




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































TLC2872Z, TLC2872Y 
Advanced LinCMOSTM RAIL-TO-RAIL 
DUAL OPERATIONAL AMPLIFIERS 
SLOSl17 - OCTOBER 1992 

description (continued) 

The inputs and outputs of this device are designed to withstand 1 OO-mA surge current without sustaining 
latch-up. In addition, internal ESD-protection circuits prevent functional failures up to 2000 V. The device is 
characterized for operation over the extended (Z) temperature range of -40°C to 150°C. 

TLC2872Y chip information 

This chip, when properly assembled, displays characteristics similar to TLG2872Z. Thermal compression or 
ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with conductive 
epoxy or a gold-silicon preform. 

3-1066 

BONDING PAD ASSIGNMENTS 

11111111111'1111111'1'111'1'111'1'/111111'11111.'111'1'I' 
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11N+ (3) 

(2) 
1 IN.-

1 OUT 

20UT 
21N+ 

(6) 21N-

Vcc-

CHIP THICKNESS: 15 TYPICAL 

BONDING PADS: 4 x 4 MINIMUM 

TJmax=150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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



I-
::J 
0 

N o 
+ 

~ 

~ a 

'i:' 
CD a :e 
i5. 
E ca 
.c 
CJ ca 
~ 
CJ 

i 
E 
CD + .c 
CJ iE 
II) .. c 
CD 

~ 
'S 
0" 
CD 

.... 
0 Q 

I/) N 

0 II: 

... 
o 

... 
o 

~ 
II: 

S Ii! 
~8 

,0 
I 

iE 

~TEXAS 
INSTRUMENTS 

TLC2872Z, TLC2872Y 
Advanced LinCMOS™ RAIL-TO-RAIL 

DUAL OPERATIONAL AMPLIFIERS 

Q 

~ 
Q 
Q 
> 

SLOS117-0CTOBER 1992 

POST OFFICE BOX 655303- DALlAS, TEXAS 75265 3-1067 



TLC2872Z,TLC2872V 
Advanced. LinCMOSTM RAIL· TO·RAIL 
DUAL OPERATIONAL AMPLIFIERS 
SLOS117-0CTOBER 1992 

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

Supply voltage, Voo+ ....................................................................... 8 V 
Supply voltage, Voo- ...................................................................... -8 V 
Differential input voltage, VID (see Note 1) ................................................... ±16 V 
Input voltage range, VI (any input, see Note 2) ................................................. ±8 V 
Input current, II (each input) ............................................. : ................. ±5 mA 
Output current, 10 ....................................................................... ±50 mA 
Total current into VOD+ .................................................................. ±50 mA 
Total current out of VOD- ................................................................. ±50 mA 
Duration of short-circuit current at (or below) 25°C (see Note 3) .............................. unlimited 
Continuous total dissipation ........................................... See Dissipation Rating Table 
Operating free-air temperature range, T A ........................................... -40°C to 150°C 
Storage temperature range ........................................................ -65°C to 165°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .............................. " 260°C 

t 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 VDD- - 0.3 V. 
2. All voltage values, except differential VOltages, are with respect to the midpoint between VDD+ and VDD-' 
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 = 105°C TA = 125°C TA = 150°C 
POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING POWER RATING POWER RATING 

D 
p 

812mW 
1120mW 

5.8mW/oC 
8mW/oC 

551 mW 
760mW 

348mW 
480mW 

recommended operating conditions 

Supply VOltage, VDD+ 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

3-1068 
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232mW 
320mW 

MIN 

±2.2 

VDD-

VDD-

-40 

87mW 
120mW 

MAX UNIT 

±8 V 

VDD+-l.5 V 

VDD+-1.5 V 

150 °C 
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electrical characteristics at specified free-air temperature, Voo = 5 V (unless otherwise noted) 

PARAMETER 

Via Input offset voltage 

Temperature coefficient of input offset 
aVIO voltage 

Input offset voltage long-term drift 
(see Note 4) 

110 Input offset current 

liB Input bias current 

VICR Common-mode input voltage range 

VOH High-level output voltage 

VOL low-level output voltage 

AVD 
Large-signal differential voltage 
amplification 

rid Differential input resistance 

ri Common-mode input resistance 

ci Common-mode input capacitance 

Zo Closed-loop output impedance 

CMRR Common-mode rejection ratio 

Supply voltage rejection ratio 
ksVR (,wDD/AVIO) 

IDD Supply current 

t Full range is -40°C to 150°C, 
+ Referenced to 2.5 V 

TEST CONDITIONS 

VDD± = ±2,5 V. VIC=O. 
VO=O. RS=50a 

RS=50a. IVIO 1:;;5mV 

10H =-20 !LA 

10H = -200 !LA 

10H=-1 mA 

VIC=2,5V. 10l= 50!LA 

V'C=2,5V. 10l= 500!LA 

VIC=2,5V. 10l= 5mA 

VIC =2,5V. Rl= 10 ka+ 
VO= 1 Vt04V 

Rl=l Ma+ 

f=10kHz. Ppackage 

f=l MHz. AV= 10 

VIC=Ot02,7V. VO=2,5V. 
RS=50n 

VDD= 4AVto16V. VIC=VDD/2. 
No load 

VO=2,5V. No load 

TAt 
TLC2872Z 

MIN TYP MAX 
UNIT 

25°C 300 2500 

Full range 3000 
!LV 

25°C 
2 !LV/oC 

to 150°C 

25°C 0,002 !LV/mo 

25°C 0,0005 
nA 

Full range 3 

25°C 0,001 
nA 

Full range 5 

0 -0,3 
25°C to to 

4 4,2 
V 

0 
Full range to 

3,5 

25°C 4,95 4,99 

25°C 4,85 4,93 

Full range 4,75 V 

25°C 4,25 4,65 

Full range 4,25 

25°C 0.Q1 0,02 

25°C 0,09 0,15 

Full range 0,2 V 

25°C 0,9 1,5 

Full range 2 

25°C 15 35 

Full range 10 V/mV 

25°C 175 

25°C 1012 a 

25°C 1012 a 

25°C B pF 

25°C 140 a 

25°C 70 75 
dB 

Full range 70 

25°C 80 ' 95 
dB 

Full range 80 

25°C 2,2 3 
mA 

Full range 3 

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-airtemperature, Voo = 5 V' 

PARAMETER 

SR Slew rate at unity gain 

Vn Equivalent input noise voHage 

Peak-to-peak equivalent input noise 
VN(PP) voltage 

In Equivalent input nOise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BOM Maximum output-swing bandwidth 

Settling time 

.m Phase margin at unity gain 

Gain margin 

tFull range Is-40°C to 150°C. 
* Referenced to 2.S V 

3-1070 

TEST CONDITIONS 

Vo=O.S Vt02.S v, 
CL = 100 pRo 

RL= 10kn*, 

1 = 10 Hz 

l=lkHz 

1=0.1101 Hz 

1=0.110 10Hz 

VO= O.S Vt02.S V, AV=l 

1=20 kHz, AV= 10 

RL= 10 kn* AV= 100 

1= 10kHz, RL= 10 kn*, 
CL= 100pF* 

VO(pp)=2V, AV=l, 
RL= 10kn*, CL= 100 pRo 

AV=-l, 
Step = O.S V to 2.S V, 

To 0.1% 

RL= 10 kn*, 
CL= l00pF* 

To 0.01% 

RL= 10kn*, CL= 100 pRo 

~TEXAS 
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TAt 

2SoC 

Full range 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

2SoC 

TLC2872Z 
UNIT 

MIN TYP MAX 

2.3 3.6 

1.1 
VlJlS 

50 

9 
nVlVHz 

1 

1.4 
!LV 

0.6 IAlVHz 

0.0013% 

0.004% 

0.03% 

2.18 MHz 

1 MHz 

1.S 

I1s 
2.6 

Soo 

10 dB 
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electrical characteristics, VOO = 5 V, TA = 25°C (unless otherwise noted) 

PARAMETER TEST CONDITIONS 

VIO input offset voltage 

Input offset voltage long-term drift (see Note 4) VIC=O. VO=O, 

110 Input offset current RS=50Q 

liB Input bias current 

VICR Common-mode input voltage range RS=50Q, IV101:S;5mV 

IOH =-20!lA 

VOH High-level output voltage IOH = -200 !lA 

10H=-1 mA 

VIC=2.5V. IOL = 50!lA 

VOL Low-level output voltage VIC=2.5V. IOL = 500!lA 

VIC =2.5 V. IOL= 5mA 

VIC=2.5V. I RL= 10 kQt 
AVD Large-signal differential voltage amplification 

VO=l Vt04V IRL= 1 MQt 

~d Differential input resistance 

~ Common-mode input resistance 

ci Common-mode input capacitance f=10kHz. P package 

Zo Closed-loop output impedance f=l MHz. AV=10 

CMRR Common-mode rejection ratio 
VIC=Ot02.7V, VO=2.5V. 
RS=50Q 

kSVR Supply voltage rejection ratio (aVDD±/aVIO) 
VDD=4.4Vto16V. VIC=VDD/2. 
No load 

IDD Supply current VO=2.5V. No load 

t Referenced to 2.5 V 

~TEXAS .' 
INSTRUMENTS 

POST OFFICE eox 655303 • OALlAS, TEXAS 75265 

TLC2872Y 

MIN TYP MAX 
UNIT 

300 2500 IlV 

0.002 IlV/mo 

0.0005 nA 

0.001 nA 

0 -0.3 
to to 
4 4.2 

V 
0 

to 
3.5 

4.95 4.99 

4.85 4.93 V 

4.25 4.65 

0.Q1 0.02 

0.09 0.15 V 

0.9 1.5 

15 35 
V/mV 

175 

1012 Q 

1012 Q 

8 pF 

140 Q 

70 75 dB 

80 95 dB 

2.2 3 mA 

3-1071 



TLC2872Z,TLC2872Y 
Advanced LinCMOSTM RAIL-TO-RAIL 
DUAL OPERATIONAL AMPLIFIERS 
SLOSl17 - OCTOBER 1992 

operating characteristics, Voo = 5 V, T A = 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain 
Vo = 0.5 Vt02.5 V, 
CL= 100 pFt 

RL= 10knt, 

Vn Equivalent Input noise voltage 
1= 10Hz 

1=1 kHz 

1=0.1 tol Hz 
VN(PP) Peak-to-peak equivalent inpu1 noise voltage 

1 = 0.1 to 10 Hz 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BoM Maximum Ou1put-swing bandwidth 

Settling time 

!jim Phase margin at unity gain 

Gain margin 

t Relerenced to 2.5 V 
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Vo = 0.5 Vt02.5 V, 
1=20 kHz, 
RL=10knt 

1= 10 kHz, 
CL = 100 pFt 

VO(PP) = 4.6 V, 
RL = 10 kot, 

AV=-I, 
Step = 0.5 V to 2.5 V, 
RL = 10 knt, 
CL = 100 pFt 

RL=10knt, 

~TEXAS 
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AV=1 

AV= 10 

AV= 100 

RL= 10knt, 

AV= 1 
CL= l00pFt 

To 0.1% 

To 0.01% 

CL= l00pFt 

POST OFFICE BOX 655303 • DALLAS, TEXAS 75265 

TLC2872Y 

MIN TYP 
UNIT 

MAX 

2.3 3.6 V/J.IS 

50 
nVriHz 

9 

1 

1.4 
IiV 

0.6 IAlVHz 

0.0013% 

0.004% 

0.03% 

2.18 MHz 

1 MHz 

1.5 

J.IS 
2.6 

50° 

10 dB 
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TYPICAL CHARACTERISTICS 

Table of Graphs 

FIGURE 

Input offset voltage Distribution 1 

Input offset voltage temperature coefficient Distribution 2 

Input bias and offset currents vs Free-air temperature 3 

Input voltage range vs Free-air temperature 4 

High-level output voltage vs Output current 5 

Low-level output voltage vs Output current 6, 7 

Maximum output voltage vs Frequency 8 

Short-circuit output current 
vs Supply vo~age 9 
vs Free-air temperature 10 

vs Load resistance 11 
Large-signal differential voltage amplification vs Frequency 12 

vs Free-air temperature 13 

Supply current 
vs Supply voltage 14 
vs Free-air temperature 15 

Slew rate 
vs Load capacitance 16 
vs Free-air temperature 17 

Phase margin 
vs Frequency 12 
vs Load capacitance 18 

Gain margin vs Load capacitance 19 

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

DISTRIBUTION OF TLC2872Z 
INPUT OFFSET VOLTAGE 

891 AmlDnTlers 
2 Wafer Lots 
VDD =±2.5V 
TA = 25°C 20 

DISTRIBUTION OF TLC2872Z 
TEMPERATURE COEFFICIENT 

128 Amplifiers From 
2 Wafer Lots 

15r-~r-~---+--~--1---+---~~ 

VDD = ±2.5 V 
PPackage 
TA = 25°C to 150°C 
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25 

VIO -Input Offset Voltage - mV 

Figure 1 

INPUT BIAS AND OFFSET CURRENTS 
vs 

FREE·AIR TEMPERATURE 

VDD = ±2.5 V 
VIC=O J. 
VO=O II RS=50 Q 

II 
liB 1/ 
II 

//110 
~ .... 

50 75 100 125 

TA - Free-Air Temperature - °c 

Figure 3 

150 

> 
I 

I 
t 
~ 

! 
I 

>" 

15r-~--I--+--+--+-

10r-~--I--+--+--+-

5 r-~--r-~--f--

o '---'---'--.-... 
-5 -4 -3 -2 -1 0 2 34 5 

a VIO - Temperature Coefficient - )lvrc 

Figure 2 

INPUT VOLTAGE RANGE 
vs 

FREE·AIR TEMPERATURE 

-25 0 25 50 75 100 125 150 

TA - Free-Air Temperature - °c 

Figure 4 
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TYPICAL CHARACTERISTICS 

HIGH-LEVEL OUTPUT VOLTAGE 
vs 

HIGH-LEVEL OUTPUT CURRENT 

VOO=5V 

,,---" 
\ TA=2) 

> 
I 

GI 
CII 

:!1! 
~ 
'$ 

~ 
0 

~ 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 
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0.8 

0.6 

VOO=5V 
TA = 150°C 

2 r--- TA = 150°C \ ~ 0.4 

o 
o 

1.4 

1.2 

0.8 

0.6 

0.4 

2 3 

IOH - High-Level Output Current - rnA 

Figure 5 

LOW-LEVEL OUTPUT VOLTAGE 
vs 

LOW-LEVEL OUTPUT CURRENT 

VOO=5V 
VIC = 2.5 V 
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IOL - Low-Level Output Current - rnA 

Figure 7 
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IOL - Low-Level Output Current - rnA 

Figure 6 

MAXIMUM OUTPUT VOLTAGE 
vs 

FREQUENCY 

VOOI=~~ I 
RL=10 kQ 

TA = 25°C 

r\ 

"-
100 k 1M 

f - Frequency - Hz 

Figure 8 
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TYPICAL CHARACTERISTICS 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SHORT-CIRCUIT OUTPUT CURRENT 
vs 

SUPPLY VOLTAGE FREE-AIR TEMPERATURE 

VIO=-100mV 

15 

c( 
E 
I 11 C 

~ 
0 

~ 
VO=O 
VOO=5V 

- VIO=-100mV ........ 
~ r-. ........... 

15 7 
CI. 
15 
0 
:I:: 
::I 

~ 3 

t: 
0 .c 
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VO=O 

III 
-1 I 

III 
9 

Vlo=100mV 

TA = 150°C 
-5 

3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125 
IVOO±I- Supply Voltage - V 

Figure 9 

TA - Free-Air Temperature - °C 

Figure 10 

1000 

LARGE-SIGNAL DIFFERENTIAL 
VOLTAGE AMPLIFICATION 

vs 
LOAD RESISTANCE 

I-
~ VO=+1 V 
I- TA= 25°C 
- VOO=5V 
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0.1 
0.1 10 

RL - Load Resistance - k.Q 

Figure 11 
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IVOO±I- Supply Voltage - V 

Figure 14 
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TYPICAL CHARACTERISTICS 
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Figure 18 
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TLC2872Z, TLC2872Y 
Advanced LinCMOSTM RAIL-TO-RAIL 

DUAL OPERATIONAL AMPLIFIERS 
SLOS117 -OCTOBER 1992 

TYPICAL CHARACTERISTICSt 
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Figure 19 
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices. 
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TLC2872Z, TLC2872Y 
Advanced LinCMOSTM RAIL-TO-RAIL 
DUAL OPERATIONAL AMPLIFIERS 
SLOSl17 -OCTOBER 1992 

APPLICATION INFORMATION 

macro model 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 T A = 25°C. Using this information, output simulations ofthe 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, and J. E. Solomon, "Macromodeling of Integrated Circuit Operational Amplifiers," IEEEJoumal 
of SOlid-State Circuits, SC-9, 353 (1974). 

99 
DIN 

EGND + 3 
VCC+~~~------~--~~---------, 

,.-------141--.. 92 

RP 
2 

IN+-e~~~------~--~--~ 

5 
VCC-~~~--------~~~~r-~"~~----------------------___ 

R01 

OUT 

• SUBCKT TLC2872 1 2 3 4 5 
C1 11 12 14E-12 
C2 6 7 60.00E-12 
DC 5 53 OX 
DE 54 5 OX 
DLP 90 91 OX 
DLN 92 90 OX 
DP43DX 
EGND99 0 POLY (2) (3,0) (4,0) 0 .5 .5 
FB 7 99 POLY (5) VB VC VE VLP VLN 0 

+ 984.9E3-1E61E61E6-1E6, 
GA 6 0 1112377.0E-6 
GCM 0 610 99134E-9 
ISS 3 10 DC 216.0E-6 
HLIM 90 0 VLlM 1K 
J1 11 2 10JX 
J2 12 1 10JX 
R2 6 9 100.0E3 

RDl 60 11 2. 653E3 
RD2 60 12 2.653E3 
ROl 8 5 50 
R02 7 99 50 
RP 3 4 4.310E3 
RSS 10 99 925. 9E3 
VAD 60 4 -.5 
VB 9 0 DCO 
VC 3 53 DC .78 
VB 54 4 DC .78 
VL1M7 8 DC 0 
VLP 91 0 DC 1.9 
VLN 0 92 DC 9.4 

.MODEL DX D(1S=800.0E-18) 

.MODELJXPJP(1S=l. 500E-12BETA=1. 316E3 
+ VTO"-.270) 
• ENDS 

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

Macromodels, simulation models, or other models provided by n, 
directly or Indirectly, are not warranted by TI as fully representing all 

:m=nd:='=O:ct~,:Cf:=~:=.r'etlcs of the 
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TLC4501, TLC4501A,TLC4501Y 
Advanced LinEPICTM SELF-CALIBRATING {Self-CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 

• Power-On Calibration of Input Offset 
Voltage 

• Low Input Offset Voltage ..• < 40 /lV Max 
(TLC4501A) 

• Low Input Offset Voltage Drift •.. < 1 /lVrC 

• Low Input Bias Current 

• High Output Drive Capability 
CL < 1 nF and RL > 1 kQ 

• High Open Loop Gain ••• > 120 dB 

• Rail-To-Rail Output Voltage Swing 

• Low Distortion .•• < 0.01 % at 10kHz 

• Low Noise ••• 12 nWvHz at 1 kHz 

• High Slew Rate ... 2.5 VI/ls 

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

• Short Calibration Time •.. 300 ms Typ 

description 

DPACKAGE 
(TOP VIEW) 

NCUS NC 
IN- 2 7 VpD 

IN + 3 6 OUT 
VDD _/GND 4 5 NC 

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 /lV 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-/lm 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 /lV. 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 amplifiers, the TLC4501 needs only a single 5-V supply, requires no 
trimming, and uses no bipolar transistors or JFETs. 

AVAILABLE OPTIONS 

PACKAGED DEVICEt 

TA Vlomax AT 25°C SMALL OUTLINE 
(D) 

O°Cto 70°C 
4Ol1V TLC4501ACDR 

SOI1V TLC4501CDR 

40l1V TLC4501AIDR 
-40°C to 85°C 

80 l1V TLC45011DR 

t The 0 package IS also available taped and reeled. 

LinEPIC and Self-Cal are a trademarks of Texas Instruments Incorporated. 
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'CHIP FORM 
(Y) 

TLC4501Y 

Copyright © 1997, Texas Instruments Incorporated 
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TLC4501, TLC4501 A, TLC4501 V.. . 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 

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-AS output stage. A 
nested Miller topology is use~ for frequency compensation. 

functional block diagram (during calibration) 

VDD 

Q 

,..---+--I R 

ENABLE 
RC 

OSCILLATOR 

~------------IRESET 
SAR 

COUNTER 

RCO 

CAL 

RCO 

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

The class AS 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 liS, 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 liS 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 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) 

TLC4501, TLC4501A,TLC4501V 
Advanced LinEPICTM SELF-CALIBRATING {Self-CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS1B8-JANRUARY 1997 

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, aid 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 O°C to 70°C. The I-suffix devices are characterized for operation from -40°C to 85°C. 
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TLC4501, TLC4501A,TLC4501Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaFM) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 

TLC4501 Y chip information 

This chip, when properly assembled, display characteristics similar to the TLC4501 C. 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. 

-= 
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IN+ (3) 

IN- (2) 

VDD-/GND 

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

T Jmax = 150°C 

TOLERANCES ARE ± 10% •. 

ALL DIMENSIONS ARE IN MILS. 

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



TLC4501, TLC4501A,TLC4501Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS188 - JANRUARY 1997 

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t 
Supply voltage, Voo+ (see Note 1) ............................................................ 7 V 
Differential input voltage, VIO (see Note 2) .........................................•.......... ±7 V 
Input voltage range, VI (any input, see Note 1) ......................................... -0.3 V to 7 V 
Input current, II (each input) ............................................................... ±5 mA 
Output current, 10 ...................................................................... ± 1 00 mA 
Total current into Voo+ ................................................................. ±100 mA 
Total current out of Voo_/GND .......................................................... ±100 mA 
Electrostatic discharge (ESD) ..................................... . . . . . . . . . . . . . . . . . . . . . . .. > 2 kV 
Duration of short-circuit current at (or below) 25°C (see Note 3) .............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC4501 C .................................... O°C to 70°C 

TLC45011 ................................... -40°C to 85°C 
Storage temperature range, Tstg ................................................... -65°C to 150°C 
Case temperature for 60 seconds, T c: FK package .......................................... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds .......... . . . . . . . . . . . . . . . . . . . .. 260°C 

t 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 "racommended operating conditions' is not 
implied. Exposure to absolute·maximum-rated conditions for extended periods may affect device reliability. 

NOTES: 1. All voltage values, except differential voltages, are with respect to VDD _/GND . 
2. Differential voltages are. at IN+ with respect to IN-. Excessive current flows when an input is brought below VDD-- 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 s; 25°C DERATING FACTOR TA = 70°C TA = 85°C 
POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

D 725 mW 5.8 mW/"C 464 mW 377 mW 

recommended operating conditions 

Supply voltage, VDD 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free·air temperature, TA 

TLC4501C 
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MIN 

4 

VDD-

VDD-

0 
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MAX 

6 

VDD+-2.3 

VDD+-2.3 

70 

TLC4501 I 

MIN MAX 

4 6 

VDD- VDD+-2.3 

VDD- VDD+-2.3 

-40 85 

UNIT 

V 

V 

V 

°C 
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TLC4501,' TLC4501A, TLC4501V 
Advanced LinEPICTM SELF-CALIBRATING (Self~CaITM) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 .. 

electrical charact~risti~s at specified free-air temperature, VOO = 5 V, GND = 0 (unless otherwise 
noted) . 

TAt 
TLC4501C TLC4501AC 

PARAMETER TEST CONDITIONS 
MIN TYP MAX MIN TYP MAX 

UNIT 

Input offset 25°C -80 80 -40 40 
VIO voltage Full range -80 80 -40 40 

!LV 

Temperature 

aVIO 
coefficient of Full range 1 1 !LV/oC 
input offset VOO=±2.5V, VO=O; 
voltage VIC=O, RS=500 
Input offset cur- 25°C 1, 1 

110 rent Full range 500 500 
pA 

25°C 1 1 
liB Input bias current 

Full range 500 500 
pA 

10H = - 500 !LA 25°C 4.99 4.99 

VOH 
High-level output 

25°C 4.9 4.9 V 
voltage IOH=-5mA 

Full range 4.7 4.7 

VIC=2.5V, 10L = 500 !LA 25°C 0.Q1 0.Q1 

VOL 
Low-level output 

25°C 0.1 0.1 V 
voltage VIC=2.5V, IOL=5mA 

Full range 0.3 0.3 

Large-signal 
VIC=2.5V, VO= 1 Vt04V, 25°C 200 1000 200 1000 

AVO differential voltage V/mV 
amplification 

RL = 1 k.Q, See Note 4 Full range 200 200 

RI(O) 
Differential input 

25°C 10 10 k!l 
resistance 

RL Input resistance See Note 4 25°C 1012 1012 0 

CL 
Common-mode 

f=10kHz, P package 25°C 8 8 pF 
input capacitance 

zO 
Closed-loop 

AV= 10, f= 100kHz 25°C 1 1 0 output impedance 

Common-mode VIC = 0 to 2.7 V, 25°C 90 100 90 100 
CMRR 

rejection ratio VO=2.5V, dB 
RS=lk!l Full range 85 85 

Supply-voltage VOO = 4 Vt06V, 25°C 90 100 90 100 
kSVR rejection ratio VIC=O, dB 

(t.VOO ±/t.VIO) No load Full range 90 90 

25°C 1 1.5 1 1.5 
100 Supply current VO=2.5V, No load rnA 

Full range 2 2 

VIT(CAL) 
Calibration input 

Full range 4 4 V threshold voltage 

t Full range is O°C to 70°C. 
NOTE 4: RL and CL values are referenced to 2.5 V. 

~1ExAs 
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TLC4501, TLC4501 A, TLC4501Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 

electrical characteristics at specified free-air temperature, Voo = 5 V, GND = 0 (unless otherwise 
noted) .. . 

PARAMETER TAt 
TlC45011 

TEST CONDITIONS 
MIN TYP 

Input offset 25°C -80 
VIO voltage Full range -80 

Temperature 

"'VIO 
coefficient of Full range 1 
input offset VOO=±2.5V, VO=O, 
voltage VIC=O, RS=50n 
Input offset cur- 25°C 1 

110 rent Full range 

25°C 1 
liB Input bias current 

Full range 

10H = - 500 /-LA 25°C 4.99 

VOH 
High-level output 

25°C 4.9 
voltage IOH=-5mA 

Full range 4.7 

VIC=2.5V, 10L = 500 /-LA 25°C 0.01 

VOL 
Low-level output 

25°C 0.1 
voltage VIC=2.5V, IOL=5mA 

Full range 

Large-signal 
VIC=2.5V, VO= 1 Vt04V, 25°C 200 1000 

AVO differential voltage 
amplification RL= 1 kn, See Note 4 Full range 200 

RI(O) 
Oifferential input 

25°C 10 resistance 

RL Input resistance See Note 4 25°C 1012 

CL 
Common-mode 

f= 10kHz, P package 25°C 8 input capacitance 

zO 
Closed-loop 

AV=10, f= 100 kHz 25°C 1 
output impedance 

Common-mode VIC=Ot02.7V, 25°C 90 100 
CMRR 

rejection ratio VO=2.5V, 
R$=lkn Full range 85 

Supply-voltage VOO = 4 Vto 6 V, 25°C 90 100 
kSVR rejection ratio VIC=O, 

(.<WOO ±11!,v10) No load Full range 90 

25°C 1 
100 Supply current VO=2.5V, No load 

Full range 

VIT(CAL) 
Calibration input 

Full range 4 threshold voltage 

t Full range IS -40°C to 85°C. 
NOTE 4: RL and CL values are referenced to 2.5 V. 
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TlC4501AI 

MAX MIN TYP MAX 
UNIT 

80 -40 40 

80 -40 40 
/-IV 

1 /-IV/"C 

1 

500 500 
pA 

1 

500 500 
pA 

4.99 

4.9 V 

4.7 

0.01 

0.1 V 

0.3 0.3 

200 1000 
V/mV 

200 

10 kn 

1012 n 

8 pF 

1 n 

90 100 
dB 

85 

90 100 
dB 

90 

1.5 1 1.5 
rnA 

2 2 

4 V 
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TLC4501, TLC4501Aj TLC4501 Y 
Advanced LlnEPICTM SELF-CALIBRATING (Self-CaI™) 
PRECISION OPER,ATIONAL AMPLIfiERS 
SLOS188-JANI'IUARY 1997 

operating characteristics, VDD=5 V 

PARAMETER' TEST CONDITIONS 

SR Slew rate at unity gain' VO=0.5 Vt02.5 V, CL=100pF 

Vn Equivalent input noise voltage 
f=10Hz 

f= 1 kHz 

Peak-to-peak equivalent input f=O.l to 1 Hz 
VN(PP) noise voltage f=0.ltol0Hz 

In Equivalent input noise current 

Vo =0.5 Vto 2.5 V, AV=l 

THD+N Total harmonic distortion plus noise 
f=10kHz, 

AV=10 RL=lkO, 
CL= 100pF AV= 100 

Gain-bandwidth product 
f= 10kHz, RL= 1 kO, 
CL= l00pF 

80M Maximum output swing bandwidth 
VO(pp)=2V, AV=l, 
RL=lkO, CL= 100pF 

AV=-l, to 0.1% 

Is Settling time 
Step = 0.5 V to 2.5 V, 
RL= 1 kO, 
CL=100pF to 0.01% 

</1m Phase margin at unity gain RL= 1 kO, CL=100pF 

Calibration time 

t Full range IS O°C to 70°C. 
NOTE 4: RL and CL values are referenced to 2.5 V, 
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TAt 
TLC4501C,TLC4501AC 

UNIT 
MIN TYP MAX 

25°C 1.5 2.5 VIlIS 

Full range 1 VIlIS 

25°C 70 
nV/Kz 

25°C 12 

25°C 1 

25°C 1.5 
!LV 

25°C 0.6 fAlKz 

25°C 0.02% 

25°C 0.08% 

25°C 0.55% 

25°C 4.7 MHz 

25°C 1 MHz 

25°C 1.6 

lIS 
25°C 2.2 

25°C 74 

25°C 300 ms 



TLC4501,TLC4501A,TLC4501V 
Advanced LinEPICTM SELF·CALIBRATING (Self·CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 
SLOSl88-JANRUARY 1997 

operating characteristics, VDD = 5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain Va =0.5 Vt02.5 V, CL= loopF 

Vn Equivalent input noise voltage 
f= 10Hz 

f= 1 kHz 

Peak-to-peak equivalent input f=O.ltolHz 
VN(PP) noise voltage f = 0.1 to 10 Hz 

In Equivalent input noise current 

VO= 0.5 Vt02.5 V, AV=l 

THD+N Total harmonic distortion plus noise 
f=10kHz, 

AV=10 RL= 1 kn, 
CL=100pF AV = 100 

Gain-bandwidth product 
f= 10 kHz, RL= 1 kn, 
CL=lOOpF 

BaM Maximum output swing bandwidth VO(PP) =2V, AV=l, 
RL= 1 kn, CL= 100pF 

AV=-l, 
toO.1% 

Is Settling time 
Step = 0.5 V to 2.5 V, 
RL= 1 kn, 
CL=100pF to 0.01% 

'm Phase margin at unity gain RL= 1 kn, CL=100pF 

Calibration time 

t Full range IS -40°C to 85°C. 
NOTE 4: RL and CL values are referenced to 2.5 V. 
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TAt 
TLC45011, TLC4501AI 

UNIT 
MIN TYP MAX 

25°C 1.5 2.5 V/IJS 

Full range 1 V/IlS 

25°C 70 

25°C 12 
nV/Kz 

25°C 1 

25°C 1.5 
IlV 

25°C 0.6 fAlKz 

25°C 0.02% 

25°C 0.08% 

25°C 0.55% 

25°C 4.7 MHz 

25°C 1 MHz 

25°C 1.6 

IJS 
25°C 2.2 

25°C 74 

25°C 300 ms 
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TLC4501,TLC4501A,TLC4501Y 
Advanced LlnEPICTM SELF-CALIBRATING (Self-CaI™) 
PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 

electrical characteristics at specified free-air temperature, VDD = 5 V, GND = 0, TA = 25°C (unless 
otherwise noted) 

. PARAMETER TEST CONDITIONS 

Via Input offset voltage 

110 Input offset cumlnt VDD=±2.5V, VO=O, 
VIC=O, RS=500 

liB Input bias current 

IOH = - 500 !LA 
VOH High-level output voltage 

IOH=-5mA 

VIC=2.5V, 10L = 500 !LA 
VOL LOW-level output voltage 

VIC=2.5V, 10L= 5 rnA 

AVD 
Large-signal differential VIC =2.5 V, VO=l Vt04V, 
voltage amplification RL= 1 kO, See Note 4 

RICD) Differential input resistance 

RL Input resistance See Note 4 

CL Common-mode input capacitance f= 10kHz, P package 

zO Closed-loop output impedance AV=10, f= 100 kHz 

CMRR Common-mode rejection ratio 
VIC=Ot02.7V, Va =2.5 V, 
RS=lkO 

kSVR Supply-voltage rejection ratio (AVDD ±/AVIO) 
VDD =±2 Vto±3V, VIC=O, 
No load 

IDD Supply current VO=2.5V, No load 

NOTE 4: RL and CL values are relerenced to 2.5 V. 

operating characteristics, VDD = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain VO= 0.5 Vt02.5 V, 

1=10Hz 
Vn Equivalent input noise voltage 

1= 1 kHz 

1 = 0.1 to 1 Hz 
VN(PP) Peak-to-peak equivalent input noise voltage 

1=0.1 tol0Hz 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BOM Maximum output swing bandwidth 

ts Settling time 

<l>m Phase margin at unity gain 

Calibration time 

NOTE 4: RL and CL values are relerenced to 2.5 V. 

Vo = 0.5 V to 2.5 V, 
1= 10 kHz, 
RL= 1 kO, 
CL= 100 pF 

1=10kHz, 
CL= l00pF 

VO(pp)=2V, 
RL= 1 kO, 

AV=-l, 
Step = 0.5 V to 2.5 V, 
RL= 1 kO, 
CL= 100 pF 

RL=l kO, 

~'TEXAS 
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CL=100pF 

AV=l 

AV= 10 

AV = 100 

RL= 1 kO, 

AV=l, 
CL=100pF 

toO.l% 

to 0.01% 

CL=100pF 
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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 O. 

• The TLC4501 has a standard single-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 amplifier. 

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 VI/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 

Rl R2 R3 R4 RS R6 
V(REF)+ ---'\i'Vlr--"-'I/\~~Nv __ -'VI/\r-___ 'VV''''''''>--'\/v\;--------, 

90 k.Q 9 k.Q 1 k.Q 1 k.Q 9 k.Q 90 k.Q 

V(REF}-.~ 

Gain = 10 Gain = 100 Gain = 10 

VDD 

0.1 pF 

6 >-=6,-+__ Vo+ 

Rp 3 
Vll ---'I/\'V-------=:.; 3 Vo-

1 k.Q 

Rp 
VI2 ---'V\~------------------' 

1 k.Q 

(Gain = 10) Vo = (V11 -VI2)(1 + R4~6R5) +V(REF) WhereR1 = R6,R2 = R5,andR3 = R4 

(Gain = 100) Vo = (Vll - VI2)( 1 + R5:4 R6) + V(REF) Where R1 = R6, R2 = R5, and R3 = R4 

Figure 33. Single-Supply Programmable Instrumentation Amplifier Circuit 

R3 
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R4 

IOAl ILOAD 
.--- ----+ >-6--.---- Vo 

Where: R1 = R4 and R2 = R3 

Figure 34. Two Operational-Amplifier Instrumentation Amplifier Circuit 

~TEXAS 
INSTRUMENTS 

POST .OFFICE BOX 655303 • DALLAS, TEXAS 75265 



R1 

R2 

TLC4501,TLC4501A,TLC4501Y 
Advanced LinEPICTM SELF·CAl:.IBRATING (Self·CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 
SLOS188-JANRUARY 1997 
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Where: R1 = R2. R3 = R4. and R5 = R6 

Figure 35. Three Operational-Amplifier Instrumentation Amplifier Circuit 
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Figure 36. Fixed Current-Source Circuit 
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APPLICATION INFORMATION 

>-,6,--""*-__ vo 

Figure 37. Voltage-Follower Circuit 

30mA 

6' 100(.1 

Figure 38. Lamp-Driver Circuit 

Figure 39. TTL-Driver Circuit 
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TLC4501, TLC4501A,TLC4501V 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 

PRECISION OPERATIONAL AMPLIFIERS 

APPLICATION INFORMATION 

RE 
'0 = 1 AmplV V, 

('ncrease RE for '0 small) -=-

Figure 40. High-Compliance Current-Sink Circuit 

VI ------='_� 

R1 
10 k!l 

V(REF) --'V'1/Ir-----4~3'_1 

R2 
10MO 

:>-",,6--.-_ Vo 

Figure 41. Comparator With Hysteresis Circuit 

SLOS188-JANRUARY 1997 

>,,6~_--VO 

Figure 42. Low-Drift Detector Circuit 
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TLC4502,TLC4502A,TLC4502V 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaITM) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 

• Power On Calibration of Input Offset 
Voltage 

• Low Input Offset Voltage ••. < 50 J.l.V Max 
(TLC4502A) 

• Low Input Offset Voltage Drift ..• < 1 J.l.VloC 

• Low Input Bias Current 

• High Output Drive Capability 
CL < 1 nF and RL > 1 kQ 

• High Open Loop Gain ••. > 120 dB 

• Rail-To-Rail Output Voltage Swing 

• Low Distortion ••. < 0.01 % at 10kHz 

• Low Noise ••• 12 nVlKz at 1 kHz 

• High Slew Rate ••• 2.5 VlJ.l.S 

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

• Short Calibration Time ... 300 ms Typ 

description 

DPACKAGE 
(TOP VIEW) 

lOUTD8 VOO 
l1N- 2 7 20UT 
liN + 3 6 21N-

Voo_/GND 4 5 21N+ 

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-calibratingfeature requires 
typically 300 ms to complete and is repeatable to within ±3 J.l.V 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-J.l.m 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 J.l.V. 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 JFETs. 

AVAILABLE OPTIONS 

PACKAGED OEVICEt 

TA Vlomax AT 25°C SMALL OUTLINE 
(0) 

O°Cto 70°C 
50llV TLC4502ACOR 

100IlV TLC4502COR 

50llV TLC4502AIOR 
-40°C to 85°C 

100llV TLC450210R 

t The 0 package IS also available taped and reeled. 

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

~:~c:tc!:1!::=,i~~::'::==n!:i 
standard warranty. ProdUCIion proc:easlng does not necessarily Include 
testing of all paramstars. ~TEXAS 

INSTRUMENTS 
POST OFFICE BOX 655303 • DALLAS. TEXAS 75265 

CHIP FORM 
(Y) 

TLC4502Y 

Copyright © 1996. Texas Instruments Incorporated 
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TLC4502,TLC4502A,TLC4502V 
Advanced LinEPICTM SELF,;CALIBRATING (Self-CaI™) 
PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A - OCTOB~R 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) 

voo 

Q 

,----+--1 R 

ENABLE 
RC 

OSCILLATOR 

~---------~RESET 
SAR 

COUNTER 

RCO 

CAL 

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 rnA 
- 70 rnA) for more than about 1 ~s, 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 ~ and the device is shutdown for another 5 ms. 

The offset cancel.lation 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) 

TLC4502,TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A - OCTOBER 1996 - REVISED NOVEMBER 1996 

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, aid 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 l,.inEPIC process 
technology and is available in an 8-pin SOIC (D) Package. The C-suffix devices are characterized for operation 
from O°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 LinEPICTM 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. 

...: 
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11N+ (3) 

(2) 
11N-

20UT 

VDD-/GND 

10UT 

2IN+ 

(6) 21N-

CHIP THICKNESS: 15 MILS TYPICAL 

BONDING PADS: 4 x 4 MILS MINIMUM 

TJmax=150°C 

TOLERANCES ARE ±10%. 

ALL DIMENSIONS ARE IN MILS. 

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



TLC4502,TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaFM) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A - OCTOBER 1996 - REVISED NOVEMBER 1996 

absolute maximum ratings over operating free-air temperature range {unless otherwise noted)t 
Supply voltage, Voo+ (see Note 1) ............................................................ 7 V 
Differential input voltage, VIO (see Note 2) .................................................... ±7 V 
Input voltage range, VI (any input, see Note 1) ......................................... -0.3 V to 7 V 
Input current, II (each input) ............................................................... ±5 mA 
Output current, 10 (each output) ......................................................... ±100 mA 
Total currentinto Voo+ ................................................................. ±100 mA 
Total current out of Voo_/GND .......................................................... ±100 mA 
Electrostatic discharge (ESD) ............................................................. > 2 kV 
Duration of short-circuit current at (or below) 25°C (see Note 3) .............................. unlimited 
Continuous total power dissipation ..................................... See Dissipation Rating Table 
Operating free-air temperature range, T A: TLC4502C .................................... O°C to 70°C 

TLC45021 ................................... -40°C to 85°C 
Storage temperature range, Ts1g ...•.....••..•..•.......••.....•................... -65°C to 150°C 
Case temperature for 60 seconds, T c: FK package .......................................... 260°C 
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ............................... 260°C 

t 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. All voltage values, except differential voltages, are with respect to VDD _/GND. 
2. Differential voltages are at IN+ with respect to IN -. Excessive current flows when an input is brought below VDD- - 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 S 25°C DERATING FACTOR TA = 70°C TA = 85°C 

POWER RATING ABOVE TA = 25°C POWER RATING POWER RATING 

D 725 mW 5.8 mW/"C 464 mW 377 mW 

recommended operating conditions 

Supply VOltage, VDD 

Input voltage range, VI 

Common-mode input voltage, VIC 

Operating free-air temperature, TA 

TLC4502C 

-!I1TEXAS 
INSTRUMENTS 

MIN 

4 

VDD-

VDD-

0 
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MAX 

6 

VOD+-2.3 

VDD+-2.3 

70 

TLC45021 

MIN MAX 

4 6 

VDD- VDD+-2.3 

VDD- VDD+-2.3 

-40 85 

UNIT 

V 

V 

V 

°C 
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Advanced LinEPICTMSELF .. CALIBRATING (Self .. CaFM) 
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SLOS161A - OCTOBERl996 - REVISED NOVEMBER 1996 

electrical characteristics at specified free-air temperature, VDD = 5 V, GND = 0 (unless otherwise 
noted) . 

TLC4502C 
PARAMETER -TEST CONDITIONS TAt 

MIN TYP 

Input offset 25°C -100 . 
VIO voltage Full range -100 

Temperature 
aVIO coeffiCient of input Full range 1 

offset voHage Voo=±2.5V, VO=O, 

Input offset 
VIC =0, Rs =50 (1 

25°C 1 
110 current Full range 

25°C 1 
liB Input bias current 

Full range 

IOH = - 500 j1A 25°C 4.99 

VOH 
High-level output 

25°C 4.9 
voltage IOH=-5mA 

Full range 4.7 

VIC=2.5V, 10L = 500 j1A 25°C 0.01 

VOL 
Low-level output 

25°C 0.1 
voltage VIC=2.5V, IOL=5mA 

Full range 

Large-signal 
VIC=2.5V, VO= 1 Vt04 V, 25°C 200 1000 

AVO differential voHage 
amplification RL = 1 k.Q, See Note 4 Full range 200 

RI(O) 
Oifferential input 

25°C 10 
resistance 

RL Input resistance See Note 4 25°C 1012 

CL 
Common-mode 

f= 10 kHz, Ppackage 25°C 8 input capacitance 

zO 
Closed-loop 

AV=10, f=100kHz 25°C 1 
output impedance 

Common-mode VIC = O~o 2.7 V; 25°C 90 100 
CMRR 

rejection ratio ·VO=2.5 V, 
RS= 1 kO Full range 85 

Supply-voltage VOO =4 Vla6 V, 25°C 90 100 
kSVR rejection ratio VIC =0, 

(dVOO±/dVIO) No load Full range 90 

25°C 2.5 
100 Supply current VO=2.5V, No load 

Full range 

VIT(CAL) 
Calibration input 

Full range 4 threshold voltage 

t Full range is O°C to 70°C. 
NOTE 4: RL and CL values are referenced to 2.5 V. 
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TLC4502AC 
n 

UNIT 
MAX MIN TYP MAX 

100 -50 50 

100 -50 50 
/lV 

1 /lVrC 

1 

500 500 
pA 

1 

500 500 
pA 

4.99 

4.9 V 

4.7 

0.01 

0.1 V 

0.3 0.3 

200 1000 
V/mV 

200 

10 kO 

1012 (1 

8 pF 

1 (1 

90 100 
dB 

85 

90 100 
dB 

90 

3.5 2.5 3.5 
rnA 

4 4 

4 V 



TLC4502, TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF·CALIBRATING (Self·CaI™) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A - OCTOBER 1996 - REVISED NOVEMBER 1996 

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

TAt 
TLC45021 

PARAMETER TEST CONDITIONS 
MIN TYP 

Input offset 2SoC -100 
VIO voltage Full range -100 

Temperature 
aVIO coefficient of input Full range 1 

offset voltage Voo=±2.SV, VO=O, 

Input offset 
VIC =0, RS=SOO 2SoC 1 

110 current Full range 

2SoC 1 
liB Input bias current 

Full range 

10H = - soo ILA 2SoC 4.99 

VOH 
High-level output 2SoC 4.9 
voltage 10H=-SmA 

Full range 4.7 

VIC=2.SV, 10L= SOOILA 2SoC 0.01 

VOL 
Low-level output 2SoC 0.1 
voltage VIC=2.SV, IOL=SmA 

Full range 

Large-signal 
VIC=2.SV, VO= 1 Vt04 V, 

2SoC 200 1000 
AVO differential voltage 

amplification 
RL = 1 k.Q, See Note 4 Full range 200 

RI(O) 
Oifferential input 

2SoC 10 
resistance 

RL Input resistance See Note 4 2SoC 1012 

CL 
Common-mode 

f=10kHz, P package 2SoC 8 
input capacitance 

ZO 
Closed-loop 

AV= 10, f=100kHz 2SoC 1 
output impedance 

Common-mode VIC=Ot02.7V, 2SoC 90 100 
CMRR 

rejection ratio Vo=2.SV, 
RS=Ik.Q Full range 8S 

Supply-voltage VOO =4 Vt06V, 2SoC 90 100 
ksVR rejection ratio VIC=O, 

(.!WOO ±'aVIO) No load Full range 90 

2SOC 2.S 
100 Supply current VO=2.SV, No load 

Full range 

VIT(CAL) 
Calibration input 

Full range 4 threshold voltage 

t Full range IS -40°C to 8SoC. 
NOTE 4: RL and CL values are referenced to 2.S V. 
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TLC4502A1 
UNIT 

MAX MIN TYP MAX 

100 -SO SO 

100 -SO SO 
ILV 

1 ILvrc 

1 

SOO SOO 
pA 

1 

SOO SOO 
pA 

4.99 

4.9 V 

4.7 

0.01 

0.1 V 

0.3 0.3 

200 1000 
VlmV 

;200 

10 k.Q 

1012 0 

8 pF 

1 n 

90 100 
dB 

8S 

90 100 
dB 

90 

3.S 2.S 3.S 
mA 

4 4 

4 V 
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operating characteristics, Voo = 5 V 

PARAMETER TEST CONomONS 

SR Slew rate at unity gain Va =0.5Vt02.5 V, CL=100pF 

Vn Equivalent input noise voltage 
1 = 10 Hz 

1=1 kHz 

Peak-to-peak equivalent input noise 1=0.1 to 1 Hz 
VN(PP) voltage f=O.l to 10 Hz 

In Equivalent input noise current 

VO= 0.5 Vt02.5 V, AV=l 

THD+N Total harmonic distortion plus noise 
f=10kHz, 

AV,;,10 RL= 1 kn, 
CL= 100pF AV= 100 

Gain-bandwidth product 
f= 10 kHz, RL= 1 kQ, 
CL= l00pF 

BaM Maximum output swing bandwidth VO(pp)=2V, AV=l, 
RL= 1 kn, CL=100pF 

AV=-l, to 0.1% 

ts Settling lime 
Step = 0.5 V 10 2.5 V, 
RL= 1 kn, 
CL=100pF 100.01% 

</1m Phase margin at unity gain RL= 1 kn, CL=100pF 

Calibration time 

° ° t Full range IS 0 C 10 70 C. 
NOTE 4: RL and CL values are referenced 10 2.5 V. 
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TAt 
TLC4502C,TLC4502AC 

UNIT 
MIN TYP MAX 

25°C 1.5 2.5 VIlIS 

Full range 1 VIlIS 

25°C 70 
nVNHz 

25°C 12 

25°C 1 

25°C 1.5 
I1V 

25°C 0.6 fANHz 

25°C 0.02% 

25°C 0.08% 

25°C 0.55% 

25°C 4.7 MHz 

25°C 1 MHz 

25°C 1.6 

lIS 
25°C 2.2 

25°C 74 

25°C 300 ms 



TLC4502,TLC4502A,TLC4502V 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaFM) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A- OCTOBER 1996 - REVISED NOVEMBER 1996 

operating characteristics, VDD = 5 V 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain Vo =0.5 Vto 2.5 V, CL=100pF 

Vn Equivalent input noise voltage 
f=10Hz 

f= 1 kHz 

Peak-to-peak equivalent input noise f=O.l to 1 Hz 
VN(PP) voltage f=0.ltol0Hz 

In Equivalent input noise current 

Vo = 0.5 Vto 2.5 V, AV=l 

THD+N Total harmonic distortion plus noise 
f=10kHz, 

AV=10 RL= 1 kn, 
CL=100pF AV= 100 

Gain-bandwidth product 
f= 10kHz, RL=l kn, 
CL=100pF 

BOM Maximum output swing bandwidth 
VO(pp)=2V, AV=l, 
RL= 1 kn, CL=100pF 

AV=-l, 
to 0.1% 

Is Settling time 
Step = 0.5 V to 2.5 V, 
RL = 1 k!l, 
CL=100pF to 0.01% 

'm Phase margin at unity gain RL = 1 k!l, CL= l00pF 

Calibration time 

t Full range IS _40°C to 85°C. 
NOTE 4: RL and CL values are referenced to 2.5 V. 
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TAt 
TLC4502I, TLC4502AI 

UNIT 
MIN TYP MAX 

25°C 1.5 2.5 V/IJS 

Full range 1 V/IJS 

25°C 70 

25°C 12 
nV/-{Hz 

25°C 1 

25°C 1.5 
ltV 

25°C 0.6 fA/-{Hz 

25°C 0.02% 

25°C 0.08% 

25°C 0.55% 

25°C 4.7 MHz 

25°C 1 MHz 

25°C 1.6 

IJS 
25°C 2.2 

25°C 74 

25°C 300 ms 
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TLC4502, TLC4502A, TLC4502Y 
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PRECISION DUAL OPERATIONAL AMPLIFIERS 
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electrical characteristics at specified free-air temperature, Voo = 5 V, GND = 0, TA = 25°C (unless 
otherwise noted) 

PARAMETER TEST CONDITIONS 

Via Input offset voltage 

110 Input offset current VDD=±2.5V, Vo=O, 
VIC=O, Rs=50n 

liB Input bias current 

10H = - 500 I!A 
VOH High-level output voltage 

IOH=-5mA 

VIC=2.5V, 10L = 500 I!A 
VOL Low-level output voltage 

VIC=2.5 V, IOL=5mA 

AVD 
Large-signal differential VIC=2.5 V, VO= 1 Vt04V, 
voltage amplification RL= 1 kQ, See Note 4 

RIID) Differential input resistance 

RL Input resistance See Note 4 

CL Common-mode input capacitance f=10kHz, P package 

zO Closed-loop output impedance AV=10, f=100kHz 

CMRR Common-mode rejection ratio 
VIC=Ot02.7V, Va = 2.5 V, 
RS=1 kn 

ksVR Supply-voltage rejection ratio (dVDD ±/dVIO) 
VDD = ±2 V to ±3 V, VIC=O, 
No load 

IDD Supply current VO=2.5V, No load 

NOTE 4: RL and CL values are referenced to 2.5 V. 

operating characteristics, Voo = 5 V, TA = 25°C 

PARAMETER TEST CONDITIONS 

SR Slew rate at unity gain Va = 0.5 V to 2.5 V, 

f = 10 Hz 
Vn Equivalent input noise voltage 

f= 1 kHz 

VN(PP) Peak-to-peak equivalent Input noise voltage 
f=O.1 to 1 Hz 

f = 0.1 to 10 Hz 

In Equivalent input noise current 

THD+N Total harmonic distortion plus noise 

Gain-bandwidth product 

BaM Maximum output swing bandwidth 

ts Settling time 

'i>m Phase margin at unity gain 

Calibration time 

NOTE 4: RL and CL values are referenced to 2.5 V. 

Va = 0.5 V to 2.5 V, 
f=10kHz, 
RL= 1 kn, 
CL=100pF 

f= 10kHz, 
CL=100pF 

VO(pp)=2V, 
RL= 1 kQ, 

AV=-I, 
Step = 0.5 V to 2.5 V, 
RL= 1 kn, 
CL=100pF 

RL= 1 kn, 

~TEXAS 
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CL=100pF 

Av=1 

AV=10 

AV= 100 

RL= 1 kn, 

AV=I, 
CL=100pF 

to 0.1% 

to 0.01% 

CL= 100pF 
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TLC4502Y 

MIN TYP MAX 
UNIT 

10 IlV 

1 pA 

1 pA 

4.99 
V 

4.9 

0.01 
V 

0.1 

1000 V/mV 

10 kn 

1012 n 

8 pF 

1 n 

100 dB 

100 dB 

2.5 rnA 

TLC4502Y 
UNIT 

MIN TYP MAX 

2.5 V/IlS 

70 
nVNHz 

12 

1 

1.5 
IlV 

0.6 fAN'Hz 

0.02% 

0.08% 

0.55% 

4.7 MHz 

1 MHz 

1.6 

Ils 
2.2 

74 

300 ms 



Via 

aVIO 

VOH 

VOL 

VO(PP) 

lOS 

Va 

AVD 

Zo 

CMRR 

SR 

Vn 

THD+N 

<Pm 

PSRR 

TLC4502, TLC4502A,TLC4502Y 
Advanced LinEPICTM SELF-CALIBRATING (Self-CaI™) 

PRECISION DUAL OPERATIONAL AMPLIFIERS 
SLOS161A - OCTOBER 1996 - REVISED NOVEMBER 1996 

TYPICAL CHARACTERISTICS 

Table of Graphs 

Input offset voltage 
Distribution 

vs Common-mode input voltage 

Input offset voltage temperature coefficient Distribution 

High-level output voltage vs High-level output current 

Low-level output voltage vs Low-level output current 

Maximum peak-to-peak output voltage vs Frequency 

Short-circuit output current vs Free-air temperature 

Output voltage vs Differential input voltage 

Large-signal differential voltage amplification 
vs Free-air temperature 
vs Frequency 

Output impedance vs Frequency 

Common-mode rejection ratio 
vs Frequency 
vs Free-air temperature 

Slew rate 
vs Load capacitance 
vs Free-air temperature 

Inverting large-signal pulse response vsTIme 

Voltage-follower large-signal pulse response vsTime 

Inverting small-signal pulse response vsTIme 

Voltage-follower small-signal pulse response vsTIme 
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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 O. 

• 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 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 VI/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. 
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APPLICATION INFORMATION 

R2 R3 R4 RS R6 

9kn 1 kn 1 kn 9kn 90kn 

Gain = 10 Gain = 100 Gain = 10 

VDD 

0.1 pF 

Rp 3 

1 kn 

Rp 

1 kn 

(Gain = 10) Vo = (V11 - VI2)( 1 + R4 ~6 RS) + V(REF) Where R1 = R6, R2 = RS, and R3 = R4 

(Gain = 100) ( )( RS + R6) 
Vo = VI1 - VI2 1 + ----;:w- + V(REF) Where R1 = A6, A2 = RS, and R3 = R4 

Figure 33. Single-Supply Programmable Instrumentation Amplifier Circuit 

Rp1 < 1 kn 

R3 

R2 

R1 

V(REF) 

R4 

IOA1 ILOAD .---- ---. 
>-7---+--- Vo 

Vo = V{ (1 + =~) + ( ~:) ] + V(REF) 

Where: A1 = R4 and R2 = R3 

Figure 34. Two Operational-Amplifier Instrumentation Amplifier Circuit 
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R1 

R2 

IOA1 
+--
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R3 R5 

R4 

R6 

V(REF) 
( R5)(2R1 ) Vo = VI R3 RG + 1 1 V(REF) 

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

Figure 35. Three Operational-Amplifier Instrumentation Amplifier Circuit 

R1 

R2 

Figure 36. Fixed Current-Source Circuit 
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APPLICATION INFORMATION 

>-'-""*--- vo 

Figure 37. Voltage-Follower Circuit 
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1000 

Figure 38. Lamp-Driver Circuit 
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Figure 39. TTL-Driver Circuit 
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'0 = 1 Amp/V VI 

(Increase RE for 10 small) -= 

RE 

Figure 40. High-Compliance Current-Sink Circuit 
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VI -------"'-1 

R1 
10kll 
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R2 
10Me 

Figure 41. Comparator With Hysteresis Circuit 

Figure 42. Low-Drift Detector Circuit 
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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 2022 

Prefix ----------------------' 

MUST CONTAIN TWO OR THREE LETTERS 

TL, TLE ........................... TI Linear Products 
TLC ............ TI Linear Silicon-Gate CMOS Products 

STANDARD SECOND-SOURCE PREFIXES 

AD ................................. Analog Devices 
LF, LM, or LP ............................... National 
LT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. Linear Technology 
MC ....................................... Motorola 
NE, SA, or SE ............................. Signetics 
OP ........................................... PMI 
RC, RM, or RV ............................ ' Raytheon 
uA ................................. Fairchild/National 

Unique Circuit Description Including Temperature Range -------' 

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

Examples: 10 34070 
592 1451AC 
7757 2217-285 

PW 

Package--------------------------------------------------' 
MUST CONTAIN ONE, TWO, OR THREE LETTERS 

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

LE 

Available Taped and Reeled or Left-Ended Taped and Reeled ---------------' 

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

TEXAS ." 
INSlRUMENlS 
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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 additional 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 (0, OW, DWP) 
- Tape and Reel 
- Antistatic or Conductive 

Plastic Tubing 

4-4 

Chip Carriers (FK) 
- Antistatic or Conductive 

Plastic Tubing 

Flat (U, W) 
- Milton Ross Carriers 

TEXAS ." 
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MECHANICAL DATA 

D (R-PDSO-G**) 

14 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE , 

rf1r='050(1'27l 

0.020 (0,51) 

14 11 0•014 (0,3:) 1-$-10.010 (0,25) ®I 

i 
0.244 (6,20) 
0.228 (5,80) 

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

l----------.l~ 

c. 7 

r liiitiiiLiUUJ1 t 0.010 (O,25;J 
0.069 (1,75) MAX 0.004 (0,10) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

~ DIM 

A MAX 

A MIN 

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

~TEXAS 
INSTRUMENTS 

POST OFFICE BOX 6S5303 • DALLAS. TEXAS 75265 

8 14 16 

0.197 0.344 0.394 
(5,00) (8,75) (10,00) 

0.189 0.337 0.386 
(4,80) (8,55) (9,80) 

4040047/010196 
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MECHANICAL DATA 

DB (R-PDSo-G**) 
28 PIN SHOWN 

PLASTIC SMALL-OUTLINE PACKAGE 

11 0,381-$-1 0,15 @I 
0,22 '--"--'---'-----"'~ 

15 

m 
5,60 8,20 
5,00 7,40 

L....rn0~"T'T'TTTT"TT'~~ 

~A 14 

--~ rd?.r--1 -hL 1~IO'10~ 

~ DIM 
8 14 16 20 24 

A MAX 3,30 6,50 6,50 7,50 8,50 

A MIN 2,70 5,90 5,90 6,90 7,90 

NOTES: A. All linear 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-150 . 

~TEXAS 
INSTRUMENTS 

28 

10,50 

9,90 

POST OFFICE BOX 655303 • oAUAs, TEXAS 75265 

30 38 

10,50 12,00 

9,90 12,30 

40400651 C 1 ciJ9s 



DBV (R-PDSO-G5) 

1 ~WJI~I 0,25@1 

L~1O 
2,70 

16nnd~ 
t30 OOSMINJ 

1,00 ' 

NOTES: A. All linear dimensions are in millimeters. 

i 
3,00 
2,50 

B. This drawing is subject to change without notice. 
C. Body dimensions include mold flash or protrusion. 

~1ExAs 
INSTRUMENTS 

MECHANICAL DATA 

PLASTIC SMALL-OUTLINE PACKAGE 

4073253-418 11196 
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MECHANICAL DATA 

DWP (R-PDS()"G20) PLASTIC SMALL-oUTLlNE PACKAGE 

1 ~ 0.020 (0,51) 1-$-1 0.010 (0 25) ® 1 
0.014 (0,35)" ' - . 

11 
-----r 

,----, 
I I 
I 

0.299 (7,59) 

0.293 (7,45) 

~ 
0.430(10,92) 

0.411 (10,44) 

~------------1 
~~~~~~~~~~~~~ 

o 
I I L ____ -.J 

10 

0.510 (12,95) ____ -*I 
0.500 (12,70) 

tbuuuuuuuu~ j 
o 096 (2 43) MAX . 0.004 JO,10) 

• , 0.000 (0,00) 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing Is subject to change without notice. 

Thermal Pad 0.150 (3;81) x 0.170 (4,31) NOM 
(_NoteC) 

0.050 (1,27) 
0.016 (0,40) 

407322618 01196 

C. 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. 

~TEXAS 
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FK (S-CQCC-N**) 

28 TERMINAL SHOWN 

NO. OF 

MECHANICAL DATA 

LEAD LESS CERAMIC CHIP CARRIER 

A B 
18 17 16 15 14 13 12 

TERMINALS 

19 

20 

21 
BSQ 

22 
ASQ 

M 24 

25 

26 27 

0.028 (0,71) --./ !.-
0.022 (0,54) 

28 2 

11 

10 

9 

8 

7 

6 

5 

3 4 

.. 
20 

28 

44 

52 

68 

84 

0.020 (0,51) 
0.010 (0,25) 

NOTES: A. All linear 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 gold plated. 
E. Falls within JEDEC MS·004 

~TEXAS 
INSTRUMENTS 
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MIN 

0.342 
(8,69) 

0.442 
(11,23) 

0.640 
(16,26) 

0.739 
(18,78) 

0.938 
(23,83) 

1.141 
(28,99) 

MAX MIN MAX 

0.358 0.307 0.358 
(9,09) (7,80) (9,09) 

0.458 0.406 0.458 
(11,63) (10,31) (11,63) 

0.660 0.495 0.560 
(16,76) (12,58) (14,22) 

0.761 0.495 0.560 
(19,32) (12,58) (14,22) 

0.962 0.850 0.858 
(24,43) (21,6) (21,8) 

1.165 1.047 1.063 
(29,59) (26,6) (27,0) 

I+-----+- 0.080 (2,03) 

~ I 0.064 (1,63) 

4040140/D 10196 
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MECHANICAL DATA 

J (R-GDIP-T**) 
14 PIN SHOWN 

CERAMIC DUAL-IN-LINE PACKAGE 

NOTES: 

4-10 

~ DIM 
14 16 

A MAX 
0.310 0.310 
(7.87) (7.87) 

A MIN 
0.290 0.290 
(7.37) (7.37) 

BMAX 
0.785 0.785 

(19.94) (19.94) 

B MIN 
0.755 0.755 
(19.18) (19.18) 

C MAX 
0.280 0.300 
(7.11) (7.62) 

C MIN 
0.245 0.245 
(6.22) (6.22) 

0.100 (2,54) 
0.070 (1,78) 0.020 (0,51) MIN 

I-r+r--.--rr-,-,--rr-,-,.,-,-,..--I g~_ * Seating Plane 

f 0.130 (3,30) MIN 

JLM20""; 0.015 (0,38) 0.014 (0,36) JLl 
0.008 (0,20) 

A. All linear 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 fri!. 
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 

~TEXAS 
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18 20 

0.310 0.310 
(7.87) (7.87) 

0.290 0.290 
(7.37) (7.37) 

0.910 0.975 
(23.10) (24.77) 

0.930 - (23.62) 

0.300 0.300 
(7.62) (7.62) 

0.245 0.245 
(6.22) (6.22) 

40400831C 08196 



MECHANICAL DATA 

JG (R·GDIP·T8) CERAMIC DUAL·IN·LINE PACKAGE 

0.400 (10,20) 
0.355 (9,00) 

4 
0.065 (1 ,65) 
0.045 (1,14) 

f 
0.280 (7,11) 
0.245 (6,22) 

.k 

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

1-:==--==--==--=:::::-1 +----. 0.290 (7,37) 

1 0.200 (~'08) MAX 

.j, Seating Plane 

f 0.130 (3,30) MIN 

JL."", .. ; 
0.015 (0,38) JL ~ 0°_15° 

0.014 (0,36) 
O.OOS (0,20) 

NOTES: A. All linear 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 fnt. 
D. Index point is provided on cap for terminal identification only on press ceramic glass frit seal only. 
E. Falls within MIL-STD-1B35 GDIP1-TB 

~TEXAS 
INSTRUMENTS 
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MECHANICAL DATA 

N (R-PDIP-1"**) 
16 PIN SHOWN 

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

1 ~ ~ 0.070 (1~78) MAX 

0.035 (0,89) MAX 0.020 (0,51) MIN 

J L I.--.I--i 0.100 (2,54) I 

0.021 (0,53) I ~ I 0 010 (0 25) to\ I 
0.015 (0,38) 'V. , ~ 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 

~ 

~ DIM 

A MAX 

A MIN 

Seating Plane 

14118 PIN ONLY 

C. Falls within JEDEC MS-001 (20 pin package is shorter then MS-001.) 

4-12 
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PLASTIC DUAL-IN-LiNE PACKAGE 

14 16 18 20 

0.775 0.775 0.920 0.975 
(19,69) (19,69) (23.37) (24,77) 

0.745 0.745 0.850 0.940 
(18,92) (18,92) (21.59) (23,88) 

~ 1 
0.310 {!,8:!} 
0.290 (7,37) 

'1 

40400491C 08195 



NE (R-PDIP-T**) 

20 PIN SHOWN 

MECHANICAL DATA 

PLASTIC DUAL-IN-LINE PACKAGE 

20 
0.070 (1,78) MAX 

11 ~. 
DIM 

16 20 

A 

B 

10 

C 

h-rr.,...,.-r..-rr."-,.,-,,....,...,-,.,--,-! 0.200 (5,08) MAX 

A -----~I f_~"~N 

SeatIng Plane 

0.155 (3,94) 
0.125 (3,17) 

1.-1 0.100 (2,54) 1 II 0.021 (0,533) 1-$-1 :010 (0,25) (U\ I -.II+- 0.015 (0,381) L... • ..:!:.....l._. _:....:....--=-~""'-'. 

14 . B i+=.;51) MIN 

+ Seating Plane 
----,r.----0-.1-55 .... ('--3-,94) 

0.125(3,17) 

MIN --- 0.914 (23,22) 

MAX 0.780 (19.80) 0.975 (24,77) 

MIN --- 0.930 (23,62) 

MAX --- 1.000 (25,40) 

MIN 0.240 (6,10) 0.260 (6,61) 

MAX 0.260 (6,60) 0.280 (7,11) 

14-----+1-- 0.310 (7,87) 
0.290 (7,37) 

~1~.200(5~08)MAX 

-.I 1.-1 0.100 (2,54) 1 II 0.021 (0,533) 1-$-1 0:10 (0 25) ® 1 JL -.II+- 0.015 (0,381) .. ' _. 
0.010 (0,25) NOM 

NOTES: A. AJllinear dimensions are in inches (millimeters). 
B. This drawing is subject to change without notice. 
C. Falls within JEDEC MS-001 (16 pin only) 

:IlJTEXAS 
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MECHANICAL DATA 

P (R-PDIP-T8) 

r .. -8-----5 ~~II-- 0.400 (10,60) 0.355 (9,02) 

o 

-""'-f 
0.260 (6,60) 
0.240 (6,10) 

* JL 4 

0.070 (1,78) MAX 

0.020(0,51) MIN R 
0.200 (5,08) MAX 

_-,.-__ ..L~ Seating Plane 

f 0.125 (3,18) MIN 

JL\..-.h 0.100(2,54) 1 f 
0.021 (0,53) 1.1 0.010 (0 25) ® 1 
0.015 (0,38)·· ' _. 

NOTES: A. All linear dimensions are in inches (millimeters). 
B. This drawing is subject 10 change wlthoulnotice. 
C. Falls within JEDEC MS·OOI 

-!II TEXAS 
INSTRUMENTS 

PLASTIC DUAL-IN-LINE PACKAGE 

I+----_.t-- Q.310 (7,87) 
0.290 (7,37) 

JL ~0.-15. 
0.010 (0,25) NOM 

404Q082/B 03195 
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PW (R-PDSO-G**) 

14 PIN SHOWN 

11. ~:: ,-I ~,,-,-1_0-,-,1_0 "::@::..JI 

nl 
4,50 6,60 
4,30 6,20 

'-r.-r0 T"'T'T'"T'T"T'~ ~ 

MECHANICAL DATA 

PLASTIC SMALL-OUTLINE PACKAGE 

~uuuuuu a--,,-
,:... • ..... J ...... AoM~ -0~--~ 

1 =-10,10 ~ 

~ DIM 
8 14 16 20 

A MAX 3,10 5,10 5,10 6,60 

A MIN 2,90 4,90 4,90 6,40 

NOTES: A. AH linear 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 

~TEXAS 
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24 28 

7,90 9,80 

7,70 9,60 

4040064/E 08196 
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MECHANICAL DATA 

U (s-GDFP-F10) CERAMIC DUAL FLATPACK 

r- 0.250 (6,35) I 
0.246 (6,10) 

1 1 J~ 
~rr---------------;!-t -rl: --------0.-006-(-O,-15-)~4~r-~ 
ill 

0.080 (2,03) 
0.050 (1,27) 

1 1 0.004 (0,10) 

1 1 
1 1 

0.045 (1,14) 
0.026 (0,66) 

+-- 0.350 (8,89) 
0.250 (6,35) 

1 I 
1 I 

11144--- 0.300 (7,62) ~II 
I • 0.250 (6,35) 

-----+j ;4-- 0.350 (8,89) 1 
: 10 : 0.019 (0,48) 

T-[========t=1o------b::t:=======:J -.:f 0.015(0,38) 

! f 
: ]"H(I~1 
I 

I ~ 
6 I 

.1 

t 0.025 (0,64) I 
0.005 (0,13) 

4040179/803195 

NOTES: A. All linear dimensions are in inches (millimeters). 
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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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W (R-GDFP-F14) 

I+-- 0.260 (6,60) 1 I 0.235 (5,97) 

-x---r ---+- 1 

ill 
0.080 (2,03) 
0.045 (1,14) 

1 1 
1 1 
1 1 
1 1 I+---- 0.280 (7,11) __ -+1.1 

MECHANICAL DATA 

CERAMIC DUAL FLATPACK 

Base and Seating Plana 

0.007 (0,18J 
0.004 (0,10) 

0.045 (1,14) 
0.026 (0,66) 

0360(914) 0360(914) I' ,~ 0.255 (6,48) ~. , 

I~ 0.240 (6,10) 1 1 1 0.240 (6,10) 

0.390 
0.335 

(9,91) 
(8,51) 

1 

1 

I 

I 

I 

, 

17 

'-./ 
141 

1 

1 

I 

I 

I 

, 

8 1 

1.000 !25,40) 
0.735 1867 ( , ) 

NOTES: A. All linear 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 fnt. 
D. Index point is provided on cap for terminal identification only. 
E. Falls within MIL STD 1835 GDFP1·FI4 and JEDEC MO-092AB 
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f 

~ 
i 

0.019 (0,48) 
0.015 (0,38) 

0.050 (1 ,27) 

0.025 (0,64) 
0.015 (0,38) 

4040180-2/B 03/95 
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NOTES 



TI Woridwide Technical Support 

Internet 
TI Semiconductor Home Page 
hHp:lJwww.ti.com/sc 

TI Distributors 
hHp:llwww.ti.com/sc/docsidistmenu.htm 

Product Information Center 
Americas 

+1(972) 644·5580 
FAX + 1 (972) 480·7800 

Email SC·lnfomaster@ti.com 

Europe, Middle East, and Africa 
Deutsch +49·8161 80 3311 
English +44·1604 66 3399 
Francais +33·1·30 70 11 64 
Italiano +33·1·30 70 11 67 

FAX +33-1·30·701032 
Email epic@ti.com 

Japan 
International 
Domestic 
FAX 

+81·3·3457·0972 
+0120-81·0026 

International +81·3·3457·1259 
Domestic +0120·81·0036 
Email pic'japan@tLcom 

Korea 
+82·21·551·2804 

FAX +82·2·551·2828 
Email KOR@msg.tLcom 

Taiwan 
+886·2·3771450 

FAX +886·2·3772718 
Email twan@msg.tLcom 

© 1997 Texas Instruments Incorporated 
Printed in the USA 
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For support in the following countries, 
please contact the sales offices listed 
below: 

Sales Offices 
AustraliaiNew Zealand 
Melboume +61·31·9696-1211 

FAX +3·9696·1249 
Sydney +2·910·3100 

FAX +2·878·2489 

Hong Kong 
+852·2956·7288 

FAX +2956·2200 

Mainland China 
Beijing +86·10-6500·2255 

FAX 
Shanghai 

FAX 

Malaysia 

Ext. 3750/3751/3752 
+ 10·6500·2705 
+86·21·6350·9566 
+21-6350·9583 

+60-3·208-6001 
FAX +3·320-6605 

Philippines 

FAX 
+63·2·636·0980 
+2·631·7702 

Singapore, India, Indonesia, and Thailand 
+65·390·7128 

FAX +390·7062 

Important Notice: Texas Instruments (Tt) reserves the right to make changes to 
or to discontinue any product or service identified in this publication without 
notice. T1 advises its customers to obtain the latest version of the relevant 
information to verify, before placing orders, that the information being relied upon 
is current. 
Please be advised that TI warrants its semiconductor products and related 

software to the specHications applicable at the tima of sale in accordence with 
Tl's standard warranty. T1 assumes no liability for applicatiOns assistance, 
software performance, or thlrd·party product information, of for infringemant of 
patents or services described in this publication. TI aSsumes no responsibility for 
customers' applications or product designs. 
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