TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

® Self-Calibrates Input Offset Voltage to ® Slew Rate...2.5V/us
40 pVv Max ® High Output Drive Capability . . . 50 mA
® |ow Input Offset Voltage Drift ... 1 uv/°C ® Calibration Time...300 ms
® Input Bias Current...1pA ® Characterized From —55°C to 125°C
® Open Loop Gain...120dB ® Available in Q-Temp Automotive
® Rail-To-Rail Output Voltage Swing HighRel Automotive Applications
® Stable Driving 1000 pF Capacitive Loads Configuration Control / Print Support
® Gain Bandwidth Product . .. 4.7 MHz Qualification to Automotive Standards
description

The TLC4501 and TLC4502 are the highest precision CMOS single supply rail-to-rail operational amplifiers
available today. The input offset voltage is 10 pV typical and 40 vV maximum. This exceptional precision,
combined with a 4.7-MHz bandwidth, 2.5-V/us slew rate, and 50-mA output drive, is ideal for multiple
applications including: data acquisition systems, measurement equipment, industrial control applications, and
portable digital scales.

These amplifiers feature self-calibrating circuitry which digitally trims the input offset voltage to less than 40 pV
within the first 300 ms of operation. The offset is then digitally stored in an integrated successive approximation
register (SAR). Immediately after the data is stored, the calibration circuitry effectively drops out of the signal
path, shuts down, and the device functions as a standard operational amplifier.
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Figure 1. Channel One of the TLC4502

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.

LinEPIC and Self-Cal are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. . Copyright 0 2001, 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
ard warranty. Production pr ing does not r ily include IEXAS unless otherwise noted. On all other products, production

testing of all parameters. processing does not necessarily include testing of all parameters.
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description (continued)

Using this technology eliminates the need for noisy and expensive chopper techniques, laser trimming, and
power hungry, split supply bipolar operational amplifiers.
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NC — No internal connection

AVAILABLE OPTIONS
PACKAGED DEVICES

A Viomax AT 25°C SVALL | CHIP CARRIER CERAMIC DIP CERAMIC FLAT
OUTLINE e 26) PACK
(D) (V)
40 pv TLCA4501ACD — — —
50 pv TLCA4502ACD — — —
0°C to 70°C
80 pv TLC4501CD — — —
100 pv TLC4502CD — — —
40 pv TLCA4501AID — — —
50 pv TLC4502AID — — —
—40°C to 125°C
80 pv TLC4501ID — — —
100 pv TLC4502ID — — —
50 pv TLC4502AQD — — —
—40°C to 125°C
100 pv TLC4502QD — — —
o (o 1p5eC 50 pv TLC4502AMD TLC4502AMFKB | TLC4502AMJGB | TLC4502AMUB
—55°C to o
100 pv TLC4502MD TLC4502MFKB TLC4502MIGB TLC4502MUB

T The D package is also available taped and reeled.
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)T

Supply voltage, Vpp+ (SE8 NOE 1) .o e e e 7V
Differential input voltage, Vip (SE€ NOte 2) .. ... . i 7V
Input voltage range, V| (any input, see Note 1) ... -03Vto7V
Input current, [j (each iNPUL) ... ... +5 mA
Output current, Ig (each output) . ... ... .. +100 mA
Total CUMENTINIO VD 4 v e v ettt e e e e e e e e e e e e e +100 mA
Total current out Of VD _/GND ..o +100 mA
Electrostatic discharge (ESD) ... ....ii it e e e e > 2 kv
Duration of short-circuit current at (or below) 25°C (see Note 3) ..., unlimited
Continuous total power dissipation .............. i See Dissipation Rating Table
Operating free-air temperature range, Ta: TLC4502C ... ... .t 0°Cto 70°C

TLCA5021 ... —40°C to 125°C

TLCA502Q ... —40°C to 125°C

TLCA502M ... —55°C to 125°C
Storage temperature range, Totg oo —65°C to 150°C
Case temperature for 60 seconds, Tc: FKpackage ...... ... .. i 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..............coviiiiiineenn... 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 Ta =85°C Ta =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D 725 mW 5.8 mw/°C 464 mW 377 mwW 145 mW
FK 1375 mW 11.0 mw/°C 880 mw 715 mw 275 mwW
JG 1050 mW 8.4 mwi/°C 672 mW 546 mW 210 mwW
U 675 mW 5.4 mW/°C 432 mW 350 mW 135 mW

recommended operating conditions

TLC4502C TLC45021 TLC4502Q TLC4502M

UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
Supply voltage, Vpp 4 6 4 6 4 6 4 6 Y
Input voltage range, V) Vpp- VpD+-23 |VDD- VDD+—-23 |VDD- VDD+—-23 |VDD- VDD+-—-2.3 \%

Common-mode input voltage, V|c Vpp- Vpp+-23 |Vpp- Vpp+-23 |VDpp- Vpp+-23 |Vpp- Vpp+-23 \
Operating free-air temperature, Tp 0 70 -40 125 -40 125 -55 125 °C

{'} TEXAS
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electrical characteristics at specified free-air temperature, Vpp =5V, GND = 0 (unless otherwise
noted)

TLC450xC
PARAMETER TEST CONDITIONS TAWL UNIT
MIN  TYP MAX
TLC4501 -80 10 80
Vpp=%25V, Vg=0, TLC4501A —-40 10 40
\ Input offset voltage Full range \
0 P 9 Vic =0, Rs=50Q |TLC4502 T 0 10| "
TLCA4502A -50 10 50
Temperature coefficient of input o
o
VIO offset voltage Full range 1 uv/eC
- - 25°C 1 60
o Input offset current Vbp=%25V, Vo =0, pA
Vic =0, Rg=500Q Full range 500
. 25°C 1 60
B Input bias current pA
Full range 500
loH =—500 pA 25°C 4.99
VOH High-level output voltage 25°C 4.9 \%
lIoH=-5mA
Full range 4.7
Vic=25YV, loL =500 pA 25°C 0.01
VoL Low-level output voltage 25°C 0.1 \Y
Vic=25YV, loL=5mA
Full range 0.3
A Large-signal differential voltage Vic=25V, Vo=1Vio4V, 25°C 200 1000 vimv
VD amplification R =1kQ, See Note 4 Full range 200
R|(D) Differential input resistance 25°C 10 kQ
RL Input resistance See Note 4 25°C 1012 Q
CL Common-mode input capacitance | f =10 kHz, P package 25°C 8 pF
z0 Closed-loop output impedance Ay =10, f=100 kHz 25°C 1 Q
= = 25°C 90 100
CMRR Common-mode rejection ratio VIC_ 0027V, Vo=25V, dB
Rs=1kQ Full range 85
Supply-voltage rejection ratio _ _ 25°C 90 100
k Vpp=4Vto6V, V|c=0, Noload dB
SVR (AVpD +/AV|0) DD IC Full range 90
25°C 1 15
TLC4501/A
| Suppl t V 2.5V, No load Full range 2 A
u curren =25V, o loa m
b PRY © 25°C 25 35
TLC4502/A
Full range 4
ViT(CAL) Calibration input threshold voltage Full range 4 \%

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

TLCA450xC, TLC450xAC

PARAMETER TEST CONDITIONS TAJr UNIT
MIN TYP MAX
) ) 25°C 15 25 Vius
SR Slew rate at unity gain Vo=05Vto25V, C=100pF
Full range 1 V/us
v Equivalent inout noi " f=10 Hz 25°C 70 s
uivalent input noise voltage nV/VH
n d P 9 f= 1 kHz 25°C 12 WHz
Peak-to-peak equivalent input noise | f=0.1t0 1 Hz 25°C 1
VN(PP) P a P - - uv
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%
o . . f=10kHz,
THD + N  Total harmonic distortion plus noise R =1kQ Ay =10 25°C 0.08%
CL =100 pF Ay =100 25°C 0.55%
. . f=10 kHz, R =1kQ, .
Gain-bandwidth product C| = 100 pF 25°C 4.7 MHz
. . . Vo(pp) =2V, Ay =1, .
Bowm Maximum output swing bandwidth R = 1kQ, C| = 100 pF 25°C 1 MHz
Ay=-1
! t0 0.1% 25°C 1.6
Setting i Step=05Vto25V, [ 07
ts ettling time RL = 1kQ, - ) ps
®m Phase margin at unity gain RL =1kQ, CL =100 pF 25°C 74
Calibration time 25°C 300 ms

1 Full range is 0°C to 70°C.
NOTE 4: Ry and C|_values are referenced to 2.5 V.
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electrical characteristics at specified free-air temperature, Vpp =5V, GND = 0 (unless otherwise
noted)

TLC450xI
PARAMETER TEST CONDITIONS TAT UNIT
MIN  TYP MAX
TLC4501 -80 10 80
Vpp=%25V, Vg=0, TLC4501A —-40 10 40
\ Input offset voltage Full range \
0 P 9 Vic =0, Rs=50Q |TLC4502 T 0 10| "
TLCA4502A -50 10 50
Temperature coefficient of input o
o
VIO offset voltage Full range 1 uv/eC
Vpp=%25V, V=0, 25°C 1 60
Vic=0, Rs=500Q -40°Cto A
o Input offset current 85°C 500 P
Full range 5 nA
25°C 1 60
_ Vpp=#£25V, Vo=0, —-40°Cto pA
B Input bias current Vic =0, Rs =50 Q 85°C 500
Full range 10 nA
IoH = — 500 pA 25°C 4.99
VOH High-level output voltage 25°C 4.9 \%
IoH=-5mA
Full range 4.7
Vic=25YV, loL =500 pA 25°C 0.01
VoL Low-level output voltage 25°C 0.1 \%
Vic=25YV, loL=5mA
Full range 0.3
A Large-signal differential voltage Vic=25V, Vg=1Vito4V, 25°C 200 1000 vimv
VD amplification R =1kQ, See Note 4 Full range 200
R|(D) Differential input resistance 25°C 10 kQ
RL Input resistance See Note 4 25°C 1012 Q
CL Common-mode input capacitance | f=10 kHz, P package 25°C 8 pF
z0 Closed-loop output impedance Ay =10, f=100 kHz 25°C 1 Q
= = 25°C 90 100
CMRR Common-mode rejection ratio Vic=0t027V, Vo=25V, dB
Rg =1kQ Full range 85
Supply-voltage rejection ratio _ _ 25°C 90 100
k Vpp=4Vto6V, V|c=0, Noload dB
SVR (AVpD +/AV|0) DD IC Full range 90
25°C 1 15
TLC4501/A
| Suppl t V 2.5V, No load Full range 2 A
u curren =25V, o loa m
b PRY © 25°C 25 35
TLC4502/A
Full range 4
ViT(caL) Calibration input threshold voltage Full range 4 \Y

T Full range is —40°C to 125°C.
NOTE 4: R and C|_values are referenced to 2.5 V.

%’ TeEXAS
INSTRUMENTS

6 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

operating characteristics, Vpp=5V

TLC450xI, TLC450xAl

PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
) ) 25°C 15 25 Vius
SR Slew rate at unity gain Vo=05Vto25V, Cp=100pF
Full range 1 V/us
v Equivalent inout noi " f=10 Hz 25°C 70 s
uivalent input noise voltage nV/VH
n d P 9 f= 1 kHz 25°C 12 WHz
Peak-to-peak equivalent input noise |f=0.1t01Hz 25°C 1
VN(PP) P a P - - uv
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%
L . . f=10 kHz,
THD + N  Total harmonic distortion plus noise R =1kQ Ay =10 25°C 0.08%
CL =100 pF Ay =100 25°C 0.55%
. . f=10kHz, Rl = 1kQ, .
Gain-bandwidth product C| = 100 pF 25°C 4.7 MHz
. . . Vo(pp) =2V, Ay =1, o
Bowm Maximum output swing bandwidth R = 1kQ, C| = 100 pF 25°C 1 MHz
Ay=-1
! t0 0.1% 25°C 1.6
Setting i Step=05Vto25V, [
ts ettling time RL = 1kQ, - - ps
®m Phase margin at unity gain RL =1kQ, CL =100 pF 25°C 74
Calibration time 25°C 300 ms

1t Full range is —40°C to 125°C.
NOTE 4: Ry and C|_values are referenced to 2.5 V.
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electrical characteristics at specified free-air temperature, Vpp =5V, GND = 0 (unless otherwise
noted)

TLC4502Q,
PARAMETER TEST CONDITIONS Tat TLC4502M UNIT
MIN TYP MAX
Vpp =225V, Vg=0, TLC4502 -100 10 100
\ Input offset voltage Full range \
10 P J Vic=0, Rs=50Q | TLCA4502A 9 -50 10 =
Temperature coefficient of input o
o
VIO offset voltage Full range 1 pv/eC
_ - 25°C 1 60
o Input offset current VDD =25V, Vo =0, nA
Vic=0, Rgs=500Q 125°C 5
. 25°C 1 60
B Input bias current nA
125°C 10
loH =—500 pA 25°C 4.99
VOH High-level output voltage 25°C 4.9 \%
IoH=-5mA
Full range 4.7
Vic=25YV, loL =500 pA 25°C 0.01
VoL Low-level output voltage 25°C 0.1 \Y
Vic=25YV, loL=5mA
Full range 0.3
A Large-signal differential voltage Vic=25V, Vp=1Vio4V, 25°C 200 1000 vimy
VD amplification R =1kQ, See Note 4 Full range 200
R|(D) Differential input resistance 25°C 10 kQ
RL Input resistance See Note 4 25°C 1012 Q
CL Common-mode input capacitance f=10 kHz, P package 25°C 8 pF
z0 Closed-loop output impedance Ay =10, f=100 kHz 25°C 1 Q
= = 25°C 90 100
CMRR Common-mode rejection ratio VIC_ 0027V, Vo=25V, dB
Rs=1kQ Full range 85
K Supply-voltage rejection ratio Vpp=4Vto6V, Vic=Vpp/2 25°C 90 100 dB
SVR (AVpD +/AV|0) No load Full range 90
25°C 2.5 3.5
IDD Supply current Vo =25V, No load mA
Full range 4
ViT(CcAL) Calibration input threshold voltage Full range 4 \%

T Full range is —40°C to 125°C for Q suffix, —55°C to 125°C for M sulffix.
NOTE 4: Ry and C|_values are referenced to 2.5 V.
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operating characteristics, Vpp=5V

TLC4502Q, TLC4502M,
TLC4502AQ,
PARAMETER TEST CONDITIONS TaT TLCA4502AM UNIT
MIN TYP MAX
= = 25°C 15 25 V/us
SR Slew rate at unity gain Vo=05Vto2.5V, € =100pF s
See Note 4 Full range 1 Vlus
v Equivalent inbut noi " f=10 Hz 25°C 70 -
uivalent input noise voltage V/VH
n a P 9 f=1kHz 25°C 12 nvivHz
Peak-to-peak equivalent input noise | f=0.1to 1 Hz 25°C 1
VN(PP) P a P - - uv
voltage f=0.1t0 10 Hz 25°C 15
In Equivalent input noise current 25°C 0.6 fANHZ
Vo=05Vto25V, [Ay=1 25°C 0.02%
- ) ) f =10 kHz,
THD + N  Total harmonic distortion plus noise R =1kQ Ay =10 25°C 0.08%
CL =100 pF Ay =100 25°C 0.55%
. . f=10 kHz, RL =1kQ, .
Gain-bandwidth product C| = 100 pF 25°C 4.7 MHz
. . . Vo(pp) =2V, Ay =1, o
Bowm Maximum output swing bandwidth RL = 1kQ, C| = 100 pF 25°C 1 MHz
Ay=-1
! t0 0.1% 25°C 1.6
Setting g Step=05Vto25V, [
tg ettling time R = 1kQ, - - us
®m Phase margin at unity gain R =1kQ, CL =100 pF 25°C 74
Calibration time 25°C 300 ms

T Full range is —40°C to 125°C for Q suffix, —55°C to 125°C for M sulffix.
NOTE 4: Ry and C|_values are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS

DISTRIBUTION OF TLC4502 INPUT

DISTRIBUTION OF TLC4502 INPUT
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TYPICAL CHARACTERISTICS
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

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

Vo - Output Voltage — V

TYPICAL CHARACTERISTICS

MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE SHORT-CIRCUIT OUTPUT CURRENT
Vs VS
FREQUENCY FREE-AIR TEMPERATURE
10 T 69
Vpp=5V
T e los+
8 ! ~
S 65 ,/ /|
3 7 /AOS—
6 —
2 63
5
(e} /
ER /
4 o
0 /
5 59
)
2 I
o 57
o
0 55
100 1k 10k 100 k Y 10M -50 25 0 25 50 75 100
f — Frequency — Hz Tp — Free-Air Temperature — °C
Figure 10 Figure 11
LARGE-SIGNAL DIFFERENTIAL
OUTPUT VOLTAGE VOLTAGE AMPLIFICATION
VS 'S
DIFFERENTIAL INPUT VOLTAGE FREE-AIR TEMPERATURE
3 VI — 5' v 1600 T T
DD ~ RL =1kQ
Vic=25V 1400
2 \ RL=1kQ _] /
Ta =25°C = |
= 2 1200 —
g S
1 3
£ < 1000
o o
T ©
0 5= 800
=
o E
2 < 600
-1 S g
| 8
\ o3 400
2 <
\ 200
-3 0
-0.2-0.15 -0.1 -0.05 0 0.05 01 0.15 02 -55 30 -5 20 45 70 95 120
V|p — Differential Input Voltage — mV Tp — Free-Air Temperature — °C
Figure 12 Figure 13
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
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TYPICAL CHARACTERISTICS

LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE MARGIN
Vs

FREQUENCY
80 T 180°
Vpp=5V
\ RL =1kQ
60 CL=100pF — 135°
B N Tp = 25°C
< m
= o \
$ 1 40 _— 90° £
£ 5 N 5
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SE 20 \ 45° §
'(.5 g' \ <
o g o
5%
r 0°
P S \
=
< 20 \ —45°
-40 -90°
1k 10 k 100 k 1M 10M 100 M
f — Frequency — Hz
Figure 14
OUTPUT IMPEDANCE
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FREQUENCY
1000
100
c
I
8 10
c
S
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£ 7 7
2 Ay = 100 / /
>
? 0.1 l, 7 A
(@) A\/r:_y/
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0.001 ‘
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Figure 15
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

CMRR - Common-Mode Rejection Ratio —dB

SR - Slew Rate — V/pus

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO

COMMON-MODE REJECTION RATIO

VS VS
FREQUENCY FREE-AIR TEMPERATURE
110 T 130 T
100—\\ Vpp=5V @ Vpp=5V
Vic=25V T 1 125
Tp = 25°C o
90 =
N ¥ 120
80 \\ S
5 115
70 =
\ 3
60 \\ 3 110
—
\ c 105
N =
40 \ IS
S 100
30 I
% 95
20 =
)
10 90
100 1k 10 k 100 k 1M 10M -50 -25 0 25 50 75 100 125
f — Frequency — Hz Tp — Free-Air Temperature — °C
Figure 16 Figure 17
SLEW RATE SLEW RATE
VS 'S
LOAD CAPACITANCE FREE-AIR TEMPERATURE
6 8 . .
Vpp=5V
RL =1kQ
5 CL =100 pF —
Ay=1 SR-
1) 6 ,//
4 E ]
> /
§\ SR+ I /
\Q\ g _~
3 SR— NN [od 4
O =
\i\ g
SR+ |
7
2
1
0 0
10 100 1k 10k 100k 50 -25 0 25 50 75 100 125
C| —Load Capacitance — pF Ta — Free-Air Temperature — °C
Figure 18 Figure 19
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER LARGE-SIGNAL

INVERTING LARGE-SIGNAL PULSE RESPONSE

PULSE RESPONSE

4.5 45
4 4
35 L
- 35 \ > / \
| |
1 NI B, \
° °
> >
= 25 = 25 /
o o
E E / \
? 2 { (? 2
o Vpp=5V \ (e} / B \
~ 15 J RL = 1kQ \\/_ Y| . Vpp =5V
C| =100 pF RL=1kQ
Ay =-1 CL =100 pF
1 Vv 1 _
— oo Ay =1
Ta = 25°C
Tp = 25°C
0.5 | | 0.5 | | |
0O 25 50 75 100 125 150 175 200 0 25 50 75 100 125 150 175 200
t—Time—ps t—Time —ps
Figure 20 Figure 21
VOLTAGE-FOLLOWER SMALL-SIGNAL
INVERTING SMALL-SIGNAL PULSE RESPONSE PULSE RESPONSE
2.525 2.53 T
Vpp=5V
252 RL =1kQ
2.515 2.52 CL =100 pF
Ay =1
> 251 > Ta = 25°C
! o 251
% 2.505 :%
9 2.5 o
S Z 25
=} =}
2 2495 =3
3 3
Q249 ey L 249
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2.47 | | 2.47
0 20 40 60 80 100 120 140 160 180 200 0 50 100 150 200 250
t—Time —ps t—Time —pus
Figure 22 Figure 23
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

Vn - Equivalent Input Noise Voltage - nV/\/Hz

THD+N — Total Harmonic Distortion Plus Noise — %

TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE

VS INPUT NOISE VOLTAGE OVER
FREQUENCY A 10-SECOND PERIOD
100 T T T 1200 | | | |
VbD=5V Vpp=5V
N Rg= 20°Q f=0.1Hz To 10 Hz
Ta =25°C Ta = 25°C
80
70 z
\ i 400
3]
60 \ g
o
>
50 \ _% |
40 \ § /
S —400 ' f
30 \ 2 | ' l'
20 N
\\\
10 =
0 -1200
10 100 1k 10k 100 k 0 1 2 3 4 5 6 7 8 9 10
f — Frequency — Hz t—Time-s
Figure 24 Figure 25
TOTAL HARMONIC DISTORTION PLUS NOISE GAIN-BANDWIDTH PRODUCT
VS VS
FREQUENCY FREE-AIR TEMPERATURE
1 e 6 .
L RL=1kQTIED25V F=10kHz
y / RL = 1kQ
7 N CL =100 pF
pd / = 55
— /, / |
Av =100 J / 5
R 4 >
e}
/ 3
0.1 / pu
| v = % 5 \
2
©
g % \\
m.' \
/ 5 45 ~
r
O]
Ay=1 "
0.01 4
100 1k 10 k 100 k -40 -25 0 25 50 75 85
f — Frequency — Hz Tp — Free-Air Temperature —°C
Figure 26 Figure 27
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS
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TYPICAL CHARACTERISTICS

PHASE MARGIN GAIN MARGIN
VS Vs
LOAD CAPACITANCE LOAD CAPACITANCE
% SO
Ta 25°C
75\ 25
\ Rnull =50 Q
\ 1 T
N L BRI =TT
60 & N TIT - o 20 11—
= N\ | v o /|
o N\ !
[ \ A Rnpull =20Q £
= \ N / = o
< \ = §\\_ // Rnull =20 Q
o '3 \\\\‘N. / /
30 © 10 A
N /]
50 kQ Rnull =0 Al V7
15H s0ka m Rnul 5 N Rnull =0
\ P \
T\
= Vnp_ =
0 VoD~ 0
10 100 1k 10 k 100 k 10 100 1k 10k 100 k
CL — Load Capacitance — pF CL — Load Capacitance — pF
Figure 28 Figure 29
POWER SUPPLY REJECTION RATIO
Vs
FREE-AIR TEMPERATURE CALIBRATION TIME AT —-40°C
130 T T T 0.5
o Vpp=4VTo6V
° Vic =Vo =Vpp/2 0
o 125
g
p >| -0.5
2 120 — ©
[8] (o))
2 3
2 s
2> 115 =
;& g s
3 3
g 110 |
3 L 2 VppD =25V
ol. GND =-25V
o RL =1kQ to GND
& 105 25 Ay=-1
o V=0
-50 -25 0 25 50 75 100 125 0 100 200 300 400 500 600 700 800 900 1000
Ta — Free-Air Temperature — °C t—Time -ms
Figure 30 Figure 31
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Vo - Output Voltage — V

TYPICAL CHARACTERISTICS

CALIBRATION TIME AT 25°C

Vpp=25V

GND=-25V
RL =1kQ to GND
Ay=-1

V=0

100 200 300 400 500 600 700 800 900 1000
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CALIBRATION TIME AT 85°C
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GND =-25V
RL = 1KQ to GND
25 Ay =-1 -
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Figure 33

CALIBRATION TIME AT 125°C

Figure 32
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Figure 34
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TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

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.

® [or 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 in 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 amplifier.

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
shown 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.

description of calibration procedure

To achieve high dc gain, large bandwidth, high CMRR and PSRR, as well as good output drive capability, the
TLCA4502 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.

During the calibration procedure, the operational amplifier is removed from the signal path and both inputs are
tied to GND. Figure 35 shows a block diagram of the amplifier during calibration mode.

20

‘5’ TeEXAS
INSTRUMENTS

POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265



TLC4501, TLC4501A, TLC4502, TLC4502A
FAMILY OF SELF-CALIBRATING (Self-CallJ)
PRECISION CMOS RAIL-TO-RAIL OUTPUT OPERATIONAL AMPLIFIERS

SLOS221B — MAY 1998 — REVISED APRIL 2001

VpD
POWER-ON RESET |—e—] S Q | ENABLE COUNTER
_ RC RCO

j_ R Q OSCILLATOR

CLOCK CAL =

RESET CORE

DAC
SAR AMPLIFIER
LPF IJ]’/ RCO [

Figure 35. Block Diagram During Calibration Mode

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 us, the output transistors are shut down to approximately 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 shut down 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 Schmitt 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.
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APPLICATION INFORMATION

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.

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 125°C. The M-suffix
devices are characterized for operation from —55°C to 125°C.
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APPLICATION INFORMATION

]

R1 R2 R3 R4 R5 R6
V(REF)+
90 kQ 90 kQ
V(REF)- 1
Gain =10 /  Gain =100 Gain =100 Gain =10
VbD
0.1 pF
2 6
1/2 1 1/2
TLC4502 TLC4502 Vo+
Rp \%
3 5 O-
Vi2
1kQ
Rp )
Vi1
1kQ
(Gain = 10) V =(v —v)1+L +V
(e} 11 12 R4 + R5 (REF) Where R1 = R6, R2 = R5,and R3 = R4
in = _ _ R5 + R6
(Gain = 100) Vg = (Vll VIZ)(l +* Ra ) *+ V(REF) Where R1 = R6, R2 = R5, and R3 = R4
Figure 36. Single-Supply Programmable Instrumentation Amplifier Circuit
Rp1 <1kQ
L s ]+
Rp2<1kQ 1/2
TLC4502 7 Vo
R3
1/2 6
TLC4502 g - 4
2 L
- R4
!

R4 2R4
R1 Vo = VI[(l * %) * (QH * V(RER)

V(REF) Where: R1 = R4 and R2 = R3

Figure 37. Two Operational-Amplifier Instrumentation Amplifier Circuit
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APPLICATION INFORMATION

1/2
TLC4502

1/2

R @ Vo
G R2 TLC4502 1
3
+

1/2
TLC4502

A

R6

_ v (R5)[2r1
vo - w(EH)(E2 1)+ vier,

Where: R1 = R2, R3 = R4, and R5 = R6

V(REF)

Figure 38. Three Operational-Amplifier Instrumentation Amplifier Circuit

V|
R1
R4
2
1/2 R5
R2 TLC4502
3

Figure 39. Fixed Current-Source Circuit
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APPLICATION INFORMATION

1/2
TLC4502

N

Figure 40. Voltage-Follower Circuit

\
2 |- 3220
30 mA
112 - > 600 MA
TLC4502
. 1 1000 N
: 1

Figure 41. Lamp-Driver Circuit

1/2 _)Di
TLC4502

Figure 42. TTL-Driver Circuit
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APPLICATION INFORMATION

J °
\ 3 |+
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1/2
TLC4502
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10 kQ

V(REF) (

3
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9 1/2
I8 TLC4502
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TLC4502
V| 3 c1
z) 1w

— > =

Figure 45. Low-Drift Detector Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using Microsim Parts(] Release 8, the model generation
software used with Microsim PSpice 0. The Boyle macromodel (see Note 4) and subcircuit in Figure 46 are
generated using the TLC4501 typical electrical and operating characteristics at Tp = 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
Maximum negative output voltage swing
Slew rate

Quiescent power dissipation

Input bias current

Open-loop voltage amplification

Unity-gain frequency
Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
Short-circuit output current limit

NOTE 4: 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).
99
EGND | +
RO2
3 R2
VbD+ -o-0—@ +
+
9
N —
- VB
53 ~
2
IN-—e = = ROL1
IN+ —® out
1 5
54
DP 90
RD1 RD2 ¥
VE HLIM
4 _
VDD-
.subckt TLC4501 12345 r2 6 9 100.00E3
* rd1 3 11 4.2328E3
cl 11 12 1.4559E-12 rd2 3 12 4.2328E3
c2 6 7 8.0000E-12 rol 8 5 5.0000E-3
css 10 99 1.0000E-30 ro2 7 99 5.0000E-3
dc 5 53 dy rp 3 4 5.0000E3
de 54 5 dy rss 10 99 10.000E6
dip 90 91 dx vb 9 0 dc O
din 92 90  dx Ve 3 53 dc .92918
dp 4 3 dx ve 54 4 dc .82918
egnd 99 0 poly(2) (3,0) (4,000.5.5 vlim 7 8 dc O
fb 7 99 poly(5) vb vc ve vip vin O vip 91 0 dc 67
+ 84.657E9 —1E3 1E3 85E9 —85E9 vin 0 92 dc 67
ga 6 0 11 12 236.25E-6 .model dx D(Is=800.00E-18)
gcm 0 6 1099 2.3625E-9 .model dy D(Is=800.00E-18 Rs=1m Cjo=10p)
Iss 10 4 dc 20.000E-6 .model jx1 NJF(Is=500.00E-15 Beta=2.7907E-3 Vto=—1)
hlim 90 0 vliim 1K .model jx2 NJF(Is=500.00E-15 Beta=2.7907E-3 Vto=-1)
i1 11 2 10 jx1 .ends
j2 12 1 10 jx2

Figure 46. Boyle Macromodel and

PSpice and Parts are trademarks of MicroSim Corporation.

Subcircuit
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i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 8-Jan-2026

PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
5962-9753701QPA Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55to 125 9753701QPA
TLC4502M
5962-9753702QHA Active Production CFP (U) | 10 25| TUBE No SNPB N/A for Pkg Type -55to 125 9753702QHA
TLC4502AM
5962-9753702QPA Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9753702QPA
TLC4502AM
TLC4501ACD Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4501AC
TLC4501ACD.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4501AC
TLC4501AID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4501Al
TLC4501AID.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4501Al
TLC4501AIDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4501Al
TLC4501AIDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4501Al
TLC4501CD Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4501C
TLC4501CD.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4501C
TLC4501ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45011
TLC4501ID.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45011
TLC4501IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45011
TLC4501IDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45011
TLC4502ACD Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4502AC
TLC4502ACD.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM 0to 70 4502AC
TLC4502ACDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 4502AC
TLC4502ACDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 4502AC
TLC4502AID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4502Al
TLC4502AID.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4502Al
TLC4502AIDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4502Al
TLC4502AIDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 4502Al
TLC4502AMD Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -55t0 125 4502AM
TLC4502AMD.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -55to 125 4502AM
TLC4502AMJIGB Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9753702QPA
TLC4502AM
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TLC4502AMJIGB.A Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9753702QPA
TLC4502AM
TLC4502AMUB Active Production CFP (U) | 10 25| TUBE No SNPB N/A for Pkg Type -551t0 125 9753702QHA
TLC4502AM
TLC4502AMUB.A Active Production CFP (U) | 10 25| TUBE No SNPB N/A for Pkg Type -55 to 125 9753702QHA
TLC4502AM
TLC4502CD Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM Oto 70 4502C
TLC4502CD.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM Oto 70 4502C
TLC4502CDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 4502C
TLC4502CDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto70 4502C
TLC4502ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45021
TLC4502ID.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45021
TLC4502IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 125 45021
TLC4502IDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 45021
TLC4502MJGB Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55 to 125 9753701QPA
TLC4502M
TLC4502MJGB.A Active Production CDIP (JG) | 8 50 | TUBE No SNPB N/A for Pkg Type -55t0 125 9753701QPA
TLC4502M

@ status: For more details on status, see our product life cycle.

@ Material type: When designated, preproduction parts are prototypes/experimental devices, and are not yet approved or released for full production. Testing and final process, including without limitation quality assurance,
reliability performance testing, and/or process qualification, may not yet be complete, and this item is subject to further changes or possible discontinuation. If available for ordering, purchases will be subject to an additional
waiver at checkout, and are intended for early internal evaluation purposes only. These items are sold without warranties of any kind.

® RoHS values: Yes, No, RoHS Exempt. See the TI RoHS Statement for additional information and value definition.

® |ead finish/Ball material: Parts may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two lines if the finish value exceeds the maximum
column width.

® msL rating/Peak reflow: The moisture sensitivity level ratings and peak solder (reflow) temperatures. In the event that a part has multiple moisture sensitivity ratings, only the lowest level per JEDEC standards is shown.
Refer to the shipping label for the actual reflow temperature that will be used to mount the part to the printed circuit board.

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.
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Multiple part markings will be inside parentheses. Only one part marking contained in parentheses and separated by a "~" will appear on a part. If a line is indented then it is a continuation of the previous line and the two
combined represent the entire part marking for that device.

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and TI suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLC4502, TLC4502A, TLC4502AM, TLC4502M :
o Catalog : TLC4502A, TLC4502

o Military : TLC4502M, TLC4502AM

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product

o Military - QML certified for Military and Defense Applications
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLC4501AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC4501IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC4502ACDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC4502AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC4502CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC4502IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
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TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
TLC4501AIDR SOIC D 8 2500 340.5 338.1 20.6
TLC4501IDR SoIC D 8 2500 353.0 353.0 32.0
TLC4502ACDR SoIC D 8 2500 350.0 350.0 43.0
TLC4502AIDR SolIC D 8 2500 350.0 350.0 43.0
TLC4502CDR SOIC D 8 2500 350.0 350.0 43.0
TLC4502IDR SoIC D 8 2500 350.0 350.0 43.0
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TUBE

T - Tube
height L - Tubelength

< n < n
« Lt < Lt

' 5
w-Tube| I U U _
> width %%
; v

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
5962-9753702QHA u CFP 10 25 506.98 26.16 6220 NA
TLC4501ACD D SoIC 8 75 507 8 3940 4.32
TLC4501ACD D SoIC 8 75 505.46 6.76 3810 4
TLC4501ACD.A D SoIC 8 75 507 8 3940 4.32
TLC4501ACD.A D SOIC 8 75 505.46 6.76 3810 4
TLC4501AID D SoIC 8 75 507 8 3940 4.32
TLC4501AID D SoIC 8 75 505.46 6.76 3810 4
TLC4501AID.A D SoIC 8 75 505.46 6.76 3810 4
TLCA4501AID.A D SOIC 8 75 507 8 3940 4.32
TLC4501CD D SoIC 8 75 507 8 3940 4.32
TLC4501CD D SOIC 8 75 505.46 6.76 3810 4
TLC4501CD.A D SoIC 8 75 507 8 3940 4.32
TLC4501CD.A D SOIC 8 75 505.46 6.76 3810 4
TLC4501I1D D SoIC 8 75 505.46 6.76 3810 4
TLC4501ID D SoIC 8 75 507 8 3940 4.32
TLC4501ID.A D SoIC 8 75 505.46 6.76 3810 4
TLC4501ID.A D SOIC 8 75 507 8 3940 4.32
TLC4502ACD D SoIC 8 75 505.46 6.76 3810 4
TLC4502ACD.A D SOIC 8 75 505.46 6.76 3810 4
TLC4502AID D SoIC 8 75 505.46 6.76 3810 4
TLCA4502AID.A D SOIC 8 75 505.46 6.76 3810 4
TLC4502AMD D SoIC 8 75 505.46 6.76 3810 4
TLC4502AMD.A D SoIC 8 75 505.46 6.76 3810 4
TLC4502AMUB u CFP 10 25 506.98 26.16 6220 NA
TLC4502AMUB.A U CFP 10 25 506.98 26.16 6220 NA
TLC4502CD D SoIC 8 75 505.46 6.76 3810 4
TLC4502CD.A D SoIC 8 75 505.46 6.76 3810 4
TLC4502ID D SoIC 8 75 505.46 6.76 3810 4
TLC4502ID.A D SoIC 8 75 505.46 6.76 3810 4
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PACKAGE OUTLINE

JGOOO8A CDIP - 5.08 mm max height
CERAMIC DUAL IN-LINE PACKAGE
7.11
T T i
— =\
| ——
6X|2.54

5¢ [

7

10.16 iﬁ ax 165
7
—H

0.58
8X .38
MIN [ ¢ [0.25]c]A[B]

1.65
9.00 {; 1.14 -
* +
ol 4X (0.94) ] !
0.51 J =—3.30
MIN
=— 5.08 MAX »\
7.87 SEATING PLANE
7.37

0.36 N/L ] Lﬁ 0°-15" TYP
020 ""P

4230036/A 09/2023

NOTES:

1. All linear dimensions are in millimeters. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing

per ASME Y14.5M.
2. This drawing is subject to change without notice.
3. This package can be hermetically sealed with a ceramic lid using glass frit.
4. Index point is provided on cap for terminal identification.
5. Falls within MIL STD 1835 GDIP1-T8

i
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EXAMPLE BOARD LAYOUT
JGOOO8A CDIP - 5.08 mm max height

CERAMIC DUAL IN-LINE PACKAGE

(7.62)

0.05 MAX —Tr
ALL AROUND

TYPl 4*{ ! 8
o €

|
6X (2.54) (R0.05) TYP ‘
|
|

7X (D 1.6)
8X (1) ;@

THRU

METAL
TYP

®

|
|
|
|
SOLDER MASK/ ‘
OPENING SYMM
TYP

LAND PATTERN EXAMPLE
NON SOLDER MASK DEFINED
SCALE: 9X

4230036/A 09/2023
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q PACKAGE OUTLINE
UOO10A e~ - CFP - 2.03 mm max height

CERAMIC FLATPACK

27 MAX _
.045 MAX [ -010%.002 PIN1ID GLASS .005 MIN
TYP —l \ TYP

! = \i__? """"""""""" + ]
= — - — - — -\ : 10
8X .050+.005 =4 ! f
}—L+—————————ﬁ» 3 1
[ 1 I .27 MAX
1 : 1 GLASS
[ 1
10X .017+.002 j 51 . g l6
+019
5X .32+.01 2417 o 5X .32+.01
.005+.001 1 +
R +.013
T 067 012
L 045
026

4225582/A 01/2020

NOTES:

1. All linear dimensions are in inches. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.

2. This drawing is subject to change without notice.
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

58019 ([0 B1[C]
PIN 1 ID AREA

6X[.050
: o [1.27] —] \
T == %
I T |
— 2X |
.189-.197
[4.81-5.00] % 150 |
NOTE 3 [3.81] ?
] u
4X (0°-15%) \
- == ‘
L\ J 5 T p—
3] 8X .012-.020 }
150-.157 —— [0.31-0.51] —={ .069 MAX
[3,\.1801%528] |9 [.010[0.25)0) [c|A[B] [1.75]

‘\‘_

[ 1 .‘\‘ ‘\1 .005-.010 TYP
: J [0.13-0.25]
4X (0°-15°) \/ j‘

SEE DETAIL A

'
. arﬁ ‘L .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(041) =  TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.
Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.

. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed .006 [0.15] per side.

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.

[N

(G200 w N
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM
SEE
L ¢ DETAILS

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
METAL /OPENING OPENING‘\ /“S”S[Sggmii

|
|
EXPOSED /
METAL EXPOSED N 2
4 METAL
L .0028 MAX .0028 MIN
[0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

[1.27]
Li (.213) 4J
[5.4]

SOLDER PASTE EXAMPLE
BASED ON .005 INCH [0.125 MM] THICK STENCIL
SCALE:8X

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.

9. Board assembly site may have different recommendations for stencil design.
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, regulatory or other requirements.

These resources are subject to change without notice. Tl grants you permission to use these resources only for development of an
application that uses the Tl products described in the resource. Other reproduction and display of these resources is prohibited. No license
is granted to any other Tl intellectual property right or to any third party intellectual property right. Tl disclaims responsibility for, and you fully
indemnify Tl and its representatives against any claims, damages, costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale, TI's General Quality Guidelines, or other applicable terms available either on
ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable
warranties or warranty disclaimers for Tl products. Unless Tl explicitly designates a product as custom or customer-specified, TI products
are standard, catalog, general purpose devices.

Tl objects to and rejects any additional or different terms you may propose.

Copyright © 2026, Texas Instruments Incorporated
Last updated 10/2025
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