TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

® Output Swing includes Both Supply Rails ® Low Input Offset Voltage
® Low Noise...12nV/VHz Typ at f=1 kHz 950 pV Max at Tp = 25°C (TLC2262A)
® Low Input Bias Current ... 1 pA Typ ® Macromodel Included
® Fully Specified for Both Single-Supply and ® Performance Upgrade for the TS27M2/M4
Split-Supply Operation and TLC27M2/M4
® Low Power ... 500 uA Max ® Available in Q-Temp Automotive
HighRel Automotive Applications
° -
I(r:‘c::rlrtllr::anl\go::i\I’r;p;;i\lloltage Range Configuration Control/Print Support
9 Qualification to Automotive Standards
description EQUIVALENT INPUT NOISE VOLTAGE
The TLC2262 apd TLC22§{1 are dual and FREQ‘:JSENCY
quadruple operational amplifiers from Texas 60 -
Instruments. Both devices exhibit rail-to-rail N Vpp=5V
output performance for increased dynamic range |§ Rg=200
in single- or split-supply applications. The % s0{ TA=25°C
TLC226x family offers a compromise between the I
micropower TLC225x and the ac performance of %
the TLC227x. It has low supply current for s 40
battery-powered applications, while still having E \
adequate ac performance for applications that S 3
. . P-4 N
demand it. The noise performance has been = \
dramatically improved over previous generations 13 N
of CMOS amplifiers. Figure 1 depicts the low level € 20 ¥
of noise voltage for this CMOS amplifier, which 5 \\
has only 200 pA (typ) of supply current per §_ ™~
amplifier. w 10
The TLC226x, exhibiting high input impedance > 0
and '|9W' noise, are excellent for small-signal 10 102 103 104
C(_)ndltlomng for high-impedance sources, suc_h as f— Frequency — Hz
piezoelectric transducers. Because of the micro-
power dissipation levels, these devices work well Figure 1

in hand-held monitoring and remote-sensing

applications. In addition, the rail-to-rail output feature with single or split supplies makes this family a great
choice when interfacing with analog-to-digital converters (ADCs). For precision applications, the TLC226xA
family is available and has a maximum input offset voltage of 950 V. This family is fully characterized at 5 V

and 35 V.

The TLC2262/4 also makes great upgrades to the TLC27M2/L4 or TS27M2/L4 in standard designs. They offer
increased output dynamic range, lower noise voltage and lower input offset voltage. This enhanced feature set
allows them to be used in a wider range of applications. For applications that require higher output drive and
wider input voltage range, see the TLV2432 and TLV2442. If your design requires single amplifiers, please see
the TLV2211/21/31 family. These devices are single rail-to-rail operational amplifiers in the SOT-23 package.
Their small size and low power consumption, make them ideal for high density, battery-powered equipment.

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

Advanced LinCMOS is a trademark of Texas Instruments.

Copyright [] 2001, Texas Instruments Incorporated

PRODUCTION DATA information is current as of publication date. .

Products conform to specifications per the terms of Texas Instruments l On products compliant to MIL-PRF-38535, all parameters are tested
1dard warranty. Production pr ing does not ily include I unless otherwise noted. On all other products, production

testing of all parameters. EXAS processing does not ily include testing of all parameters.
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TLC2262 AVAILABLE OPTIONS

PACKAGED DEVICES
Ta Viomax SMALL CHIP CERAMIC PLASTIC TSSOP CERAMIC
AT 25°C OUTLINE CARRIER DIP DIP PW) FLATPACK
(D) (FK) (JG) (P) (V)
0°C to 70°C 25mV | TLC2262CD — — TLC2262CP | TLC2262CPW —
o o 950 WV | TLC2262AID — — TLC2262AIP | TLC2262AIPW —
—40°C10125°C 25mV | TLC2262ID — — TLC2262IP — —
o . 950 uV | TLC2262AQD — — — _ _
—40°C 10 125°C 25mV | TLC2262QD — — — — —
55°C to 125°C 950 PV — TLC2262AMFK | TLC2262AMJG — — TLC2262AMU
- 0 2.5mV — TLC2262MFK | TLC2262MJG — — TLC2262MU

TLC2264 AVAILABLE OPTIONS

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2262CDR). The PW package is available only left-end taped
and reeled. Chips are tested at 25°C.

PACKAGED DEVICES
A Viomax SMALL CHIP CERAMIC PLASTIC TSSOP CERAMIC
AT 25°C [ OQUTLINE CARRIER DIP DIP PW) FLATPACK
(D) (FK) ) (N) (W)
0°C to 70°C 25mV | TLC2264CD — — TLC2264CN | TLC2264CPW —
. . 950 WV | TLC2264AID — — TLC2264AIN | TLC2264AIPW —
—40°C10125°C 25mV | TLC2264ID — — TLC2264IN — —
. . 950 IV | TLC2264AQD — — — _ _
—40°C 10 125°C 25mv | TLC2264QD — — — — —
55°C 10 125°C 950 PV — TLC2264AMFK | TLC2264AMJ — — TLC2264AMW
- 0 2.5 mV — TLC2264MFK | TLC2264MJ — — TLC2264MW

The D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2264CDR). The PW package is available only left-end taped
and reeled. Chips are tested at 25°C.
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TLC2262C, TLC2262AC
TLC2262I, TLC2262Al
TLC2262Q, TLC2262AQ
D, P, OR PW PACKAGE
(TOP VIEW)
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10UT ]
1IN- []
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Vpp_/GND [}
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] 20UT
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TLC2262M, TLC2262AM . . . JG PACKAGE
(TOP VIEW)
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TLC2262M, TLC2262AM . .. FK PACKAGE

(TOP VIEW)
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NC — No internal connection

TLC2262M, TLC2262AM . .. U PACKAGE

(TOP VIEW)
NC[le1  10[INC
10UT[] 2 oll Vee +
1IN-[] 3 g[] 20uUT
1IN + [] 4 71 2IN -
Vee-/GND [] 5 6]l 2IN +

NC - No internal connection

TLC2264C, TLC2264AC
TLC2264I1, TLC2264Al
TLC2264Q, TLC2264AQ
D, N, OR PW PACKAGE

TLC2264M, TLC2264AM . .. FK PACKAGE

TLC2264M, TLC2264AM ... J OR W PACKAGE

(TOP VIEW) (TOP VIEW)
U U

10UT(] 1 14[] s0UT 10UT(] 1 14l sa0UT

1IN=[] 2 13[] 4IN- 1IN=[] 2 13[] 4IN- 1IN+
1IN+[] 3 12[] 4IN+ 1IN+[] 3 12[] 4IN+ NC
Vpp+[l4 11l vpp_/GND Vpp.4  11flvpp_reNnD Ve
2IN+[] 5 10[] 3IN+ 2IN+[] 5 10[] 3IN+ NC
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20UT(] 7 8|l 3oUT 20UT([] 7 8|] 3oUT
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NC — No internal connection
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equivalent schematic (each amplifier)

4 4 l 4
Q3 Q6 ES Q12
TR Tt
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L c1
IN- —‘ — — ’— R5
] ! — -
at Q4 . | o> +—
Q13 Q15 Q17
*—o
— — — — i
%H I S RC o1
Q2 Q5 Q7 Qs Q10 Q11
R3 R4 R1 f % R2
L L L 4 T
VDD-/GND
ACTUAL DEVICE COMPONENT COUNTT
COMPONENT TLC2262 TLC2264

Transistors 38 76
Resistors 28 56
Diodes 9 18
Capacitors 3 6

1 Includes both amplifiers and all ESD, bias, and trim circuitry
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absolute maximum ratings over operating free-air temperature range (unless otherwise noted)t

Supply voltage, Vpp+ (see Note 1) ... 8V
Supply voltage, Vpp_ (see Note 1) ... -8V
Differential input voltage, Vip (see Note 2) ... ... . . . . +16V
Input voltage, V| (any input, see Note 1) ... ... i Vpp-—-0.3VtoVpp+
Input current, [| (each iNpuUt) ... .. . H mA
Output current, 1o .. ..o +50 mA
Total CUmENt INtO VD D4 - oottt e e e e e e e +50 mA
Total currentout of Vpp . ... oo e +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, Ta: Csuffix .......... ... i i 0°C to 70°C
Isuffix ... —40°C to 125°C

Qsuffix ... —40°C to 125°C

Msuffix ... —55°C to 125°C

Storage temperature range, Tgtg -« . v . vvnit i —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: D, N, P, and PW packages ....... 260°C
J, JG, U, and W packages ....... 300°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 the midpoint between Vpp+ and Vpp —.

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

DISSIPATION RATING TABLE

PACKAGE Ta =25°C DERATING FACTOR Ta =70°C Tpo=85C Ta =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING

D-8 725 mW 5.8 mw/°C 464 mW 377 mW 145 mwW
D-14 950 mW 7.6 mw/°C 608 mwW 494 mW 190 mwW
FK 1375 mW 11.0 mW/°C 880 mW 715 mwW 275 mW

J 1376 mW 11.0 mw/°C 880 mW 715 mW 275 mW
JG 1050 mW 8.4 mw/°C 672 mW 546 mW 210 mwW

N 1150 mW 9.2 mw/°C 736 mW 598 mW 230 mwW

P 1000 mW 8.0 mw/°C 640 mW 520 mW 200 mwW
PW-8 525 mW 4.2 mw/°C 336 mW 273 mW 106 mwW
PW-14 700 mW 5.6 mw/°C 448 mW 364 mW 140 mW
u 700 mW 5.5 mw/°C 452 mwW 370 mW 150 mW
W 700 mW 5.5 mW/°C 452 mW 370 mW 150 mW

recommended operating conditions

C SUFFIX I SUFFIX Q SUFFIX M SUFFIX UNIT
MIN MAX MIN MAX MIN MAX MIN MAX
Supply voltage, Vpp + 2.2 +8 2.2 +8 2.2 +8 2.2 +8 \%
Input voltage range, V| Vpp- Vpbp+-15|Vpbp- Vpp+-15|Vpp- VDD+-15|VDD- VDD+-15 \%

Common-mode input voltage, V|c Vpp- Vpp+-15|Vpp- Vpp+-15|Vpp- VDD+-15|VDD- VDD+-1.5 \
Operating free-air temperature, Ta 0 70 -40 125 -40 125 -55 125 °C
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TLC2262C electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise
noted)

TLC2262C
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX
v Input offset volt 25°C 300 2500 v
nput offset voltage
10 P 9 Full range 3000 H
. . 25°C
ay|0  Temperature coefficient of input offset voltage to 70°C 2 uv/°C
Input offset voltage long-term drift Vic =0, VDD*= 225V, 25°C 0.003 LV/mo
(see Note 4) Vo =0, Rs=50Q
[ Input offset t 25°C 05 A
nput offset curren
10 P Full range 100 P
| Input bi t 257C ! A
nput bias curren
B P Full range 100 P
0 -03
25°C to to
. 4 4.2
VicR Common-mode input voltage range Rs =50 Q, Mio| =5 mV 5 Vv
Full range to
35
IoH =-20 pA 25°C 4.99
25°C 485 494
) loH =-100 pA
VOH High-level output voltage Full range | 4.82 \Y
lon = —400 JA 25°C 470 485
OH Fullrange | 4.60
Vic=25YV, loL = 50 pA 25°C 0.01
Vie =25V loL = 500 UA 25°C 0.09 0.15
Ic= &% oL Full range 0.15
VoL Low-level output voltage 25°C 0.2 0.3 \
Vic=25YV, loL=1mA
Full range 0.3
Vic=25V, [ 4mA 25°C 07 1
=2. s = m.
Ic oL Full range 1.2
R =50 ko 25°C 80 170
Vic=25YV, =
AvD Large-signal differential voltage amplification vl)C= 1ViodV L Full range 55 V/imV
RL=1MQ} 25°C 550
rid) Differential input resistance 25°C 1012 Q
ric)  Common-mode input resistance 25°C 1012 Q
Ci(c) Common-mode input capacitance f=10 kHz, P package 25°C 8 pF
Z5 Closed-loop output impedance f=100 kHz, Ay =10 25°C 240 Q
= = 25°C 70 83
CMRR Common-mode rejection ratio Vic=0t027V, Vo=25V, dB
Rg=50Q Full range 70
o ) Vpp = 44 Vto16V, 25°C 80 95
k Supply-voltage rejection ratio (AVpp/AV ' dB
SVR PPl gerel (&Vpp/Vio) Vic=Vpp/2,  Noload Full range 80
25°C 400 500
IDD Supply current Vo=25YV, No load HA
Full range 500

t Full range is 0°C to 70°C.

t Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC2262C operating characteristics at specified free-air temperature, Vpp =5V

TLC2262C
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX
L Vo=15Vt035V, R =50k0t, 25°C 0.35 0.55
SR Slew rate at unity gain Vius
Ve Cp =100 pF¥ Full range 0.3 H
. . . f=10Hz 25°C 40
Vn Equivalent input noise voltage nV/vHz
f=1kHz 25°C 12
Peak-to-peak equivalent input noise | f=0.1Hzto 1 Hz 25°C 0.7
VN(PP) | — uv
voltage f=0.1Hz to 10 Hz 25°C 1.3
In Equivalent input noise current 25°C 0.6 fAVHz
Vo=05Vto25V, [Ay=1 0.017%
THD + N  Total harmonic distortion plus noise f=20kHz, 25°C
RL =50 kQt Ay =10 0.03%
) ) f=10 kHz, RL = 50 kQf, o
Gain-bandwidth product CL =100 oFf 25°C 0.71 MHz
- . . Vo(pp) =2V, Ay =1, .
Bom Maximum output-swing bandwidth R| = 50 kot CL = 100 pFt 25°C 185 kHz
';\Y:_:J’SVt 2.5V, T001% o4
N ep =0. 025V,
ts Settling time Ry =50 kof, - 25°C Ms
CL =100 pFt To 0.01% 141
Phase margin at unity gain 25°C 56°
m - ,g Y9 R =50 kQt CL = 100 pF¥
Gain margin 25°C 1 dB
T Full range is 0°C to 70°C.
}Referenced to 2.5V
3 1
EXAS
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TLC2262C electrical characteristics at specified free-air temperature, Vpp+ = 5 V (unless
otherwise specified)

TLC2262C
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX
v Inout offset volt 25°C 300 2500 v
nput offset voltage
10 P g Full range 3000 H
- . 25°C o
aylo Temperature coefficient of input offset voltage to 70°C 2 pv/eC
Input offset voltage long-term drift (see Note 4) \é' C_=500’ 0 Vo =0, 25°C 0.003 uV/mo
I Input offset t ° 25 05 A
nput offset curren
10 P Full range 100 P
| Input bi t 25°C ! A
nput bias curren
B P Full range 100 P
-5 =53
25°C to to
. 4 4.2
VicrR Common-mode input voltage range Mols5mV, Rg=50Q \
-5
Full range to
35
lop=-20 pA 25°C 4.99
25°C 485 494
. , Io=-100 pA
VOM+ Maximum positive peak output voltage Full range 4.82 \%
o = —400 JA 25°C 47 485
N Full range 4.6
Vic =0, lo =50 pA 25°C -4.99
Vie=0 10 = 500 A 25°C -4.85 -4.91
1c=5 o Fullrange | -4.85
VomMm- Maximum negative peak output voltage 25°C -47 -438 \%
Vic =0, lo=1mA
Fullrange | -4.7
y 0 | AmA 25°C -4 -43
- s - m
Ic 0 Fullrange | -3.8
25°C 80 200
. ) . o R =50 kQ
AvD Large-signal differential voltage amplification Vo=+4V Full range 55 VimV
RL =1MQ 25°C 1000
fi(d) Differential input resistance 25°C 1012 Q
fic)  Common-mode input resistance 25°C 1012 Q
Ci(c) Common-mode input capacitance f=10 kHz, P package 25°C 8 pF
Z5 Closed-loop output impedance f=100 kHz, Ay =10 25°C 220 Q
. . Vic=-5Vt0 27V, 25°C 75 88
CMRR Common-mode rejection ratio dB
) Vo=0V, Rs=50Q | Fullrange 75
. . VppD+= 22 Vto #8V, 25°C 80 95
k Supply-voltage rejection ratio (AV AV - dB
SVR  Supply-voltage rej (AVDD +/AV|0) Vic =0, No load Full range %0
25°C 425 500
IDD Supply current Vo=0V, No load A
Full range 500

t Full range is 0°C to 70°C.

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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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TLC2262C operating characteristics at specified free-air temperature, Vpp += 5V

TLC2262C
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX
v 1oV R =50KQ 25°C | 0.35 0.55
. . (ol +1. s L=
SR Slew rate at unity gain CL =100 pF Full 0.3 V/us
range
v Equivalent input noise volt [Z10H ¢ i VIVHz
uivalent input noise voltage
n a P 9 f=1KHz 25°C 12 nvhz
Peak-to-peak equivalent input noise f=0.1Hzto 1Hz 25°C 0.8
VN(PP) it — - v
voltage f=0.1 Hzto 10 Hz 25°C 1.3
In Equivalent input noise current 25°C 0.6 fAVHZ
Vo =23V, Ay =1 0.014%
THD + N Total harmonic distortion pulse duration |f =20 kHz, 25°C
RL =50 kQ Ay =10 0.024%
. . f =10 kHz, RL =50 kQ o
Gain-bandwidth product CL = 100 pF 25°C 0.73 MHz
. ) . Vo(pp)=4.6V, Ay =1, o
Bom Maximum output-swing bandwidth RL = 50 kQ, CL = 100 pF 25°C 85 kHz
fs\}/=—1’23w gy |01% 7.1
s ep=-2. 023V, o
ts Settling time RL = 50 kO, - 25°C Ms
CL =100 pF T0 0.01% 16.5
Phase margin at unity gain 25°C 57°
m - .g Y9 R =50 kQ, CL =100 pF
Gain margin 25°C 1 dB
T Full range is 0°C to 70°C.
3 1
EXAS
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TLC2264C electrical characteristics at specified free-air temperature, Vpp = 5 V (unless otherwise

noted)

PARAMETER TEST CONDITIONS Tal TLC2264C UNIT
A MIN TYP MAX
v Inout offeet voit 25°C 300 2500 v
nput offset voltage
. P g Full range s000| "
. . 25°C o
ay|o Temperature coefficient of input offset voltage to 70°C 2 pv/ec
Input offset voltage long-term drift Vic =0, Vpp+= #2.5V, 25°C 0.003 WV/mo
(see Note 4) Vo =0, Rg =50Q
[ Input offset t 25°C 05 A
nput offset curren
N P Full range 100 P
I Input bi t 257C ! A
nput bias curren
B P Full range 100 P
0 -03
25°C to to
4.2
VicR Common-mode input voltage range Rg=50Q, Mol <=5 mVv 0 \Y
Full range to
35
loH =-20 pA 25°C 4.99
25°C 485 4.94
i IoH =-100 pA
VOH High-level output voltage Fullrange | 4.82 \Y
I = 400 25°C 470 4.85
OH = WA Fullrange | 4.60
Vic=25V, loL = 50 pA 25°C 0.01
Vie =25V, loL = 500 A 25°C 0.09 0.15
IC= S8 % . Full range 0.15
VoL Low-level output voltage 25°C 0.2 0.3 \Y
Vic=25V, loL =1mA
Full range 0.3
V 25V, | 4 mA 25°C 07 !
=2. | = m
IC oL Full range 1.2
25°C 80 170
; : ; W Vic=25YV, R =50 kQ¥F
Ayp Large-signal differential voltage amplification Vo=1Vito4dV Full range 55 V/imV
RL =1 MO 25°C 550
rid)  Differential input resistance 25°C 1012 Q
rc)  Common-mode input resistance 25°C 1012 Q
Ci(c) Common-mode input capacitance f=10 kHz, N package 25°C 8 pF
Z9 Closed-loop output impedance f=100 kHz, Ay =10 25°C 240 Q
= = 25°C 70 83
CMRR Common-mode rejection ratio VIC_ 0t02.7V, Vo=25V, dB
Rs=50Q Full range 70
« — - fio (AVpp /AVio) Vpp =44Vto16V, 25°C 80 95 4B
upply-voltage rejection ratio
SR LA DD o =vpp/2,  Noload Full range | 80
- 25°C 0.8 1
IDD Supply current (four amplifiers) Vo=25YV, No load mA
Full range 1

1 Full range is 0°C to 70°C.
1 Referenced to 2.5 V

NOTE 4. Typical values are based on the input offset voltage shift observed through 500 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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TLC2264C operating characteristics at specified free-air temperature, Vpp =5V

TLC2264C
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX
" 25°C | 0.35 0.55
. . Vo=14Vto26V, RL=50kQ+
SR Slew rate at unity gain CL = 100 oFt Full 03 V/us
range ’
. ) . f=10 Hz 25°C 40
Vn Equivalent input noise voltage nV/vHz
f=1kHz 25°C 12
Peak-to-peak equivalent input noise f=01Hzto1Hz 25°C 0.7
VN(PP)  vottaae ol P - - v
voltage f=0.1 Hzto 10 Hz 25°C 1.3
In Equivalent input noise current 25°C 0.6 fANVHz
Vo=05Vto25V, [Ay/=1 0.017%
THD + N Total harmonic distortion plus noise f=20 kHz, 25°C
RL =50 kOF Ay =10 0.03%
‘ ‘ f=10 kHz, RL =50 kQf, 0
Gain-bandwidth product CL =100 oFt 25°C 0.71 MHz
. . . VopPpP)=2V, Ay =1, o
Bom Maximum output-swing bandwidth RL = 50 kot CL = 100 pFt 25°C 185 kHz
Senm0sviozsy, | 201" 04
s ep=0. 025V, o
ts Settling time RL = 50 kat, —oom 25°C " ps
CL = 100 pF¥ ©0.01% :
Phase margin at unity gain 25°C 56°
m - 'g Y9 R =50 kQt, CL =100 pF¥
Gain margin 25°C 1 dB
T Full range is 0°C to 70°C.
}Referenced to 2.5V
3 1
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OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264C electrical characteristics at specified free-air temperature, Vpp+ = 5 V (unless
otherwise specified)

PARAMETER TEST CONDITIONS Tal TLC2264C UNIT
A MIN TYP MAX
v bt offsat volt 25°C 300 2500 v
nput offset voltage
. P g Full range s000| "
- . 25°C o
ayjo  Temperature coefficient of input offset voltage to 70°C 2 uv/°C
Input offset voltage long-term drift (see Note 4) X'C_:SOO’ 0 Vo=0, 25°C 0.003 uV/mo
[ Input offset t > 25°C 05 A
nput offset curren
10 P Full range 100 P
I Input bi t 25°C ! A
nput bias curren
B P Full range 100 P
-5 -53
25°C to to
4 42
VicR Common-mode input voltage range Mio| <5 mv, Rg=50Q \Y
-5
Full range to
35
lo=-20 pA 25°C 4.99
25°C 485 494
) " lo =-100 pA
Vom+ Maximum positive peak output voltage Full range 4.82 \%
o = 400 JA 25°C 47 485
0 Full range 4.6
Vic=0, lo =50 pA 25°C -4.99
Vie =0 I = 500 A 25°C -4.85 -4.91
Ic=% 0 Fullrange | -4.85
Vom- Maximum negative peak output voltage 25°C -47 -438 \
Vic =0, lo=1mA
Fullrange | -4.7
v 0 | AmA 25°C -4 -43
- s - m
Ic N Fullrange | -3.8
25°C 80 200
. ) . L R =50 kQ
AvD Large-signal differential voltage amplification Vo=+4V Full range 55 V/mV
RL=1MQ 25°C 1000
rid) Differential input resistance 25°C 1012 Q
r(c)  Common-mode input resistance 25°C 1012 Q
Ci(c) Common-mode input capacitance f=10 kHz, N package 25°C 8 pF
Z9 Closed-loop output impedance f=100 kHz, Ay =10 25°C 220 Q
o ) Vic=-5Vto27V, 25°C 75 88
CMRR Common-mode rejection ratio dB
Vo =0, Rg=500Q Full range 75
« —— e fio (AV IAVio) Vpp += 2.2 Vto 8, 25°C 80 95 4B
upply-voltage rejection ratio
SVR  Stpply-voliage 19 DDEHION 1y o =0, No load Fullrange | 80
) 25°C 0.85 1
IDD Supply current (four amplifiers) Vo =0, No load mA
Full range 1

1 Full range is 0°C to 70°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264C operating characteristics at specified free-air temperature, Vpp += 5V

TLC2264C
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX
% 1.9V, RL =50 kQ 25°C | 0% 055
. " o = +1. y L = X
SR Slew rate at unity gain CL =100 pF Full 0.3 V/us
range
v Equivalentinput noise volt [Z1ore ¢ i ViVHz
uivalent input noise voltage
n a P 9 f=1KkHz 25°C 12 nvhz
Peak-to-peak equivalent input noise f=0.1Hzto1Hz 25°C 0.8
VN(PP) it — - v
voltage f=0.1Hzto 10 Hz 25°C 1.3
In Equivalent input noise current 25°C 0.6 fANVHZ
Vo =%23YV, Ay =1 0.014%
THD + N Total harmonic distortion plus noise f=20 kHz, 25°C
RL =50kQ Ay =10 0.024%
. . f=10kHz, RL =50kQ, o
Gain-bandwidth product CL = 100 pF 25°C 0.73 MHz
. i . VoppP)=4.6V, Ay =1, o
Bom Maximum output-swing bandwidth RL =50 kO, CL =100 pF 25°C 70 kHz
g\tl=_1,23Vt 2.3V T 0-1% "
s ep=-2. 023V, o
ts Settling time RL = 50 kQ, - 25°C Ms
CL =100 pF T00.01% 16.5
Phase margin at unity gain 25°C 57°
m - 'g Y9 Ry =50kQ, CL =100 pF
Gain margin 25°C 1 dB
t Full range is 0°C to 70°C.
3 1,
EXAS
INSTRUMENTS
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2262I electrical characteristics at specified free-air temperature, Vpp = 5V (unless otherwise

noted)
TLC2262I TLC2262Al
PARAMETER TEST CONDITIONS TaT UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage uv
Full range 3000 1500
Temperature 25°C
ayio cogfﬁCIent to 85°C 2 2 pv/eC
of input offset voltage
Input offset voltage
long-term drift VDD +=#5V, V|c=0, 25°C 0.003 0.003 pV/mo
(see Note 4) Vo =0, Rg =50 Q
25°C 0.5 0.5 A
llo Input offset current 85°C 150 150 P
Full range 800 800 pA
25°C 1 ! PA
B Input bias current 85°C 150 150 pA
Full range 800 800 pA
0 -03 0 -03
25°C to to to to
Common-mode input _ 4 4.2 4 4.2
VIR voltage range Rs=50Q, Mol <5mv 0 v
Full range to to
3.5 3.5
IoH =-20 pA 25°C 4.99 4.99
. lop = 100 JA 25°C 485 494 485 4.94
VOH yc')lgtz;‘:"e' output OH = Fullrange | 4.82 4.82 v
lan = —400 25°C 47 4385 47 485
OH= WA Full range 4.5 4.5
Vic=25YV, loL =50 pA 25°C 0.01 0.01
Low-level Vie =25V lor =500 25°C 0.09 0.15 0.09 0.15
VOL ow-level output IC = <. ’ oL = lJA Full range 0.15 0.15 \
voltage
v 25V | 4mA 25°C 0.8 1 0.7 1
- . s - m
IC oL Full range 1.2 1.2
-si 25°C 80 100 80 170
Lgrge SIQnaI Vic=25V, R = 50 kQ¥
AyD differential Va=1Viod V Full range 50 50 VimV
voltage amplification 0 RL =1 mot 25°C 550 550
fid) Dlﬁgrentlal input 25°C 1012 1012 0
resistance
fic) Common-mode input 25°C 1012 1012 0
resistance
. Common-mode input _ o
Ci(c) capacitance f=10kHz, P package 25°C 8 8 pF
2z Closed-loop output | ¢_ 14y, Ay =10 25°C 240 240 Q
impedance
N = = 25°C 70 83 70 83
CMRR Cgmmon mpde Vic=0t027V, Vgo=25YV, dB
rejection ratio Rg=50Q Full range 70 70

1 Full range is — 40°C to 125°C.
t Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Ta = 150°C extrapolated

to TaA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2262I operating characteristics at specified free-air temperature, Vpp =5V

TLC2262I TLC2262Al
PARAMETER TEST CONDITIONS TAl UNIT
MIN  TYP MAX | MIN TYP MAX
2 - 25°C | 80 95 80 95
Supply-voltage re- |\, '~ 4 4V 1016 V,
ksVR jection ratio Vie = VR /2 No load Full dB
(AVpp/AV ) IC=¥DDr= range 80 80
25°C 400 500 400 500
| Suppl t Vo=25V, No load
DD upply curren fe) o loa Full 500 500 MA
range
N 25°Cc | 0.35 0.55 035 0.55
Slew rate at unity Vo=15V1t035V, R =50kQ+,
SR gain C( = 100 pFt Full |55 0.25 Viks
range | ’
Equivalent input f=10Hz 25°C 40 40
\ : nVAVH
n noise voltage f=1kHz 25°C 12 12 z
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP) equivalent input v
noise vo|tage f=0.1Hzto 10 Hz 25°C 1.3 1.3
n E&:ﬁfﬁ;ﬂpm 25°C 0.6 0.6 fAVHZ
Total harmonic Vo=05Vto25V, |Ay=1 0.017% 0.017%
THD + N distortion plus f=20kHz, 25°C
noise RL =50 in AV =10 0.03% 0.03%
Gain-bandwidth f=50 kHz, RL = 50 kQ¥, 0
product CL = 100 pFt 25°C 0.82 0.82 MHz
Maximum output- Vopp)=2V, Ay =1, o
BOM  swing bandwidth | Ry = 50 kQf, cL=100pFt | 2°°C 185 185 kHz
Q}/:_é'sw sy | T001% 6.4 6.4
S ep =0. 025V, o
ts Settling time RL = 50 kat, - 25°C Ms
CL =100 pF¥ T0 0.01% 14.1 14.1
Phase margin at
. . 25°C 56° 56°
Pm unity gain R( = 50 kQ¥, CL =100 pFt
Gain margin 25°C 1 1 dB
T Full range is — 40°C to 125°C.
tReferenced to 2.5V
3 1
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2262I electrical characteristics at specified free-air temperature, Vpp += 5V (unless otherwise

noted)
TLC2262I TLC2262Al
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage Y
Full range 3000 1500
Temperature coefficient of 25°C o
avio input offset voltage to 85°C 2 2 Ve
Input offset voltage
long-term drift 25°C 0.003 0.003 MV/mo
(see Note 4) Vic =0, Vo=0
Rs=50Q 25°C 0.5 0.5 pA
llo Input offset current 85°C 150 150 pA
Full range 800 800 pA
25°C 1 1 pA
B Input bias current 85°C 150 150 pA
Full range 800 800 pA
-5 -53 -5 -53
25°C
Common-mode input B to4 to4.2 to4 to4.2
VICR voltage range Rs=50Q, Niol=5mV Ful _5 _5 v
wirange 1 535 t03.5
lo=-20 pA 25°C 4.99 4.99
| 100 pA 25°C 485 4.94 485 494
Maximum positive peak O=-
VoM + output volkage Fullrange | 4.82 4.82 \
o = —400 A 25°C 47 485 47 485
0 Full range 4.5 4.5
Vic =0, lo =50 pA 25°C -4.99 -4.99
) ) Vie =0 I = 500 A 25°C -4.85 -4.91 -4.85 -4.91
VoM— Maximum negative peak IC=Y (0] Full range | —4.85 —485 Vv
output voltage
25°C -4 -43 -4 -43
Vic =0, lo=4mA
Fullrange | -3.8 -3.8
Ry =50 kQ 25°C 80 200 80 200
Large-signal differential -+ L=
AvD voltage amplification Vo=H4V Full range 50 50 VimV
RL =1MQ 25°C 1000 1000
) Differential input o 12 12
fi(d) resistance 25°C 10 10 Q
. Common-mode input o 12 12
fi(c) resistance 25°C 10 10 Q
) Common-mode input _ o
Ci(c) capacitance f=10kHz, P package 25°C 8 8 pF
o Closed-loop output f=100 kHz, Ay =10 25°C 220 220 Q
impedance
CMRR Common-mode Vic=-5Vto 27V, 25°C 75 88 75 88 dB
rejection ratio Vo =0, Rg=50Q Full range 75 75
" Supply-voltage rejection  |Vpp=4.4Vto 16V, 25°C 80 95 80 95 4B
SVR " ratio (AVpp +/AV|0) V| = Vpp/2. No load Full range 80 80

1 Full range is — 40°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2262l operating characteristics at specified free-air temperature, Vpp += 35 V

TLC2262I TLC2262Al
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX | MIN TYP MAX
25°C 425 500 425 500
| Supply Current V=25V, No load
DD pply [e) Full 500 500
range
S| e at unit v 1oV R =50 KQ 25°C | 0.35 0.55 0.35 0.55
ew rate at unity 0==19V, L= )
SR gain CL =100 pF Full | os 0.95 Vips
range
i i f=10Hz 25°C 43 43
Vi Eq.uwalentlnput AVIvHz
noise voltage f=1kHz 25°C 12 12
Peak-to-peak f=0.1Hzto 1 Hz 25°C 0.8 0.8
VN(pp) equivalent input uv
noise voltage f=0.1Hzto 10 Hz 25°C 1.3 1.3
In Eq.uwalentlnput 25°C 06 06 AVITS
noise current
Total harmonic Vo=+23YV, Ay =1 0.014% 0.014%
THD + N distortion plus RL =50 kQ, 25°C
noise f=20 kHz Ay =10 0.024% 0.024%
Gain-bandwidth f=10 kHz, R =50 kQ, o
product CL = 100 pF 25°C 0.73 0.73 MHz
Maximum
. Vo(pp) =46V, Ay =1, o
BoMm output-swing (F - 25°C 85 85 kHz
bandwidth RL =50 kQ, CL =100 pF
2Y=_1'23Vt sy |T01% 7. 7.1
S ep =-2. 023V, o
ts Settling time RL = 50 kQ, - 25°C Ms
CL = 100 pF To0 0.01% 16.5 16.5
Phase margin at
. . 25°C 57° 57°
P unity gain R =50 kQ, C =100 pF
Gain margin 25°C 1 1 dB
t Full range is —40°C to 125°C.
3 1,
EXAS
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264l electrical characteristics at specified free-air temperature, Vpp = 5V (unless otherwise

noted)
TLC2264I TLC2264Al
PARAMETER TEST CONDITIONS TAl UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage uv
Full range 3000 1500
Temperature coefficient 25°C o
IO of input offset voltage to 125°C 2 2 WV/°C
Input offset voltage o
long-term drift (see Note 4) VpD+=#25V, V|c=0 25°C 0.003 0.003 Wvimo
Vo =0, Rg=50Q 25°C 05 05
llo Input offset current 85°C 150 150 pA
Full range 800 800
25°C 1 1
B Input bias current 85°C 150 150 pA
Full range 800 800
0 -03 0 -03
25°C to to to to
Common-mode input _ 4 4.2 4 42
VIR voltage range Rs=500Q, Mol <5 mv 0 0 v
Full range to to
35 35
loH =—-20 pA 25°C 4.99 4.99
) loH = 100 A 25°C 485 4.94 485 494
VoH \'jc')ﬁ';;‘:"e' output OH Fulrange | 4.82 4.82 v
s = —400 25°C 47 485 47 4385
OH= WA Fullrange | 45 45
Vic=25YV, loL =50 pA 25°C 0.01 0.01
Vie =25V loL = 500 A 25°C 0.09 0.15 0.09 0.15
VoL  -ow-leveloutput IC= o™ oL~ Full range 0.15 015| V
voltage
Vie =25V It =4 mA 25°C 0.8 1 0.7 1
IC=25W, OL=4MA  IEilrange 12 12
g | v 5y R = 50 kot 25°C 80 100 80 170
Large-signal differentia IC=25V, L=
AVD voltage amplification Vo=1Vto4V Full range 50 50 Vimv
RL =1 MOt 25°C 550 550
fi(d) lef‘erentlal input 25°C 1012 1012 0
resistance
ey oommen-mode 25°C 1012 1012 Q
input resistance
Common-mode o
Ci(c) input capacitance f=10kHz, N package 25°C 8 8 pF
o Closed-loop f=100 kHz, Ay =10 25°C 240 240 Q
output impedance
CMRR Common-mode Vic=0t027V, Vo=25YV, 25°C 70 83 70 83 B
rejection ratio Rg =50 Q Full range 70 70
Supply-voltage VDD =4.4Vto 16V, 25°C 80 95 80 95
kgsyR rejection ratio dB
(AVDD/AVIO) Vic=VbD/2,  Noload Full range 80 80

t Full range is — 40°C to 125°C.

1 Referenced to 2.5 V
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264l operating characteristics at specified free-air temperature, Vpp =5V

TLC22641 TLC2264Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX | MIN TYP MAX
Supol ¢ 25°C 0.8 1 0.8 1
upply curren B
IDD (four amplifiers) Vo=25V, No load Full 1 1 Vlius
range
Sl " 25°C | 0.35 0.55 0.35 0.55
ewrate atunity [Vo=14V1t026V, R =50kQ¥,
SR gain CL =100 pFi Full 0.25 0.25 Vius
range
Equivalentinput |f=10Hz 25°C 40 40
\Y A nV/vH
n noise voltage f=1kHz 25°C 12 12 z
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP) equivalent input v
noise vo|tage f=0.1 Hzto 10 Hz 25°C 1.3 1.3
n Egi:ﬁfr?;?tpm 25°C 0.6 0.6 fAVHz
Total harmonic Vo=05Vto25V, [Ay=1 0.017% 0.017%
THD + N distortion plus f=20kHz, 25°C
noise R =50 kOt Ay =10 0.03% 0.03%
Gain-bandwidth | f = 50 kHz, RL =50 kQF, 25°C 0.71 0.71 MHz
product C =100 pFt
Maximum output- [ Vopp) =2V, Ay =1, o
BOM  swing bandwidth | Ry = 50 kQt, cL=100pFf | 2°°C 185 185 kHz
Ay =-1, T00.1% 6.4 6.4
ts Settling time gep: ;g'lfﬂ\;m 25V, 25°C s
Cr - 100 p T00.01% 14.1 14.1
om Phgse margin at 25°C 56° 56°
unity gain R( =50 kQF, CL =100 pF¥
Gain margin 25°C 1 1 dB
T Full range is — 40°C to 125°C.
} Referenced to 2.5V
3 1,
EXAS
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264l electrical characteristics at specified free-air temperature, Vpp += 5V (unless otherwise
noted)

TLC2264I TLC2264Al
PARAMETER TEST CONDITIONS Tal UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage uv
Full range 3000 1500
Temperature coefficient of 25°C o
avIo input offset voltage to 125°C 2 2 Wv/°C
Input offset voltage
long-term drift 25°C 0.003 0.003 MV/mo
(see Note 4) \R/’|C =506 o Vo =0,
S= 25°C 05 05
llo Input offset current 85°C 150 150 pA
Full range 800 800
25°C 1 1 pA
B Input bias current 85°C 150 150 pA
Full range 800 800 pA
-5 -53 -5 -53
25°C to to to to
Common-mode input _ 4 4.2 4 4.2
VIcR voltage range Rg=50Q,  Niol<SmV _5 _5 v
Full range to to
35 35
lo =-20 pA 25°C 4.99 4.99
) . la = —100 25°C 485 4.94 485 494
Voms Maximum positive peak |10 = =100 JA Fullrange | 4.82 4.82 v
output voltage
In = 400 25°C 47 485 47 485
0=~ WA Full range 4.5 4.5
Vic=0, lo =50 pA 25°C -4.99 -4.99
) ) Vie =0 I~ = 500 25°C -4.85 -4.91 -4.85 -4.91
VoM Maximum negative peak ic=0, o= HA Fullrange | —4.85 ~485 Y
output voltage
25°C -4 -43 -4 -43
Vic=0, lo=4mA
Fullrange | -3.8 -3.8
L anal diff ial R =50 kO 25°C 80 200 80 200
Ayp  arge-signaldifferential 1, ' .,y L= Full range 50 50 VimV
voltage amplification
RL=1MQ 25°C 1000 1000
. Differential input o 12 12
fi(d) resistance 25°C 10 10 Q
fic) Common-mode input 25°C 1012 1012 Q
resistance
) Common-mode input _ o
Ci(c) capacitance f=10kHz, N package 25°C 8 8 pF
o Closed-loop output f=100 kHz, Ay =10 25°C 220 220 Q
impedance
- Vic=-5Vto27V, 25°C 75 88 75 88
CMRR Common-mode Ic : dB
rejection ratio Vo =0, Rs=50Q Full range 75 75
Supply-voltage rejection [ VDD+=#2.2V to #8YV, 25°C 80 95 80 95
kSVR : dB
ratio (AVpp +/AV|Q) Vic=Vpp/2, Noload Full range 80 80

1 Full range is — 40°C to 125°C.
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS

SLOS177D — FEBRUARY 1997 — REVISED MARCH 2001

TLC2264l operating characteristics at specified free-air temperature, Vpp += 35 V

TLC2264l TLC2264Al
PARAMETER TEST CONDITIONS Tat UNIT
MIN TYP MAX | MIN TYP MAX
Supol X 25°C 0.85 1 0.85 1
upply curren _
'bD (four amplifiers) | VO =0 No load Full 1 1
range
S watunitv v LoV Rt =50 K0 25°C | 0.35 0.55 0.35 0.55
ew rate at unity 0o=*19YV, L= X
SR . \Y
gain CL = 100 pF Full |55 0.25 Hs
range
y Equivalentinput | f=10Hz 25°C 43 43 WVivkz
n noise voltage f=1kHz 25°C 12 12
Peak-to-peak f=0.1Hzto 1Hz 25°C 0.8 0.8
VN(pp) equivalent input uv
noise voltage f=0.1Hzto 10 Hz 25°C 1.3 1.3
In ﬁgi‘;';i'jr':;':tpm 25°C 06 06 fANFZ
Total harmonic Vo =+23YV, Ay =1 0.014% 0.014%
THD + N distortion plus RL =50kQ, 25°C
noise f= 20 kHz Ay =10 0.024% 0.024%
Gain-bandwidth | f=10 kHz, RL =50 kQ, .
product CL =100 pF 25°C 0.73 0.73 MHz
Maximum output- | Vo(pp)=4.6V, Ay =1, o
BOM  qwing bandwidth | R( = 50 kO, cL=100pF | 2°°C 0 0 kHz
Ay =-1, To 0.1% 7.1 7.1
ts Settling time gf‘j iy 503 Vio23V, 25°C s
CL = 100 pF To 0.01% 16.5 16.5
om Phgse margin at 25°C 57° 57°
unity gain RL =50 kQ, CL =100 pF
Gain margin 25°C 11 11 dB
1 Full range is —40°C to 125°C.
ol
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TLC226x, TLC226xA
Advanced LinCMOS[] RAIL-TO-RAIL
OPERATIONAL AMPLIFIERS
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TLC2262Q/M electrical characteristics at specified free-air temperature, Vpp = 5 V (unless
otherwise noted)

TLC2262Q, TLC2262AQ,
PARAMETER TEST CONDITIONS Tat TLC2262M TLC2262AM UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage Full range 3000 1500 [\
Temperature coefficient o
VIO o input offset voltage Ful range 5 5 WiI°C
Input offset voltage - 4 _
long-term drift xDszJ =25V, \é'cz 500’ 0 25°C 0.003 0.003 uV/mo
(see Note 4) o=% S
25°C 0.5 0.5
o Input offset current 125 300 300 pA
) 25°C 1 1
B Input bias current 125°C 800 800 pA
o -0.3 -0.3
v Common-mode input Re =50 O < my 25°C 0104 4542 004 4542 v
ICR  yoltage range S= ’ Mol <5m 0to 0to
Full range 35 35
loH =—-20 pA 25°C 4.99 4.99
) 25°C 485 494 485 494
voy High-leveloutut 'OH =~100 pA Full range | 4.82 4.82 v
voltage i ,
lon = —400 pA 25°C 4.7 485 47 485
OH = Ful range | 4.5 45
Vic=25YV, loL =50 pA 25°C 0.01 0.01
25°C 0.09 0.15 0.09 0.15
v Low-level output Vic=25YV, loL = 500 pA Full range 0.15 0.15 v
OL voltage 25"Cg 0.8 | 1 0.7 - 1
Vic=25V, loL= 4mA i ange 12 12
g iy o5y R =50 kot 25°C 80 100 80 170
Large-signal differentia IC=25V, L=
AVD voltage amplification Vo=1Vto4V Full range 50 50 VimV
RL =1MOt 25°C 550 550
) Differential input o 12 12
fi(d) resistance 25°C 10 10 Q
" Common-mode input 25°C 1012 1012 0
ic) resistance
) Common-mode input _ o
Ci(c) capacitance f=10kHz, P package 25°C 8 8 pF
o Closed-loop output f =100 kHz, Ay = 10 25°C 240 240 Q
impedance
CMRR Common-mode Vic=0to2.7V, Vo=25YV, 25°C 70 83 70 83 4B
rejection ratio Rg =50 Q Full range 70 70
K Supply-voltage rejection | Vpp =44V to 16V, 25°C 80 95 80 95 4B
SVR  ratio (AVpp/AV|Q) Vic=Vpp/2,  Noload Fulrange | 80 80
25°C 400 500 400 500
IDD Supply current Vo=25YV, No load Full range 500 500 MA

T Full range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.

1 Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Ta = 150°C extrapolated
to TaA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2262Q/M operating characteristics at specified free-air temperature, Vpp =5V

TLC2262Q, TLC2262AQ,
PARAMETER TEST CONDITIONS Tat TLC2262M TLC2262AM UNIT
MIN TYP MAX | MIN TYP MAX
. y 0.5V 1035V Rl =50 kot 25°C | 0.35 0.55 0.35 0.55
ew rate at unity 0=0. to 3.5V, L= ,
SR gain Cp =100 pFi Full 0.25 0.25 Vius
range
y Equivalent input f=10Hz 25°C 40 40 Wiz
n noise voltage f=1kHz 25°C 12 12
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(pp) equivalent input uv
noise V0|tage f=0.1Hzto10 Hz 25°C 1.3 1.3
In ﬁgi‘;';i'jr':;':tpm 25°C 06 0.6 fAVHZ
Total harmonic Vo=05Vto25V, [Ay=1 0.017% 0.017%
THD + N distortion plus f=20kHz, 25°C
noise R( = 50 kOF Ay =10 0.03% 0.03%
Gain-bandwidth f =50 kHz, R =50 kQF, o
product C =100 pF¥ 25°C 0.82 0.82 MHz
Maximum output- Vo(pp) =2V, Ay =1, o
BOM  swing bandwidth | Ry = 50 kQf, cL =100 pFf | 25°C 185 185 kHz
é?/:_g)'sw 5y |01% 6.4 6.4
s ep =0. 025V, 5
ts Settling time RL = 50 kOF, . 25°C " " ps
CL = 100 pF¥ ©0.01% : :
Phase margin at
. . 25°C 56° 56°
om unity gain RL = 50 kQ¥, CL =100 pF¥
Gain margin 25°C 11 1 dB
T Full range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
t Referenced to 2.5V
3 1
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TLC2262Q/M electrical characteristics at specified free-air temperature, Vpp+ = 35 V (unless
otherwise noted)

TLC2262Q, TLC2262AQ,
PARAMETER TEST CONDITIONS Tat TLC2262M TLC2262AM UNIT
MIN TYP MAX MIN TYP MAX
v Inout offset volt 25°C 300 2500 300 950 v
nput offset voltage
1o P g Full range 3000 1500 | "
Temperature coefficient of o
avio input offset voltage Fullrange B 5 Wi°C
Input offset voltage long- Vic =0, Vo =0, o
term drift (see Note 4) Rs =50 Q 25°C 0.003 0.003 uV/mo
25°C 0.5 0.5
o Input offset current pA
125°C 800 800
| Input bi t 25°C ! ! A
nput bias curren
'8 P 125°C 800 soo| "
0BG -5 -53 -5 -53
Common-mode input _ to4  to4 to4 to4.2
VICR voltage range Rg=50Q, N po|l=5mV o o \Y
Fullrange | 4,35 t03.5
lo =-20 pA 25°C 4.99 4.99
) . la = —100 25°C 485 4.94 485 494
Voms Maximum positive peak |10 = =100 UA Fullrange | 4.82 482 v
output voltage
o = —400 pA 25°C 47 485 4.7 4.85
0 Full range 4.5 4.5
Vic=0, lo =50 pA 25°C -4.99 -4.99
. . Vie =0 In = 500 25°C -4.85 -4.91 -4.85 -491
voy. Maximumnegativepeak |Vic =0, 10 = S00A rEt TR —4.85 v
output voltage
25°C -4 -43 -4 -43
Vic=0, lo=4mA
Fullrange | -3.8 -3.8
L anal diff ol Rl =50 kO 25°C 80 200 80 200
Ayp -Arge-signaldifferential 1, ', [RLT Full range 50 50 V/mV
voltage amplification
RL =1MQ 25°C 1000 1000
) Differential input o 12 12
fi(d) resistance 25°C 10 10 Q
fic) Common-mode input 25°C 1012 1012 0
resistance
) Common-mode input _ o
Ci(c) capacitance f=10kHz, P package 25°C 8 8 pF
o Closed-loop output f=100kHz, Ay =10 25°C 220 220 Q
impedance
Common-mode Vic=-5Vto27V, 25°C 75 88 75 88
CMAR rejection ratio Vo =0, Rg=50Q Full range 75 75 dB
K Supply-voltage rejection Vpp=44Vto16V, 25°C 80 95 80 95 4B
SVR  ratio (AVpp +/AV|0) Vic =Vpp/2, Noload Fullrange | 80 80
| Suppt " Va=0 No load 25°C 425 500 425 500 uA
u curren =0, o loa
Db i o Full range 500 500

T Full range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 hours of operating life test at Tp = 150°C extrapolated
to TaA = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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TLC2262Q/M operating characteristics at specified free-air temperature, Vpp += 5V

TLC2262Q, TLC2262AQ,
PARAMETER TEST CONDITIONS Tat TLC2262M TLC2262AM UNIT
MIN TYP MAX | MIN TYP MAX
S| te at unit v 2V Ry =50 kO 25°C | 0.35 0.55 0.35 0.55
ew rate at unity o=2V, L= )
SR gain CL =100 pF Full 0.25 0.25 Vius
range
Y Equivalent input f=10Hz 25°C 43 43 nVivHz
n noise voltage f=1KHz 25°C 12 12
Peak-to-peak f=0.1Hzto1 Hz 25°C 0.8 0.8
VN(PP)  equivalent input "\
noise V0|tage f=0.1Hzto10 Hz 25°C 1.3 1.3
Equivalent input —_
In et 25°C 0.6 0.6 fAVHzZ
Total harmonic Vo=+23YV, Ay =1 0.014% 0.014%
THD + N distortion plus RL =50kQ, 25°C
noise f= 20 kHz Ay =10 0.024% 0.024%
Gain-bandwidth f=10 kHz, R =50 kQ, o
product CL =100 pF 25°C 0.73 0.73 MHz
Maximum output- | Vo(pp) =4.6 V, Ay =1, o
Bom swing bandwidth | R = 50 kQ, cL =100pF | 2°°C 8 8 kHz
Ay =-1, To 0.1% 7.1 7.1
tg Settling time gfi Z‘»O_If(:; V23V, 25°C s
CL = 100 pF To 0.01% 16.5 16.5
Phase margin at o o o
#m unity gain RL =50 kQ, CL =100 pF 25°C 57 >
Gain margin 25°C 1 1 dB
T Ful range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
3 1
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TLC2264Q/M electrical characteristics at specified free-air temperature, Vpp = 5 V (unless
otherwise noted)

TLC2264Q, TLC2264AQ,
PARAMETER TEST CONDITIONS Tat TLC2264M TLC2264AM UNIT
MIN TYP MAX| MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage Full range 3000 1500 [\
Temperature coefficient o
IO of input offset voltage Full range 2 2 WV C
Input offset voltage _ _
long-term drift xDQ%‘ 25V, X'C_‘Sod o 25°C 0.003 0.003 LV/mo
(see Note 4) o=" S=
25°C 0.5 0.5
llo Input offset current 125°C 300 800 pA
; 25°C 1 1
B Input bias current 125 300 300 pA
25°C 0 -03 0 -03
Common-mode input _ to4 to4.2 to4 to4.2
VicR voltage range Rs =500, Mol <5 mv 0 0 v
Fullrange | 35 t03.5
loH =-20 pA 25°C 4.99 4.99
ks = —100 25°C 485 494 485 494
VOH High-level output voltage OH= WA Fullrange | 4.82 4.82 \
It = —400 25°C 47 485 47 485
OH= WA Full range 4.5 4.5
Vic=25V, loL =50 pA 25°C 0.01 0.01
Vie =25V lw = 500 25°C 0.09 0.15 0.09 0.15
VoL  Low-level output voltage IC= <5, oL = WA Full range 0.15 0.15 \%
v 25V | 4mA 25°C 0.8 1 0.7 1
- . s - m
IC oL Full range 1.2 1.2
L | diff |V 25V, R = 50 kQ¥ 257 80 100 80 170
arge-signal differentia Ic=25YV, L=
AvD voltage amplification Vo=1Vto4V T Full range 50 50 VimV
RL=1MQ 25°C 550 550
) Differential input o 12 12
fi(d) resistance 25%C 10 10 Q
) Common-mode input o 12 12
fi(c) resistance 25 10 10 Q
) Common-mode input _ o
Ci(c) capacitance f=10 kHz, N package 25°C 8 8 pF
2z,  Closed-loopoutput f=100kHz,  Ay=10 25°C 240 240 Q
impedance
CMRR Common-mode rejection |V|c=0t0 27V, Vo=25YV, 25°C 70 83 70 83 4B
ratio Rg=500Q Full range 70 70
Supply-voltage rejection o
KSVR  ratio (AVpp/AV|0) VDD =4.4V1t0 16V, 25°C 80 % 80 9% dB
Iob Supply current Vo=25V, No load 25°C 0.8 1 0.8 1 A
(four amplifiers) Full range 1 1

T Full range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.

T Referenced to 2.5 V

NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC2264Q/M operating characteristics at specified free-air temperature, Vpp =5V

TLC2264Q, TLC2264AQ,
PARAMETER TEST CONDITIONS Tat TLC2264M TLC2264AM UNIT
MIN TYP MAX | MIN TYP MAX
S| te atunity | v 0.5V 1035V " 25°C | 0.35 0.55 0.35 0.55
ewrate atunity |Vo=05V1t035V, Rp=50kQ%F,
SR gain CL =100 pl:j: Full 0.25 025 V/LlS
range
Y Equivalentinput [f=10Hz 25°C 40 40 AVIVHzZ
n noise voltage f=1KkHz 25°C 12 12
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP)  equivalent input MV
noise V0|tage f=0.1Hzto 10 Hz 25°C 1.3 1.3
Equivalent input —
In et 25°C 06 0.6 fAVHzZ
Total harmonic Vo=05Vto25V, [Ay=1 0.017% 0.017%
THD + N distortion plus f=20kHz, 25°C
noise RL = 50 kOt Ay =10 0.03% 0.03%
Gain-bandwidth f=50 kHz, RL =50 kT, o
product CL = 100 oFt 25°C 0.71 0.71 MHz
Maximum output- | Vopp) =2V, Ay =1, o
Bom swing bandwidth | R| = 50 kQF, cL =100 pFt | 22 185 185 kHz
Ay =-1, T00.1% 6.4 6.4
tg Settling time SRte‘i _58 'EQ\QO 25V, 25°C s
Cr = 100 pFt T0 0.01% 14.1 14.1
Phase margin at
. . 25°C 56° 56°
b unity gain RL = 50 kQ¥, CL =100 pFt
Gain margin 25°C 1 11 dB
T Ful range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
tReferenced to 2.5V
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TLC2264Q/M electrical characteristics at specified free-air temperature, Vpp+ = 35 V (unless
otherwise noted)

TLC2264Q, TLC2264AQ,
PARAMETER TEST CONDITIONS Tat TLC2264M TLC2264AM UNIT
MIN TYP MAX MIN TYP MAX
25°C 300 2500 300 950
Vio Input offset voltage (Y
Full range 3000 1500
Temperature coefficient of o
avio input offset voltage Full range 2 2 WVIPC
Input offset voltage Vic =0, Vo =0, o
long-term drift (see Note 4) | Rg =50 Q 25°C 0.003 0.003 HVimo
25°C 0.5 0.5
o Input offset current pA
125°C 800 800
I Input bi t 257 ! ! A
nput bias curren
B P 125°C 800 800 P
-5 -53 -5 -53
25C | to4 tos2 tod to42
v Common-mode input Rg =50 Q, : : v
ICR voltage range Mio| =5 mVv -5 -5
Fullrange | 4,35 t0 35
lo =-20 pA 25°C 4.99 4.99
| 100 yA 25°C 485 4.94 485 494
Maximum positive peak o=-
VoM + output voltage Fullrange | 4.82 4.82 \
10 = 400 JA 25°C 47 485 47 485
0= Full range 4.5 4.5
Vic =0, lo =50 pA 25°C -4.99 -4.99
Vie =0 10 = 500 A 25°C -4.85 -4.91 -4.85 -4.91
VoMm— Maximum negative peak IC=U, o= Full range | —4.85 —485 Vv
output voltage
25°C -4 -43 -4 -43
Vic=0, lo=4mA
Fullrange | -3.8 -3.8
Rl =50 kO 25°C 80 200 80 200
Large-signal differential _ L=
AvD voltage amplification Vo=+4V Full range 50 50 VimV
RL=1MQ 25°C 1000 1000
rid)  Differential input resistance 25°C 1012 1012 Q
fic) Common-modelnput 25°C 1012 1012 Q
resistance
) Common-mode input _ o
Ci(c) capacitance f=10kHz, N package 25°C 8 8 pF
0 Closed-loop output f=100 kHz, Ay =10 25°C 220 220 Q
impedance
- Vic=-5Vto2.7V, 25°C 75 88 75 88
CMRR Common-mode Ic dB
rejection ratio Vo =0, Rg=50Q |[Fullrange 75 75
kSVR Supp|y_vo|tage rejec’[ion VDDi= +2.2Vto +8 V, 25°C 80 95 80 95 dB
ratio (AVpp +/AV|Q) Vic =Vpp/2, Noload Full range 80 80
Supply current _ 25°C 0.85 1 0.85 1
IDD (four amplifiers) Vo =0, No load Full range 1 1 mA

T Full range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
NOTE 4: Typical values are based on the input offset voltage shift observed through 500 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.
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TLC2264Q/M operating characteristics at specified free-air temperature, Vpp += 5V

TLC2264Q, TLC2264AQ,
PARAMETER TEST CONDITIONS Tat TLC2264M TLC2264AM UNIT
MIN TYP MAX | MIN TYP MAX
S| teatunity | Ve = 22V R =50k 25°C | 0.35 0.55 0.35 0.55
ew rate at unity | Vo =2V, L= ,
SR gain CL =100 pF Full 0.25 0.25 Vius
range
i i f=10 Hz 25°C 43 43
Vo Eq'uwalentlnput AV/vHz
noise voltage f=1kHz 25°C 12 12
Peak-to-peak f=0.1Hzto 1 Hz 25°C 0.8 0.8
VN(PP)  equivalent input "\
noise V0|tage f=0.1Hzto 10 Hz 25°C 1.3 1.3
Equivalent input —
In et 25°C 0.6 0.6 fANVHzZ
Total harmonic Vo =+23YV, Ay =1 0.014% 0.014%
THD + N distortion plus RL =50kQ, 25°C
noise f=20 kHz Ay =10 0.024% 0.024%
Gain-bandwidth f=10 kHz, RL =50 kQ, o
product CL = 100 pF 25°C 0.73 0.73 MHz
Maximum output- | Vopp)=4.6V, Ay =1, o
Bom swing bandwidth | R = 50 kQ, cL=100pF | 2°C 0 0 kHz
/S\Y=_1’23Vt aay | TO1% 7.1 7.
s ep=-2. 023V, o
ts Settling time R| = 50 kQ, - 25°C Ms
CL =100 pF To 0.01% 16.5 16.5
Phase margin at
. . 25°C 57° 57°
om unity gain RL =50 kQ, CL =100 pF
Gain margin 25°C 11 11 dB
T Ful range is —40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
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TYPICAL CHARACTERISTICS
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TYPICAL CHARACTERISTICS
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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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TYPICAL CHARACTERISTICS
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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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TYPICAL CHARACTERISTICS
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Figure 16 Figure 17

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 20 Figure 21

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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TYPICAL CHARACTERISTICS
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Figure 24 Figure 25

1 Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
For curves where Vpp =5V, all loads are referenced to 2.5 V.
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Ayp- Large-Signal Differential
Voltage Amplification — dB
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TYPICAL CHARACTERISTICS
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curves where Vpp =5V, all loads are referenced to 2.5 V.
Figure 26
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Figure 27
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TYPICAL CHARACTERISTICS
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Figure 30 Figure 31

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 34

t For curves where Vpp =5V, all loads are referenced to 2.5 V.
Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.

CMRR - Common-Mode Rejection Ratio — dB

kSVR — Supply-Voltage Rejection Ratio — dB
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TYPICAL CHARACTERISTICS
TLC2262
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Figure 38 Figure 39

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
TLC2264
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Figure 42 Figure 43

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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Vo — Output Voltage -V

Vo — Output Voltage - V

TYPICAL CHARACTERISTICS
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Figure 44
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Figure 46

1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 50 Figure 51

1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS

EQUIVALENT INPUT NOISE VOLTAGE
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Figure 54 Figure 55
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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GAIN-BANDWIDTH PRODUCT

TYPICAL CHARACTERISTICS
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Figure 59

t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
1 For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
UNITY-GAIN BANDWIDTHT OVERESTIMATION OF PHASE MARGINT
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t See application information
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APPLICATION INFORMATION

driving large capacitive loads

The TLC226x is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 58
and Figure 59 illustrate its ability to drive loads greater than 400 pF while maintaining good gain and phase
margins (Rpyy = 0).

A smaller series resistor (Rp) at the output of the device (see Figure 62) improves the gain and phase margins
when driving large capacitive loads. Figure 58 and Figure 59 show the effects of adding series resistances of
10Q, 20 Q, 50 Q, and 100 Q. The addition of this series resistor has two effects: the first is that it adds a zero
to the transfer function and the second is that it reduces the frequency of the pole associated with the output
load in the transfer function.

The zero introduced to the transfer function is equal to the series resistance times the load capacitance. To
calculate the improvement in phase margin, equation 1 can be used.

80, = tan~" (2 xm x UGBW X R, X C| | (1)
Where :
A@rm = improvement in phase margin
UGBW = unity-gainbandwidthfrequency
R,u1 = outputseriesresistance
C_ = loadcapacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 60). To
use equation 1, UGBW must be approximated from Figure 60.

Using equation 1 alone overestimates the improvement in phase margin, as illustrated in Figure 61. The
overestimation is caused by the decrease in the frequency of the pole associated with the load, thus providing
additional phase shift and reducing the overall improvement in phase margin. The pole associated with the load
is reduced by the factor calculated in equation 2.

_ 1
F= 1+ gm xRy @)
Where :
F = factorreducingfrequency of pole
dm = small-signaloutput transconductance (typically 4.83 x 10-3 mhos)
R,y = output series resistance

For the TLC226x, the pole associated with the load is typically 7 MHz with 100-pF load capacitance. This value
varies inversely with C| : at C| = 10 pF, use 70 MHz, at C| = 1000 pF, use 700 kHz, and so on.

Reducing the pole associated with the load introduces phase shift, thereby reducing phase margin. This results
in an error in the increase in phase margin expected by considering the zero alone (equation 1). Equation 3
approximates the reduction in phase margin due to the movement of the pole associated with the load. The
result of this equation can be subtracted from the result of the equation in equation 1 to better approximate the
improvement in phase margin.
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APPLICATION INFORMATION

driving large capacitive loads (continued)

AO, = tan™" [ﬁ%\;\g] —tan™" (U%%) (3)
Where :
A@m2 = reduction in phase margin
UGBW = unity-gain bandwidth frequency

F = factor from equation 2

P2 = unadjusted pole (70 MHz@10 pF, 7 MHz@100 pF, etc.)

Using these equations with Figure 60 and Figure 61 enables the designer to choose the appropriate output
series resistance to optimize the design of circuits driving large capacitive loads.

50 kQ
50 kQ
R
Vi > null
CL
VDD-/GND I

Figure 62. Series-Resistance Circuit
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APPLICATION INFORMATION

macromodel information

Macromodel information provided was derived using Microsim Parts[], the model generation software used
with Microsim PSpice[]. The Boyle macromodel (see Note 5) and subcircuit in Figure 63 are generated using
the TLC226x typical electrical and operating characteristics at Tpo = 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

Slew rate
Quiescent power dissipation
Input bias current

Open-loop voltage amplification

Common-mode rejection ratio
Phase margin

DC output resistance

AC output resistance
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,” IEEE Journal

of Solid-State Circuits, SC-9, 353 (1974).

2
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IN+ —@&

ﬁ}l
Ao %

RD2
60
Vcc-—o—e (N

VCC

DE
AN ® ’ i
VE ouT

.SUBCKT TLC226x 12345 RD1 60 11 21.22E3

c1 11 12 3.560E-12 RD2 60 12  21.22E3

c2 6 7 15.00E-12 RO1 8 5 120

DC 5 53 DX R02 7 99 120

DE 54 5 DX RP 3 4 26.04E3

DLP 90 91 DX RSS 10 99 24.24E6

DLN 92 90 DX VAD 60 4 -6

DP 4 3 DX VB 9 0 DCO

EGND 99 0 POLY (2) (3,0)(4,000.5 .5 vVC 3 53 DC .65

FB 7 99  POLY (5) VB VC VE VLP VE 54 4 DC .65

+ VLN 0 21.04E6 —30E6 30E6 30E6 —30E6 VLIM 7 8 DCO

GA 6 0 11 1247.12E-6 VLP 91 0 DC 1.4

GCM 0 6 10 99 4.9E-9 VLN 0 92 DC9.4

ISS 3 10  DC 8.250E-6 MODEL DX D (IS=800.0E—18)

HLIM 90 O VLIM 1K MODEL JX PJF (1S=500.0E—15 BETA=281E—6

J1 1M1 2 10 JX + VTO=-.065)

J2 12 1 10 JX .ENDS

R2 6 9 100.0E3

Figure 63. Boyle Macromodel and Subcircuit

PSpice and Parts are trademarks of MicroSim Corporation.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
1) Drawing Qty 2) Ball material (3) (4/5)
(6)
5962-9469201QHA ACTIVE CFP U 10 1 Non-RoHS SNPB N / A for Pkg Type -55to0 125 9469201QHA
& Green TLC2262M
5962-9469203QPA ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55to 125 9469203QPA
& Green TLC2262AM
5962-9469204Q2A ACTIVE LCCC FK 20 1 Non-RoHS SNPB N / A for Pkg Type -55to0 125 5962-
& Green 9469204Q2A
TLC2264
AMFKB
5962-9469204QCA ACTIVE CDIP J 14 1 Non-RoHS SNPB N / A for Pkg Type -55to 125 5962-9469204QC
& Green A
TLC2264AMJB
TLC2262AID ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 2262Al
TLC2262AIDG4 ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 2262Al
TLC2262AIDR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 2262Al
TLC2262AIDRG4 ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 2262Al
TLC2262AIP ACTIVE PDIP P 8 50 RoHS & Green NIPDAU N / A for Pkg Type -40to 125 TLC2262Al
TLC2262AIPW ACTIVE TSSOP PW 8 150 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 Y2262A
TLC2262AIPWR ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 Y2262A
TLC2262AIPWRG4 ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 Y2262A
TLC2262AMJG ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55to 125 TLC2262
& Green AMJG
TLC2262AMJGB ACTIVE CDIP JG 8 1 Non-RoHS SNPB N / A for Pkg Type -55to0 125 9469203QPA
& Green TLC2262AM
TLC2262AQD ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 C2262A
TLC2262CD ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 2262C
TLC2262CDR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 2262C -

Addendum-Page 1
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
) Drawing Qty @ Ball material ®3) (415)
®)

TLC2262CP ACTIVE PDIP P 8 50 RoHS & Green NIPDAU N / A for Pkg Type 0to 70 TLC2262CP
TLC2262CPE4 ACTIVE PDIP P 8 50 RoHS & Green NIPDAU N / A for Pkg Type 0to 70 TLC2262CP
TLC2262CPW ACTIVE TSSOP PW 8 150 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2262

TLC2262CPWG4 ACTIVE TSSOP PW 8 150 TBD Call Tl Call Tl 0to 70
TLC2262CPWR ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2262
TLC2262CPWRG4 ACTIVE TSSOP PW 8 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2262

TLC2262ID ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM 22621
TLC2262IDG4 ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM 22621

TLC2262IDR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM 22621

TLC2262IP ACTIVE PDIP P 8 50 RoHS & Green NIPDAU N / A for Pkg Type TLC2262IP
TLC2262MUB ACTIVE CFP U 10 1 Non-RoHS SNPB N / A for Pkg Type -55to 125 9469201QHA

& Green TLC2262M

TLC2262QD ACTIVE SOIC D 8 75 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 C2262Q
TLC2262QDR ACTIVE SOIC D 8 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 C2262Q

TLC2264AID ACTIVE SOIC D 14 50 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 2264Al
TLC2264AIDG4 ACTIVE SOIC D 14 50 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 2264Al
TLC2264AIDR ACTIVE SOIC D 14 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 2264Al

TLC2264AIN ACTIVE PDIP N 14 25 RoHS & Green NIPDAU N / A for Pkg Type -40to 125 TLC2264AIN
TLC2264AIPW ACTIVE TSSOP PW 14 90 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 Y2264A

TLC2264AIPWR ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 Y2264A

TLC2264AIPWRG4 ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 Y2264A

TLC2264AMFKB ACTIVE LCCC FK 20 1 Non-RoHS SNPB N / A for Pkg Type -55to0 125 5962-
& Green 9469204Q2A
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Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
) Drawing Qty @ Ball material ®3) (415)
© TLC2264
AMFKB
TLC2264AMJB ACTIVE CDIP J 14 1 Non-RoHS SNPB N / A for Pkg Type -55to0 125 5962-9469204QC
& Green A
TLC2264AMJB
TLC2264AQD ACTIVE SOIC D 14 50 RoHS & Green NIPDAU Level-1-260C-UNLIM  -40to 125 2264AQ
TLC2264AQDRG4 ACTIVE SOIC D 14 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM PJ2264A
TLC2264CD ACTIVE SOIC D 14 50 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 TLC2264C
TLC2264CDR ACTIVE SOIC D 14 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 TLC2264C
TLC2264CN ACTIVE PDIP N 14 25 RoHS & Green NIPDAU N / A for Pkg Type 0to 70 TLC2264CN
TLC2264CPW ACTIVE TSSOP PW 14 90 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2264
TLC2264CPWR ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2264
TLC2264CPWRG4 ACTIVE TSSOP PW 14 2000 RoHS & Green NIPDAU Level-1-260C-UNLIM 0to 70 P2264
TLC2264ID ACTIVE SOIC D 14 50 RoHS & Green NIPDAU Level-1-260C-UNLIM TLC22641
TLC2264IDR ACTIVE SOIC D 14 2500 RoHS & Green NIPDAU Level-1-260C-UNLIM TLC22641
TLC2264IN ACTIVE PDIP N 14 25 RoHS & Green NIPDAU N / A for Pkg Type TLC2264IN

™ The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

OBSOLETE: Tl has discontinued the production of the device.

) RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS requirements for all 10 RoHS substances, including the requirement that RoHS substance
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. TI may
reference these types of products as "Pb-Free".

RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.

Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based

flame retardants must also meet the <=1000ppm threshold requirement.

Addendum-Page 3
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@ MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.
@ There may be additional marking, which relates to the logo, the lot trace code information, or the environmental category on the device.

® Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~" will appear on a device. If aline is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.

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

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

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

OTHER QUALIFIED VERSIONS OF TLC2262, TLC2262A, TLC2262AM, TLC2262M, TLC2264A, TLC2264AM :
« Catalog : TLC2262A, TLC2262, TLC2264A

« Automotive : TLC2264A-Q1, TLC2264A-Q1

o Military : TLC2262M, TLC2262AM, TLC2264AM

NOTE: Qualified Version Definitions:

« Catalog - Tl's standard catalog product
« Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects

« Military - QML certified for Military and Defense Applications

Addendum-Page 4
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
2 ’4— KO
: 1
Bo W
Reel — l
S Diameter
Cavity
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness
A W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
[ 1 1
_f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O O O O O O O O ()77 Sprocket Holes
| |
I I
Q1 : Q2 Q1 : Q2
4--1--4 t--7--1- ﬁ
Q3 1 Q4 Q3 1 Q4 User Direction of Feed
|l ® A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package [Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) W1 (mm)
TLC2262AIDR SOIC D 8 2500 330.0 124 6.4 5.2 21 8.0 12.0 Q1
TLC2262AIPWR TSSOP PW 8 2000 330.0 124 7.0 3.6 1.6 8.0 12.0 Q1
TLC2262CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
TLC2262CPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2262IDR SOIC D 8 2500 330.0 124 6.4 5.2 21 8.0 12.0 Q1
TLC2262QDR SOIC D 8 2500 330.0 125 6.4 5.2 21 8.0 12.0 Q1
TLC2264AIDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC2264AIPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2264AQDRG4 SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC2264CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC2264CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2264IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1

Pack Materials-Page 1



i3 TexAs PACKAGE MATERIALS INFORMATION

INSTRUMENTS

www.ti.com 3-Jun-2022

TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLC2262AIDR SOIC D 8 2500 340.5 336.1 25.0
TLC2262AIPWR TSSOP PW 8 2000 356.0 356.0 35.0
TLC2262CDR SOIC D 8 2500 340.5 336.1 25.0
TLC2262CPWR TSSOP PW 8 2000 356.0 356.0 35.0
TLC2262IDR SOIC D 8 2500 340.5 336.1 25.0
TLC2262QDR SOIC D 8 2500 340.5 336.1 25.0
TLC2264AIDR SOIC D 14 2500 340.5 336.1 32.0
TLC2264AIPWR TSSOP PW 14 2000 356.0 356.0 35.0
TLC2264AQDRG4 SOIC D 14 2500 350.0 350.0 43.0
TLC2264CDR SOIC D 14 2500 340.5 336.1 320
TLC2264CPWR TSSOP PW 14 2000 356.0 356.0 35.0
TLC2264IDR SOIC D 14 2500 340.5 336.1 32.0

Pack Materials-Page 2
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TUBE
T - Tube
height L - Tube length
( 5
> w-Twbe| . o\ L
> vxfdth
— B - Alignment groove width
*All dimensions are nominal
Device Package Name |Package Type| Pins SPQ L (mm) | W(mm) T (um) B (mm)
5962-9469204Q2A FK LCCC 20 1 506.98 12.06 2030 NA
TLC2262AID D SOIC 8 75 507 8 3940 4.32
TLC2262AID D SOIC 8 75 505.46 6.76 3810 4
TLC2262AIDG4 D SOIC 8 75 507 8 3940 4.32
TLC2262AIDG4 D SOIC 8 75 505.46 6.76 3810 4
TLC2262AIP P PDIP 8 50 506 13.97 11230 4.32
TLC2262AIPW PW TSSOP 8 150 530 10.2 3600 3.5
TLC2262AQD D SOIC 8 75 507 8 3940 4.32
TLC2262CD D SOIC 8 75 507 8 3940 4.32
TLC2262CP P PDIP 8 50 506 13.97 11230 4.32
TLC2262CPE4 P PDIP 8 50 506 13.97 11230 4.32
TLC2262CPW PW TSSOP 8 150 530 10.2 3600 3.5
TLC2262ID D SOIC 8 75 507 8 3940 4.32
TLC2262IDG4 D SOIC 8 75 507 8 3940 4.32
TLC2262IP P PDIP 8 50 506 13.97 11230 4.32
TLC2262QD D SOIC 8 75 507 8 3940 4.32
TLC2264AID D SOIC 14 50 505.46 6.76 3810 4
TLC2264AID D SOIC 14 50 507 8 3940 4.32
TLC2264AIDG4 D SOIC 14 50 505.46 6.76 3810 4
TLC2264AIDG4 D SOIC 14 50 507 8 3940 4.32
TLC2264AIN N PDIP 14 25 506 13.97 11230 4.32
TLC2264AIPW PW TSSOP 14 90 530 10.2 3600 3.5
TLC2264AMFKB FK LCCC 20 1 506.98 12.06 2030 NA
TLC2264AQD D SOIC 14 50 505.46 6.76 3810 4
TLC2264CD D SOIC 14 50 505.46 6.76 3810 4
TLC2264CD D SOIC 14 50 507 8 3940 4.32
TLC2264CN N PDIP 14 25 506 13.97 11230 4.32
TLC2264CPW PW TSSOP 14 90 530 10.2 3600 3.5
TLC2264ID D SOIC 14 50 507 8 3940 4.32
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Device Package Name |Package Type| Pins SPQ L (mm) | W(mm) T (um) B (mm)
TLC2264IN N PDIP 14 25 506 13.97 11230 4.32
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, PACKAGE OUTLINE
UOO010A v CFP - 2.03 mm max height

CERAMIC FLATPACK

’7 .27 MAX -
045 MAX — .010+.002 PIN 11 GLASS 19Y0|§ MIN
TYP—l

- :
J—’———a——————————\.—— . )
8X .050+.005 - 5 0}
1—L+_____—_—_ﬁ_ ' )

[ : : | 27 MAX
i ; : GLASS
| . - |

10X .0171.002/| 5 ' : 16

+.019
5X.32+.01 .241_.003 5X.32+.01

TU-.012

L045*

.026

.005+.001 1 i
1 et 013
I

4225582/A 01/2020

NOTES:

1. All linear dimensions are in inches. Any dimensions in parenthesis are for reference only. Dimensioning and tolerancing
per ASME Y14.5M.
2. This drawing is subject to change without notice.
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MECHANICAL DATA

FK (S—CQCC—N**) LEADLESS CERAMIC CHIP CARRIER
. 5 E
A - - A A
v 2 2 2 2
v
< » -
A u
v
> < <« » PEN
NOTES: All linear dimensions are in inches (millimeters).

This package can be hermetically sealed with a metal lid.

A.
B. This drawing is subject to change without notice.
C
D. Falls within JEDEC MS-004
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GENERIC PACKAGE VIEW
J 14 CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

Images above are just a representation of the package family, actual package may vary.
Refer to the product data sheet for package details.

4040083-5/G
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’ PACKAGE OUTLINE
JOO014A i CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

4X.005 MIN

PIN 11D L_AJ
0.13 .015-.060 TYP
(OPTIONAL)\/ [0.13] *‘ [0.38-1.52]
| |

E 14X .014-.026

i j] 14X i(1)4155_l(1)6655] J [0.36-0.66]
T |- [.010[0.25]|C|A[B]

’_;

12X |.100
[2.54]

-
It
o

.754-785

::] [19.15-19.94]
E
E

il Il B e B e

7 j] 8
)
B 245-283 al
—{ 2MAXTYP A3 MIN TYP
[6.22-7.19] 15.08] 3.3]
SEATING PLANE

308-.314
[7.83-7.97]
T GAGE PLANE

T 015 | GAGE PLANE
[0.38]

\f . 0°-15 ‘__\L, .
Sy 14X .008-.014

[0.2-0.36]

4214771/A 05/2017

NOTES:

1. All controlling linear dimensions are in inches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14.5M.

2. This drawing is subject to change without notice.

3. This package is hermitically sealed with a ceramic lid using glass frit.

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

5. Falls within MIL-STD-1835 and GDIP1-T14.
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EXAMPLE BOARD LAYOUT
JOO14A CDIP - 5.08 mm max height

CERAMIC DUAL IN LINE PACKAGE

-~ (300 ) TYP
[7.62] SEE DETAIL B
SEE DETAIL A\/ ~. e

\
f@/m

SYMM
JoRRENCE
14X (.039)
O | ©
© ! ©
|
© | O
SYMM
¢
LAND PATTERN EXAMPLE
NON-SOLDER MASK DEFINED
SCALE: 5X
002 MAX (.063)
0.05 1.6
ALL[ ARC])UND 1.6l METAL (% .063)
SOLDER MASK 1.6]
OPENING
\METAL ‘]L
—— / 002 MAX
(R002 ) TYP _ R [0.05]
[0.05] ALL AROUND
DETAIL A DETAIL B
SCALE: 15X 13X, SCALE: 15X
4214771/A 05/2017
i} Texas
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MECHANICAL DATA

D (R-PDSO-G14) PLASTIC SMALL OUTLINE

1AARAAA | ¢

I —

/ \
/ \

A 4 \

/ | \
o] ‘

| I [

\ /
v C_ —-—Y

rn ;
z \\__—//
| < >

4040047-5/M  06/11

All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash. Interlead flash shall not exceed 0.017 (0,43) each side.

Reference JEDEC MS-012 variation AB.

NOTES:

B> P
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LAND PATTERN DATA

D (R—PDSO—-G14) PLASTIC SMALL OUTLINE

Example Board Layout Sten(t‘i\ill0 gp%rsings

(Note C)

i =—12x1,27 | 085
‘ ‘ — 227

(AL ] 14x1.50 I‘II‘IDI‘II‘II—I

oot gugubt
5,40 5,40
TN
LEL_ A0 EnRalaaNaals t
%\ yERERRRARE O 0O
Example
Non Soldermask Defined Pad Example
. Pad Geometry
‘ /,,/ (See Note C)
g

.'/ 1,55 \ Example
! * / Solder Mask Opening
\ /" (See Note E)
\ —=Il=—0.07 !
\ All Around /
\. /
N ’/,
N -

St————

4211283-3/E  08/12

All linear dimensions are in millimeters.

NOTES: A

B. This drawing is subject to change without notice.

C. Publication IPC-7351 is recommended for alternate designs.

D. Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.
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MECHANICAL DATA

PW (R-PDSO—G14)

PLASTIC SMALL OUTLINE

>» <« > <

AARAAR

A

nonoohg

<« >

A

A

v

NOTES: A. All linear dimensions are in millimeters.

B. This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.

not exceed 0,15 each side.

Dimensioning and tolerancing per ASME Y14.5M-1994.

Mold flash, protrusions, or gate burrs shall

@ Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

E. Falls within JEDEC MO-153

3
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PACKAGE OUTLINE

DO008SA SOIC - 1.75 mm max height
SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\‘

e————— 228-.244 TYP
15.80-6.19] [ 004 0.11[C|
@ PIN 1 ID AREA
6X|.050

. [1.27) — T

T=-—- i

— h

.150 |

[3.81]

] ]
4 l 4X (0°-15°) |
5—‘|:

8X.012-.020 k
E 150-.157 ——— [0-31'0-51] —= 069 MAX

[~
/

[3N%+3é%8] (4 [.010[0.25) [c]A[B] [1.75]
/ .
,\ N ] \k S
AN / 4x<o°-15°)\/L - f

s
SEE DETAIL A

010
[0.25]

/ R
. °T$ T— .004-.010
0-8 [0.11-0.25]
.016-.050
[0.41-1.27] DETAIL A
(.041) |=— TYPICAL
[1.04]

4214825/C 02/2019

NOTES:

—_

[0 w N

. Linear dimensions are in inches [millimeters]. Dimensions in parenthesis are for reference only. Controlling dimensions are in inches.

Dimensioning and tolerancing per ASME Y14.5M.

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed .006 [0.15] per side.

. This dimension does not include interlead flash.
. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DO008SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.59] SYMM SEE
DETAILS
H
8
8X (.024) T
[0.6] SYMM
_ [ AR ¢
| | ! ~— (R.002 ) TYP
o [0.05]
=3 s
6X (.050 ) | |
[1.27]

e (t§143]) —™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

SOLDER MASK SOLDER MASK
SNV RN\ N

| |
EXPOSE : 1
METAL EXPOSED/ ),
4 METAL $J
L— i0028 MAX L 0028 MIN

0.07] [0.07]
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO008SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

8X (.061 )
[1.55] SYMM

yo1
8X (.024) T

[0.6]

SYMM

‘ ‘ “— (R.002 ) TYP

B (s oo

6X (.050 ) —

[1.27]
Li (213) ——j

(5.4]

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

4214825/C 02/2019

NOTES: (continued)

8. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
9. Board assembly site may have different recommendations for stencil design.
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MECHANICAL DATA

MCERO001A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE
0.400 (10,16)
¢ 0.355 (9,00) —
i I e I el M el
) 0.280 (7,11)
0.245 (6,22)
B B o
1 4
"‘ L 0.065 (1,65)
0.045 (1,14)
0.063 (1,60) _ 0.310 (7,87)
0.015(0,38)_’ I 0.0200,51) MIN 0.290 (7,37) i
f
0.200 (5,08) MAX
—¥ ¢ Seating Plane

T 0.130 (3,30) MIN

0.023 (0,58) o_15°
AJLLjoow(oas) —» \4/ 015
[0.100 (2,54) | 0.014 (0,36)

0.008 (0,20)

4040107/C 08/96

A. Alllinear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification.

E. Falls within MIL STD 1835 GDIP1-T8
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MECHANICAL DATA

P (R—PDIP-T8) PLASTIC DUAL—=IN—LINE PACKAGE
< »
M
A
R RN v
> <
> <« < »
A
v
T A
I v
A
< » < »

4040082/E 04/2010

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. Falls within JEDEC MS-001 variation BA.
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MECHANICAL DATA

N (R—PDIP—T**)

PLASTIC DUAL-IN—-LINE PACKAGE
16 PINS SHOWN
< A > » PINS =1y 16 18 20
16 9
e e e W

A MAX 0.775 0.775 0.920 1.060
T (19,69) | (19,69) | (23,37) | (26,92)
0.260 (6,60) A MIN 0.745 0.745 0.850 0.940
) 0.240 (6,10) (18,92) | (18,92) | (21,59) | (23,88)
A MS-001 A A
[ SN S S oy s s e g VARIATION AA BB c D
1 J L 8
0.070 (1,78)
0.045 (1,14) A
0.045 (1,14) 0.325 (8,26)
> - .520 (5,20)
r 0.030 (0,76) @ 0.020 (0,51) MIN 0.300 (7.62)
I | \ . m 0.015 (0,38)
| L —
\- 1 1 0.200 (5,08) MAX — Gauge Plane
| | A l Seating Plane L_]

0.125 (3,18) MIN 0.010 (0,25) NOM

4‘ 0.430 (10,92) MAX L

0.100 (2,54)

0.021 (0,53)
1 5.015 (0,38)

[€]0.010 (0,25) @]

)

\
‘\ /’ 14/18 Pin Only

- 20 Pin vendor option @

4040049/E 12/2002
NOTES:

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

& Falls within JEDEC MS—001, except 18 and 20 pin minimum body length (Dim A).
@ The 20 pin end lead shoulder width is a vendor option, either half or full width.
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PACKAGE OUTLINE
PWO000SA g TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

6.6
62 1YP '
PIN 11D
AREA
~ ~ ex[055]
8
T  2X
—
4 .
. 7 5
8X0 30

0.19 L
B} J a (4 [01®@ [c[A [63 | ~h 2w

4.3
NOTE 4

AN

\SEE DETAIL A

L 0.15
0.05

DETAIL A
TYPICAL

4221848/A 02/2015

NOTES:

—_

(60 wWN

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

per ASME Y14.5M.

. This drawing is subject to change without notice.
. This dimension does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not

exceed 0.15 mm per side.

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.
. Reference JEDEC registration MO-153, variation AA.

INSTRUMENTS

www.ti.com




EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

PWO0O08SA

8X (0.45) " X o) " SYMM
: R0.05
[ — i W
8
N . 1 sy
|
|

f (5.8) !

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK
OPENING

SOLDER MASK METAL METAL UNDER
OPENING \ / SOLDER MASK‘\
N
l | '
1 1

___________ =)
——1—— 0.05 MAX ~—ﬂ—— 0.05 MIN
ALL AROUND ALL AROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
SOLDER MASK DETAILS

NOT TO SCALE

4221848/A 02/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0008SA TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

8X (1.5)

8X (0.45) ¢ (R0.05) TYP
1
- | :

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:10X

4221848/A 02/2015

NOTES: (continued)

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

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

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

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

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

TI's products are provided subject to TI's Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with
such Tl products. TI's provision of these resources does not expand or otherwise alter TI's applicable warranties or warranty disclaimers for
Tl products.

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

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated



