TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 — FEBRUARY 1997

® B Grade Is 100% Tested for Noise ® Low Input Bias Current
30 nVAHz Max atf= 10 Hz 1 pA Typ at T = 25°C
12 nVAHz Max at f = 1 kHz ® Common-Mode Input Voltage Range
® Low Input Offset Voltage . . . 500 1V Max Includes the Negative Rail
® Excellent Offset Voltage Stability ® Fully Specified For Both Single-Supply and
With Temperature . .. 0.5 uv/°C Typ Split-Supply Operation
® Rail-to-Rail Output Swing
TYPICAL EQUIVALENT
description INPUT NOISE VOLTAGE
Vs
The TLC220x, TLC220xA, TLC220xB, and FREQUENCY
TLC220xY are precision, low-noise operational 60 T TTTTT
amplifiers using Texas Instruments Advanced |>£ \ Vpp=5V
LiInCMOS™ process. These devices combine the S Rg=20Q
noise performance of the lowest-naise JFET ¢ 50 Ta=25°C
amplifiers with the dc precision available g \
previously only in bipolar amplifiers. The % 40
Advanced LInCMOS™ process uses silicon-gate s
technology to obtain input offset voltage stability 2z \
with temperature and time that far exceeds that Z 30
obtainable using metal-gate technology. In § \
addition, this technology makes possible input T g N
impedance levels that meet or exceed levels 2 \
offered by top-gate JFET and expensive Z NN
dielectric-isolated devices. g 10 e bt
The combination of excellent dc and noise >I=
performance with a common-mode input voltage 0
range that includes the negative rail makes these 1 10 100 1k 10k

devices an ideal choice for high-impedance,
low-level signal-conditioning applications in either
single-supply or split-supply configurations.

f - Frequency — Hz

The device inputs and outputs are designed to withstand —100-mA surge currents without sustaining latch-up.
In addition, internal ESD-protection circuits prevent functional failures at voltages up to 2000 V as tested under
MIL-PRF-38535, Method 3015.2; however, care should be exercised in handling these devices as exposure
to ESD may result in degradation of the parametric performance.

The C-suffix devices are characterized for operation from 0°C to 70°C. The I-suffix devices are characterized

for operation from —40°C to 85°C. The M-suffix devices are characterized for operation over the full military
temperature range of —-55°C to 125°C.

Advanced LInNCMOS is a trademark of Texas Instruments Incorporated. Il 8951724 010L758 24l WE
]

PROBUCTION DATA information Is current as of publication date. Copyright © 1997, Texas Instruments Incorporated

P'r:d : c:; contort 10 spacifications per medlen'ns o e I“w‘llmlen;: i On products compiiant to MIL-PRF-385385, all parameters are tested

standard warranty. ing does not nclu 3 q

testing of il par:ymmrs. ) h TEXAS unless otherwise noted. On all other products, production
IN STRUMENTS processing does not necessarlly include tasting of all parameters,
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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TLC2201 AVAILABLE OPTIONS

PACKAGED DEVICES
Vpmax Vpmax CHIP
T Viomax | . %oz | f=1KkHz SMALL CHIP CERAMIC PLASTIC FoRmE
A At 'S - +
AT25°C | AT25°C OUTLINE CARRIER DIP DIP m
(D) (FK) (JG) (P)
0°C 200wV | 35 nvAHz | 15 nVHzZ | TLC2201ACD TLC2201ACP
to 200V | 30 nVAHz | 12 nVAWHz | TLC22018CD —_ - TLC2201BCP TLC2201Y
70°C | 500 v — — TLC2201CD TLC2201CP
~-40°C | 200uv | 35 nVAHz | 15 nvAHz | TLC2201AID TLC2201AIP
to 200puV | 30 nvAHz | 12nvAHz | TLC2201BID — — TLC2201BIP —
85°C | 500 uv — - TLC2201ID TLC2201IP
-55°C | 200uV | 35nVAHzZ | 15 nV/AHz | TLC2201AMD | TLC2201AMFK | TLC2201AMJG | TLC2201AMP
to 200V | 30nvAHZ | 12 nVAHZ | TLC2201BMD | TLC2201BMFK | TLC2201BMJG | TLC2201BMP —
125°C | 500 pv — — TLC2201MD | TLC2201MFK TLC2201MJG | TLC2201MP
tThe D packages are available taped and reeled. Add R suffix to device type {e.g. TLC220xBCDR).
¥ Chip forms are tested at 25°C only.
TLC2202 AVAILABLE OPTIONS
PACKAGED DEVICES CHIP
T Viomax f‘in1";a|:z f‘i'ﬂﬁz SMALL CHIP CERAMIC PLASTIC FoRME
A AT25°C [ arosec | AT 25°C OUTLINET CARRIER piP DIP )
(D) (FK) (JG) (F)
500uV | 30 nvAHz | 12 nvAHz | TLC2202BCD — — TLC2202BCP
0°Ct070°C | 500V | 35 nVAHz | 15 nVAWHz | TLC2202ACD — — TLC2202ACP { TLC2202Y
1mv — — TLC2202CD — — TLC2202CP
500wV | 30 nVAHZ | 12 nVAWHZ | TLC2202BID — — TLC2202BIP
—40°Cto 85°C | 500V | 35nVAHz | 15 nvWHz | TLC2202AID — — TLC2202AIP —
1mv — — TLC2202ID — — TLC2202IP
500 uV | 30nVAHz | 12 nvWHz | TLC2202BMD | TLC2202BMFK | TLC2202BMJG | TLC2202BMP
-55°Ct0 125°C | 500 uV | 35 nVAHz | 156 n"WAHz | TLC2202AMD | TLC2202AMFK | TLC2202AMJG | TLC2202AMP —
1mv — — TLC2202MD | TLC2202MFK | TLC2202MJG | TLC2202MP

tThe D packages are available taped and reeled. Add R suffix to device type (e.g. TLC220xBCDR).

1 Chip forms are tested at 25°C only.

3-768
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 — FEBRUARY 1997
TLC2201 TLC2202 TLC2202
D, JG, OR P PACKAGE JG OR P PACKAGE D PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
U
NC ] 1 Y slINC ourfs ¥ all Voos NC] 1 14[INC
IN-[] 2 7[] Voo« 1IN-} 2 7 20uT NCl2  13]INC
IN+ ] 3 sjouT 1IN+[] 3 6] 2IN- 10UT[] 3 12[1 Voo
Vpp_/GND [] 4 sfINC Vbp-/GND [] 4 s 2N+ 1N-[]a  n[l2ouT
1IN+[] 5 10[] 21N-
Vpp_/GND[] 6 of] 21N+
NC] 7 s[INC
TLC2201
FK PACKAGE
(TOP VIEW)
OO0
22222

NC
IN-
NC
IN+
NC

NC
17{] Voo+
16[] NC
15[] ouT
gn~c

3212019
18]

@ N ;A

14
9 10 11 12 13
o [ T T o T |

[N =NoNONS]
Z2Z2zZ2Z2Z

Vpp -/G

NC - No internal connection
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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equivalent schematic (each amplifier)

;ﬁ‘zl R

IN+ It
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J ci

IN-
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. I s L =
L Q13| Q15 Q17
- L~ -
Ly | Ly D1
Q7 Qs ato a1
> e ) R1 R2
g
’ 3 *~—eo * * T - .
Vpp-/GND
ACTUAL DEVICE COMPONENT COUNT
COMPONENT TLC2201 TLC2202
Transistors 17 34

Resistors 2
Diodes 1
Capacitors 1

B 89b1724 D10b7?61 &3L HN
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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TLC2201Y chip information

This chip, when properly assembled, displays characteristics similar to the TLC2201C. Thermal compression

or ultrasonic bonding may be used on the doped-aluminum bonding path. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

N (2
) i ©) ouT
IN+ﬂ -

CHIP THICKNESS: 15 MILS TYPICAL

BONDING PADS: 4 x 4 MILS MINIMUM

Tymax = 150°C

TOLERANCES ARE +10%.

ALL DIMENSIONS ARE IN MILS.

PIN (4) 1S INTERNALLY CONNECTED
TO BACK SIDE OF CHIP.

||||||||||||||l||||1|||||||||||t|||||||||||||||||||||||||||||||||l||||'|||||||

TERMINAL NUMBERS ARE FOR THE
¢ 65 L D, JG, AND P PACKAGES.
II‘I||II|I|I‘I|I|I|I|I|I|l|||I|I‘Ill|||||l\||l|l|I|Il||l|||l|l||||

;
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS176 — FEBRUARY 1997
TLC2202Y chip formation

This chip, when properly assembled, displays characteristics similar to the TLC2202C. Thermal compression
or ultrasonic bonding may be used on the doped-aluminum bonding pads. Chips may be mounted with
conductive epoxy or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

x VDD+
6 ®)
= - = TP
! ! I . O our
1IN- ——‘(2) -
i T ] I - . (5)
T = T o + 2IN+
20UT ﬂ —
(4)
Vpb-

CHIP THICKNESS: 15 MILS TYPICAL
BONDING PADS: 4 x 4 MILS MINIMUM

Lbbdntadaan bttt aindinnd
o

it ] 1500
1 —— —  Tymax = 150°C
- - - - TOLERANCES ARE +10%.
- ¥ . ALL DIMENSIONS ARE IN MILS.
Ly . L PIN (4) IS INTERNALLY CONNECTED
4 TO BACKSIDE OF CHIP.
e 100 Ll

IIlIll[lllIlllll'l'lIllIllllllll'lll[lll’||III|I|I'I'I|I|llIIl'I|||l||II||II|I|III'||III|III|I|I|I|I,
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp4+ (SEe NOte 1) ... i e e 8V
SUPPIY VOB, VoD - ot v i et ettt it e e e e e e e e et -8V
Differential input voltage, Vip (see Note 2) ... ... ... .. e 16V
Input voltage, Vi (@any input) ... e e 8V
Input current, ) (each input) ... ... L e +5mA
Output current, g (each output) ... ... . e e +50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ............ ..o, unlimited
Continuous total dissipation ............ ... ... .. i, See Dissipation Rating Table
Operating free-air temperature range, Ta: Csuffix .......... ... ... it 0°Cto 70°C

Isuffix ... ... —40°C to 85°C

Msuffix ..ooovioii i -55°C to 125°C
Storage temperature range . ...ttt e e —65°C to 150°C
Case temperature for 60 seconds: FKpackage ................cioiiiiiiiiiiiiiariiaennnnn. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: Dor P package ................. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 60 seconds: JG package .................... 300°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. All voltage values except differential voltages are with respect to the midpoint between Vpp 4 and Vpp - .

2. Differential voltages are at IN+ with respect to IN—.
3. The output may be shorted to either supply. Temperature and/or supply voltages must be limited to ensure that the maximum
dissipation rating in not exceeded.

DISSIPATION RATING TABLE

PACKAGE Ta <25°C DERATING FACTOR Ta=70°C Ta =85°C Ta =125°C
POWER RATING ABOVETA=25°C POWER RATING POWER RATING POWER RATING
D-8 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW
D-14 950 mwW 7.6 mW/°C 608 mwW 494 mwW 190 mwW
FK 1375 mW 11.0 mW/°C 880 mwW 715 mwW 275 mW
JG 1050 mW 8.4 mW/rC 672 mW 546 mW 210 mwW
P 1000 mwW 8.0 mwW/°C 640 mW 520 mW 200 mW

recommended operating conditions

C SUFFIX | SUFFIX M SUFFIX UNIT
MIN MAX MIN MAX MIN MAX
Supply voltage, Vpp+ 2.3 18 +2.3 +8 +2.3 +8 \
Common-mode input voltage, Vi Vob- VoD+-23]| Vob- Vpbpb+-23| Vob- VoD+-23 v
Operating free-air temperature, Ta [¢] 70 -40 85 -55 125 °C

B 89L1724 010L?LY4 545 1E
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201C electrical characteristics at specified free-air temperature,

otherwise noted)

Vpp+ = £5 V (unless

PARAMETER TEST CONDITIONS Tat T1C2201C UNIT
A MIN TYP MAX
v Inout offset volt 25°C 100 500 v
nput offset voltage
10 P g Full range soo| "
aylo  Temperature coefficient of input offset voltage Full range 05 uvic
] it 0
Input offset voltage long-term drift (see Note 4) Vig =0, Rg=50Q 25°C 0.001 0.005 | pV/imo
I Input offset current 2c 95 A
nput offset curren
1o P Full range 0] P
I Input bi t 25 ! A
nput bias curren
1B P Full range 100 P
-5
VicrR Common-mode input voltage range Rg=50Q Full range to \'
27
. - . 25°C 4.7 4.8
VOM+ Maximum positive peak output voltage swing \
Full range 4.7
RL =10 kQ
V Maxi ati k output voltage swi 25°C 47 49 v
- Maximum negative peak output voltage swin
oM™ 9 P P g 9 Full range -4.7
25°C 400 560
Vo =14V, Rp =500 kQ
A L ignal ditferential volt: lificati Full range 800 Vimv
arge-signal differential voltage amplification
VD ge-sig e} p! 25°C %0 100
Vo=14V, RL = 10kQ
Full range 70
CMRR Common-mode rejection ratio Vic = Vicamin, Vo =0, Fulf range 85 dB
Rg=50Q
o . 25°C 90 110
ksvR  Supply voltage rejection ratio (AVpp+ /AV|Q) VDD+=123Vio+8V dB
- Full range 85
1 Supply current Vp=0 No load 25°C 1 15 mA
upply curi =0, o loa
bb PRy 0 Full range 1.5

t Full range is 0°C to 70°C.
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 = 26°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2201C operating characteristics at specified free-air temperature, Vpp+=15V

TLC2201C
PARAMETER TEST CONDITIONS Tat NN TYP  MAX UNIT
) ) Vo=123V, RL=10kQ 25°C 2 27
SR Slew rate at unity gain C{ = 100 pF Fall range s Vius
Vi Equivalent input noise voltage f=10Hz 25e 18 nVAHz
f=1kHz 25°C 8
VN(pP)  Peak-to-peak equivalent input noise voltage f=0Tto1Hz 25°C 05 v
}f=0.1t0 10Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 tANHz
Gain-bandwidth product :;_ 101':;%2;# AL=10k, 25°C 19 MHz
om Phase margin at unity gain RL=10kQ, Cp=100pF 25°C 48°

t Full range is 0°C to 70°C.

B 39L1724 0LOL?ES 448l HE
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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TLC2201C electrical characteristics at specified free-air temperature, Vpp+ =

otherwise noted)

5 V (unless

TLC2201AC TLC2201BC
PARAMETER TEST CONDITIONS TA‘" UNIT
MIN TYP MAX| MIN TYP MAX
25°C 80 200 80 200
Vio Input offset voltage nv
Full range 300 300
Temperature coefficient of input
avio oﬁseF; voltage P Fuil range 0.5 05 uvree
Input offset voltage long-term o
drift (see Note 4) Vic=0, Rg=50Q 25°C 0.001 0.005 0.001 0.005| uv/mo
25°C 05 0.5
ho Input offset current PA
Full range 100 100
25°C 1 1
B Input bias current pA
Full range 100 100
VicR :;?]rg:wn‘mode input voltage Rg =50 0 Full range —52t<; —52 tg v
v Maximum positive peak output 25°C 47 48 47 48 v
OM+ voltage swing Fullrange | 4.7 47
RL=10kQ ~
v Maximum negative peak output 25°C 47 -49 -47 -49 v
OM- " voltage swing Ful range | —4.7 -47
25°C 400 560 400 560
Vo=x4V, RL =500k
A Large-signal differential voltage Fullrange | 300 300 Vi
WD i ot 'mV
amplification 25°C 90 100 90 100
Vo=%4V, RL=10kQ
Fuli range 70 70
. ) Vic = VIicrmin, 25°C 90 115 90 115
CMRR Common-mode rejection ratio dB
Vo =0, Rg=50Q | Fullrange 85 85
Supply voltage rejection ratio 25°C 90 110 90 10
¢ \4 =+23Vtot8V dB
SVR " (aVpp/AviO) DD+ Fullrange | 85 85
I Supol i v o No load 25°C 11 15 11 15 A
upply curren =0, o loa m,
oo PRy cu 0 Full range 1.5 1.5

1 Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated

to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

Q’ TEXAS
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TLC220x, TLC220xA, TLC220xB, TLC220xY

Advanced LinCMOS™ LOW-NOISE PRECISION

OPERATIONAL AMPLIFIERS

SLOS175 -

FEBRUARY 1997

TLC2201C operating characteristics at specified free-air temperature, Vpp+=15V

PARAMETER TEST CONDITIONS Tat TLC2201AC TLC22108C UNIT
A MIN TYP MAX| MIN TYP MAX
. . Vo=t23v, RL=10kQ 25°C 2 27 2 27
SR Slew rate at unity gain \i
g Cp =100 pF Fullrange | 1.5 1.5 Hs
Equivalent input noise volt- | { = 10 Hz 25°C 18 35 18 30
v, VAHz
" age (see Note 5) f=1kHz 25°C 8 15 8 12| "
to- i i f=0.1t01Hz 25°C 0.5 0.5
VN(PP) Pe.ak to-peak equivalent input R
noise voltage f=0.11t0 10 Hz 25°C 0.7 0.7
n Equivalent input noise current 25°C 0.6 0.6 fANHz
. . f=10kHz, RL =10kQ, .
Gain-bandwidth product CL = 100 pF 25°C 1.9 1.9 MHz
om Phase margin at unity gain RL=10kQ, Cj =100pF 25°C 48° 48°

t Full range is 0°C to 70°C.
NOTE 5: This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.

B 8961724 01l0L?L7? 254 HN
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OPERATIONAL AMPLIFIERS
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TLC2201C electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise

noted)
PARAMETER TEST CONDITIONS Tat TLC2201C UNIT
A MIN _TYP MAX
v Input offset volt 25°C 100 500 v
nput offset voltage
1o P 9 ) Full range 600 "
oyl  Temperature coefficient of input offset voltage Full range 0.5 uvrGc
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pV/mo
Vic=0, Rg=50Q
I Input offset t B¢ 05 A
nput offset curren
10 P Full range 100 P
| Input bi t 25°C ! A
nput bias curren
1B P Full range 100 P
0
VicR Common-mode input voltage range Rg =50 Q Full range to V'
27
25°C 4.7 4.8
VoH Maximum high-level output voltage RL =10 kQ A
Full range 4.7
Vv Maxi low-level output voit lop=0 25°C 0 % \
aximum low-level output voltage = m
oL P 9 0 Full range 50
Vo=1Vto4V, 25°C 150 315
) ) __ R =500 kQ Full range 100
AyD Large-signal differential voltage amplification - V/imv
Vo=1Vio4V, 25°C 25 55
RL=10kQ Full range 15
= i = 25°C 90 110
CMRR Common-mode rejection ratio Vic = VicRmin, Vo =0, dB
Rg=50Q Full range 85
o ) 25°C 90 110
ksvR Supply voltage rejection ratio (AVpp +/AV|0) Vpp=46Vto 16V dB
Full range 85
25°C 1 1.5
lop Supply current Vo=25YV, No load mA
Full range 1.5

T Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at To = 150 °C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2201C operating characteristics at specified free-air temperature, Vpp =5V

PARAMETER TEST CONDITIONS Tat TLC2201C UNIT
MIN  TYP MAX
o Vo=05Vto25V, 25°C 18 25
SR Slew rate at unity gain Vius
R =10k, C| =100pF Full range 1.3
Vn Equivalent input noise voltage 1= 10He 25°C 18 nV~Hz
f=1kHz 25°C 8
VN(pp)  Peak-to-peak equivalent input noise voltage f=01t01Hz 25°C 05 uv
f=0.1t0o 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 tANHz
Gain-bandwidth product 23=L 101';)'32‘;,: AL =10k, 25°C 1.8 MHz
om Phase margin at unity gain RL =10k CL =100 pF 25°C 45°

t Full range is 0°C to 70°C.

B 89L1724 010bL768 190 HM
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TLC2201C electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise

noted)
PARAMETER TEST CONDITIONS Tat TLC2201AC TLC22018C UNIT
A MIN TYP MAX| MIN TYP MAX
v input offset volta 25°C 80 200 80 200 v
nput offset voltage
10 P 9 Full range 300 300 #
o Temperature coefficient of Full range 05 05 VI
VIO input offset voltage 9 ' ) "
Input offset voltage long-term o
drift (see Note 4) Vic=0, Rg=50Q 25°C 0.001 0.008 0.001 0.005 | uv/mo
25°C 0.5 0.5
io Input offset current pA
Fult range 100 100
| Input bi t 25 ! ! A
nput bias curren!
18 P Full range 100 100 P
Gommon-mode input voitage _ Oto Oto
VicR range Rg=50Q Full range 27 27 v
i igh-| 25°C 47 48 47 48
VoH Maximum high-level output RL = 10kQ Vv
voltage Full range 4.7 4.7
i . 25°C 0 50 0 50
VoL Maximum low-level output Io=0 mv
voltage Full range 50 50
Vo=1Vio4V, 25°C 150 315 150 315
AD Large-signal differential Ry =500 kQ Full range | 100 100 Vimv
Vv voitage amplification Vg=1Vto4V, 25°C 25 55 25 55
RL=10kQ Full range 15 15
o | vic =Vicgmin, 25°C 90 110 9 110
CMRR Common-mode rejection ratio dB
Vo=0, Rg =50Q [ Full range 85 85
Supply voltage rejection ratio 25°C 9 110 80 110
k Vpp =46Vio16V dB
SVR - (avpp+/avip) 0o Full range 85 85
I Suppl t Vo=25V, Noload 25°C L. L A
U curren =25V, o loa m,
0D PPly o Full range 1.5 15

1 Full range is 0°C to 70°C.

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T4, = 150°C extrapolated

to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2201C operating characteristics at specified free-air temperature, Vpp =5V

TLC2201AC TLC2210BC
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX| MIN TYP MAX
. . Vp=05Vto25V, 25°C 18 2.5 18 25
SR Slew rate at unity gain Vips
RL_=10kQ, C =100pF | Fullrange 1.3 1.3
Equivalent input noise voitage | f =10 Hz 25°C 18 35 18 30
V
n (see Note 5) f=1kHz 25°C s 15 s 12 nV~HzZ
Peak-to-peak equivalentinput [f=0.1to 1 Hz 25°C 0.5 0.5
VN(PP) 4 nv
noise voltage f=0.1t0 10Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANHz
) ) t=10kHz, RL=10kR, .
Gain-bandwidth product CL = 100 pF 25°C 1.8 1.8 MHz
om Phase margin at unity gain RL=10kQ, Cp =100pF 25°C 45° 45°

t Fult range is 0°C to 70°C.
NOTE 5. This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202C electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless
otherwise specified)

PARAMETER TEST CONDITIONS TAT TLC2202€ UNIT
A MIN _TYP MAX
y Inout offset volt 25°C 100 1000 v
nput offset voltage
10 P g Full range 1150 "
— - Vic =0, Rg=50Q
avi0  Temperature coefficient of input offset voltage Full range 05 uv/eg
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pV/imo
25°C 0.5
ho Input offset current
v 0 R =500 Full range 100 A
_ Ic=" 8= 25°C 1 P
B Input bias current
Full range 100
-5
VicrR  Common-mode input voltage range Rg =50 Q Full range to \
27
v, Maximum positi k output volta i 25°C 47 48
laximum positive peak output voltage swin:
OM+ P P P g q Full range 4.7 v
Ry =10 kQ
v Masxi ’ K outout volt. 3 25°C -47 -493
— Maximum negative peak output voitage swin.
OM g P P ¢ ° Fuil range -4.7 Vv
25°C 300 560
Vo=+4V, R_=500kQ
. " . N Full range 200
AyvD Large-signal differential voltage ampiification Vimv
25°C 50 100
Vo=14V, R_=10kQ
Full range 25
= = i 25°C 80 115
CMRR Common-mode rejection ratio Vo=0, Vic = Vicrmin, dB
Rg =500 Full range 80
k Supply-voit jecti tio (AV /AVI0) |V +23Vto18V 2570 80 1o dB
upply-voltage rejection ratio =+23Vto
SVR PRIy ge rej DD+/aVIQ DDz Full range 80
| Supply current ' Vo=0 No load 250 18 27 mA
upply curr =0, o loa
bb PPy 0 Full range 27

1 Full range is 0°C to 70°C.
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.

TLC2202C operating characteristics at specified free-air temperature, Vpp+=15V

PARAMETER TEST CONDITIONS Tat TLC2202C UNIT
MIN TYP MAX
N Vo=%23V, R_ =10k 25°C 18 27
SR Slew rate at unity gain CS= 100 pF L Full range 3 Vips
. . . f=10Hz 25°C 18
Vi Equivalent input noise voltage P 250 P nVAHz
VN(PP) Peak-to-peak equivalent input noise voltage fz0ftolHz 2570 05 uv
f=0.1t0 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 tanAz
Gain-bandwidth product LT_ 1=01’2)|;zr’>F RL=10ko, 25°C 1.9 MHz
Om Phase margin at unity gain Ry = 10 k€2, CL =100 pF 25°C 48°

1 Full range is 0°C to 70°C.
B 2951724 0106771 785 WA
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202C electrical characteristics at specified free-air temperature, Vpp. =

otherwise noted)

+5 V (unless

PARAMETER TEST CONDITIONS Tat TLC2202AC TLC22028C UNIT
A MIN TYP MAX| MIN TYP MAX
25° 0 5
Vio Input offset voltage 5°C 8 %o 80500 uv
Full range 650 650
Temperature coefficient Vi =0 Re=500Q o
VIO of input offset voltage 1c =5 S Full range 0.5 0.5 pVrPC
Input offset voltage long-term o
drift (see Note 4) 25°C 0.001 0.005 0.001 0.005| uV/mo
25°C 0.5 .
o Input offset current o 00 03 00 pA
Vic=0, Rg=500 uzsocge 1 1
B Input bias current pA
Full range 100 100
Common-mode input voltage -5 -5
ViR range P 9 Rg=50Q Full range to to A
b 2.7 27
Maximum positive peak 25°C 47 48 47 48
Vom+ : v
output voltage swing R =10k Fult range 47 4.7
v Maximum negative peak - 25°C -47 -49 -47 -49 v
OM= output voltage swing Fullrange | —4.7 “a7
25°C 300 56 30 560
Vo=+4V, R =500k 0 0
AvD Large-signal differential Fult range 200 200 Vimv
voltage amplification 25°C 1 50 100
9 P Vo=24V, RL=10kQ 50 00
Full range 25 25
= i 25°C 80 115 80 115
CMRR Common-mode rejection ratio Vig = VicRmin, dB
Vo =0, Rg=50% | Fullrange 80 80
Supply-voltage rejection ratio 25°C 80 110 80 110
K V| =12.3Viot8V dB
SVR (avpp+/avio) DD+ Fullrange | 80 80
25°C 18 27 18 27
1 Supply ¢ t Vo =0, No load mA
oD pply curren 0 Full range 2.7 2.7

T Full range is 0°C to 70°C.

NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 V.

TLC2202C operating characteristics at specified free-air temperature, Vpp: =15V

PARAMETER TEST CONDITIONS Tal TLC2202AC TLC2202BC UNIT
A MIN _TYP MAX| MIN TYP MAX
) . Vo=123V, 25°C 1.8 2.7 18 27
SR Slew rate at unity gain RL=10ke, CL=100pF [Fullrange 13 - Vius
Equivalent input noise voltage |f=10Hz 25°C 18 35 18 30
V VAHz
n (see Note 5) T 25°C g8 15 FEEE B
Peak-to-peak equivalent input |{f=0.1101Hz 25°C 0.5 0.5
VN(PPP) . uv
noise voltage f=0.1t010Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANHZ
. . f=10kHz, Ry =10kQ, o
Gain-bandwidth product CL = 100 pF 25°C 1.9 1.9 MHz
Om Phase margin at unity gain AL =10kQ, Ci =100pF 25°C 48° 48°

1 Full range is 0°C to 70°C.

NOTE 5: This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS176 - FEBRUARY 1997

TLC22;020 electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise
noted

PARAMETER TEST CONDITIONS Tat TLC2202C UNIT
A MIN _ TYP MAX
v Input offset volt. 25°C 100 1000 v
nput offset voltage
10 P 9 Full range 1150 "
— - Vic=0, Rg=50Q
avio  Temperature coefficient of input offset voltage Fullrange 0.5 uvreG
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | uV/mo
ho Input offset current Full range 100
. Vic=0, Rg=50Q 25°C 1 A
[[T:] Input bias current ic s P
Full range 100
0
VicR  Common-mode input voltage range Rg=50Q Fult range to \
27
Y Maximum high-level t volta RL=10kQ 25C A7 A8 v
aximum high-ievel output voltage =
OH 9 P g L Fulf range 4.7
V Maxi low-level t voltage lo=0 25°C 0 % mv
laximum low-level output vo =
oL up 9 © Full range 50
Vo=1Vto4V, 25°C 150 315
. ) ) - RL = 500 kQ Full range 100
AvD Large-signal differential voltage ampilification V/imv
Vo=1Vio4V, 25°C 25 55
RL=10kQ Full range 15
= = i 25°C 75 110
CMRR  Common-mode rejection ratio Vo=0, Vic = VicRmin, dB
Rg=50Q Full range 75
K Supply-voltage rejection ratio (AV, /AVio) |V 46Vto16V 25°C 80 1o dB
upply-voltage rejection ratio = 4.
SVR PPy ge rej DD+/AVi0 DD Full range 80
! Supply current Vo =0, No load 25°C 17 26 A
U u =0, o m,
0D PPl 0 Full range 2.6

1 Full range is 0°C to 70°C.
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 Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2202C operating characteristics at specified free-air temperature, Vpp=5V

PARAMETER TEST CONDITIONS TAf TLC22020 UNIT
MIN TYP MAX
N Vo=05Vt025V 26°C 16 25
SR Slew rate at unity gain ! Vi
ty g RL=10k, CL=100pF | Full range 1.4 we
f=10Hz 25°C 18
V Equivaient input noise voltage V/vH:
n d P 9 t=1KHz 25°C 8 Rz
v, Peak-to-peak equivalent input noise voltage f=01t01Hz 25°c 05 v
eak-to- [ ut noise vol
N(PP) P a P ¢ f=0.11t0 10Hz 25°C 0.7 #
In Equivalent input noise current 25°C 0.6 fANHz
-y . f=10 kHz, RL=10kQ, o
Gain-bandwidth product CL = 100 pF 25°C 1.9 MHz
Om Phase margin at unity gain RL=10kQ, CL =100 pF 25°C 47°

1 Full range is 0°C to 70°C.

M 49b1724 010bL773 558 WA

‘t? Texas
INSTRUMENTS

3-782 POST OFFICE BOX 655303 ® DALLAS, TEXAS 75265




TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1987

TLC2202C electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise

noted)
PARAMETER TEST CONDITIONS Tat TLC2202AC T1.C22028C UNIT
A MIN TYP MAX| MIN TYP MAX
25°C 80 500 80 500
vVio Input offset voltage uv
Full range 650 650
Temperature coefficient Vie =0 Ra =500 0
VIO of input offset voltage I =5 S Full range 05 05 WVFC
Input offset voltage o
long-term drift {see Note 4) 25°C 0.001 0.005 0.001 0.005 | uV/mo
25°C 0.5 0.5
o Input offset current ST 00 150 pA
ull range
Vic=0, Rg=50Q 25°Cg : :
B Input bias current pA
Full range 100 100
C de input 0 0
VICR oI:nmon-mo e npu Rg=500Q Full range to to v
voltage range 27 27
i igh- 25°C 47 48 47 48
VoH Maximum high-level RL = 10 k2 Y
output voltage Full range 47 47
Maximum low-level 25°C 0 50 0 50
\" lo=0 mV
oL output voltage o Full range 50 50
Vo=1Vito4V, 25°C 150 315 150 315
_si i i Ry = 500 kQ Full 1 100
AVD Large-signal .qlfferentlal L ull range 00 Vimy
voltage amplification Vo=1V1ta4V, 25°C 25 55 25 55
R =10kQ Full range 15 15
_ " o 7 1
CMRR Common-mode rejection ratio Vic = Vicrmin, 25°C 5 1o S 1o dB
Vo =0, Rg=50Q | Full range 75 75
Supply-voltage rejection ratio 25°C 80 110 80 110
k Vpp=46Vto16V dB
SVR (avppa/avio) oD Fullrange | 80 80
25°C 1.7 26 1.7 2.6
| Supply current Vo=25V, Noload mA
0D PPy o Full range 2.6 2.6

1 Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapofated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 V.

TLC2202C operating characteristics at specified free-air temperature, Vpp =5V

PARAMETER TEST CONDITIONS Tat TLC2202AC TL.C22028C UNIT
A MIN TYP MAX| MIN TYP MAX
. . Vo=05Vio25V, 25°C 1.6 25 1.6 25
SR Slew rate at unity gain Vius
Ve RL=10kQ, C =100pF | Fyllrange | 1.1 1.1 H
Equivalent input noise voltage {f=10Hz 25°C 18 35 18 30
v iz
n (see Note 5) f=1kHz 25°C 8 15 8 12 nViHz
Peak-to-peak equivalent input |f=0.1101Hz 25°C 0.5 0.5
VN(PPP) wv
noise voltage f=0.1t0 10 Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fA/NHZ
: i f=10KkHz, Ry =10 k@2
Gain- , s o ! .
ain-bandwidth product CL = 100 pF 25°C 1.9 1.9 MHz
om Phase margin at unity gain R =10k, Cy =100pF 25°C 47° 47°

1 Full range is 0°C to 70°C.
NOTE 5. This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS
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TLCZL;01 lelectrical characteristics at specified free-air temperature, Vpp+ =15V (unless otherwise
noted

PARAMETER TEST CONDITIONS TAt TLC22011 UNIT
A MIN TYP MAX
v Input offset volt 25°C 100 500 v
nput offset voltage
10 P g Full range 650 "
ay|o  Temperature coefficient of input offset voltage Full range 0.5 uv/rc
Input offset voltage long-term drift (see Note 4) Vig =0, Rg =500 25°C 0.001  0.005 | uV/mo
| Input offset current ¢ 05 A
nput offset cur
10 P Full range 150 P
| Input bi t 2C ! A
nput bias curren
1B P Full range 150 P
-5
VicrR  Common-mode input voltage range Rg=50Q Full range to \
2.7
. - . 25°C 4.7 4.8
Vom+ Maximum positive peak output voltage swing \'%
Full range 47
RL = 10kQ
. ) ) 25°C -47 -49
VoM- Maximum negative peak output voltage swing Vv
Full range -4.7
25°C 400 560
Vo=%4V, R =500KkQ
. . . L N Full range 250
AvD Large-signal differential voltage amplification Vimv
25°C 90 100
Vo=%4V, R_=10kQ
Fulf range 65
Vi = VIicRmin, 25°C 90 115
CMRR Common-mode rejection ratio IC=YICR dB
Vo =0, Rg =500 Fuli range 85
k Suppl I jecti tio (AV /AV|0) V] +23Vio18V 257c %0 1o dB
u voltage rejection ratio =12 0+
SVR pply ge rej DD+/AVIO DD+ Full range a5
1 Supply current Vo=0 No load 25°C LA A
U curren =0, o0 loa m
DD PPy o Full range 15

1 Full range is —40°C to 85°C.
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 Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC22011 operating characteristics at specified free-air temperature, Vpp+=15V

PARAMETER TEST CONDITIONS Tat TLC22011 UNIT
A MIN TYP MAX
o Vo=123V, RL=10kQ, 25°C 2 27
SR Slew rate at unity gain ! Vius
Ve Ci =100pF Full range 1.4 "
f=10Hz 25°C 18
V Equivalent input noise voltage VH
n g P 9 T=1kHz 25°C 8 nVIHz
v Peak-to K ivalent input noise volta f=0.1t01Hz 25°C 0.5 v
eak-to-peak equivalent input noise voltage
N(PP) P q P 9 f=0.1t0 10 Hz 25°C 0.7 "
In Equivalent input noise current 25°C 086 fAnHz
) i f=10kHz, R_=10kQ .
Gain-bandwidth product CL = 100 pF 25°C 18 MHz
om Phase margin at unity gain RL=10k®, Ci =100pF 25°C 48°

1 Full range is —40°C to 85°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 ~ FEBRUARY 1997

TLC22011 electrical characteristics at specified free-air temperature, Vpp+ =+5 V (unless otherwise

noted)
TLC2201Al TLC2210BI
PARAMETER TEST CONDITIONS Tat e WAk MIN_ TYP  MAX UNIT
25°C 80 200 80 200
Vio Input offset voltage Full range 350 350 v
Temperature coefficient of input
VIO offset voltage Full range 0.5 0.5 uvreC
Input offset voltage long-term o
drift (see Note 4) Vic=0, Rg=50Q 25°C 0.001 0.005 0.001 0.005 | uV/imo
25°C 0.5 0.5
o Input offset current Full range 0 50 pA
. 25°C 1 1
i Input bias current Full range 150 150 pA
Common-mode input voltage _ -5t0 -5to
VICR range Rg =500 Full range 27 27 v
v Maximum positive peak output 25°C 47 48 47 48 v
OM+ voltage swing Fullrange | 4.7 47
RL =10k -
v Maximum negative peak output 25°C -47 -49 -47 -49 v
OM-  yoltage swing Fullrange | -4.7 -47
25°C 400 560 400 560
Vo=214V, R{=500kQ
A Large-signal ditferential voltage Fullrange | 250 250 Vimv
VD amplification 25°C 50 100 90 100 "
Vo=14V, R =10kQ
0 L Full range 65 65
o ! Vic = VIcRrmin, 25°C 90 115 90 115
CMRR Common-mode rejection ratio dB
Vo =0, Rg=50Q Full range 85 85
Supply voltage rejection ratio 25°C 90 110 %90 110
k v =+23Vto18V dB
SVR  (avpp+/aVi0) DD+ Fullrange | 85 85
25°C 1.1 15 1.1 1.5
IDD Supply current Vo =0, No load Fullrange 15 15 mA

1 Full range is —40°C to 85°C.
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 assuming an activation energy of 0.96 eV.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
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TLC2201! operating characteristics at specified free-air temperature, Vpp+=15V

TLC2201Al TLC22108B)
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX| MIN TYP MAX
SR Slew rate at unitv cai Vo=+23V, 25°C 2 27 2 27 v
ew rate at unity gain s
Ve R =10kQ, C| =100pF | Fulirange 1.4 1.4 H
Equivalent input noise voltage |f=10Hz 25°C 18 35 18 30
\ nVAHz
n (see Note 5) f=1kHz 25°C 8 15 8 12
Peak-to-peak equivalentinput |f=0.1t0 1 Hz 25°C 05 0.5
VN(PP) noi rv
noise voltage f=0.1t0 10 Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fAHZ
) i f=10kHz, R_=10kQ,
Gain-bandwidth product 25°C 1.9 1.9 MHz
CL =100 pF
om Phase margin at unity gain RL=10kQ, CL=100pF 25°C 48° 48°

1t Full range is —40°C to 85°C.
NOTE 5: This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
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SLOS175 - FEBRUARY 1997

TLC22011 electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise

noted)
PARAMETER TEST CONDITIONS Tat TLC2201 UNIT
MIN  TYP MAX
Vio Input offset voltage 250 100 500 uv
Full range 850
ayio  Temperature coefficient of input offset voltage Full range 0.5 uvree
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pv/mo
Vic=0, Rg=500Q
o Input offset current 25°C 9% pA
Full range 150
s Input bias current 25°C ! pA
Fuli range 150
0
VicR  Common-mode input voltage range Rg=50Q Full range to %
27
VOH Maximum high-level output voltage RL =10kQ 25 hid 28 v
Full range 47
VoL Maximum low-level output voltage =0 25°C 0 50 myv
Full range 50
Vo=1Vto4V, 25°C 150 315
) ) ! o Ry =500 kQ Full range 100
AvD Large-signal differential voltage amplification Vimv
Vo=1Vio4V, 25°C 25 55
R =10kQ Full range 15
o . V|c = VicRmin, 25°C 90 110
CMRR Common-mode rejection ratio dB
Vo =0, Rg=50Q Full range 85
ksyr  Supply voltage rejection ratio (AVpp + /AViQ) |Vpp=4.6V1io 16V 2570 %0 1o dB
- Full range 85
DD Supply current Vo=25V, Noload 25°C ! 8 mA
Full range 1.5

1 Full range is —40°C to 85°C.

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.

TLC22011 operating characteristics at specified free-air temperature, Vpp =5V

PARAMETER TEST CONDITIONS Tat TLC22011 UNIT
MIN TYP MAX
o Vo=05Vto25V, 25°C 18 25
SR Slew rate at unity gain Vius
R =10kQ, Cp=100pF Full range 12
] ) ) =10 Hz 25°C 18 _
Vn Equivalent input noise voltage PRy P a nV/VHz
] ' ) f=0.1t01Hz 25°C 0.5
VN(PP)  Peak-to-peak equivalent input noise voltage o010 1012 25°C 07 nY
In Equivalent input noise current 25°C 0.6 tAHz
Gain-bandwidth product YcT_ 1=01|§)T)ZF',F AL =10k, 25°C 18 MHz
om Phase margin at unity gain RL=10kQ, Cy =100pF 25°C 45°
t Full range is - 40°C to 85°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
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SLOS175 — FEBRUARY 1997

TLC22011 electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise
noted)

PARAMETER TEST CONDITIONS Tat TLC2201A1 TLC220181 T
A MIN TYP MAX| MIN TvP max| N
25°C 80 200 80 200
V] Input offset voltage
10 P g Full range 350 ) B
Temperature coefficient of
o0 inpu? offset voltage Full range 0.5 0.5 uv/eC
L"n'.;:’ts"::ﬁo"t:"f)ge longterm |20,  Rg=500 25°C 0.001 0.005 0.001 0.005 | uV/mo
25°C 0.5 0.5
| Input offset current A
10 P Full range 150 150 P
25°C 1 1
l Input bias current A
B P Full range 150 50| P
. 0 0
VICR ?a:m;non-mode input voltage Rg=50Q Full range to to v
9 27 27
Maximum high-level cutput 25°C 47 4.8 4.7 4.8
VOH I 9 P R =10kQ \
voltage Full range 4.7 4.7
- N 25°C
VoL MaIX|mum low-level output Io=0 0 50 0 50 mv
voltage Full range 50 50
Vo=1Vio4y, 25°C 150 315 150 315
A Large-signal differential RL =500 kQ Fullrange | 100 100 VimV
VD voltage amplification Vo=1VtodV, 25°C 25 55 25 55
RL =10kQ Full range 15 15
Vic =V, i !
CMRR Common-mode rejection ratio IC = VicRmIn, 25°C S0__mo % 1o dB
Vo=0, Rg=500Q Fuil range 85 85
Supply voltage rejection ratio 25°C 90 110 9 110
k Vpp =4.6Vio 16V dB
SVR  (aVpp+ /avio) Db Fulltange | 85 85
25°C 1 1.5 115
| Supply current Vo=25V, Noload mA
oD PPy 0 Full range 1.5 15

T Full range is —40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ta = 150°C exirapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
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TLC22011 operating characteristics at specified free-air temperature, Vpp=5V

TLC2201Al TLC2210B1
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX| MIN TYP MAX
o Vo=05Vto25V, 25°C 18 25 18 25
SR Slew rate at unity gain Vius
RL=10kQ, C=100pF | Fullrange 1.2 1.2
Equivalent input noise f=10Hz 25°C 18 35 18 30
V, NHz
n voltage (see Note 5) f=1kHz 25°C 8 15 8 12 nvivHz
v Peak-to-peak equivalent input [f=0.1t0 1 Hz 25°C 0.5 0.5 v
N(PP) noise voltage f=0.1t0 10 Hz 25°C 0.7 07 .
In Equivalent input noise current 25°C 0.6 06 tANHz
. . f=10kHz, RL =10 kS, .
Gain-bandwidth product CL = 100 pF 25°C 1.8 1.8 MHz
om Phase margin at unity gain RL=10kQ, CL=100p+ 25°C a45° 45°

1 Full range is —40°C to 85°C.
NOTE 5: This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, please
contact the factory. This staterent has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202l electrical characteristics at specified free-air temperature, Vpp =15 V (unless otherwise
noted)

PARAMETER TEST CONDITIONS '\ JLc2202 UNIT
A MIN _ TYP  MAX
25°C 100 1000
Vio Input offset voltage puv
Full range 1200
— - Vic=0, Rg=50Q
oyio  Temperature coefficient of input offset voltage Full range 0.5 uvrC
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pv/mo
o Input offset current Full range 150
Vic =0, Rg=500Q 25°C 1 A
B Input bias current Ic S P
Fulf range 150
-5
VicrR  Common-mode input voltage range Rg =500 Full range to \
2.7
V Maxi iti k output volta i 250 27 48
|aximum positive peak output voltage swin
OM+ P P P g 9 Full range 4.7 \
RL=10kQ
v Maxi ti k output volt i 257C 47 49
- Maximum negative peak output voltage swin
oM g P P o 9 Fullrange | -4.7 \
25°C 300 560
Vo=14V, RL =500 kQ
A L ignal differentiai volt lificati Fullrange 150 Vimv
arge-signal differential voltage amplification m
VD ge-sig g P 25°C 50 100
Vp=14V, RL =10 kQ
Full range 25
- - i 25°C B0 115
CMRR Common-mode rejection ratio Vo=0, Vic = VicRmin, dB
Rg=500Q Full range 80
o ) 25°C 80 110
ksvR  Supply-voltage rejection ratio (AVpp+/AVio) |VDp=+2.3Vto+8V dB
Full range 80
! Suppl t Vo=0 No load 25 1827 A
u curren =0, o loa m.
bD PPy 0 Full range 2.7

1 Full range is — 40°C to 85°C.
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 Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC22021 operating characteristics at specified free-air temperature, Vpp1 =15V

PARAMETER TEST CONDITIONS Tat TLC22021 UNIT
MIN TYP MAX
— Vo=%23V, RL=10kQ 25°C 18 27
SR Slew rate at unity gain CE= 100 pF L Full range 2 Vius
Vn Equivalent input noise voltage f=10Hz 2570 18 nVAHz
f=1kHz 25°C 8
VN(PP) Peak-to-peak equivalent input noise voltage [=01tofHz 257 05 uv
f=0.1t0 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 fAWHz
Gain-bandwidth product fCT_ 10 1':)}32;# AL=10ka, 25°C 19 MHz
om Phase margin at unity gain RL = 10k, CL =100 pF 25°C 48°

1 Fult range is —40°C 1o 85°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2dz)02I electrical characteristics at specified free-air temperature, Vpp + =+5 V (unless otherwise
note

PARAMETER TEST CONDITIONS Tat TLC2202A1 TLC2202B1 UNIT
A MIN TYP MAX| MIN TVYP MAX
25°C 50 500
Vio Input offset voltage 8 0 8 uv
Fuli range 700 700
Temperature coefficient Vie =0 Ra=500Q
=0, = |l X . o
VIO o input offset voltage Ic S Full range 0.5 0.5 uvrC
Input offset voltage long-term o
drift (see Note 4) 25°C 0.001 0.005 0.001 0.005 | pV/mo
25°C 0.5 05
o Input offset current T anoe 150 150 pA
u
Vic=0, Rg=50Q 25509 - 1
B Input bias current pA
Fult range 150 150
c de inbut -5 -5
VicR "I;“’"°"'m° e Inpu RAg=500Q Full range to to v
voltage range 27 27
Maximum positive peak 25°C 47 4.8 47 A8
VoM + ; v
output voltage swing Rl =10k Full range 47 47
L=
v Maximum negative peak 25°C -47 -49 -47 -49 v
OM- output voltage swing Fullrange | —-4.7 -4.7
Vo=t4V, 25°C 300 560 300 560
-si i i Ry =500 kQ Full 1
AvD Large-signal .d.|fferent|al L ull range 150 50 Ny
voltage amplification Vo=2t4V, 25°C 50 100 50 100
RL=10kQ Full range 25 25
= i 25° 80 1 80 115
CMRR Common-mode rejection ratio Vic = Vicrmin, c 5 dB
Vo =0, Rg=500Q Full range 80 80
Supply-voltage rejection ratio 25°C 80 110 80 110
k V] $23Viox8V dB
SVR  (avpp+/AViO) DD Fullrangs | 80 80
25°C 18 27 1.8 2.7
| Supply current Vo =0, No load mA
0D PRIy edr 0o Full range 2.7 2.7

t Full range is —40°C to 85°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
to T = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC22021 operating characteristics at specified free-air temperature, Vpp+ =15V

PARAMETER TEST CONDITIONS Tal TLC2202A1 TL.C220281 UNIT
A MIN TYP MAX]| MIN TYP MAX
. ) Vo=%23V,R =10k 25°C 1.8 27 1.8 27
SR Slew rate at unity gain Vius
¥ 9 CL =100 pF Fultrange | 1.2 1.2 W
Equivalent input noise voltage |f=10Hz 25°C 18 35 18 30
Y VINFiz
n (see Nota 5) T=1kHz 55°C 8 15 51| "VAhe
Peak-to-peak equivalent f=0.1t01Hz 25°C 0.5 0.5
VNPP) | . nv
input noise voltage {=0.1t0 10 Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANHZ
; ] f=10kHz, R =10k, .
Gain-bandwidth product CL = 100 pF 25°C 1.9 1.9 MHz
om Phase margin at unity gain RL=10kQ, Cp =100pF 25°C 48° 48°

t Full range is —40°C to 85°C.
NOTE 5: This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC2202B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175—

FEBRUARY 1997

TLC2202I electrical characteristics at s

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

noted)
PARAMETER TEST CONDITIONS Tat ne I UNIT
A MIN _ TYP MAX
v Input offsst volt 25°C 100 1000 v
nput offset voltage
10 P 9 Full range 1200] "
— - Vic=0, Rg=50Q
ayio  Temperature coefficient of input offset voltage Fult range 0.5 pv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005 | pV/mo
o Input offset current Full range 150
Vic=0, Rg=50Q 25°C 1 A
B Input bias current 1c s )
Full range 150
0
ViIcR  Common-mode input voltage range Rg=50Q Full range to v
2.7
v Maximum high-level output volt RL =10 k2 z&c 17 48 Vv
laximum high-level output voitage =
OH J P g L Full range 47
V Maximum low-level output volt: lo=0 25°C 0 a \Y
laximum low-level output voltage = m
oL P ¢ 0 Fulf range 50
Vo=1Vto4ay, 25°C 150 315
. ' i i RL =500 kQ Full range 100
AvD Large-signal differential voltage amplification ~ Vimv
Vo=1Vio 4V, 25°C 25 55
Ry = 10kQ Full range 15
= = i 25°C 75 110
CMRR Common-mode rejection ratio Vo=0, Vic = Vicrmin, dB
Rg=50Q Full range 75
- . 25°C 80 110
ksvR  Supply-voltage rejection ratio (AVpp +/AV|Q) Vpp=46Vio 16V dB
Full range 80
| Suppl t Vo=25V, Noload 25°C 1726 A
u curren =25V, o loa m
DD PPy 0 Fuil range 2.6

TFun range is —40°C to 85°C,
NOTE 4: Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T4 = 150°C extrapolated
to T = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2202I operating characteristics at specified free-air temperature, Vpp =5V

TLC22021
PARAMETER TEST CONDITIONS Tat MIN_ TYP MAX UNIT
= 25°C 16 2.5
SR Slew rate at unity gain \F/‘E= fdsk;/) o235 (\3/L =100pF | Fullvangs ] Vius
f=10Hz 25°C 18
Vv Equivalent input noise voltage WH
n 9 P ¢ f=1 kHz 25°C 8 nViHz
V Peak-to-peak equivalent input noise voltage f=0lto1Hz 25°C 05 Vv
aaK-10-| uivalent inpu Ise voltal
N(PP) peakeq P ® [Coioomz 25°C 0.7 H
In Equivalent input noise current 25°C 0.6 fANHz
. ) f=10kHz, RL =10 k2, o
Gain-bandwidth product CL=100pF 25°C 1.8 MHz
Om Phase margin at unity gain R =10kQ, CpL =100 pF 25°C 47°

1 Full range is —40°C to 85°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175— FEBRUARY 1897

TLCZ:jz)OZI electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise
note

PARAMETER TEST CONDITIONS Tat TLC2202A1 TLC220281 UNIT
A MIN TYP MAX| MIN TYP MAX
25°C 80 500 5
vVio Input offset voltage 8 00 uv
Full range 700 700
Temperature coefficient of Vie =0 Re = 50 Q
=0, = | . . o
avio input offset voltage Ic s Fullrange 05 03 RVIC
Input offset voltage long-term o
drift (see Note 4) 25°C 0.001 0.005 0.00t1 0.005 | uV/mo
25°C 0. 0.5
ITe) Input offset current 5 pA
Fuli range 150 150
Vic=0, Rg=50Q
| Input bias current 25°C ! ! A
B P Full range 150 50] P
C de input 0 0
VICR "l;“m°"""° e Inpu Rg=500Q Fullrange | to to v
voltage range 27 27
d igh- 25°C 47 4.8 4.7 4.8
Vou Maximum high-level output AL = 10 kO v
voitage Full range 4.7 47
i X 25°C 0 50 0 50
VoL Maximum low-level output lo=0 mv
voltage Full range 50 50
Vo=1Vtio4V, 25°C 150 315 150 315
-sii i i Ry =500 k2 Full ran 100 100
AVD Large S|gna|.t:l.|ffe|"ent|al L range ¢! VimV
voltage amplification . Vo=1Vto4V, 25°C 25 55 25 55
RL=10kQ Full range 15 15
= i 25°C 7 110 75 110
CMRR Common-mode rejection ratio Vic = VicRMin, S dB
Vo=0, Rg=50Q | Fulirange 75 75
Supply-voltage rejection ratio 25°C 80 110 80 110
k Vpp=46Vto16V dB
SVR  (avpp+/avi0) oo Fullrange | 80 80
25°C 17 2.6 1.7 26
| Suppl t Vg=25V, Noload mA
Db upply curren 0 s 00 Full range 2.6 2.6

1 Full range is —40°C to 85°C
NOTE 4. Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Tp = 150°C extrapolated
1o Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2202| operating characteristics at specified free-air temperature, Vpp=5V

PARAMETER TEST CONDITIONS Tat TLC2202A TLC220281 UNIT
A MIN _TYP MAX| MIN TYP MAX
) ) Vo=05Vto25V, 25°C 1.6 25 1.6 2.5
R
S Slew rate at unity gain RL=10kQ, CL=100pF [Full rangs p ; Vius
Equivalent input noise voltage |f=10Hz 25°C 18 35 18 30
\ V/
n (see Note 5) T=1KHz 25°C 8 15 5| "VARe
Peak-to-peak equivalent f=01t01Hz 25°C 0.5 05
VNPP) | . uv
input noise voltage f=0.11010Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANHZ
. . f=10kHz, Rp=10kQ, o
Gain-bandwidth product CL = 100 pF 25°C 1.9 1.9 MHz
Om Phase margin at unity gain Ry =10k, C=100pF 25°C 47° 47°

T Full range is —40°C to 85°C
NOTE 5: This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLC22028B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M electrical characteristics at specified free-air temperature, Vpp+ = =5 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS t TLC2201M UNIT
Ta MIN _ TYP MAX
v Input offset volta 25°C 100 500 v
nput offset voltage
10 P 9 Fult range 700 #
avio  Temperature coefficient of input offset voltage Full range 0.5 wv/°C
Input offset voltage long-term drift (see Note 4) 25°C 0.001  0.005 | pv/mo
Vig=0, Rg=50Q
I input offset t 25°C 05 A
nput offset curren
1© P Full range 500 P
| Input bi t 2°C ! A
nput bias curren
8 P Full range 500 P
-5
VicR  Common-mode input voltage range Rg=50Q Full range to \
2.7
) B ) 25°C 47 48
VoM+ Maximum positive peak output voltage swing Vv
Full range 47
R =10 kQ
v Mani " K output volt. . 25°C -47 -49 v
— Maximum negative peak output voltage swin
oM 9 P P g g Full range -4.7 .
25°C 400 560
Vo=%4V, Rp =500 kQ
A Large-signal differential voltage amplificati Pulrange | 200 Vimy
arge-signal differential voltage amplification m
VD ge-sig 9¢ amp 25°C 9 100
Vo=%4V, R_ =10k
Full range 45
Vic = Viggmin, 25°C 90 15
CMRR Common-mode rejection ratio IC=YICR dB
Vo =0, Rg=50Q Full range 85
] ] 25°C 90 110
ksvR  Supply voltage rejection ratio (AVDp+/AVi0) [VDD+=123Vio+8YV aB
- - Full range 85
1 Suppl ent Vo=0 No load 25°C 1 15 A
U curren =0, o loa m
D PPl 0 Full range 1.5

T Full range is —55°C to 125°C.
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.

TLC2201M operating characteristics at specified free-air temperature, Vpp+=15V

PARAMETER TEST CONDITIONS TAf TLC2201M UNIT
MIN TYP MAX
3 i Vo=%23V, RL=10kQ, 25°C 2 27
SR Slew rate at unity gain CE): 100 pF L Foll ;angs 3 Vius
Vi Equivalent input noise voltage f=10H: 25°C 8 nVAHz
f=1kHz 25°C 8
VN(PP)  Peak-to-peak equivalent input noise voltage [=01tof Hz e 95 Y
f=0.1t010 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 fANHz
Gain-bandwidth product :;L 101';'32‘;,: AL=10ka 25°C 19 MHz
om Phase margin RL=10kQ, Cp=100pF 25°C 48°

T Full range is —55°C to 125°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M electrical characteristics at specified free-air temperature, Vpp+ = £5 V (unless
otherwise noted)

TLC2201AM TLC2210BM
PARAMETER TEST CONDITIONS TAT MIN_ TYP _MAX| MIN _TYP MAX UNIT
25°C 80 200 80 200
vVio Input offset voltage Full rangs 200 200 nv
T
Temperature coefficient of
VIO jnout offset voltage Full range 0.5 0.5 uv/rC
Input offset voltage o
long-term drift (see Note 4) Vic =0, Rg=500Q 25°C 0.001 0.005 0.001 0.005 ] pV/mo
25°C 0.5 0.5
o Input offset current Full range =00 =00 pA
ull 1
] 25°C 1 1
i Input bias current Full range 500 P pA
Common-mode input -5 S
VICR P Rg =500 Full range to o v
voltage range 27 27
v, Maximum positive peak 25°C 47 48 47 48 v
OM+ sutput voltage swing Rl = 10ka Full range 4.7 47
L= "
y Maximum negative peak 25°C 47 -49 -47 -489 v
OM- output voltage swing Fullrange | -4.7 -4.7
Vo=214V, 25°C 400 560 400 560
A Large-signal differential Ry = 500 kQ Fullrange | 200 200 VimV
VD voltage amplification Vo=t4V, 25°C 90 100 90 100
AL = 10kQ Full range 45 45
cMRR  Common-mode rejection Vic = VicRmin, 25°C 80 15 9% 115 a8
ratio Vo =0, Rg=50Q | Full range 85 85
Supply voltage rejection _ 25°C 90 110 80 110
KSVR  ratio (AVpD/AVI0) Vop=423Vio8Y oy range 85 85 a8
25°C 1.1 1.5 1.1 15
IbD Supply current Vo=0, No load Fullrange 5 - mA

1 Full range is —55°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observable through 168 hours of operating life test at Ta = 150°C extrapalated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC220x, TLC220xA, TLC220xB, TLC220xY

Advanced LinCMOS™ LOW-NOISE PRECISION

OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M operating characteristics at specified free-air temperature, Vpp+=15V

TEST TLC2201AM TLC2201BM
PARAMETER Tat
CONDITIONS A MIN TYP MAX| MIN TvP wmax| “MT
Vo =123V, 25°C 2 27 2 27
SR Slew rate at unity gain RL =10kQ, Vius
CL=100pF Full range 1.3 1.3
Equivalent input noise voltage f=10Hz 25°C 18 35 18 30
V
n (see Note 5) f=1 kHz 25°C 8 15 5 12| Ve
v Peak-to-peak equivalent input f=01t01Hz 25°C 0.5 0.5 v
N(PP)  noise voltage f=01t010Hz | 25°C 0.7 07 .
In Equivalent input noise current 25°C 06 0.6 fANHz
f=10kHz,
Gain-bandwidth product RL=10kQ, 25°C 1.8 1.9 MHz
Cp =100 pF
. . . RL =10 kQ,
om Phase margin at unity gain Ct =100 pF 25°C 48° 48°

T Full range is —55°C to 125°C.

NOTE 5: This parameter s tested on a sample basis for the TLC2201A and on all devi

contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise
noted)

PARAMETER TEST CONDITIONS Tat TLC2201M UNIT
MIN  TYP MAX
Vio Input offset voltage 250 2 50 uv
Full range 700
aylo  Temperature cosfficient of input offset voltage Full range 0.5 uvree
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005* | uv/mo
Vic=0, Rg=500Q
o Input offset current 25°C 93 pA
Full range 500
] 25°C 1
[IT:3 Input bias current Full range 500 pA
0
VicrR  Common-mode input voltage range Rg=50Q Full range to v
27
VoH  Maximum high-level output voltage R = 10kQ 25°C 7 8 A
Fuli range 47
VoL Maximum low-level output voltage lp=0 2 0 20 my
: Full range 50
Vg=1Via4V, 25°C 150 315
. . o R( =500 kQ Full range 75
AvD Large-signal differential voltage amplification vimy
Vo=1Vto4V, 25°C 25 55
RL=10kQ2 Full range 10
L ) V¢ = VIcRmin, 25°C 90 110
CMRR Common-mode rejection ratio dB
Vo=0, Rg=50Q Full range 85
ksvR  Supply voltage rejection ratio (AVpp+ /AV|0) |Vpp=468Vto 16V 25°C %0 al dB
- Full range 85
ipp  Supply current Vo=25V, Naload 25°C ! L -
Full range 15

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.
1 Full range is —55°C to 125°C.

NOTE 4: Typical values are based on the input offset voltage shift abserved through 168 hours of operating life test at Tp, = 150°C extrapolated
to Ta = 25°C uging the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2201M operating characteristics at specified free-air temperature, Vpp=5V

PARAMETER TEST CONDITIONS TA1' TLC2201M UNIT
MIN  TYP MAX
. . Vp=05Vto25YV, 25°C 18 2.5
SR Slew rate at unity gain Vius
RL=10kQ,  Cp =100pF Full range 1.1
Vn Equivalent input noise voltage f=1one 25¢ 12 nV/VHz
f=1kHz 25°C 8
VN(pp) Peak-to-peak equivalent input noise voltage fz01totHz 25°C 05 uv
f=0.1t0 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 tanHz
Gain-bandwidth product fc=L 101‘8%26,: AL =10k, 25°C 1.8 MHz
Om Phase margin at unity gain RL=10kQ, C=100pF 25°C 45°

1 Full range is —55°C to 125°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M electrical characteristics at

specified free-air temperature, Vpp = 5 V (unless otherwise

noted)
TLC2201AM TLC2210BM
PARAMETER TEST CONDITIONS Tat UNIT
MIN  TYP MAX| MIN TYP MAX
25°C 80 200 80 200
VIo  Inputofiset voltage w
Full range 400 400
Temperature coefficient of o
vio input offset voltage Full range 05 05 wVFC
Input offset voltage o
long-term drit (see Note 4) | VIC = 0. Rg=50Q 25°C 0.001 0.005 0.001 0.005 | uV/imo
25°C 0.5 0.5
o Input offset current pA
Full range 500 500
) 25°C 1 1
B Input bias current pA
Full range 500 500
ViCR CGomman-mode input Rg =500 Full range tg tg v
voltage range 57 27
i igh- 25°C 4.7 438 4.7 48
Von Maximum high-level output RL = 10 kg2 v
voltage Full range 4.7 4.7
Maximum low-level output 25°C 0 50 0 50
VoL lo=0 v
voltage Full range 50 50
Vo=1Vto4V, 25°C 150 315 150 315
AvD Large-signal differential RL = 500 kQ Full range 75 75 Vimy
voltage ampilification Vo=1Vto4V, 25°C 25 55 25 55
RL=10kQ Full range 10 10
- iecti Vic = Vicrmin, 25°C 90 10 90 10
CMRR Cqmmon mode rejection IC = VICR 4B
ratio Vo =0, Rg =509 | Full range 85 85
Supply voltage rejection 25°C 90 110 80 110
[ : Vpp =46Vto 16V dB
SVR 4t (AVDD +/AV|0) ob Full range 85 85
I Supply current Vo=25V, Noload 257C 11 13 i 15 A
curren =25V, o lo m.
DD PPl 0 Full range 15 1.5

T Full range is —55°C to 125°C.

NOTE 4: Typical values are based on the input offset volta
to Ta = 25°C using the Arrhenius equation and
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201M operating characteristics at specified free-air temperature, Vpp =5V

TLC2201AM TLC2201BM
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX| MIN TYP MAX
Vo=05Vto25YV, 25°C 18 25 1.8 25
SR Slew rate at unity gain RL=10kQ, Vius
C =100 pF Full range 1.1 1.1
i i i f=10Hz 25°C 18 35 18 30
Vi Equivalent input noise voltage nVARAZ
(see Note 5) f=1kHz 25°C 8 15 8 12
-to- i i f=0.1t01Hz 25°C 05 0.5
VN(PP) Pgak to-peak equivalent input v
noise voltage f=0.1t0o 10 Hz 25°C 0.7 0.7
n Equivalent input noise current 25°C 0.6 0.6 fANHz
f=10kHz,
Gain-bandwidth product R =10kQ, 25°C 18 1.8 MHz
Cy =100 pF
RL=10
om Phase margin at unity gain Ct - 100"‘:": 25°C 45° 45°

1 Full range is —55°C to 125°C.

NOTE 5: This parameter is tested on a sample basis for the TLC2201A and on all devices for the TLC2201B. For other test requirements, please

contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 ~ FEBRUARY 1997

TLC2202M electrical characteristics at specified free-air temperature, Vpp+ = 5 V (unless
otherwise noted)

PARAMETER TEST CONDITIONS Tat TLC M UNIT
A MIN _TYP  MAX
V| Input offset voltage 2 100 1000 \
nput offset volta
1o P 9 Full range 1250 "
— - Vic=0, Rg=50Q
ayjo  Temperature coefficient of input offset voltage Full range 0.5 uvr e
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005* | uV/mo
o Input offset current Full range 500
Vic=0, Rg=50Q 25°C 1 A
B Input bias current 1c S P
Full range 500
-5
VicR  Common-mode input voltage range Rg=50Q Full range to \
2.7
Vv Maximumn positive peak output voltage swi 25°C a7 48
Ximum posi ak output voltage swin
OM+ P peak outp 9 g Fullrange | 4.7 v
RL = 10 k@
V Maxi tive peak output voltage swi 2 A
-~ Maximum negativ ut vi e swin
oM 9 P P g 9 Fullrange | 4.7 v
Vo=1Vto4y, 25°C 300 560
, ) . . R = 500 k@ Fullrange | 100
Avp Large-signal differential voltage amplification Vimv
Vo=1Vto4V, 25°C 50 100
R =10 k2 Full range 25
= = i 25°C 80 15
CMRR Common-mode rejsction ratio Vo=0. Vic = VicRmin, dB
Rg =50 2 Full range 80
_— " 25°C 80 110
ksvR  Supply-voltage rejection ratio (AVpp +/AV|0) Vpp=+23Vto+8V dB
Full range 80
[ Supply current Vg=0 No load e 18 27 mA
u urren =0, o loay
oD PRY 0 Full range 2.7

“On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.

1 Full range is —55°C to 125°C.

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 Arrhenius equation and assuming an activation energy of 0.96 eV,

TLC2202M operating characteristics at specified free-air temperature, Vpp+ =+5V

PARAMETER TEST CONDITIONS Tat TLC2202M UNIT
MIN TYP MAX
R Vo=+23V, R =10k 25°C 18 27
SR Slew rate at unity gain CEJ= 100 pF L Full range T Vius
Vn Equivalent input noise voltage f=10Hz 25°C 18 nVAHz
f=1kHz 25°C 8
VN({PP) Peak-to-peak equivalent input noise voltage fz01to1Hz 25°C 95 uv
f=0.1t0 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 fANHZ
Gain-bandwidth product ;’L ‘=°1';“025F RL=10KD, | oo 19 MHz
om Phase margin at unity gain RL =10k, Cyp =100 pF 25°C 48°

1 Full range is —55°C to 125°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202M electrical characteristics at specified free-air temperature, Vpp+ = 5 V (unless
otherwise noted)

TLC2202AM TLC2202BM
PARAMETER TEST CONDITIONS Tat MN_ TYP MAX| WMIN_ TYP  WAX UNIT
25°C 80 500 500
Vio Input offset voltage 80 uv
Full range 750 750
Temperature coefficient Vie =0 Re = 50 Q o
w0 input ofset voltage Ic=0, S Full range 0.5 05 pv/rC
Input offset voltage o " .
long-term drift (see Note 4) 25°C 0.001 0.005 0.001 0.005* | uV/mo
25°C 0. 0.5
o Input offset current FaiTa S 500 =00 pA
range
Vic=0, Rg=50Q ”25009 - -
B Input bias current pA
Full range 500 500
Common-mode input -5 -5
VIicR o P Rg=50Q Full range to to v
voltage range 27 27
v Maximum positive peak 25°C 47 48 47 48 v
OM+ output voltage swing Rl = 10 k2 Full range 4.7 4.7
v Maximum negative peak L= 25°C -47 -49 -47 -49 v
OM- output voitage swing Fullrange | -4.7 -4.7
Vo=%4V, 25°C 300 560 300 560
A Large-signal differentiat R =500 kQ Fullrange | 100 100 vimv
VD voltage amplification Vo=14V 25C 50 100 50 100
RL=10kQ Full range 25 25
cMRR Common-moderejection | Vp =0, Vi =VicRmin, 25°C 80 115 80 115 4B
ratio Rg=50Q Full range 80 80
Supply-voltage rejection 25°C 80 110 80 110
k N V =+23Vto8V dB
SVR  ratio (AVDD+ /AVO) DD+ Fullrange | 80 80
25°C 18 2.7 1.8 27
| I t Vo=0, No load mA
DD Supply curren 0 o'oa Full range 2.7 2.7

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.
1 Full range is —55°C to 126°C.

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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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202M operating characteristics at specified free-air temperature, Vpp+ =5 V

PARAMETER TEST CONDITIONS Tal TLc2 M TLC22025M Ul
A MIN TP MAX| MIN Tvp max| UNT
Vo =123V, 25°C 18 27 18 27
SR Slew rate at unity gain RL=10kQ, Vius
CL =100 pF Fulf range 1.1 1.1
Equivalent input noise voitage | f =10 Hz 25°C 18 35" 18 30"
V, VA
n (see Note 5) f=1 kHz 25°C 8 15 5 1z |2
Peak-to-peak equivalentinput | f=0.11t01Hz 25°C 0.5 0.5
YN(PP) wv
noise voltage f=0.1t0 10 Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANHz
f=10 kHz,
Gain-bandwidth product RL=10kQ, 25°C 1.9 1.9 MHz
Ci =100 pF
=10kQ,
om Phase margin at unity gain gt =100 pF 25°C 48° 48°

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.

 Full range is —55°C to 125°C.

NOTE 5: This parameter is tested on a sample basis for the TLC2202A and on all devices for the TLG2202B. For other test requirements, please
contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202M electrical characteristics at specified free-air temperatures, Vpp =5V (unless otherwise

noted)
TLC2202M
TEST CONDI Tal
PARAMETER ST CONDITIONS A MIN TP WAX UNIT
v Input offset voltage 25°C 100 1000 v
nput offset volta
1o P 9 Full range 1250 "
— - Vic =0, Rg =509
ayio  Temperature coefficient of input offset voltage Full range 05 puvrG
Input offset voltage long-term drift (see Note 4) 25°C 0.001 0.005" | uV/mo
[[Te) Input offset current Full range 500
Vic =0, Rg=50Q 25°C 1 A
[IT:) Input bias current Ic S P
Full range 500
0
VicR Common-mode input voltage range Rg=50Q Full range to v
2.7
7 Maxi high-level output volt AL = 10kQ 25°C a7 48 v
aximum high-level output voltage =
OH 9 P g L Full range 47
V Maxi low-fevel output volt; lo=0 250 0 50 \
aximum low-ievel output voltage = m
oL P g 0 Full range 50
Vo=1Vio 4V, 25°C 150 315
. i i . R =500 kQ Fult range 75
AVD Large-signal differential voltage ampilification = Vimv
Vo=1Vto4V, 25°C 25 55
RL = 10kQ Full range 10
: ) ) 25°C 75 110
CMRR Common-mode rejection ratio Vic =Vigrmin, Rg=50Q dB
Fuli range 75
k Supply-volt jecti tio (AV avio) |V 46Vto16V 257C 80 o dB
upply-voitage rejection ratio =4, ("
SVR PPy ge rej DD+ /AVIO DD Full range 30
| Suppl t Vo=25V, Noload ¢ 1728 A
u curren =25V, o loal m,
oD PPl 0 Full range 2.6

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.
1 Full range is -55°C to 125°C.

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.

TLC2202M operating characteristics at specified free-air temperature, Vpp =5V

PARAMETER TEST CONDITIONS Tat TLC2202M UNIT
MIN  TYP MAX
N Vo=05Vio25V, 25°C 1.6 25
SR Slew rate at unity gain R(L)= 10k, Cy = 100 pF Full range 09 Vips
Vn Equivalent input noise voltage f=10Hz 25°C 18 nvAHz
f=1kHz 25°C 8
VN(PP) Peak-to-peak equivalent input noise voltage f=01to1Hz 250 05 uv
f=0.1t0 10 Hz 25°C 0.7
In Equivalent input noise current 25°C 0.6 fANHZ
Gain-bandwidth produet ::T_ 10 1'(‘)';'25,: RL=10ka, 25°C 19 MHz
¢m Phase margin at unity gain RL =10 kQ, CL =100 pF 25°C 47°

1 Full range is -55°C to 125°C.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC%Z;on electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise
note

TLC2202AM TLC2202BM
PARAMETER TEST CONDITIONS \u UNIT
MIN TYP MAX MIN TYP MAX
25°C 80 500 80 500
Vio Input offset voltage uv
Full range 750 750
Temperature coefficient of Vi =0 Ra=500Q o
[+2¥]Te) input offset voltage Ic=0, S Full range 0.5 0.5 uviec
Input offset voltage o . .
long-term drift (see Note 4) 25°C 0.001 0.005 0.001 0.005* | uv/mo
25°C 0.5 0.5
o Input offset current . pA
Full range 500 500
Vic=0, Rg=50Q
] 25°C 1 1
B Input bias current pA
Full range 500 500
v Common-mode input Rg =500 Flrangs | 16 o v
ICR voltage range S = 9 27 27
Von  Maximum high-level output AL=10kQ 25°C 47 48 47 48 v
voltage Full range 47 4.7
VoL Maximum low-level output || _ o 25°C 0 50 0 50 mv
voltage © Full range 50 50
Vo=1Vto4dV, 25°C 150 315 150 315
A Large-signal differential RL = 500 k2 Full range 75 75 oy
VD voltage amplification Vo=1ViodV, 25°C 25 55 25 55
RL =10k Full range 10 10
cMRR Common-mode rejection | Vo =0, V|c=VicRmin, [ 25°C 75 110 7% 10 a8
ratio Rs=500Q Full range 75 75
Supply-voltage rejection 25°C 80 110 80 110
ki h VpD =46Vio16V dB
SVR  ratio (AVpp + /aViQ) DD Full range 80 80
0 Supoi ¢ v 25V Noload 25°C 1.7 2.6 1.7 2.6 A
upply curren =25V, Noloa m
oD PPy 0 Full range 2.6 2.6

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.

1 Full range is —55°C to 125°C

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 T = 25°C using the Arrhenius equation and assuming an activation energy of 0.86 eV.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202M operating characteristics at specified free-air temperature, Vpp=5V

TLC2202AM TLC2202BM
PARAMETER TEST CONDITIONS TaT UNIT
MIN  TYP MAX MIN  TYP MAX
Vo=05Vio25YV, 25°C 16 25 16 25
SR Slew rate at unity gain RL = 10k, Vius
CL =100 pF Full range 0.9 1.1
Vo Equivalent input noise voltage |f=10Hz 25°C 18 35" 18 307 AR
(see Note 5) f=1kHz 25°C 8 15+ 8 12"
-to-| i i f=01t01Hz 25°C 05 0.5
VN(PP) Pegk to-peak equivalent input v
noise voltage f=0.1t0 10 Hz 25°C 0.7 0.7
In Equivalent input noise current 25°C 0.6 0.6 fANRZ
f=10 kMg,
Gain-bandwidth product RL =10kQ, 25°C 1.9 1.9 MHz
CL =100 pF
. ) ) RL=10kQ s o
om Phase margin at unity gain CL = 100 pF 25°C 47 47°

*On products compliant to MIL-PRF-38535, Class B, this parameter is not production tested.
t Full range is ~55°C to 125°C

NOTE 5: This parameter is tested on a sample basis for the TLC2202A and on ail devices for the TLC2202B. For other test requirements, please

contact the factory. This statement has no bearing on testing or nontesting of other parameters.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2201Y electrical characteristics at Vpp+ =5V, Tp = 25°C (unless otherwise noted)

TLC2201Y
PARAMETER TEST CONDITIONS UNIT
MIN TYP MAX
Vio Input offset voltage 100 uv
Input offset voltage long-term drift (see Note 4) 0.001 pV/imo
Vic=0, Rg=50Q
o Input offset current 0.5 pA
s Input bias current 1 pA -
VOH Maximum high-level output voltage RL=10kQ 4.8 v
VoL Maximum low-level output voltage lo=0 0 mV
. . i _ Vo=1Viod4V, R =5000 55
AvD Large-signal differential voltage amplification Vimv
Vo=1Vio4V, R =10Q 55
~ [~ . Vic = VicRmin, Vg =0,
CMRR Common-mode rejection ratio Rg =500 110 dB
ksvR  Supply voltage rejection ratio (AVpD + /AV|0) Vpp=46t016V 110 dB
DD Supply current per amplifier Vo=25YV, No load 1 mA

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.

TLC2201Y operating characteristics at Vpp + =t 5V, T =25°C

PARAMETER TEST CONDITIONS TLC2201Y UNIT
MIN  TYP MAX
SR Positive slew rate at unity gain Vo=105t025V, R =10kQ  Cp =100pF 25 Vips
’ ) ) f=10Hz 18
Vn Equivalent input noise voitage nVAHz
f=1kHz 8
10-| i i i f=0.1 to1Hz 0.5
VN(PP) C‘;‘a:g? peak equivalent input noise —— = wv
In Equivalent input noise current 06 pANHz
Gain-bandwidth product f=10kHz, R =10kQ, CL=100pF 1.8 MHz
om Phase margin at unity gain R =10k, Cp =100 pF 48°

M 49651724 0106797 T91 A
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TLC2202Y electrical characteristics, Vpp = 5 V, Ta = 25°C (unless otherwise noted)

TLC2202Y
PARAMETER TEST CONDITIONS UNIT
MIN  TYP MAX
Vio Input offset voltage 100 uv
Input offset voltage long-term drift (see Note 4) 0.001 uv/mo
Vic=0, Rs=50Q
o Input offset current 0.5 pA
s Input bias current 1 pA
VoH  Maximum high-level output voltage RL = 10kQ 4.8 \4
VoL Maximurm low-level output voltage lo=0 0 mv
. _ . — Vo=1Vto4V, R =500 Q 315
AyD Large-signal differential voltage amplification Vimv
Vo=1VtoayV, RL=10Q 55
CMRR Common-mode rejection ratio Vo =0, Vicrmin, Rg=50Q 110 dB
ksvR  Supply-voltage rejection ratio (AVpcc/avio) Vpp=46to16V 110 dB
Ipp Supply current Vo=25V, No ioad 1.7 mA
NOTE 4:

Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at T = 150°C extrapolated
to TA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

TLC2202Y operating characteristics at Vpp =5V, T = 25°C

PARAMETER TEST CONDITIONS TLC2202 UNIT
MIN  TYP MAX
SR Positive slew rate at unity gain gf:?oso\;;o 25V, Ry =10k, 25 Vius
. . . f=10Hz 18
Vn Equivalent input noise voitage 1= 10 khz P nVAHz
VN(PP) Peak-to-peak equivalent input noise voltage =01 to1Hz 05 nv
f=0.1 to 10 Hz 0.7
In Equivalent input noise current 0.6 pANHZ
B4 Gain-bandwidth product ch_ 1=01|$Z§F RL=10kQ, 19 MHz
Om Phase margin at unity gain RL =10k, CL =100 pF 47°

M 49L1724 DLOL?98 928 HR
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TLC220x, TLC220xA, TLC220xB, TLC220xY

Advanced LinCMOS™ LOW-NOISE PRECISION

OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

PARAMETER MEASUREMENT INFORMATION

2kQ
I Vo
Vpp—/GND
200 20Q

Figure 1. Noise-Voltage Test Circuit -

VDD +

Vi p-
VpD-
[~=N Ry
(see Note A)

Vo

NOTE A: C|_includes fixture capacitance.

Figure 3. Slew-Rate Test Circuit

typical values

Typical values presented in this data sheet represent the median (50% point) of device parametric performance.

input bias and offset current

At the picoamp bias current level of the TLC220x, TLC220xA, and TLC220xB, accurate measurement of the
bias current becomes difficult. Not only does this measurement require a picoammeter, but test socket leakages
can easily exceed the actual device bias currents. To measure these small currents, Texas Instruments uses
a two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with
no device in the socket. The device is then inserted in the socket, and a second test measuring both the socket
leakage and the device input bias current is performed. The two. measurements are then subtracted

NOTE A: Cy includes fixture capacitance.
Figure 2. Phase-Margin Test Circuit

Ground Shield YDD+

Vo

Vpp-/GND

Figure 4. Input-Blas and Offset-Current Test Circuit

algebraically to determine the bias current of the device.

noise

Texas Instruments offers automated production noise testing to meet individual application requirements. Noise
voltage at f = 10 Hz and f = 1 kHz is 100% tested on every TLC2201B device, while lot sample testing is

performed on the TLC220xA. For other noise requirements, please contact the factory.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TYPICAL CHARACTERISTICS

Table of Graphs
FIGURE
Vio Input offset voltage Distribution 5,6
I8 Input bias current vs Comm.on-mode input voltage 7
vs Free-air temperature 8
; vs OQutput current 9
Vom Maximurm peak output voltage vs Free-air temperature 10
Vo(pp) Maximum peak-to-peak output voltage vs Frequency "
vs Frequency 12
VOH High-level output voitage vs High-level output current 13
vs Free-airtemperature  ~ 14
vs Low-level output current 15
VoL Low-level output voltage vs Free-air temperature 16
" " . A vs Frequency 17
AyD Large-signal differential voltage amplification vs Free-air temperature 18
i vs Supply voltage 18
los Short-circuit output current vs Free-air temperature 20
CMRR  Common-mode rejection ratio vs Frequency 21
vs Supply voltage 22
'op Supply current vs Free-air temperature 23,24
Small signal 25,26
Pulse response Large signal 27,28
SR Slew rate vs Supply. voltage 29
vs Free-air temperature 30
. . 0.1to1Hz 31
Noise voltage (referred to input) 0.1 to 10 Hz an
Gain-bandwidth product vs Supplyvoltage 33,34
vs Free-air temperature 35
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om Phase margin vs Free-air temperature 38, 39
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TLC220x, TLC220xA, TLC220xB, TLC220xY

Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 ~ FEBRUARY 1997

Percentage of Units — %

1| — Input Bias Current — pA

TYPICAL CHARACTERISTICS
TLC2202
DISTRIBUTION OF TLC2201 DISTRIBUTION OF
INPUT OFFSET VOLTAGE INPUT OFFSET VOLTAGE
0T T T T T T r—T—TT—T T T T
408 Units Tested From 2 Wafer Lots 1726 Ampilifiers Tested From 1 Wafer Lot
Vpp+=15V 14} Vpp+=z15V I I
Ta=25°C Ta=25°C
161" P Package 12 P Package
2
1
0
12 % 10
g 8
g
8 j<3
g 6
a
4
4
2
0 £ 0
~500 -300 —100 100 300 500 -1000 -600 -200 200 600 1000
V10 - Input Offset Voitage - uv Vi — Input Offset Voltage - uVv
Figure 5 Figure 6
INPUT BIAS CURRENT INPUT BIAS CURRENT?
v§ vs
COMMON-MODE INPUT VOLTAGE FREE-AIR TEMPERATURE
10 v t T 5y 300 T
DD+ =% Vpp+ =15V
8| Ta=26°C Vo=0
6 250 Vic=0
~ 3 !
200
2 5 /
E
3
0 ‘g 150 /
-2 o
§. 100
-4 £ /
|
)
-6 -
50
8 /
-10 0
-5 -4 -3 -2 -1 0 1 2 3 4 5 25 45 65 85 105 125

Vic - Common-Mode input Voltage — V
Figure 7

Ta - Free-Alr Temperature — °C
Figure 8

tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TYPICAL CHARACTERISTICS

MAXIMUM PEAK OUTPUT VOLTAGE MAXIMUM PEAK OUTPUT VOLTAGE?T
vs vs
OUTPUT CURRENT FREE-AIR TEMPERATURE
5 T 6
S: VDD =15V
>' VOM \\ TA = 25°C >I VOM+
g, 4 N ~ é’ 4
3 \ o &
5 5 2
-8
5 3
x 2 Vppt=15V
8 5 0 RL=10kQ
E 2 £
£ E -
3 5
= =
| 1 i
= = -4 m
2c) >o OM
0 -6
1] 2 4 6 8 10 -75 -50 -25 0 26 50 75 100 125
ligl - Output Current - mA Ta - Free-Air Temperature - °C
Figure 9 Figure 10
MAXIMUM PEAK-TO-PEAK OUTPUT VOLTAGE? HIGH-LEVEL OUTPUT VOLTAGEY
vs vs
FREQUENCY FREQUENCY
> 10 5
1 l=.—=%=$:'~~
- )
: \ . \
g 8 ! 4
5 - \
s Ta =-55°C L. Ta=-55°C
5 9 \
(<] >
§ 6 R
a 5
8 \ 8 \
x Ta =125°C ® Ta =125°C
3 4 A N % 2 2 \
o \ 4 \
: Q \
E o
- N Lo N
3 NN L W
[ Vpp+=15V \\\~ Vpp=5V \\\~
g RL=10k0 ~ R = 10kQ b
S [ 0 [
10k 30k 100k 300 k iM 10k 30k 100k 300k iM
f - Frequency — Hz f - Frequency — Hz
Figure 11 Figure 12

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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TLC220x, TLC220xA, TLC220xB, TLC220xY
Advanced LinCMOS™ LOW-NOISE PRECISION
OPERATIONAL AMPLIFIERS

SLOS175 - FEBRUARY 1997

TYPICAL CHARACTERISTICS

HIGH-LEVEL OUTPUT VOLTAGE HIGH-LEVEL OUTPUT VOLTAGET
vs vs
HIGH-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
Vbp — 6 T T
| W\ Tp=25°C ;DE ?:k\g
> Vpp-2 T >| s L=
)
o Vpp=5V ‘ \ \ o
5 Vpp -4 i 5
2 \ \ 2
g Voos 3
g Vpp=10V \ \ g
= Vpp -8 < 3
I\ §
T Vpp -1 3
50" 5
X I
| Vpp-12 [
5 Vpp=16V ;5 ]
> Vpp-14 \
Vpp -16 0
0 1 2 3 4 5 -75 -50 -25 0 26 S50 75 100 125
loH — High-Level Output Current — mA Ta - Free-Air Temperature - °C
Figure 13 Figure 14
LOW-LEVEL OUTPUT VOLTAGE LOW-LEVEL OUTPUT VOLTAGET
vs vs
LOW-LEVEL OUTPUT CURRENT FREE-AIR TEMPERATURE
2 T T 1.5 T
Ta = 25°C Vpp=5V —¥ Vpp=5V
> Vpp=10V =
! Vpp=16V :
é’, 15 7 ‘% loL=5 mA//
: / $ e
g 1 . 3 ]
g E
g L
| 0.5 1
2 2
loL=1mA
0 0 L !
0 2 4 6 8 10 -75 -50 -25 ©0 25 50 75 100 125
IpL — Low-Level Output Current - mA Ta — Free-Air Temperature - °C
Figure 15 Figure 16

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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TYPICAL CHARACTERISTICS

LARGE-SIGNAL. DIFFERENTIAL VOLTAGE LARGE-SIGNAL DIFFERENTIAL VOLTAGE
AMPLIFICATION AND PHASE SHIFT AMPLIFICATIONt
vs vs
FREQUENCY FREE-AIR TEMPERATURE
120 T 30° 130
Vpp+=15V
wo roin | ;
s L=100p = 120 P~ Vpp+ =15V, R =500 k2 —
E g N Avo Ta =25°C % Q \\ Do x t
1 80 70° ]
AN £5. | T \'\
53 O N . S 110 ’ N
EE ® %0 £ 33 |vpp=5V,RL=500ka |
?E Phase Shift s 28 Vpp+ =5V, R = 10 kQ
g < 40 AN A e § $ s 100 . ’1
LE & Fg
1 £ 3 k-] M ——
s 2 ™ 130° LS —
3 \ a Vpp=5V,R=10kQ —
3 90
0 150°
-20 170° 80
10 100 1k 10k 100k 1M -75 -50 -25 0 25 50 75 100 125
f - Frequency - Hz TA — Free-Air Temperature - °C
Figure 17 Figure 18
SHORT-CIRCUIT OUTPUT CURRENT SHORT-CIRCUIT OUTPUT CURRENTT
Vs vs
SUPPLY VOLTAGE FREE-AIR TEMPERATURE
12 T 15 T T
Vo=0 Vpp+=15V
< Ta=25°C < Vo=0
E s E 10
B g
£ 3
3 —~ 3 °
< ‘; Vip=-100 mV
£ V|p =100 mV g
[«] 0 <] 0
5 £
F'; -4 ‘é’ -5
2 Vip = 100 mV
5 ﬁ D m /———"
¢In -8 < ] -10 _,/
o \ Vip =100 mV ig ‘//
-12 | | -15
o 1 2 3 4 5 6 7 8 -75 -50 -25 0 25 50 75 100 125
IVpp+! ~ Supply Voitage —V Ta - Free-Air Temperature —°C
Figure 19 Figure 20

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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CMRR - Common-Mode Rejection Ratio — dB

1pp — Supply Current — mA

TYPICAL CHARACTERISTICS

COMMON-MODE REJECTION RATIO

vs
FREQUENCY
120 T
Ta = 25°C
100
\ Vpp+=+5V
80 N
60 \\
Vpp=5 \\
40 \\\
20 N
0
10 100 1k 10k 100k 1M
f - Frequency - Hz
Figure 21
TLC2201
SUPPLY CURRENT?
Vs
FREE-AIR TEMPERATURE
1.2 T T
Vpp+=15V
-
1
- \{\
0.8 Vpp=5V ™~
0.6
0.4
0.2
Vo=Vpp+/2
No Load
0
-75 -50 -25 [} 25 50 75 100 125
TA — Free-Air Temperature - °C
Figure 23

1pp - Supply Current - mA

SUPPLY CURRENT?
Vs
SUPPLY VOLTAGE
2.5 T
Vo=0
No Load
2 / %
]
L] [
1.5
: } Ta=25°C Ta=125°C
Tp =~55°C
1
0.5
0
[/} 1 2 3 4 5 6 7 8
IVpp +! = Supply Voltage -V
Figure 22
TLC2202
SUPPLY CURRENTt
Vs
FREE-AIR TEMPERATURE
25 T T
Vo =Vpp4+/2
No Load
2
< Vpp+=15V
E
- \
1
) — Vpp=5V ———
g 15
5
o
2
a
2 1
]
t
o
o
0.5
[}
-75 -50 -25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C
Figure 24

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

Vo — Output Voltage —- V

TYPICAL CHARACTERISTICS

VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE

VOLTAGE-FOLLOWER
SMALL-SIGNAL
PULSE RESPONSE

100 160 g T
Vpp+=15V Vop=5V
75 R =10kQ 140} RL=10kQ
CL =100 pF r CL =100 pF
TA=25°C 120} TA=25°C
50 >
5 100
2 g, ° v
5 80
0 =
?& 60
-25 3
° 4
o
-50 > 20
-75 0
-100 -20
0 1 2 3 4 5 & 7 0 1 2 3 4 5 6 7
t-Time-ps t-Time-us
Figure 25 Figure 26
VOLTAGE-FOLLOWER VOLTAGE-FOLLOWER
LARGE-SIGNAL LARGE-SIGNAL
PULSE RESPONSE PULSE RESPONSE
5 5
Vpp=5V
4 RL=10kQ
4 CL =100 pF
3 }' Ta =25°C
2 T
g 3
1 S
]
0 z 2
3
. g
| 1
-2 >°
_ Vpp+=1§V
3 R =10kQ 0 k
-4 Cy =100 pF
Ta = 25°C
-5 | ! i -
0 5 10 15 20 25 30 35 40 0 5 10 15 20 26 30 35 40
t-Time-us t-Time-ps
Figure 27 Figure 28
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TYPICAL CHARACTERISTICS

SLEW RATE
' Vs
SUPPLY VOLTAGE
4 I T
RL = 10 kQ SR-
| ¢ =100 pF ——
Ta=25°C /
3 »..
P
el
—aml
_————""/
SR +

SR - Slew Rate - V/us
N

0 1 2 3 4 5 6 7 8

IVpp+l - Supply Voltage - V
Figure 29

NOISE VOLTAGE
(REFERRED TO INPUT)
OVER A 10-SECOND INTERVAL
1 1 1 i 1
Vpp+=15V
0.75 f=0.1 Hzto 1 Hz
Ta= 25°C

05

0.25

"

Noise Voltage — uV
o

o 1 2 3 4 5 6 7 8 9 10

Nolse Voltage — pV

SR - Slew Rate — V/us

SLEW RATEt
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4
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Cy =100 pF
1]
-75 =50 =25 0 25 50 75 100 125
Ta - Free-Air Temperature - °C
Figure 30
NOISE VOLTAGE
(REFERRED TO INPUT)
OVER A 10-SECOND INTERVAL
1 1 t 1 T
Vpp+=15V
08 f=0.1 Hzto 10 Hz
Ta= 25°C
0.6
0.4
0.2 {
[}

0.
0.

-1

o.zM

0.4

6 1 2 3 4 5 6 7 8 9 10
t-Time -5 t-Time-s
Figure 31 Figure 32
tData at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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Gain-Bandwidth Product — MHz

Gain-Bandwidth Product - MHz

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

TYPICAL CHARACTERISTICS
TLC2201 TLC2202
GAIN-BANDWIDTH PRODUCT GAIN-BANDWIDTH PRODUCT
vs v§s
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2.1 I i 21 T T
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Figure 33 Figure 34
TLC2201
GAIN-BANDWIDTH PRODUCT? PHASE MARGIN
vs vSs
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Figure 35

IVpp +! - Supply Voltage — V

Figure 36
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50°

46°

%m - Phase Margin

42°

40°

TYPICAL CHARACTERISTICS
TLC2202 TLC2201
PHASE MARGIN PHASE MARGINt
vs vs
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Figure 37 Figure 38
TLC2202
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Figure 39

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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APPLICATION INFORMATION
latch-up avoidance

Because CMOS devices are susceptible to latch-up due to their inherent parasitic thyristors, the TLC220x,
TLC220xA, and TLC220xB inputs and outputs are designed to withstand —100-mA surge currents without
sustaining latch-up; however, techniques reducing the chance of latch-up should be used whenever possible.
Internal protection diodes should not be forward biased in normal operation. Applied input and output voltages
should not exceed the supply voltage by more than 300 mV. Care should be exercised when using capacitive
coupling on pulse generators. Supply transients should be shunted by the use of decoupling capacitors
(0.1 wF typical) located across the supply rails as close to the device as possible.

electrostatic discharge protection

These devices use internal ESD-protection circuits that prevent functional failures at voltages at or below
2000 V. Care should be exercised in handiing these devices as exposure to ESD may result in degradation of
the device parametric performance.

macromodel information

Macromodel information provided was derived using Microsim Parts™, the model generation software used
with Microsim PSpice™. The Boyle macromode! (see Note 5) and subcircuit in Figure 40 were generated using
the TLC220x typical electrical and operating characteristics at 25°C. Using this information, output simulations
of the following key parameters can be generated to a tolerance of 20% (in most cases):

® Maximum positive output voltage swing @ Unity-gain frequency

® Maximum negative output voltage swing ® Common-mode rejection ratio
® Slew rate ® Phase margin

& Quiescent power dissipation ® DC output resistance

® Input bias current ® AC output resistance

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

NOTE 5: G.R.Boyle, B.M.Cohn, D. 0. Pederson, andJ. E. Solomon, “Macromodeling of Integrated Circuit Operationat Amplifiers”, IEEE Journal
of Solid-State Circuits, SC-9, 353 (1974).

PSpice and Parts are trademarks of MicroSim Corporation. B 89L1724 OLl0OkLS 10 255 [ |
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macromodel in

APPLICATION INFORMATION

formation (continued)

3
Voo +—e- o
>
ss % liss
i)
2 10
IN—- & < - ve
Ao | o
IN+ L g
LI 12 de
c1
rd1 rd2
54 de
4
vee- o o P s
cc o P!
ve ouT
.subckt TLC220x 1 2 3 4 5 iss 3 10 dc 135.0E-6
* iio 2 0 .5E-12
cl 1 12 B.51E-12 il 88 0 1E-21
c2 3] 7 50.00E-12 31 11 89 10 jx
cpsr 85 86 79.6E-9 j2 12 80 10 jx
dem+ 81 82 dx r2 6 9 100.0E3
dcm- 83 81 dx rcm 84 81 1k
dc 5 53 dx rnli 88 0 1500
de 54 5 dx rol 8 5 188
dlp 90 91 dx ro2 7 99 187
din 92 90 dx rss 10 99 1.481E6
dp 4 3 dx vad 60 4 -.3v
ecmr 84 99 (2,99) 1 vem+ 82 99 2.2
egnd 99 0 poly(2) (3,0) (4,0) ¢ .5 .5 vem- 83 99 -4.5
epsr 85 0 poly(l) (3,4) -200E-6 20E-6 vb 92 0 dc 0
ense 8% 2 poly(l) (88,0) 100E-6 1 ve 3 53 de .9
fb 7 99 poly(6) vb vc ve vlp vin ve 54 4 dc .8
+ vpsr 0 + B895.9E3 -90E3 90E3 90E3 -90E3 B895E3 vliim 7 8 de 0
ga 6 0 11 12 314,2E-6 vip 91 ¢ dc 2.8
gem 0 6 10 99 1.295E-%§ vln 0 92 dc 2.8
gpsr 85 86 (85,86) 100E-6 vpsr 0 86 dc 0
grdl 60 11 (60,11) 3.141E-4 .model dx d(is=800.0E-18)
grd2 60 12 (60,12) 3.141E-4 .model jx pjf(is=500.0E-15 beta=1.462E-3
hlim 90 0 wvlim 1k + vto=-.155 kf=1E-17)
hemr 80 1 poly(2) vem+ vem— 0 1E2 1E2 .endsx
irp 3 4 965E-6

Figure 40. Boyle Macromodel and Subcircuit
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