 fANHZ
Vo=05Vto25V, |Ay=1 25°C 0.02%
=10 kHz,
THD + N Total harmonic distortion plus noise ;L ___01kké Ay =10 25°C 0.08%
Cp =100 pF Ay =100 25°C 0.55%
. N f=10 kHz, RL=1kQ, o
Gain-bandwidth product CL = 100 pF 25°C 4.7 MHz
i i i Vo(pp)=2V, Ay =1, .
Bom Maximum output swing bandwidth RL=1ka CL =100 pF 25°C 1 MHz
AV =-1, o, o 1
o Step=05Vto25V, |°%1% 25°C 6
ts Settling time RL=1kQ us
CL =100 pF t00.01% 25°C 22
Om Phase margin at unity gain RL=1kQ, CL =100 pF 25°C 74
Calibration time 25°C 300 ms
1 Full range is —40°C to 85°C.
NOTE 4: Rp and C|_ values are referenced to 2.5 V.
3 1,
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electrical characteristics at specified free-air temperature, Vpp =5 V, GND = 0, Tp = 25°C (unless

otherwise noted)

PARAMETER TEST CONDITIONS TLCas0TY UNIT
) MIN  TYP MAX
Vio Input offset voltage 10 uv
Vpp=%25V, Vo =0,
o Inpuit offset current Vic=0, Rg =50 Q 1 pA
B Input bias current 1 pA
| loH = — 500 4.99
VOH High-level output voltage IoH nA \'
IoH =—-5mA 4.9
Vic=25V, loL =500 0.01
VoL Low-level output voltage Ic oL na \
Vic=25V, loL=5mA 0.1
Large-signal differential Vic=25V, Vo=1Vto4V,
AvD voltage amplification RL=1kQ, See Note 4 1000 Vimvy
Ri(D) Differential input resistance 10 kQ
RL Input resistance See Note 4 1012 Q
CL Common-mode input capacitance f =10 kHz, P package 8 pF
z0 Closed-loop output impedance Ay =10, f=100 kHz 1 Q
CMRR  Common-mode rejection ratio \F/{'C =0t027V, Vo=25V, 100 dB
s =1kQ
KSVR  Supply-voltage rejection ratio (AVpp +/AVi0) \I\IIEE): diz Vio£3V, Vic=0. 100 dB
IbD Supply current Vo=25YV, No load 1 mA
NOTE 4: Ry and C|_values are referenced to 2.5 V.
operating characteristics, Vpp=5V, Tp = 25°C
TLC4501Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
SR Slew rate at unity gain Vo=05Vto25V, Cp=100pF 25 Vius
V, Equivalent input noise voltage f=10Hz L VAHz
" g P o f=1 kHz 12 YRz
v Peak-to-peak equivalent input noise volt f=01to1Hz ! v
eak-to-peak equivalent input noise voltage
N(PP) P q P 9 f=0.1t0 10 Hz 15 "
In Equivalent input noise current 0.6 fANHZ
Vo=05Vto25V, [Ay=1 0.02%
- . . f=10 kHz,
THD + N Total harmonic distortion plus noise RL=1kQ, Ay =10 0.08%
CL =100 pF Ay =100 0.55%
. . f=10 kHz, RL=1kQ,
Gain-bandwidth product CL = 100 pF 4.7 MHz
. ’ ) Vopp)=2V, Ay =1,
Bom Maximum output swing bandwidth RL=1ke, CL = 100 pF 1 MHz
AV =-1, o,
o Step=0.5Vto25V, | ©%1% 16
ts Settling time RL=1kQ, us
CL =100 pF t0 0.01% 2.2
Om Phase margin at unity gain RL=1kQ, CL =100 pF 74
Calibration time 300 ms
NOTE 4: R\ and Cy_values are referenced to 2.5 V.
i
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TYPICAL CHARACTERISTICS
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Vo(pp)  Maximum peak-to-peak output voltage vs Frequency 9
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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PRECISION OPERATIONAL AMPLIFIERS

SLOS188 — JANRUARY 1997

TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE

AMPLIFICATION AND PHASE MARGIN
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER LARGE-SIGNAL

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265
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TYPICAL CHARACTERISTICS
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Gain Margin — dB

Vo - Output Voltage -V

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TLC4501, TLC4501A, TLC4501Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™
PRECISION OPERATIONAL AMPLIFIER

SLOS188 — JANRUARY 1997

APPLICATION INFORMATION

® The TLC4501 is designed to operate with only a single 5-V power supply, have true differential inputs, and
remain in the linear mode with an input common-mode voltage of 0.

® The TLC4501 has a standard single-amplifier pinout allowing for easy design upgrades.

® [arge differential input voltages can be easily accommodated and, as input differential-voltage protection
diodes are not needed, no large input currents result from large differential input voltage. Protection should
be provided to prevent the input voltages from going negative more than —0.3 V at 25°C. An input clamp
diode with a resistor to the device input terminal can be used for this purpose.

® For ac applications, where the load is capacitively coupled to the output of the amplifier, a resistor can be
used from the output of the amplifier to ground. This increases the class-A bias current and prevents
crossover distortion. Where the load is directly coupled, for example dc applications, there is no crossover
distortion.

® Capacitive loads, which are applied directly to the output of the amplifier, reduce the loop stability margin.
Values of 500 pF can be accommodated using the worst-case noninverting unity-gain connection. Resistive
isolation should be considered when larger load capacitance must be driven by the ampilifier.

The following typical application circuits emphasize operation on only a single power supply. When
complementary power supplies are available, the TLC4501 can be used in all of the standard operational
amplifier circuits. In general, introducing a pseudo-ground (a bias voltage of V|/2 like that generated by the
TLE2426) allows operation above and below this value in a single-supply system. Many application circuits are
shown which take advantage of the wide common-mode input-voltage range of the TLC4501, which includes
ground. In most cases, input biasing is not required and input voltages that range to ground can easily be
accommodated.
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APPLICATION INFORMATION

R1 R2 R3 R4 RS R6

V(REF)+

veer- -]

90 kQ

Gain=10

TLC4501
Rp

Vit A%

1kQ

Rp
Vi2 AN
1kQ

. v R6
(Gain = 10) Vg = (v} VI2)(1 TRE+ RS) * V(REF) Where R1 = R6, R2 = R5, and R3 = R4

in - (v, - R5 + R6
(@ain = 100) Vg = (V)4 VI2)(1 * " Ra ) * V(REF) Where R1 = R6, R2 = RS, and R3 = R4

Figure 33. Single-Supply Programmable Instrumentation Amplifier Circuit
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Figure 34. Two Operational-Amplifier Instrumentation Amplifier Circuit

J@‘ TEXAS
INSTRUMENTS

3-1102 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC4501, TLC4501A, TLC4501Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION OPERATIONAL AMPLIFIERS

SLOS188 — JANRUARY 1997

APPLICATION INFORMATION
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TLC4501

= v,(B8)(2R1
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Figure 35. Three OperationaI-AmpIiﬁer Instrumentation Amplifier Circuit
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Figure 36. Fixed Current-Source Circuit
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APPLICATION INFORMATION

21-

TLC4501 5§ _&— vo

vi +

VI =Vo

Figure 37. Voltage-Follower Circuit

Figure 39. TTL-Driver Circuit
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APPLICATION INFORMATION
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Figure 40. High-Compliance Current-Sink Circuit
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Figure 41. Comparator With Hysteresis Circuit
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Figure 42. Low-Drift Detector Circuit
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A - OCTOBER 1996 — REVISED NOVEMBER 1996

® Power On Calibration of Input Offset D PACKAGE
Voltage (TOP VIEW)

® Low Input Offset Voltage . . . < 50 uV Max 1ouT ] 1 U 1 Voo
(TLC4502A) 1IN- [ 2  20UT

® Low Input Offset Voltage Drift...<1uV/°C 1IN+ ] 3 ] 21N
Low Input Bias Current Vpp-_/GND [] 4 ] 2IN+

High Output Drive Capability
CL<1nFand R >1kQ

High Open Loop Gain ... > 120 dB
Rail-To-Rail Output Voltage Swing
Low Distortion . .. <0.01% at 10 kHz
Low Noise . .. 12 nVAHz at 1 kHz
High Slew Rate ... 2.5 V/us

Low Power Consumption . ..
< 1.5 mA (Typical) Per Amplifier

® Short Calibration Time . . . 300 ms Typ

[ J
oo N ®

description

The TLC4502 self-calibrating operational amplifier utilizes the recent availability of on-chip digital and analog
signal processing to automatically null the input offset voltage at power-up. This self-calibrating feature requires
typically 300 ms to complete and is repeatable to within £3 pV on successive calibrations. The technique
involves the extraction and digital storage of the key offset-nulling information. This information is retained
without degradation as long as the circuit is powered. This eliminates the need for continuous chopping of the
input signal to refresh the offset information. Once the process is complete, the bulk of the calibration circuitry
drops out of the signal path and shuts down. This minimizes or eliminates any effect the calibration circuitry
might have on the desired signal path. It also allows the TLC4502 to be used exactly like any other operational
amplifier after the calibration cycle is complete.

The TLC4502 is a high-performance operational amplifier fabricated in a 1-um 5-V digital CMOS technology.
It achieves very high dc gain, as well as excellent power supply rejection ratio (PSRR) and common-mode
rejection ratio (CMRR). It uses a mixed-mode (analog/digital) internal compensation loop with digital storage
of the offset information and a current-mode output to reduce its input offset to < 50 uV. The TLC4502 also
features a rail-to-rail output structure capable of driving loads to 1 kQ and 1 nF. Unlike existing commercially
available low-offset high-precision amplifiers, the TLC4502 needs only a single 5-V supply, requires no
trimming, and uses no bipolar transistors or JFETSs.

AVAILABLE OPTIONS
PACKAGED DEVICE?
o CHIP FORM
Ta Viomax AT 25°C |  SMALL OUTLINE %
(D)
50 pv TLC4502ACDR
0°C to 70°C
100 pV TLC4502CDR
TLC4502Y
50 uV TLC4502AIDR :
-40°C t0 85°C
100 pV TLC4502IDR

T The D package is also available taped and reeled.

LinEPIC and Self-Cal are trademarks of Texas Instruments Incorporated.

PRODUCTION DATA information is current as of publication date. Copyright © 1996, Texas Instruments Incorporated
Products conform
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

description (continued)

To achieve high dc gain, large bandwidth, high CMRR and PSRR, as well as good output drive capability, the
TLC4502 is built around a 3-stage topology: two gain stages, one rail-to-rail, and a class-AB output stage. A
nested Miller topology is used for frequency compensation. '

functional block diagram (during calibration)

V||)D
POWER-ON RESET s al—|enaBLE COUNTER
_ RC RCO
1 R Q OSCILLATOR
p
cLoCcK CAL
RESET DAC cone
SAR AMPLIFIER
LPF IJT > RCO

During the calibration procedure, the operational amplifier is removed from the signal path and both inputs are
tied to GND.

The class AB output stage features rail-to-rail voltage swing and incorporates additional switches to put the
output node into a high-impedance mode during the calibration cycle. Small-replica output transistors (matched
to the main output transistors) provide the amplifier output signal for the calibration circuit. The TLC4502 also
features built-in output short-circuit protection. The output current flowing through the main output transistors
is continuously being sensed. If the current through either of these transistors exceeds the preset limit (60 mA
—70 mA) for more than about 1 ps, the output transistors are shut down to essentially their quiescent operating
point for approximately 5 ms. The device is then returned to normal operation. If the short circuit is still in place,
it is detected in less than 1 ps and the device is shutdown for another 5 ms.

The offset cancellation uses a current-mode digital-to-analog converter (DAC), whose full-scale current allows
for an adjustment of approximately £5 mV to the input offset voltage. The digital code producing the cancellation
current is stored in the successive-approximation register (SAR).

During power up, when the offset cancellation procedure is initiated, an on-chip RC oscillator is activated to
provide the timing of the successive-approximation algorithm. To prevent wide-band noise from interfering with
the calibration procedure, an analog low-pass filter followed by a Schmidt trigger is used in the decision chain
to implement an averaging process. Once the calibration procedure is complete, the RC oscillator is deactivated
to reduce supply current and the associated noise.

The key operational-amplifier parameters CMRR, PSRR, and offset drift were optimized to achieve superior
offset performance. The TLC4502 calibration DAC is implemented by a binary-weighted current array using a
pseudo-R-2R MOSFET ladder architecture, which minimizes the silicon area required for the calibration
circuitry, and thereby reduces the cost of the TLC4502.
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description (continued)

Due to the performance (precision, PSRR, CMRR, gain, output drive, and ac performance) of the TLC4502, it
is ideal for applications like:

Data acquisition systems
Medical equipment

Portable digital scales

Strain gauges

Automotive sensors

Digital audio circuits
Industrial control applications

It is also ideal in circuits like:

A precision buffer for current-to-voltage converters, a/d buffers, or bridge applications
High-impedance buffers or preamplifiers

Long term integration

Sample-and-hold circuits

Peak detectors

The TLC4502 self-calibrating operational amplifier is manufactured using Texas instruments LinEPIC process
technology and is available in an 8-pin SOIC (D) Package. 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.
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-CaITM)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

TLC4502Y chip information

This chip, when properly assembled, display characteristics similar to the TLC4502C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. This chip can be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS
NS
E ! T VoD+
= i 8
R ®) @~
: o [ —_ 1IN+ h 0
= 5 - [ @) 10UT
z (2) - 1AN- — -
= N 16
= 1! i 20t 2 2
= re—— (6)
= | = — - -— 2in-
e ;l b 1 @
- '1....'4‘ -
= x VDD-/GND
<93 f
= A In
Z - Ewan || ¥
E it by L L] .
= 3 | E——l i —|
E ey — " CHIP THICKNESS: 15 MILS TYPICAL
= - T h BONDING PADS: 4 x 4 MILS MINIMUM
= i | Tymax = 150°C
= r—-—'f ) T
z _— — TOLERANCES ARE £10%.
= =X, d ALL DIMENSIONS ARE IN MILS.
= PIN (4) IS INTERNALLY CONNECTED
=¥ TO BACKSIDE OF CHIP.
< 80 >
|I|I|I‘I|III|I|I|IIIII'lll'llllIllllllllIlll'I|I|I|||||lIlllllll|I|l|lll|||l|l|l|
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Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™
PRECISION DUAL OPERATIONAL AMPLIFIER

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

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

Supply voltage, Vpp .+ (S NOte 1) ... .o e 7V
Differential input voltage, Vip (see Note 2) ... ... .. e 7V
Input voltage range, V| (any input, see Note 1) ......................................... -03Vto7V
Input current, Ij (€acCh iNPU) . ... ... i e +5mA
Output current, Ig (€ach oUtpUt) .. ... i e +100 mA
Total CUIMENtINtO VDD 4 -« o v vttt e e +100 mA
Total currentout of Vpp_/GND .. ... i +100 mA
Electrostatic discharge (ESD) ........ ...ttt e >2kV
Duration of short-circuit current at (or below) 25°C (seeNote 3) ...t unlimited
- Continuous total power dissipation ................cciiiiiiiiiiii . See Dissipation Rating Table
Operating free-air temperature range, ToA: TLC4502C ...... ... ..o, 0°C to 70°C
TLCA502! ...t s —40°C to 85°C

Storage temperature range, Tgtg - ...« vvvnevrennniii i —-65°C to 150°C
Case temperature for 60 seconds, Tg: FKpackage .............cciiiiiiiiiiiiiiiiiiiinnn.. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .................cccoiiiiinnn... 260°C

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.
All voltage values, except differential voltages, are with respect to Vpp —/GND.

NOTES: 1.

2. Differential voltages are at IN+ with respect to IN—. Excessive current flows when an input is brought below Vpp-—0.3 V.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating is not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta=70°C =85°C
POWER RATING ABOVE Tp = 25°C POWER RATING POWER RATING
D 725 mW 5.8 mW/°C 464 mW 377 mW
recommended operating conditions
TLC4502C TLCA4502]
UNIT
MIN MAX MIN MAX

Supply voltage, Vpp 4 6 4 6 \
Inplit voltage range, V| VpD- VDD+-23 |VDD- VDD+-2.3 \
Common-mode input voltage, Vic Vbp- VpD+-23 |VDD- VDD+-23 \
Operating free-air temperature, Tp 0 70 -40 85 °C
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electrical characteristics at s

pecified free-air temperature, Vpp = 5 V, GND = 0 (unless otherwise

noted)
TLC4502C TLCA4502AC
PARAMETER “TEST CONDITIONS Tat MNP AKX WINTYP  WAX UNIT
Vio Input offset 25°C -100 100| -50 50 WV
voltage Full range | —100 100 | -50 50
Temperature
10 coefficient of input Full range 1 1 uv/reCc
offset voltage Vpp=1%25V, Vo=0,
Vic=0, Rg =50 Q
o Input offset Ic S 25°C 1 1 pA
current Full range 500 500
. 25°C 1 1
B Input bias current pA
Full range 500 500
loH =—500 pA 25°C 4.99 4.99
V. High-level output 25°C 4.9 4.9 IV
OH voltage loH=-5mA : .
Full range 4.7 4.7
Vic=25V, loL = 500 pA 25°C 0.01 0.01
VoL Low-level output 25°C 0.1 0.1 v
voltage Vic=25V, IpL=5mA - -
Full range 0.3 0.3
Large-signal _ ' _ 25°C 200 1000 200 1000
AVD differential voltage \F"'C_‘f's V. \S’O ’N1 tV t: 4v, Vimv
amplification L =1k ee Note Fullrange | 200 200
Differential input o
Ri(D) resistance 25°C 10 10 kQ
RL Input resistance | See Note 4 25°C 1012 1012 Q
Common-mode o
CL input capacitance f=10kHz, P package 25°C 8 8 pF
Closed-loop _ _ o
z0 output impedance Ay =10, f=100 kHz 25°C 1 1 Q
cMRR  Common-mode xg::;;OfJ v, 25°C % 100 9 100 -
rejection ratio Rg=1 Q. Full range 85 85
Supply-voltage Vpp=4Vto6V, 25°C 90 100 920 100
ksVR rejection ratio Vic =0, dB
(AVDD +/AVIO) No load Full range 90 90
\ Supol . Va<25V ’ No load 25°C 25 35] 25 35 A
upply curren =25V, o loa
bD PPy 0 Full range 4 4
Calibration input
VIT(CAL)  threshold voltage Full range 4 4 v

T Full range is 0°C to 70°C.
NOTE 4: Ry and C|_ values are referenced to 2.5 V.
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

electrical characteristics at specified free-air temperature, Vpp = 5 V, GND = 0 (unless otherwise

noted)
TLCA4502] TLCA4502A1
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
Vi Input offset 25°C -100 100 -50 50 v
10 voltage Fullrange | -100 100 | -50 s| "
Temperature
avIo coefficient of input Full range 1 1 uv/ec
offset voltage Vpp=%25V, Vo=0,
Vic=0, Rg=50Q
o Input offset 1c S 25°C 1 1 pA
current Full range 500 500
] 25°C 1 1
[IT:) Input bias current pA
Full range 500 500
' IOH =~ 500 pA 25°C 4.99 4.99
VOH High-level output 25°C 2.9 49 v
voltage loH=-5mA
Full range 4.7 4.7
Vic=25V, IoL=500puA 25°C 0.01 0.01
VoL Low-level output 25°C 0.1 0.1 v
voltage Vic=25V, loL=5mA
Full range 0.3 0.3
Large-signal _ _ 25°C 200 1000 200 1000
AvD differential voltage XIC_—f&V, \S/o _N1 ‘V ‘: 4V, VimV
amplification L=1K4 ee Note Full range | 200 200
Differential input
H'(D) resistance P 25°C 10 10 K
RL Input resistance | See Note 4 25°C 1012 1012 Q
Common-mode
CL input capacitance f=10 kHz, P package 25°C 8 8 pF
20 oct'j“’:&di':l’ggdame Ay =10, f=100 kHz 25°C 1 1 Q
’ Vic=0t027V, 25°C 9 100 9 100
CMRR  Commonmode ygosy, dB
rejection ratio Rg =1kQ Full range 85 85
Supply-voltage Vpp=4Vto6V, 25°C 90 100 90 100
kSVR rejection ratio Vic =0, dB
(AVDD +/AVi0) No load Full range 90 90
I Sy li current Vo=25V, No load 25°C 25 3% 25350
urrel =25V, o loa
0D PRl ° Full range 4 4
Calibration input
VIT(CAL) threshold voltage Full range 4 4 v
1 Full range is —40°C to 85°C.
NOTE 4: R and C_values are referenced to 2.5 V.
3 1,
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TLC4502, TLC4502A, TLC4502Y

Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A - OCTOBER 1996 — REVISED NOVEMBER 1996

operating characteristics, Vpp =5V

TLC4502C, TLC4502AC
PARAMETER TEST CONDITIONS 1Al UNIT
: MIN TYP MAX
SR Slew rate at 'ty’ i Vo=05Vto25V, C| =100pF 25C 15 25 Vius
ew rate at unity gain =05Vto25V, =
g 0 L P Full range 1 Vius
f=10Hz 25°C 70
V, Equivalent input noise voltage
n d P Heg f=1 kHz 25°C 12 nVAHz
Peak-to-peak equivalent input noise | f=0.1to 1 Hz 25°C 1
VNPP)  ore o P - my
voltage f=0.1t0 10 Hz 25°C 1.5
In Equivalent input noise current 25°C 0.6 fANHz
Vo=05Vio25YV, Ay =1 25°C 0.02%
f=1 s
THD + N Total harmonic distortion plus noise RL =01k'|;|‘: Ay =10 25°C 0.08%
CL =100 pF Ay = 100 25°C 0.55%
; . f=10 kHz, RL=1kQ, o
Gain-bandwidth product CL = 100 pF 25°C 4.7 MHz
: : N Vopp)=2V, Ay =1, .
Bom Maximum output swing bandwidth RL=1kQ CL = 100 pF 25°C 1 MHz
AV =-1, o of
- Step=05Vto25V, |©01% 26°C 16
ts Settling time RL=1kQ, us
CL =100 pF 0 0.01% 25°C 2.2
Om Phase margin at unity gain Ry =1kQ, Cp =100 pF 25°C 74
Calibration time 25°C 300 ms
T Full range is 0°C to 70°C.
NOTE 4: R and C values are referenced to 2.5 V.
U
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

operating characteristics, Vpp=5V

TLC45021, TLC4502Al
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX
) ) 25°C 1.5 25 Vius
SR Slew rate at unity gain Vo=05Vto25V, Cp=100pF
Full range 1 Vius
V, Equivalent input noise voltage f=10Hz 25°C 0 V/AHz
i i
n d P ¢ =1 kHz 25°C 12 nvinz
Peak-to-peak equivalent input noise | f=0.1to 1 Hz 25°C 1
VN(PP) peaieq P Y
voltage f=0.1t0 10 Hz 25°C 1.5
In Equivalent input noise current 25°C 0.6 fANHZ
Vo=05Vto25V, [Ay=1 25°C 0.02%
THD + N  Total harmonic distortion plus noise :{ 1=01k|l;15, Ay =10 25°C 0.08%
C| =100 pF Ay =100 25°C 0.55%
. ] f=10kHz, RL=1kQ, o
Gain-bandwidth product CL =100 pF 25°C 4.7 MHz
i i ; Vopp)=2V, Ay =1, .
Bom Maximum output swing bandwidth RL=1kQ CL =100 pF 25°C 1 MHz
Ay=-1, . 9 o
. Setting f Step=05Vto25V, |©01% 25°C 16
s ettling time RL=1kQ, . - us
CL =100 pF 10 0.01% 25°C 2.2
Om Phase margin at unity gain Rp =1kQ, CL =100 pF 25°C 74
: Calibration time - 25°C 300 ms
T Full range is —40°C to 85°C.
NOTE 4: Ry|_and C_values are referenced to 2.5 V.
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TLC4502, TLCA4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A ~ OCTOBER 1996 — REVISED NOVEMBER 1996

electrical characteristics at s|
otherwise noted)

pecified free-air temperature, Vpp =5 V, GND = 0, Tp = 25°C (unless

TLC4502Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 10 uv
Vpp=+25V, Vo =0,
llo Input offset current Vic =0, Rg=50Q 1 pA
B Input bias current 1 pA
loH = - 500 4.99
VOH High-level output voltage OH bA v
loH=-5mA 4.9
Vic=25V, loL =500 0.01
VoL Low-level output voltage IC oL s \
Vic=25V, loL =5 mA 0.1
Large-signal differential Vic=25YV, Vo=1Vto4V,
AvD voltage amplification Rp =1kQ, See Note 4 1000 Vimv
Ri(D) Differential input resistance 10 kQ
RL Input resistance See Note 4 1012 Q
CL Common-mode input capacitance f=10kHz, P package 8 pF
z0 Closed-loop output impedance Ay =10, f=100 kHz 1 Q
CMRR Common-mode rejection ratio \F/JC =0t027V, Vo=25V, 100 dB
s =1kQ
=+ + =
ksvR  Supply-voltage rejection ratio (AVpp +/AV|Q) \I\/llgll:z)a d_2 Viex3V, Vic=0, 100 dB
Ibp Supply current Vo=25YV, No load 2.5 mA
NOTE 4: R|_and Cy_values are referenced to 2.5 V.
operating characteristics, Vpp=5V, Tp = 25°C
TLCA4502Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
SR Slew rate at unity gain Vo=05Vt25V, Cp=100pF 25 V/us
\Y Equivalent input noise voltage [=10Hz 0 VAHz
n q P 9 f=1kHz 12 YRz
v Peak-to-peak equivalent input noise volt f=01totHz ! v
eak-to-peak equivalent input noise voltage
N(PP) P q P 9 f=0.1t0 10Hz 1.5 "
In Equivalent input noise current 0.6 fANHz
Vo=05Vt025V, [Ay=1 0.02%
- N . f=10kHz,
THD + N Total harmonic distortion plus noise RL=1kQ Ay =10 0.08%
CL =100 pF Ay =100 0.56%
. . f=10kHz, RL=1kQ,
Gain-bandwidth product CL = 100 pF 4.7 MHz
. . . Vopp)=2V, Ay =1,
Bom Maximum output swing bandwidth RL=1kQ, CL = 100 pF 1 MHz
Ay =-1, o
- Step=05Vi025V, |© %17 16
ts Settling time RL=1kQ us
CL = 100 pF 100.01% 22
Om Phase margin at unity gain RL=1kQ, C =100 pF 74
Calibration time 300 ms

NOTE 4: R| and C|_values are referenced to 2.5 V.
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TLC4502, TLCA4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

TYPICAL CHARACTERISTICS
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TLC4502, TLC4502A, TLC4502Y

Advanced LinEPIC™ SELF-CALIBRATING (Self—CaITM)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

TYPICAL CHARACTERISTICS
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLC4502 INPUT OFFSET
VOLTAGE TEMPERATURE COEFFICIENT
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Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Vo - Output Voltage - V

Vo - Output Volitage - V

INVERTING LARGE-SIGNAL PULSE RESPONSE

TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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Phase Margin

PSRR - Power Supply Rejection Ratio — dB

TYPICAL CHARACTERISTICS

PHASE MARGIN GAIN MARGIN
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TYPICAL CHARACTERISTICS
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Figure 31 Figure 32

APPLICATION INFORMATION

The TLC4502 is designed to operate with only a single 5-V power supply, have true differential inputs, and
remain in the linear mode with an input common-mode voltage of 0.

The TLC4502 has a standard dual-amplifier pinout allowing for easy design upgrades.

Large differential input voltages can be easily accommodated and, as input differential-voltage protection
diodes are not needed, no large input currents result from large differential input voltage. Protection should
be provided to prevent the input voltages from going negative more than —0.3 V at 25°C. An input clamp
diode with a resistor to the device input terminal can be used for this purpose.

For ac applications, where the load is capacitively coupled to the output of the amplifier, a resistor can be
used from the output of the amplifier to ground. This increases the class-A bias current and prevents

crossover distortion. Where the load is directly coupled, for example dc applications, there is no crossover
distortion.

Capacitive loads, which are applied directly to the output of the amplifier, reduce the loop stability margin.
Values of 500 pF can be accommodated using the worst-case noninverting unity-gain connection. Resistive
isolation should be considered when larger load capacitance must be driven by the ampilifier.

The following typical application circuits emphasize operation on only a single power supply. When
complementary power supplies are available, the TLC4502 can be used in all of the standard operational
amplifier circuits. In general, introducing a pseudo-ground (a bias voltage of V|/2 like that generated by the
TLE2426) allows operation above and below this value in a single-supply system. Many application circuits are
shown which take advantage of the wide common-mode input-voltage range of the TLC4502, which includes

ground. In most cases, input biasing is not required and input voltages that range to ground can easily be
accommodated.

3-1126.
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A — OCTOBER 1996 — REVISED NOVEMBER 1996

APPLICATION INFORMATION

R1 R2 R3 R4 R5 R6

V(REF)+
90 kQ

ViEr- ]

12
TLC4502

]

Vo-
vin VWY 2 —_L—
1kQ =
Rp -
Vi2 A%
1kQ
(Gain = 10) Vg = (V) =V )1+——& Y
o 1= Ve B4 + A5) ¥ V(REF) Where R1 = R6, R2 = R5, and R3 = R4
_— _ R5 + R6
(@ain = 100) Vg = (V}; - Vtz)(‘ *“Ra ) + V(REF) Where R1 = R6, R2 = R5, and R3 = R4
Figure 33. Single-Supply Programmable Instrumentation Amplifier Circuit
Rpq <1kQ
A
6 |-
I I
Rpa<ike " 0A1  lLoAD
%% TLC4502 7 Vo
5
+ 4
3 —_—
= R4
AN
= R4 2R4
% R1 Vo = v,[(1 +R3)+(RG)]+V(REF)
V(REF) Where: R1 = R4 and R2 = R3

Figure 34. Two Operational-Amplifier Instrumentation Amplifier Circuit
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TLC4502, TLCA502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A - OCTOBER 1996 — REVISED NOVEMBER 1996

APPLICATION INFORMATION

4 ” R3 RS
TLC4502 — \N—— AV

2 -

loAs lo
12 «— | —>

TLC4502 n Vo
3 ;
+

Vi

R4

R6
= v,(B5)(2R1
Vo = W)+ 1)1 Ve

Where: R1 = R2, R3 = R4, and R5 = R6
Figure 35. Three Operational-Amplifier Instrumentation Amplifier Circuit

V(REF)

vi

R1

R4

12

R5
R2 TLC4502

+

o

Figure 36. Fixed Current-Source Circuit
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TLC4502, TLC4502A, TLC4502Y
Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)
PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A ~ OCTOBER 1996 — REVISED NOVEMBER 1996

APPLICATION INFORMATION

12 1
TLC4502 —— Vo

Vi +

VI =Vo

Figure 37. Voltage-Follower Circuit

Figure 39. TTL-Driver Circuit
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TLC4502, TLC4502A, TLC4502Y

Advanced LinEPIC™ SELF-CALIBRATING (Self-Cal™)

PRECISION DUAL OPERATIONAL AMPLIFIERS

SLOS161A -~ OCTOBER 1996 — REVISED NOVEMBER 1996

APPLICATION INFORMATION

+

12 1
TLC4502

l.o

IO=1

Figure 40. High-Compliance Current-Sink Circuit

vi

R1
10 kQ

RE
Amp/V V| %

(Increase RE for I0 small

V(REF) — AW\

R2
10 MQ

4% %"

Figure 41. Comparator With Hysteresis Circuit

B
—>

1/2 1

TLC4502

vi

Z

s
J_c1 ‘
IULF

+

12
TLC4502

Figure 42. Low-Drift Detector Circuit

p——-—— Vo

s
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ORDERING INSTRUCTIONS

Electrical characteristics presented in this data book, unless otherwise noted, apply for the circuit type(s) listed in the
page heading regardless of package. The availability of a circuit function in a particular package is denoted by an
alphabetical reference above the pin-connection diagram(s). These alphabetical references refer to mechanical

outline drawings shown in this section.

Factory orders for circuits described in this data book should include a four-part type number as shown in the following

example.
Example: TLE

Prefix l
MUST CONTAIN TWO OR THREE LETTERS

TLTLE i Tl Linear Products

TLC ..., Tl Linear Silicon-Gate CMOS Products
STANDARD SECOND-SOURCE PREFIXES

AD .. Analog Devices

LF,LM,orlP ... National

LT Linear Technology

MC e Motorola

NE,SA,orSE ... ...t Signetics

OP ..... e e PMI

RC,RM,0orRV ............ ..., Raytheon

UA e e e, Fairchild/National

Unique Circuit Description Including Temperature Range

MUST CONTAIN TWO OR MORE CHARACTERS
(from individual data sheets)

2022 PW LE

Examples: 10 34070
592 1451AC
7757 2217-285
Package

MUST CONTAIN ONE, TWO, OR THREE LETTERS

D, DB, DBV, DW, DWP, FK, J, JG, N, NE, P, PW, U, W
(from pin-connection diagrams on individual data sheet)

Available Taped and Reeled or Left-Ended Taped and Reeled

R — Available Taped and Reeled
LE — Available Only Left-Ended Taped and Reeled

*
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ORDERING INSTRUCTIONS

Circuits are shipped in one of the carriers below. Unless a specific method of shipment is specified by the customer
(with possible additlonal costs), circuits will be shipped via the most practical carrier. :

Dual-In-Line (J, JG, N, NE, P) Shrink Small Outline (DB, DBV)
— A-Channel Antistatic or — Tape and Reel
Conductive Plastic Tubing Thin Shrink Small Outline (PW)
— Tape and Reel
Small Outline (D, DW, DWP) Chip Carriers (FK)
— Tape and Reel — Antistatic or Conductive
— Antistatic or Conductive Plastic Tubing
Plastic Tubing
Flat (U, W)

— Milton Ross Carriers

*
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MECHANICAL DATA

D (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE .
14 PIN SHOWN
T Sl I IR B
SoaGas [B001002) @]
— 0.010 (0,25) 0.197 0.344 0.394
0.014 (0,35) ™ A MAX (500 | (875) | (10,00)
" 8 0. 386
.189 0.337 0.
H |:| H H I:l H |:] 7 ! A MIN @80) | 855 | (9,80)
0.244 (6,20)
0.228 (5,80)
0.157 (4,00) 0.008 (0,20) NOM
0.150 (3,81) l

Gage Plane _+_
[ 0.010 (0,25)

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

TEEUE G,

- A —————p

0°-8°

L

4040047/D 10/96

Seating Plane Y

(=] 000 010

WL .
0.010 (0,25) l

0.069 (1,75) MAX 0.004 (0,10)

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

[sXeX: ]
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MECHANICAL DATA

- DB (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
28 PIN SHOWN )

HAAHAARAARAARA T I

I LE LN N

;( _ | \) |
__ ¥ Seating Plane é—\/ FL

200 MAX 005N
2 4

PINS **
DM 8 14 16 0 2 28 30 | 38
A MAX 3,30 6,50 6,50 7,50 8,50 | 10,50 | 10,50 | 12,90
A MIN 2,70 5,90 5,90 6,90 7,90 9,90 9,90 | 12,30

4040065 /C 10/95

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-150

cow

‘Q‘ TEXAS
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MECHANICAL DATA

DBV (R-PDS0-G5) PLASTIC SMALL-OUTLINE PACKAGE

I I
|
TEE 7 |

i Gage Plane _+_

‘_.___.._— _’
2,70 T/A\_gs

L, wL@ h

1,00
4073253-4/B 11/96

NOTES: A.
B.
C.

All linear dimensions are in millimeters.
This drawing is subject to change without notice.
Body dimensions include mold flash or protrusion.
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MECHANICAL DATA

DWP (R-PDS0-G20) PLASTIC SMALL-OUTLINE PACKAGE
»
0.020 (0,51)
0.014 (0,35) —_0-010(0,25) ™

Soar

N E

"
o

Thermal Pad 0.150 (3,81) x 0.170 (4,31) NOM
(see Note C)

0.096 (2,43) MAX 0.004(0,10)

0.299 (7,59)
| ! 0.293 (7,45)
0.430 (10,02)
O b 0.411 (10,24)
0.010 (0,25) NOM
1 10| l —
0.510 (12,95) bl
¢ 0.500 (12,70) Gage Plane | | §
i 0.010 (0,25)

v

+2°-8°
0.050 (1,27)
0.016 (0,40)

\
L

Seating Plane

] 0.004 (0,10)

0.000 (0,00)

4073226/B 01/96

NOTES: A.
B.
C.

All linear dimensions are in inches (millimeters).
This drawing is subject to change without notice.
The thermal performance may be enhanced by

bonding the thermal pad to an external thermal plane. This solderable pad is

electrically and thermally connected to the backside of the die and leads 1, 10, 11 and 20.

U
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MECHANICAL DATA

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

LEADLESS CERAMIC CHIP CARRIER

18 17 16 15 14 13 12

26 27 28 1 2 3 4

NO. OF A B
TERMINALS

e MIN MAX MIN MAX
2 0.342 | 0358 | 0307 | 0.358
(8,69) (9,09) (7,80) (9,09)

28 0442 | 0458 | 0406 | 0.458
(11,23) | (11,63) | (10,31) | (11,63)

“ 0640 | 0660 | 0495 | 0.560
(16,26) | (16,76) | (12,58) | (14,22)

0 0739 | 0761 | 0495 | 0.560
(18,78) | (19,32) | (12,58) | (14,22)

68 0938 | 0962 | 0.850 | 0.858
(23,83) | (24,43) | (21,6) | (21,8)

04 1141 | 1165 | 1.047 | 1.063
(28,99) | (2959) | (26.6) | (27.0)

0.020 (0,51) | 0.080 (2,03)
0.010 (0,25) _’I j l‘ > 0.064 (1,63)
f 0.020 (0,51) H
0.010 (0,25)
0.055 (1,40)
.045 (1,14,
0.045 (1,14) 0.045 (1,14)
- 0.035 (0,89) - |
0.028 (0,71) _’I L_ L_’ 0.045 (1,14)
0.022 (0,54) 0.035 (0,89)
0.050 (1,27)
4040140/D 10/96
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 metal lid.
D. The terminals are goid plated.
E. Falls within JEDEC MS-004
‘U TEXAS
INSTRUMENTS
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MECHANICAL DATA

J (R-GDIP-T**) CERAMIC DUAL-IN-LINE PACKAGE
14 PIN SHOWN
PINS **
DIM 14 16 18 20
A MAX ' 0310 | 0.310 0.310 0.310
e B — 787 | (7.87) | (787 | (7.87)
Sl AL AL A
N Nnnnnm : : ’ :
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 (1918) | (1918) | T | (2362)
VAVEVAVAVEREW o | 020 | o0 | oso | osoo
1 7 711 | (7.62) | (7.62) | (762
0.065 (1,65) C MIN 0245 | 0.245 0.245 0.245
0.045 (1,14) 622 | 6220 | 6,22) | (6,22
. 0.100 (2,54)
Y e— e Te) (178) 0.020 (0]51)MIN A —»l
0.200 (5,08) MAX

¢ Seating Plane

T 0.130 (3,30) MIN

—J L——l 0.100 (2,54) L/ 0°—15°
0.023 (0,58)

0.015 (0,38) 0.014(0,36)
0.008 (0,20)
4040083/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-T14, GDIP1-T16, GDIP1-T18, and GDIP1-T20

‘V TEXAS
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MECHANICAL DATA

JG (R-GDIP-T8)

CERAMIC DUAL-IN-LINE PACKAGE

0.063 (1,60)

0.400 (10,20)

¢ 0.355 (9,00)
8 5
Chchh
) 0.280 (7,11)
0.245 (6,22)
By e
1 4
‘J L_ 0.065 (1,65)
0.045 (1,14)
0.020 (0,51) MIN AI g:;g g’g;n)
?
0.200 (5,08) MAX
‘ Seating Plane

T 0.130 (3,30) MIN

L - f

\‘/ 0°-15°

0.015 (0,38) 0.023 (0,58)
0.015 (0,38,
0.100 (2,54) (0:38) 0.014 (0,36)
0.008 (0,20)
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
3 1,
EXAS
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MECHANICAL DATA

N (R-PDIP-T*)

PLASTIC DUAL-IN-LINE PACKAGE

16 PIN SHOWN
PINS **
om 14 16 18 20
0775 | 0775 | 0920 | 0975
A A MAX (19,69) | (19.69) | (23.37) | (24,77)
16 9 A MIN 0745 | 0745 | 0850 | 0.940
M ™ ) (18,92) (18,92) | (21.59) | (23,88)
D) © 0.260 (6,60)
0.240 (6,10)
P2 gy wy g gy e g
1 8
0.070 (1,78) MAX
0.310 (7,8
—» 1« 0.035 (0,89) MAX  0.020 (0,51) MIN —l _Go.zgo (7’_3%
{. 0.200 (5,08) MAX
Seating Plane
T 0.125 (3,18) MIN
0.100 (2,54) \ o5
0.021 (0,53)
> 0.015 (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.)

{’.f TEXAS
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MECHANICAL DATA

NE (R-PDIP-T**) PLASTIC DUAL-IN-LINE PACKAGE

20 PIN SHOWN

0.070 (1,78) MAX :
20 1 PINS *
RN TAThThThihThlhid DIM 18 20
T MIN 0.914 (23,22)
:) c A MAX | 0.780 (19,80) | 0.975 (24,77)
l B MIN 0.930 (23,62)
U U UY MAX 1.000 (25,40)
1 10
c MIN | 0.240(6,10) | 0.260 (6,61)
MAX | 0.260 (6,60) | 0.280(7,11)
A — 0.020 (0,51) MIN
0.200 (5,08) MAX
& Seating Plane
T 0.155 (3,94)
0.125 (3,17)
—f_
o letsmam) Ll oo
mo,—”-{} 0.010(0,25) @)
0.310(7,87)
B — 0.020 (0,51) MIN l4————b’- 0290 (7.37)
0.200 (5,08) MAX
; Seating Plane
0.155 (3,94)
0125(3 17)

+f e fammess JLA—J 0529 [ Too10629 @) e
0015 6.557) [-]0.010(0,25) )] —|

0.010 (0,25) NOM
4040054/B 04/95
NOTES: A. Alllinear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 (16 pin only)
INSTRUMENTS
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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)

L —JtJ

—Pl L- 0.070 (1,78) MAX

0.020 (0,51) MIN ___ 0.310(7,87)

0.290 (7,37)
i 0.200 (5,08) MAX
Seating Plane
0.125 (3,18) MIN

o ‘
0.015 (0,38) 0.010(0.25 @ 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

P TEXAS
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MECHANICAL DATA

PW (R-PDSO-G**)
14 PIN SHOWN

PLASTIC SMALL-OUTLINE PACKAGE

HAHAAAA

=TT

0,30

0,19

O

L

€« A e

LT

1,20 MAX 0,05 MIN

3
J

EC)

Seating Plane

0,15 NOM

Gal

ge Plane ‘L

PINS ** 6 0 " 2
2
DIM 8 14 1 2| 8
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.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion not to exceed 0,15.
D. Falls within JEDEC MO-153
*PTE@@
INSTRUMENTS
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MECHANICAL DATA

U (S-GDFP-F10) CERAMIC DUAL FLATPACK
0.250 (6,35)
¢ 0.246 (6,10) >
| | v
| | i
f T ==
; I 0.006 (0,15) _|
0.080 (2,03) | | 0.004 (0,10)
0.050 a :27) / | | 0.045 (1,14)
| | 0.026 (0,66)
| |
I I
0.300 (7,62) ——ﬂ
0.350 (8,89) |I 0.350 (8,89)
¢ 0.250 (6,35) 'l ' 0.250 (6,35) 4"
0.019 (0,48)
! - ! _{ 0.015 (0,38)
[ i lo I i
| |
[ - - |
} : 0.050(1,27) |
0.250(6,35) — — — |
[ : f I J: ]
[ ]! 1 [ : ] —i
[ [
| 8 8 | I 0.025 (0,64)
0.005 (0,13)
1.000 (25,40)
I~ 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
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MECHANICAL DATA

W (R-GDFP-F14) CERAMIC DUAL FLATPACK
0.260 (6,60) Base and Seating Plane
¢ 0.235 (5197) -
| |
| I
: L1 i 3
| | 0.007 (0,18) |
0.080 (2,03) | | 0.004 (0,10)
0:045 (4] :1 4) I : 0.045 (1,14)
| | 0.026 (0,66)

‘ 0.280 (7,11 |
0.360 (9,14) 0.360 (9,14)

— 03600914 0.255 (6,48) l—— 0:3505,1%)
0.240 (6,10) | | 0.240 (6,10) 0.019 (0,48)
1 14| ]
— | — £ 0.015 (0,38)
[ 1 [ 1 |
) | T
L 1 [ 1 1
! | 0.050 (1,27) |
C 1 1 1
[ [
0.390 (9,91) | 1 T ]
0.335 (8,51) ! !
L ; | I ; ]
| | 0.025 (0,64)
T T —_—t
I I — ' 1 ' l 0.015 (0,38)
| !
[ HE | - ]
I I
|7 8 | +
1.000 (25,40)
0.735 (18,67)
4040180-2/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-F14 and JEDEC MO-092AB
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