TLC225x, TLC225xA
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VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

® Output Swing Includes Both Supply Rails ® Low Input Offset Voltage
® Low Noise...19nVAVHz Typ at f =1 kHz 850 pV Max at Tp = 25°C (TLC225xA)
® Low Input Bias Current . .. 1 pA Typ ® Macromodel Included
® Fully Specified for Both Single-Supply and ® Performance Upgrades for the TS27L2/L4
Split-Supply Operation and TLC27L2/L4
® Very Low Power . .. 35 pA Per Channel Typ ® Available in Q-Temp Automotive
® Common-Mode Inbut Volt R HighRel Automotive Applications
put Voltage Range . . .
Includes Negative Rail Conf'lgura'tlon Control / ernt Support
Qualification to Automotive Standards
description EQUIVALENT INPUT NOISE VOLTAGE
The TLC2252 and TL0225_4_1 are dual and FREQ\(JSENCY
guadruple operational amplifiers from Texas 60 —
Instruments. Both devices exhibit rail-to-rail N VDD =5V
output performance for increased dynamic range |§ Rs=200Q
in single- or split-supply applications. The S 5o ATZC
TLC225x family consumes only 35 pA of supply ]
current per channel. This micropower operation >
makes them good choices for battery-powered s X
- ) >
applications. The noise performance has been o \
dramatically improved over previous generations 2 30 N
of CMOS amplifiers. Looking at Figure 1, the = \\
TLC225x has a noise level of 19 nV/VYHz at 1kHz; g N
four times lower than competitive micropower = 20 ~=
solutions. Ei
The TLC225x amplifiers, exhibiting high input I% 10
impedance and low noise, are excellent for L
small-signal conditioning for high-impedance > 0
sources, such as piezoelectric transducers. 101 102 103 104

Because of the micropower dissipation levels,
these devices work well 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 TLC225xA family is available and has a maximum input offset voltage of 850 pV. This
family is fully characterized at 5V and +5 V.

The TLC2252/4 also makes great upgrades to the TLC27L2/L4 or TS27L2/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 ranges, see the TLV2432 and TLV2442 devices. If the 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.

f — Frequency — Hz

Figure 1

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.
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TLC2252 AVAILABLE OPTIONS

PACKAGED DEVICES
TA Viomax SMALL CHIP CERAMIC PLASTIC Tssopt CERAMIC
AT 25°C OUTLINET CARRIER DIP DIP PW) FLATPACK
(D) (FK) (JG) (P) )
0°Cto 70°C 1500 pv | TLC2252CD — — TLC2252CP TLC2252CPW —
20°C 10 125°C 850 pVv | TLC2252AID — — TLC2252AIP | TLC2252AIPW —
- 0 1500 pv | TLC2252ID — — TLC2252IP — —
40°C 0 125°C 850 Vv | TLC2252AQD — — — — —
- 0 1500 pV | TLC2252QD — — — — —
55°C to 125°C 850 pv — TLC2252AMFK | TLC2252AMJG — — TLC2252AMU
B 1500 pv — TLC2252MFK | TLC2252MJG —_ — TLC2252MU
tThe D packages are available taped and reeled. Add R suffix to device type (e.g., TLC2262CDR).
¥ The PW package is available only left-ended taped and reeled.
8 Chip forms are tested at 25°C only.
TLC2254 AVAILABLE OPTIONS
PACKAGED DEVICES
Viomax SMALL CHIP CERAMIC CERAMIC
T ° i
A AT25°C | ouTLINET CARRIER DIP PLAS(,T\I')C DIP Ts('fv?/; FLATPACK
(D) (FK) ) (W)
0°Cto
70°C 1500 pv | TLC2254CD — — TLC2254CN TLC2254CPW —
—40°C to 850 uV | TLC2254AID — — TLC2254AIN TLC2254AIPW —
125°C 1500 pVvV | TLC2254ID — —_ TLC2254IN — —
—-40°C to 850 v | TLC2254AQD — — — — —
125°C 1500 pv | TLC2254QD — — — — —
-55°C to 850 pv — TLC2254AMFK TLC2254AMJ — — TLC2254AMW
125°C 1500 pv — TLC2254MFK TLC2254MJ — _ TLC2254MW

TTheD packages are available taped and reeled. Add R suffix to the device type (e.g., TLC2254CDR).
¥ The PW package is available only left-end taped and reeled. Chips are tested at 25°C.
§ Chip forms are tested at 25°C only.
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TLC2252C, TLC2252AC
TLC22521, TLC2252Al
TLC2252Q, TLC2252AQ
D, P, OR PW PACKAGE
(TOP VIEW)

)

10UT (]
1IN- []
1N+ []
Vpp_/GND []

]VDD+
] 20UT
] 2IN-
] 2IN+

A W N P
g o N 0

TLC2252M, TLC2252AM ... JG PACKAGE

(TOP VIEW)
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10UT ]
1IN— []
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] 20UT
] 2IN—
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TLC2254C, TLC2254AC
TLC22541, TLC2254Al
TLC2254Q, TLC2254AQ
D, N, OR PW PACKAGE

(TOP VIEW)
)

1outll 1~ 14[) a0uT
1IN-[] 2 13[] aIN-
1IN+[] 3 12]] 4N+
Vpp+l 4 11[] Vpp_/GND
2IN+[] 5 10| 3IN+
2IN-[] 6 9| 3IN-
20UT([] 7 8| 30ouT

NC — No internal connection

TLC2252M, TLC2252AM . . . FK PACKAGE

(TOP VIEW)
o > o éo
Z 9 z >z
/ LILJL LI
3 2 1 2019
NC [] 4 18[] NC
1IN-[]5 17[] 20UT
NC [ 16[] NC
1IN+ [] 7 15[] 2IN-
NC []8 14[] NC
:I 9 10 11 12 13 |:
i
on O+ 0O
z2ZzZ z2Z 2z
Q N
s
>
TLC2262M, TLC2252AM . .. U PACKAGE
(TOP VIEW)
NC[lex  10[INC
10UT(] 2 ofl vee +
1UN-[] 3 gl 20uUT
1N+ 4 71l 21N -
Vee_/GND [] 5 6l] 2IN +
TLC2254M, TLC2254AM
FK PACKAGE
TLC2254M, TLC2254AM (TOP VIEW)
J OR W PACKAGE e e
(TOP VIEW) zZ3003zZ
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equivalent schematic (each amplifier)

VDD +
L @ L 2 l @
Q3 Q6 Q9 Q12 EM Q16
R6 %
IN+ _|
o c1
IN— —| — — |— R5
" o e -
4—o—p
Q Q ° — — —
Q13 Q15 Q17
*—o
— — — — \ 4
JJH S SRS I o1
Q2 Q5 Q7 Q8 Q10 Q11
R3 R4 R1 f f R2
L 4 L 4 L 4 T
VDD-/GND
ACTUAL DEVICE COMPONENT COUNTT
COMPONENT TLC2252 TLC2254
Transistors 38 76
Resistors 30 56
Diodes 9 18
Capacitors 3 6

T Includes both amplifiers and all ESD, bias, and trim circuitry

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

Supply voltage, Vpp+ (SE8 NOE 1) .o e e e 8V
Supply voltage, Vpp_ (SEE NOE 1) . ... e -8V
Differential input voltage, Vip (See NOte 2) . ... .. +16 V
Input voltage, V| (any input, see NOte 1) ... .. +8V
Input current, 1) (€ACH INPUL) . ... o e e e +5 mA
OUIPUL CUITENE, [ .« oo e e e i 50 mA
TOtal CUMTENTINTO VDD b« v v v ettt ettt e e e e e e e e e e e et e e +50 mA
Total CUMTENt QUL OF VDD« oottt e e e e e e e e e e +50 mA
Duration of short-circuit current at (or below) 25°C (see Note 3) ........ ..t unlimited
Continuous total dissipation .............. . See Dissipation Rating Table
Operating free-air temperature range, Ta: CSUffiX ... it 0°Cto 70°C

FSuffix ... —40°C to 125°C

QSUFfiX « oo —40°C to 125°C

MSUFfIX . —55°C to 125°C
Storage temperature range, Totg oo —65°C to 150°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds ..............ciiiiiiinainn... 260°C

1 Stresses beyond those listed under “absolute maximum ratings” may cause permanent damage to the device. These are stress ratings only, and
functional operation of the device at these or any other conditions beyond those indicated under “recommended operating conditions” is not
implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

NOTES: 1. Allvoltage values, except differential voltages, are with respect to the midpoint between Vpp+ and Vpp —.

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

DISSIPATION RATING TABLE

PACKAGE Ta <£25°C DERATING FACTOR Ta =70°C Ta =85°C Tp =125°C
POWER RATING ABOVE Tp =25°C POWER RATING POWER RATING POWER RATING
D-8 724 mW 5.8 mWwi/°C 464 mW 377 mwW 144 mW
D-14 950 mW 7.6 mw/°C 608 mwW 450 mwW 190 mW
FK 1375 mW 11.0 mw/°C 880 mw 715 mW 275 mwW
J 1375 mW 11.0 mw/°C 880 mwW 715 mW 275 mW
JG 1050 mW 8.4 mwi/°C 672 mwW 546 mW 275 mW
N 1150 mwW 9.2 mw/°C 736 mW 736 mW —
P 1000 mW 8.0 mWwi/°C 640 mwW 520 mwW —
PW-8 525 mW 4.2 mW/°C 336 mW 273 mW —
PW-14 700 mw 5.6 mW/°C 448 mW 448 mwW —
U 700 mW 5.5 mw/°C 246 mW 330 mwW 150 mW
W 700 mW 5.5 mW/°C 246 mW 330 mW 150 mwW

recommended operating conditions

C SUFFIX | 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 Y
Input voltage range, V) Vpp- Vpp+-15|Vpp- Vpp+-15|Vpp- Vpp+-15|Vpp- Vpp+-15 \%
Common-mode input voltage, V|c Vpbp- Vpp+-15|Vpp- Vpp+-15|Vpp- Vpp+-15|Vpp- Vpp+-15 \%
Operating free-air temperature, Ta 0 70 -40 125 -40 125 -55 125 °C
l%
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2252C
PARAMETER TEST CONDITIONS AT UNIT
MIN  TYP MAX
v Inbut offset volt 25°C 200 1500 v
nput offset voltage
10 P g Full range 1750 "
- . 25°C o
ayjo Temperature coefficient of input offset voltage t0 70°C 0.5 pv/eC
Input offset voltage long-term drift (see Note 4) x'c_:é)’ \IéDD-iSS ;2'5 Vi 25°C 0.003 pv/mo
| Input offset t o ) 25°C 05 60 A
nput offset curren
10 P Full range 100 P
| Input b X 25°C 1 60 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 Rg =50 Q, Vio| =5mVv \
0
Full range to
35
loH =—20 pA 25°C 4.98
. 25°C 49 494
VOH High-level output voltage IoH =-75 A \
Full range 4.8
loH =—150 pA 25°C 48 4.88
Vic=25YV, loL = 50 pA 25°C 0.01
Vie =25V I = 500 LA 25°C 0.09 0.15
IC=2e=% 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 ¢ 07 L
=2. | = m
IC oL Full range 1.2
25°C 100 350
. . . o Vic=25V, RL=100kQ* = n
AvD Large-signal differential voltage amplification Vo=1Vto4V ullrange VimvV
R =1 MQt 25°C 1700
fid Differential input resistance 25°C 1012 Q
i Common-mode input resistance 25°C 1012 Q
Cic Common-mode input capacitance f =10 kHz, P package 25°C 8 pF
Zo Closed-loop output impedance f =25 kHz, Ay =10 25°C 200 Q
= = 25°C 70 83
CMRR Common-mode rejection ratio VIC_ 027V, Vo=25V, dB
Rs=50Q Full range 70
o . Vpp= 44Vtol6V, 25°C 80 95
k Supply-voltage rejection ratio (AVpp/AV dB
SVR PRY gerel (ApD/AVio) Vic =Vpp/2, No load Full range 80
25°C 70 125
IDD Supply current Vo=25YV, No load HA
Full range 150

T Full range is 0°C to 70°C.
¥ 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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operating characteristics at specified free-air temperature, Vpp =5V

TLC2252C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
" 25°C 0.07 0.12
L Vo =15V t03.5V,R =100 kQf,
SR Slew rate at unity gain Cl =100 Y= Full 0.05 V/us
range
) ) ) f=10 Hz 25°C 36
Vn Equivalent input noise voltage nVHz
f=1kHz 25°C 19
v beakt  equivalent inout noi " f=0.1Hzto 1 Hz 25°C 0.7 v
eak-to-peak equivalent input noise voltage
N(PP) P a P g f=0.1Hzto 10 Hz 25°C 11 H
In Equivalent input noise current 25°C 0.6 fAVHz
Vo=05Vto25V, [Ay=1 0.2%
THD + N Total harmonic distortion plus noise f=10 kHz, 25°C
R =50 kot Ay =10 1%
_ _ f=10 kHz, RL = 50 kQF, o
Gain-bandwidth product CL =100 pF¢ 25°C 0.2 MHz
: , , Vo(p) =2V, Ay =1, o
Bom Maximum output-swing bandwidth R| = 50 kot CL = 100 pF¥ 25°C 30 kHz
Phase margin at unity gain 25°C 63°
m - _g Y39 R = 50 kQ¥F C| =100 pF¥
Gain margin 25°C 15 dB
T Eull range is 0°C to 70°C.
* Referenced to 2.5 V
l%
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electrical characteristics at specified

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

specified)
TLC2252C
PARAMETER TEST CONDITIONS TaT UNIT
MIN  TYP MAX
v nout offset volt 25°C 200 1500 v
nput offset voltage
0 P 9 Full range 1750 "
- . 25°C o
ayjo Temperature coefficient of input offset voltage t0 70°C 0.5 pv/eC
Input offset voltage long-term drift (see Note 4) \ég_zsod o Vo=0 25°C 0.003 pVv/mo
25°C 0.5 60
llo Input offset current pA
Full range 100
| nout bi ; 25°C 1 60 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 Mol s5mV, Rg=50Q \%
-5
Full range to
35
lo =-20 pA 25°C 4.98
. » 25°C 49 493
Vom+ Maximum positive peak output voltage lp =—-100 pA \%
Full range 4.7
lo =—200 pA 25°C 48 486
Vic=0, lo = 50 pA 25°C -4.99
Vie =0 I = 500 UA 25°C -485 -491
Ic== 0~ WA Tran range | —4.85
Vom— Maximum negative peak output voltage 25°C -4.7 -48 \%
Vic =0, lo=1mA
Fullrange | —-4.7
v 0 | 4mA 25°C -4 -43
=0, = m
IC © Fullrange | -3.8
25°C 45 650
. . . I RL =100 kQ
AvD Large-signal differential voltage amplification Vo=%4V Full range 10 VimVv
RL=1MQ 25°C 3000
lid Differential input resistance 25°C 1012 Q
i Common-mode input resistance 25°C 1012 Q
Cic Common-mode input capacitance f =10 kHz, P package 25°C 8 pF
Zo Closed-loop output impedance f =25 kHz, Ay =10 25°C 190 Q
o . Vic=-5Vto 2.7V, 25°C 75 88
CMRR Common-mode rejection ratio dB
Vo =0, Rs=500Q Full range 75
" Suopl " et fio (AV IVio) Vpp+= 2.2Vto+8Y, 25°C 80 95 dB
upply-voltage rejection ratio
SVR PPl gerel DD 10 Vic =0, No load Full range 80
25°C 80 125
IDD Supply current Vo =0, No load HA
Full range 150

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

TLC2252C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
v 1.9V RL =100 kQ ¢ {007 07
. . 0=x19YV, L= )
SR Slew rate at unity gain CL = 100 pF Full 0.05 Vius
range
v Equivalent inout noi " f=10Hz 25°C 38 e
uivalent input noise voltage nVIVHz
n d P 9 f=1kHz 25°C 19
v beaki  equivalent inout noi " f=0.1Hzto1Hz 25°C 0.8 v
eak-to-peak equivalent input noise voltage
N(PP) P a P g f=0.1Hzto 10 Hz 25°C 11 H
In Equivalent input noise current 25°C 0.6 fAVHzZ
Vo =23V, Ay =1 0.2%
THD + N Total harmonic distortion pulse duration f=10 kHz, 25°C
R =50 kQ Ay =10 1%
. . f=10 kHz, RL =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 MHz
. . . Vo(pp)=4.6V, Ay=1, R
Bowm Maximum output-swing bandwidth RL = 50 kO, CL = 100 pF 25°C 14 kHz
Phase margin at unity gain 25°C 63°
o : 9 Y9 R =50 kQ, CL =100 pF
Gain margin 25°C 15 dB
T Eul range is 0°C to 70°C.
liﬁ‘iﬁ“
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2254C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
v Input offset volt 25°C 200 1500 v
nput offset voltage
10 P g Full range 1750 "
- . 25°C
ayjo  Temperature coefficient of input offset voltage to 70°C 0.5 uv/ec
Input offset voltage long-term drift (see Note 4) x'c_:é)’ \éDD—i53 ;2'5 Vi 25°C 0.003 pv/mo
| Input offset t ° | > 25°C 05 60 A
nput offset curren
10 P Full range 100 P
| Inout bi " 25°C 1 60 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 Rg=50Q, Viols5mV \
Full range to
35
loH =—20 pA 25°C 4.98
_ 25°C 49 494
VOH High-level output voltage IoOH =-75 A \%
Full range 4.8
loH = —150 pA 25°C 48 4.88
Vic=25YV, loL =50 pA 25°C 0.01
Vie =25V I = 500 LA 25°C 0.09 0.15
Ic=e=% 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 L
=2. | = m
Ic oL Full range 1.2
25°C 100 350
. . . o Vic=25V, RL=100kQ* = n
AvD Large-signal differential voltage ampilification Vo=1Vto4V ull range Vimv
R =1 MQ#t 25°C 1700
ri(d) Differential input resistance 25°C 1012 Q
ficy  Common-mode input resistance 25°C 1012 Q
Ci(c) Common-mode input capacitance f =10 kHz, N package 25°C 8 pF
Zp Closed-loop output impedance f =25 kHz, Ay =10 25°C 200 Q
= = 25°C 70 83
CMRR Common-mode rejection ratio VIC_ 0027V, Vo =25V, dB
Rs=50Q Full range 70
- . Vpp = 44Vto16V, 25°C 80 95
k Supply-voltage rejection ratio (AVpp /AV dB
SVR  Supply-voltage rej AVDD/AVIO) |\~ =vpp/2,  Noload Fallrange |80
- 25°C 140 250
IDD Supply current (four amplifiers) Vo=25YV, No load HA
Full range 300

T Full range is 0°C to 70°C.
¥ 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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operating characteristics at specified free-air temperature, Vpp =5V

TLC2254C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
Lo Vo=14Vto26V R =100kQ% | 25°C 007 012
SR Slew rate at unity gain V/us
Vo Ci =100 pF¥ Fullrange | 0.05 .
) ) ) f=10 Hz 25°C 36
Vn Equivalent input noise voltage nV/VHz
f=1kHz 25°C 19
Peak-to-peak equivalent input noise f=0.1HztolHz 25°C 0.7
VN(PP) - - uv
voltage f=0.1 Hz to 10 Hz 25°C 11
In Equivalent input noise current 25°C 0.6 fANHZ
Vo=05Vto25V, [ay=1 0.2%
THD + N  Total harmonic distortion plus noise f=10 kHz, 25°C
RL =50 kQt Ay =10 1%
_ _ f=10 kHz, R[ =50 kQt, o
Gain-bandwidth product CL =100 pFi 25°C 0.2 MHz
. . . Vo(pp) =2V, Ay =1, o
Bowm Maximum output-swing bandwidth R( = 50 k¥, C| = 100 pF¥ 25°C 30 kHz
Phase margin at unity gain 25°C 63°
m - _g Y9 R = 50 kQF, C| = 100 pF¥
Gain margin 25°C 15 dB
T Eull range is 0°C to 70°C.
* Referenced to 2.5 V
l%
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electrical characteristics at specified free-air temperature, Vpp+ = *5 V (unless otherwise

specified)
TLC2254C
PARAMETER TEST CONDITIONS Tat UNIT
MIN  TYP MAX
v nout offset volt 25°C 200 1500 v
nput offset voltage
0 P 9 Full range 1750 "
- . 25°C
ayjo Temperature coefficient of input offset voltage t0 70°C 0.5 pv/eC
Input offset voltage long-term drift (see Note 4) \F:IC—=50(; o Vo =0, 25°C 0.003 pv/mo
S 25°C 0.5 60
llo Input offset current pA
Full range 100
| nout bi ; 25°C 1 60 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 Mo ls5mV, Rg=50Q z \%
Full range to
35
lo =-20 pA 25°C 4.98
. " 25°C 49 493
Vom+ Maximum positive peak output voltage lp =—-100 pA \%
Full range 4.7
lo =—200 pA 25°C 48 486
Vic=0, lo =50 pA 25°C -4.99
Vie =0 I~ = 500 UA 25°C -485 -491
Ic== O=>0HA e range | —4.85
Vom— Maximum negative peak output voltage 25°C -4.7 -48 \%
Vic =0, lo=1mA
Fullrange | —-4.7
v 0 | 4mA 25°C -4 -43
=0, =4 m
Ic o Fullrange | -3.8
25°C 40 150
: . . I RL =100 kQ
AvD Large-signal differential voltage amplification Vo=%4V Full range 10 VimVv
RL=1MQ 25°C 3000
Ti(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, N package 25°C 8 pF
Zo Closed-loop output impedance f =25 kHz, Ay =10 25°C 190 Q
=— 25°C 75 88
CMRR Common-mode rejection ratio Vic SVtoz.7V, dB
Vo =0, Rs =50 Q Full range 75
_ , VDD+= £22V 108V, 25°C 80 95
k Supply-voltage rejection ratio (AV I\Y - dB
SVR  Supply-voltage rej (AVpp=/AVI0) Vic=0, No load Full range %0
» 25°C 160 250
IDD Supply current (four amplifiers) Vo =0, No load HA
Full range 300

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 Tp = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.

12

wwmﬁéﬁffﬁiﬁﬁgom/ TI




TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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

TLC2254C
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX
. . Vo=+19V, R =100 kQ, 25°C 0.07  0.12
SR Slew rate at unity gain Vius
Vo CL =100 pF Fullrange | 0.05 H
v Equivalent inout noi it f=10Hz 25°C 38 '
uivalent input noise voltage nV/VHz
n a P g f=1kHz 25°C 19
v beak.t  equivalent inout noi " f=0.1Hzto1Hz 25°C 0.8 v
eak-to-peak equivalent input noise voltage
N(PP) P a P g f=0.1Hzto 10 Hz 25°C 11 H
In Equivalent input noise current 25°C 0.6 fANHZ
Vo =123V, Ay=1 0.2%
THD + N Total harmonic distortion plus noise f=20 kHz, 25°C
R =50 kQ Ay =10 1%
. . f=10 kHz, R =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 MHz
. . . Vopp)=4.6V, Ay=1, o
Bowm Maximum output-swing bandwidth R = 50 kQ, CL = 100 pF 25°C 14 kHz
Phase margin at unity gain 25°C 63°
Rl - .g Y9 R =50 kQ, CL =100 pF
Gain margin 25°C 15 dB
T Eull range is 0°C to 70°C.
l%
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TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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

TLC2252| TLC2252Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
v Input offset volt 25°C 200 1500 200 850 v
nput offset voltage
10 P 9 Full range 1750 1000 H
Temperature coefficient 25°C o
VIO o input offset voltage to 85°C 0.5 0.5 wvreC
Input offset voltage v —425V VA=0
long-term drift VDD_iO‘ eV RO Zeho 25°C 0.003 0.003 uv/mo
(see Note 4) Ic=" S=
| Input offset X 25°C 0.5 60 0.5 60 A
nput offset curren
1o P Full range 1000 00| P
) 25°C 1 60 1 60
B Input bias current pA
Full range 1000 1000
0 -03 0 -03
25°C to to to to
v Common-modeinput | o _ o o Vi | <5 mV 4 4.2 4 4.2 v
ICR  yoltage range S= ' Mol<5m 0 0
Full range to to
3.5 35
IoH =—-20 pA 25°C 4.98 4.98
v High-level output | - _75uA 25°C 49 494 49 494 v
OH  yoltage OH= H Full range 4.8 4.8
loH =—150 pA 25°C 4.8 4.88 4.8 4.88
Vic=25YV, loL =50 pA 25°C 0.01 0.01
Vie =25V At = 500 LA 25°C 0.09 0.15 0.09 0.15
VoL  -Ow-leveloutput IC=so W OL =P A M iange 0.15 05| Vv
voltage
v 25V | 4 mA 25°C 0.8 1 0.7 1
=2. = m.
IC ' oL Full range 1.2 1.2
| dif | R =100 kot 25°C 100 350 100 350
Large-signal differential | Vic=2.5V, L=
AVD  \oltage amplification Vo=1Vto4V Full range 10 10 Vimv
R =1 Mot 25°C 1700 1700
fig lef_erentlal input 25°C 1012 1012 0
resistance
fic pommon-mode 25°C 1012 1012 Q
input resistance
Common-mode R
Cic input capacitance f=10 kHz, P package 25°C 8 8 pF
20 Closed-loop f = 25 kHz, Ay =10 25°C 200 200 Q
output impedance
cMRr Common-mode VIc=01t027V, Vo=25V, 25°C 70 83 70 83 4B
rejection ratio Rs=500Q Full range 70 70
SVR —
(AVpp/AV|o) Vic=Vpp/2,  Noload Fullrange | 80 80
| Supply current Vo =25V, No load 25°C 0 125 0 125 A
oD i 0=es® Full range 150 mo|

T Full range is — 40°C to 125°C.

¥ 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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TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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

TLC2252I TLC2252Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
) Vo=15Vto3.5V, R =100 kQ¥F, 25°C 0.07 0.2 0.07 0.12
SR Slew rate at unity Cr =100 pF* = Vs
gain L y 0.05 0.05 H
range
v Equivalent input f=10 Hz 25°C 36 36 VG
n noise voltage f=1kHz 25°C 19 19
Peak-to-peak f=0.1Hzto1Hz 25°C 0.7 0.7
VN(PP)  equivalentinput pv
noise V0|tage f=0.1 Hzto 10 Hz 25°C 1.1 1.1
Equivalent i t —_—
In et 25°C 0.6 0.6 tAvHz
Total harmonic Vo=05Vto25V, |[Ay=1 0.2% 0.2%
THD + N  distortion plus f=10 kHz, 25°C
noise R =50 kQt Ay =10 1% 1%
Gain-bandwidth f=50 kHz, RL =50 kQf, .
product Cp =100 pF¥ 25°C 0.2 0.2 MHz
Maximum output- Vopp) =2V, Ay =1, R
BOM  swing bandwidth | R| = 50 kQ¥, R, =50 kat, | 2°°C 30 30 kHz
@ Ph_ase margin at 25°C 63° 63°
unity gain R = 50 kQ¥, C| =100 pF¥
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C.
¥ Referenced to 2.5 V
l%
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TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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

TLC2252I TLC2252Al
PARAMETER TEST CONDITIONS AT UNIT
MIN  TYP MAX MIN  TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature coefficient of 25°C o
avio input offset voltage to 85°C 0.5 0.5 wvree
Input of_'fset voltage long- Vic=0, Vo =0, 25°C 0.003 0.003 LV/mo
term drift (see Note 4) Rg =50 Q
25°C 0.5 60 0.5 60
llo Input offset current pA
Full range 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
Full range 1000 1000
-5 -53 -5 -53
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VICR  \oltage range Rs=50Q, |No|<5mV = s \
Full range to to
35 35
lo =—-20 pA 25°C 4.98 4.98
i iti 25°C 49 493 49 493
VoM + Maximum positive peak I = —100 pA v
output voltage Full range 4.7 4.7
lo =—200 pA 25°C 48 4.86 48 4.86
Vic =0, lo = 50 pA 25°C -4.99 -4.99
v 0 | 500 LA 25°C -4.85 -491 -4.85 -491
Maximum negative Ic=0, o= H
VoM-— peak output voltage Fullrange | —4.85 —-4.85 \
25°C -4 -43 -4 -43
Vic =0, lo= 4mA
Fullrange | -3.8 -3.8
R =50 kQ 25°C 40 150 40 150
Large-signal differential 4 L=
AvD voltage amplification Vo=z%4V Full range 10 10 VimV
RL=1MQ 25°C 3000 3000
fig lef_erentlal input 250 1012 1012 0
resistance
] Common-mode input o 12 12
fic resistance 25°C 10 10 Q
Common-mode input o
Cic . f=10kHz, P package 25°C 8 8 pF
capacitance
20 Closed-loop output f=25kHz, Ay =10 25°C 190 190 Q
impedance
N =_ 25°C 75 88 75 88
CMRR Cqmmon m_ode V|c_ 5Vto27 \_/ dB
rejection ratio Vo =0, Rs=50Q Full range 75 75
K Supply-voltage rejection  [Vpp = 4.4Vt0 16V, 25°C 80 95 80 95 dB
SVR  ratio (AVpp + /AV|0) Vic = Vpp/2, No load Fullrange | 80 80
| Supol X Va=25V.  Noload 25°C 80 125 80 125 A
u curren =25V, o loa
DD PPy o Full range 150 150 .

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

TLC2252] TLC2252Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.07 0.12 0.07 0.12
SR S e at unitv gai Vo=%1.9V, R =100k, vi
ew rate at unity gain CL = 100 pF Full 0.05 0.05 us
range
i i i f=10 Hz 25°C 38 38 .
Vi, Equivalent input noise VVAZ
voltage f=1kHz 25°C 19 19
Peak-to-peak equivalent |f=0.1Hzto1Hz 25°C 0.8 0.8
VNPP) - Y
input noise voltage f=0.1Hzto 10 Hz 25°C 1.1 11
Equivalenti - —
I quivalent input noise 25°C 0.6 0.6 AVITS
current
T Vo=£23V, [Ay=1 0.2% 0.2%
THD + N T?utzlnhoei\;i:omc distortion R| = 50 kQ, 25°C
P f=10 kHz |Av=10 1% 1%
. . £=10 kHz, R =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 0.21 MHz
Maximum output-swing Voppp) =46 VAy =1, o
BOM  pandwidth RL=50kQ, C=100pF | 2°°C 14 14 kHz
o Ph_ase margin at unity 2500 63° 63°
gain RL=50kQ, Cp =100 pF
Gain margin 25°C 15 15 dB
1 Full range is —40°C to 125°C.
l%
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TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2254] TLC2254Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature 25°C
ayjo  coefficient of input t0 125°C 0.5 0.5 pv/ec
offset voltage VDD =%25V,
Input offset voltage Vic =0,
long-term drift Vo =0, 25°C 0.003 0.003 pVv/mo
(see Note 4) Rg=500Q
25°C 0.5 60 0.5 60
llo Input offset current pA
Full range 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
Full range 1000 1000
0 -03 0 -03
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VICR  \oltage range Rs=50Q, VioIs5mv 5 5 A
Full range to to
35 35
loH =—-20 pA 25°C 4.98 4.98
High-level output 25°C 49 494 49 494
V | =—75pA \%
OH voltage OH H Full range 4.8 4.8
loH = —150 pA 25°C 4.8 4.88 4.8 4.88
Vic =25V, loL = 50 pA 25°C 0.01 0.01
25°C 0.09 0.15 0.09 0.5
v Low-level output Vic=25V, loL =500 pA = 015 0 v
OL  voltage ull range . .
25°C 0.8 1 0.7 1
Vic=25YV, loL=4mA
Full range 1.2 1.2
s 25°C 100 350 100 350
A Large-signal Vic =25V, R( = 100 kot
\V/») differential Ve =1ViodV Full range 10 10 VimVv
voltage amplification o RL=1 [¥Ter: 25°C 1700 1700
fid) D|ff_erent|a| input 25°C 1012 1012 0
resistance
fi©) Common-mode input 25°C 1012 1012 0
resistance
) Common-mode input _ R
Ci(c) capacitance f=10 kHz, N package 25°C 8 8 pF
2o~ Closedoopoutput o5y, Ay =10 25°C 200 200 Q
impedance
cMrr Common-mode Vic=0t027V, Vo=25YV, 25°C 70 83 70 83 4B
rejection ratio Rg=50Q Full range 70 70
Supply-voltage VDD = 44V 1016V, 25°C 80 95 80 95
ksyr rejection ratio Vi = Vi /2 No load dB
(AVDD/AV|Q) IC=VDD'4 0 loa Full range 80 80
25°C 140 250 140 250
pp  Supply current Vo=25V, No load HA
(four amplifiers) Full range 300 300

T Full range is — 40°C to 125°C.

¥ 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 Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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

TLC2254l TLC2254Al
PARAMETER TEST CONDITIONS TAT VI P VAX VI P WAX UNIT
. Vo=14V1t026YV, 25°C 0.07 0.2 0.07 0.12
Slew rate at unity _ +
SR gain Rl =100 kQ+, Full Vius
CL =100 pF¥ range | ©9° 0.05
v Equivalent input f=10Hz 25°C 36 36 VIV
n noise voltage f=1kHz 25°C 19 19 n z
Peak-to-peak f=0.1Hzto1lHz 25°C 0.7 0.7
VN(PP)  equivalentinput - pv
noise V0|tage f=0.1Hzto 10 Hz 25°C 1.1 1.1
Equivalent input R —_—
In noise current 25°C 0.6 0.6 fANHz
Total harmonic Vo=05Vto25V, [A/=1 0.2% 0.2%
THD + N  distortion plus f=20 kHz, 25°C
noise R =50 kot Ay =10 1% 1%
Gain-bandwidth f=50 kHz, RL =50 kQf, .
product CL =100 pF¥ 25°C 0.2 0.2 MHz
Maximum output- Vopp) =2V, Ay =1, R
BOM  swingbandwidth | R, = 50 ko, L =100 prt | 25°C 30 30 kHz
@ Phase margin at 25°C 63° 63°
unity gain RL = 50 kQ¥, C| =100 pF¥
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C.
¥ Referenced to 2.5 V
l%
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TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS
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electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted)

TLC2254] TLC2254Al
PARAMETER TEST CONDITIONS TAT UNIT
MIN TYP MAX MIN TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature coefficient of 25°C o
avio input offset voltage to 125°C 05 0.5 nvieC
Input offset voltage Vic=0,  Vo=0, 25°C 0.003 0.003 HV/mo
long-term drift (see Note 4) Rg=50Q
25°C 0.5 60 0.5 60
llo Input offset current pA
Full range 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
Full range 1000 1000
-5 -53 -5 -53
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VICR voltage range Rgs=50Q, |V|o|s5mV = s \%
Full range to to
3.5 35
lo=-20 pA 25°C 4.98 4.98
i iti 25°C 4.9 4.93 4.9 4.93
Vo + Maximum positive peak o = —100 pA v
output voltage Full range 4.7 4.7
lo =-200 pA 25°C 4.8 4.86 4.8 4.86
Vic =0, lo =50 pA 25°C -4.99 —4.99
25°C -4.85 -4.91 -4.85 -4.91
v Maximum negative peak Vic =0, Io =500 pA Colranae | —2.65 —a8s v
OM- output voltage g - i
25°C -4 -43 -4 -43
Vic =0, lo=4mA
Fullrange | -3.8 -3.8
R 100 kQ 25°C 40 150 40 150
Large-signal differential 4 L=
AvD voltage amplification Vo=z%4V Full range 10 10 VimV
RL=1MQ 25°C 3000 3000
r(d) Differential input resistance 25°C 1012 1012 Q
) Common-mode input o 12 12
fi(c) resistance 25°C 10 10 Q
G Common-mode input f=10kHz, N package 25°C 8 8 F
i©)  capacitance - ' packag P
20 Closed-loop output f=25kHz, Ay =10 25°C 190 190 Q
impedance
Common-mode rejection Vic=-5V1t0 2.7V, 25°C 75 88 75 88
CMRR ) dB
ratio Vo =0, Rs=50Q Full range 75 75
K Supply-voltage rejection VpD+ =222V 108V, 25°C 80 95 80 95 4B
SVR " ratio (AVDD +/AV|0) Vic = Vpp/2, No load Full range 80 80
25°C 160 250 160 250
IDD Supply Cufr.e”t Vo =0, No load HA
(four amplifiers) Full range 300 300

T 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 Ta = 150°C extrapolated

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

TLC2254] TLC2254Al
PARAMETER TEST CONDITIONS TAT N P VAX VI NP WAX UNIT
25°C 0.07 0.12 0.07 0.12
SR Slew rate at unity gain Vo=x1.9V, RL=100ka, Full Vlus
C| =100 pF u
L p range 0.05 0.05
v Equivalent input noise | f=10Hz 25°C 38 38 Nz
n voltage f=1kHz 25°C 19 19
Peak-to-peak f=0.1Hzto1Hz 25°C 0.8 0.8
VN(PP)  equivalent input noise pv
voltage f=0.1Hz to 10 Hz 25°C 11 1.1
Equivalent input noise o —_—
n current 25°C 0.6 0.6 fANHz
THD + N Total harmonic \éE:SiOZk?EIV Avy=1 o5oc 0.2% 0.2%
distortion plus noise f=20 kHz ’ Ay =10 1% 1%
. . f=10 kHz, R =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 0.21 MHz
Maximum output-swing | Vopp)=4.6V, Ay=1, o
BOM  pandwidth RL=50kQ,  c =100pF |2°C 14 14 kHz
Phase margin at unity 25°C 63° 63°
#m gain RL=50kQ,  Cp=100pF
Gain margin 25°C 15 15 dB

T Eul range is —40°C to 125°C.
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2252Q TLC2252AQ
PARAMETER TEST CONDITIONS TAT TLC2252M TLC2252AM UNIT
MIN TYP MAX MIN TYP MAX
v Input offset volt 25°C 200 1500 200 850 v
nput offset voltage
10 P 9 Full range 1750 1000 H
Temperature coefficient 25°C o
VIO o input offset voltage to 125°C 0.5 05 wvrec
Input offset voltage v —425V  Vie=0
long-term drift vDD—io_ eV RIC-_Sd o 25°C 0.003 0.003 uv/mo
(see Note 4) o= S=
25°C 0.5 60 0.5 60
llo Input offset current pA
Full range 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
Full range 1000 1000
0 -03 0 -03
25°C to to to to
v Common-modeinput | o _ o o Vi | <5 mV 4 4.2 4 4.2 v
ICR  yoltage range S= ; Vo l<5m 5 5
Full range to to
35 35
IoH =—-20 pA 25°C 4.98 4.98
High-level output 25°C 49 494 49 494
V | =—75pA Vv
OH  yoltage OH K Fullrange | 4.8 4.8
loH =—150 pA 25°C 4.8 4.88 4.8 4.88
Vic =25V, loL = 50 pA 25°C 0.01 0.01
Vie =25V I = 500 LA 25°C 0.09 0.5 0.09 0.15
VoL  -Ow-leveloutput IC=so W oL = > MA e iirange 0.15 015| V
voltage
v 25V | AmA 25°C 0.8 1 0.7 1
=2. . = m
IC oL Full range 1.2 1.2
| dif | R = 100 kot 25°C 100 350 100 350
Large-signal differential | Vic=2.5V, L=
AVD  \oltage amplification Vo=1Vto4V Full range 10 10 vimv
R =1 Mot 25°C 1700 1700
fig D|ff_erent|a| input 25°C 1012 1012 0
resistance
fic Cor_nmon-mode input 250 1012 1012 o
resistance
e common-modeinput g, f= 10 kHz, 25°C 8 8 pF
capacitance
20 Closed-loop output f = 25 kHz, Ay =10 25°C 200 200 Q
impedance
CMRR Common-mode Vic=0t027V, Vg=25V, 25°C 70 83 70 83 dB
rejection ratio Rs=500Q Full range 70 70
) il;gg%’—:cr)gz\ge VDD = 4.4 V1016V, 25°C 80 95 80 95 i
SVR —
(AVppP/AV|0) Vic =VbD/2, No load Full range 80 80
| Supply current Vo =25V, No load 25°C 0 125 0 125 A
DD i 0=ev Full range 150 mo| "

T Full range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
¥ 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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operating characteristics at specified free-air temperature, Vpp =5V

TLC22520Q TLC2252AQ
PARAMETER TEST CONDITIONS TAT TLC2252M TLC2252AM UNIT
MIN TYP MAX MIN TYP MAX
. 25°C 0.07 0.12 0.07 0.12
SR Slew rate at unity Vo=05Vto35YV, Vi
gain R( = 100 kQ¥, cL=100pFF | Ful 1 g 0.05 Hs
range
v Equivalent input f=10Hz 25°C 36 36 VHz
n noise voltage f=1kHz 25°C 19 19
Peak-to-peak f=0.1Hzto1lHz 25°C 0.7 0.7
VN(PP)  equivalentinput pv
noise V0|tage f=0.1Hzto 10 Hz 25°C 1.1 1.1
In ﬁgi‘;';’i'jr?te';p“t 25°C 0.6 0.6 tavHz
Total harmonic Vo=05Vto25V, |A/=1 0.2% 0.2%
THD + N distortion plus f=10 kHz, 25°C
noise R =50 kQt Ay =10 1% 1%
Gain-bandwidth f=50 kHz, RL =50 kQf, .
product CL = 100 pF¥ 25°C 0.2 0.2 MHz
Maximum output- Vopp) =2V, Ay =1, R
BOM  swing bandwidth | Ry =50 kat, cL =100 pFt | 25°C 30 30 kHz
an Ph_ase margin at 25°C 63° 63°
unity gain RL = 50 kQF, CL =100 pF¥
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
* Referenced to 2.5 V
l%
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electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted)

TLC2252Q TLC2252AQ
PARAMETER TEST CONDITIONS TAT TLC2252M TLC2252AM UNIT
MIN TYP MAX MIN TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature coefficient of 25°C o
avio input offset voltage to 125°C 0.5 0.5 wvrC
Input offset voltage long- Vic=0, Vo =0, o
term drift (see Note 4) Rg=50Q 25°C 0.003 0.003 uv/mo
25°C 0.5 60 0.5 60
llo Input offset current - 1000 1000 pA
ull range
. 25°C 1 60 1 60
B Input bias current - 1000 1000 pA
ull range
-5 -53 -5 -53
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VICR voltage range Rg=50Q, [|V|o|<s5mV — — \%
Full range to to
3.5 35
lo=-20 pA 25°C 4.98 4.98
v Maximum positive peak In = —100 HA 25°C 4.9 4.93 4.9 4.93 v
OM* " output voltage o Full range 47 4.7
lo =-200 pA 25°C 4.8 4.86 4.8 4.86
Vic =0, lo = 50 pA 25°C -4.99 -4.99
v 0 | 500 UA 25°C -4.85 -4.91 -4.85 -4.91
Maximum negative IcC=9 o= H
VoM - peak output voltage Full range | —4.85 —-4.85 \Y
Vie =0 - ama 25°C -4 -43 -4 -43
=0, = m
IC o Fullrange | -3.8 -3.8
R 100 kQ 25°C 40 150 40 150
Large-signal differential _ L=
AvD voltage amplification Vo=%4V Full range 10 10 VimV
RL=1MQ 25°C 3000 3000
_ Differential input o 12 12
fid resistance 25°C 10 10 Q
) Common-mode input o 12 12
fic resistance 25°C 10 10 Q
Cic Common-mode input f=10kHz, P package 25°C 8 8 pF
capacitance
%0 Closed-loop output f=25kHz, Ay=10 25°C 190 190 Q
impedance
cMrr  Common-mode Vic=-5V1t0 2.7V, 25°C 75 88 75 88 4B
rejection ratio Vo =0, Rs=50Q Full range 75 75
K Supply-voltage rejection [ Vpp =#2.2Vto 8V, 25°C 80 95 80 95 4B
SVR ratio (AVDDi /Avlo) V|C =0, No load Full range 80 80
25°C 80 125 80 125
IDD Supply current Vo=25V, Noload Full range o0 50 HA

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

TLC2252Q TLC2252AQ
PARAMETER TEST CONDITIONS TaT TLC2252M TLC2252AM UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.07 0.12 0.07 0.12
SR Slew rate at unity gain Vo=x2V, RL =100k, Full Vlus
Y9 CL = 100 pF . 0.05 0.05 "
range
v Equivalent input noise f=10Hz 25°C 38 38 VIVHz
n voltage f=1kHz 25°C 19 19
v Peak-to-peak equivalent |f=0.1Hzto1Hz 25°C 0.8 0.8 Y
N(PP) " input noise voltage f=0.1 Hz to 10 Hz 25°C 11 11
Y - —
In Cl?r‘:g’rftem Input noise 25°C 0.6 0.6 fAVHZ
- . Vo =%23V, Ay=1 0.2% 0.2%
THD + N T(IJtaI hqrmomc distortion R| = 50 kQ, 25°C
plus noise £=10 kHz Ay =10 1% 1%
. . =10 kHz, RL =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 0.21 MHz
Maximum output-swing Vopp) =46V, Ay=1, o
BOM  pandwidth RL=50kQ,  C_=100pF | 2°°C 14 14 kHz
o Phase margin at unity o5°C 63° 63°
gain RL =50 kQ, CL =100 pF
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
l%
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electrical characteristics at specified free-air temperature, Vpp =5 V (unless otherwise noted)

TLC2254Q TLC2254AQ
PARAMETER TEST CONDITIONS Tat TLC2254M TLC2254AM UNIT
MIN TYP MAX MIN TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature 25°C
ayjo coefficient of input t0 125°C 0.5 0.5 uv/ec
offset voltage
Input offset voltage VpD+=%*25V, V|c=0,
long-term drift Vo =0, Rs =50 Q 25°C 0.003 0.003 pv/mo
(see Note 4)
25°C 0.5 60 0.5 60
llo Input offset current pA
125°C 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
125°C 1000 1000
0 -03 0 -03
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VIcR voltage range Rg =500, Vio |5 mV 5 5 \
Full range to to
3.5 3.5
IoH =—-20 pA 25°C 4.98 4.98
High-level output 25°C 49 494 49 494
V | =-75pA \Y
OH " voltage OH " Fullrange | 4.8 4.8
loH = —150 pA 25°C 4.8 4.88 4.8 4.88
Vic =25V, loL = 50 pA 25°C 0.01 0.01
25°C 0.09 0.15 0.09 0.5
Low-level output Vic=25YV, loL =500 pA
VoL voltage Full range 0.15 0.15 \
25°C 0.8 1 0.7 1
Vic =25V, loL =4 mA
Full range 1.2 1.2
s 25°C 100 350 100 350
Large-signal Vic=25V, RL = 100 kQ¥
AvD differential Ve =1ViodV Full range 10 10 VimVv
voltage amplification o RL =1 Mo¥ 25°C 1700 1700
fird Differential input 25°C 1012 1012 o
i(d) resistance
. Common-mode input 25°C 1012 1012 0
i(e) resistance
) Common-mode input _ R
Ci(c) capacitance f=10 kHz, N package 25°C 8 8 pF
2o~ Closedroopoutput f ooy, Ay =10 25°C 200 200 Q
impedance
Common-mode Vic=0t027V, Vo=25V, 25°C 70 83 70 83
CMRR ~ 7 . N dB
rejection ratio Rg=50Q Full range 70 70
Supply-voltage Vpp = 44V 1016V, 25°C 80 95 80 95
ksyr rejection ratio Vi~ = V ' 2 N(S load dB
(AVpp/AV|0) IC = VDD/s Full range 80 80
25°C 140 250 140 250
pp  Supply current Vo=25V, No load HA
(four amplifiers) Full range 300 300

T Full range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
¥ Referenced to 2.5 Vv
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 Tp = 25°C using the Arrhenius equation and assuming an activation energy of 0.96 eV.
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operating characteristics at specified free-air temperature, Vpp =5V

TLC2254Q TLC2254AQ
PARAMETER TEST CONDITIONS TAT TLC2254M TLC2254AM UNIT
MIN TYP MAX MIN TYP MAX
. Vo=05Vto3.5V 25°C 0.07 0.12 0.07 0.12
Slew rate at unity _ + !
SR gain R =100 kQ+, Full 0.05 0.05 Vius
Cp =100 pr¥ range ' '
v Equivalent input f=10Hz 25°C 36 36 VHz
n noise voltage f=1KkHz 25°C 19 19
Peak-to-peak f=0.1Hzto1lHz 25°C 0.7 0.7
VN(PP)  equivalentinput pv
noise V0|tage f=0.1Hzto 10 Hz 25°C 1.1 1.1
In ﬁgi‘;';’i'jr?te';p“t 25°C 0.6 0.6 fANHZ
Total harmonic Vo=05Vto25V, |A/=1 0.2% 0.2%
THD + N distortion plus f=20 kHz, 25°C
noise R =50 kQt Ay =10 1% 1%
Gain-bandwidth f=50 kHz, RL =50 kQf, .
product CL = 100 pF¥ 25°C 0.2 0.2 MHz
Maximum output- Vopp) =2V, Ay =1, R
BOM  swing bandwidth | Ry =50 ko, cL =100 pFt | 25°C 30 30 kHz
an Ph_ase margin at 25°C 63° 63°
unity gain RL = 50 kQF, C| =100 pF¥
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
* Referenced to 2.5 V
l%
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electrical characteristics at specified free-air temperature, Vpp+ = +5 V (unless otherwise noted)

TLC2254Q TLC2254AQ
PARAMETER TEST CONDITIONS TAT TLC2254M TLC2254AM UNIT
MIN TYP MAX MIN TYP MAX
25°C 200 1500 200 850
Vio Input offset voltage uv
Full range 1750 1000
Temperature coefficient of 25°C o
avio input offset voltage to 125°C 05 0.5 KV
Input offset voltage Vic=0,  Vo=0, 25°C 0.003 0.003 HV/mo
long-term drift (see Note 4) Rg=50Q
25°C 0.5 60 0.5 60
llo Input offset current pA
125°C 1000 1000
. 25°C 1 60 1 60
B Input bias current pA
125°C 1000 1000
-5 -53 -5 -53
25°C to to to to
Common-mode input 4 4.2 4 4.2
= <
VICR  \oltage range Rs=50Q, Nol<s5mV — — \
Full range to to
3.5 35
lo=-20 pA 25°C 4.98 4.98
i iti 25°C 4.9 4.93 4.9 4.93
VoM+ Maximum positive peak o = —100 pA v
output voltage Full range 4.7 4.7
lo =-200 pA 25°C 4.8 4.86 4.8 4.86
Vic =0, lo =50 pA 25°C -4.99 -4.99
) ] Vie =0 I = 500 UA 25°C -4.85 -4.91 -4.85 -4.91
VoM_ Maximum negative peak IcC=Y, 0= [ Full range | —4.85 —485 v
output voltage
25°C -4 -43 -4 -43
Vic =0, lo=4mA
Fullrange | -3.8 -3.8
R 100 kQ 25°C 40 150 40 150
Large-signal differential _ L=
AvD voltage amplification Vo=z%4V Full range 10 10 VimV
RL=1MQ 25°C 3000 3000
rid) Differential input resistance 25°C 1012 1012 Q
] Common-mode input o 12 12
fi(c) resistance 25°C 10 10 Q
) Common-mode input _ o
Ci(c) capacitance f=10kHz, N package 25°C 8 8 pF
2o  Closed-loopoutput f=25kHz, Ay =10 25°C 190 190 Q
impedance
i iecti =_ 25°C 75 88 75 88
CMRR Co_mmon mode rejection Vic=-5V1t027V, dB
ratio Vo =0, Rs=50Q Full range 75 75
K Supply-voltage rejection VpD+ = #2.2V1t0 %8V, 25°C 80 95 80 95 dB
SVR  ratio (AVpp +/AVi0) Vic=Vpp/2, Noload  [Fullrange | 80 80
25°C 160 250 160 250
IDD Supply Cufr.e”t Vo =0, No load HA
(four amplifiers) Full range 300 300

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

TLC2254Q TLC2254AQ
PARAMETER TEST CONDITIONS TaT TLC2254M TLC2254AM UNIT
MIN  TYP MAX| MIN TYP MAX
25°C 0.07 0.12 0.07 0.12
SR Slew rate at unity gain Vo=x2V, R =100k, Full Vlus
Y9 CL = 100 pF . 0.05 0.05 "
range
v Equivalent input noise | f=10Hz 25°C 38 38 VIVHz
n voltage f=1kHz 25°C 19 19
Peak-to-peak f=0.1Hzto1lHz 25°C 0.8 0.8
VN(PP)  equivalent input noise puv
voltage f=0.1 Hz to 10 Hz 25°C 1.1 1.1
In Elj‘r‘:g’r?t'e”t Input noise 25°C 06 06 fANAZ
i Vo =%23V, Ay=1 0.2% 0.2%
THD + N gf’tf" :‘.armcl’”'c . RL = 50 kQ, 25°C
Istortion plus noise =20 kHz AV =10 1% 1%
. . £=10 kHz, R =50 kQ, .
Gain-bandwidth product CL = 100 pF 25°C 0.21 0.21 MHz
Maximum output-swing | Vopp)=4.6V, |Ay=1, o
BOM  pandwidth RL=50kQ,  |c =100pF | 2°C 14 14 kHz
om Phase margin at unity 295G 63° 63°
gain RL =50 kQ, CL =100 pF
Gain margin 25°C 15 15 dB
T Eul range is — 40°C to 125°C for Q suffix, — 55°C to 125°C for M suffix.
l%
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TYPICAL CHARACTERISTICS
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t Data at high and low temperatures are applicable only within the rated operating free-air temperature ranges of the various devices.
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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.
¥ For curves where Vpp = 5 V, all loads are referenced to 2.5 V.
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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.
¥ For curves where Vpp = 5 V, all loads are referenced to 2.5 V.
l%
www. BIETRESam/ T1 .



TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

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 = 5 V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 27

T For curves where Vpp =5V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 30
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Figure 31

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 = 5 V, all loads are referenced to 2.5 V.
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Figure 34 Figure 35
1 For curves where Vpp = 5 V, all loads are referenced to 2.5 V.
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 38 Figure 39

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 = 5 V, all loads are referenced to 2.5 V.

. wwmﬁéﬁiﬁiﬁwgom/ TI




TLC225x, TLC225xA
Advanced LinCMOS[RAIL-TO-RAIL
VERY LOW-POWER OPERATIONAL AMPLIFIERS

SLOS176D — FEBRUARY 1997 — REVISED MARCH 2001

SLEW RATET#

TYPICAL CHARACTERISTICS
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Figure 43

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 = 5 V, all loads are referenced to 2.5 V.
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TYPICAL CHARACTERISTICS
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Figure 44
INVERTING SMALL-SIGNAL
PULSE RESPONSE
0.1 T
Vpp+ =*¥5V
Rl =50 kQ
C| =100 pF
Ay =-1
£ o
E 0.05 Ta =25°C
|
()
(o))
8
o
Z o0
=}
o
E
o)
|
@)
>_0.05 \_~
-0.1
0 10 20 30 40 50
t—Time —ps
Figure 46

T 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

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

INTEGRATED NOISE VOLTAGE TOTAL HARMONIC DISTORTION PLUS NOISET
Vs VS
FREQUENCY FREQUENCY
100 = § 1
Calculated Using Ideal Pass-Band Filter b .4 1
Low Frequency = 1 Hz S p.4 /
> Tp = 25°C = Av =100 / / /
N & A [
| [
o c M / ’
g 10 L 9 p /
S EH 5 0.1
S @ —10 7
3 % a Av = 13
= o
2 P < )4 /
3 £
2 A 5 p
> 1 E —/”’
5] 3
= A = 0.0] Fet——
£ I L Ay=1
4 Vpp=5V
" RL =50 kQ 1]
o) Tp =25°C
|j_: 0 001 LI L1 111l
0.1 .
1 101 102 103 104 105 101 102 103 104 105
f — Frequency — Hz f — Frequency — Hz
Figure 52 Figure 53
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Figure 54 Figure 55

T For curves where Vpp = 5 V, 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.
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TYPICAL CHARACTERISTICS

PHASE MARGIN

VS
LOAD CAPACITANCE
75° T T 117 T T TTTm 1 )y
Tp =25°C ‘ Rpull =200 Q | LA
S [ IIIIII><
. \\ Rpull = 500 Q/
60 W /’l
// ’w
j
<
m o
s ® 1 Y,
o Rnpull = 100 Q N
s o il / /
o Rnull =50 Q \ T f
I30° T T T H
& Rnuil =100 ~ AN p
50 kO N1
15° | m | \ 4
50 kQ Rnull ]
] P Rpul =0 NN
ICL ™"
0° T Vbp-— -
101 102 103 104 105
CL — Load Capacitance — pF
Figure 56
UNITY-GAIN BANDWIDTHT
Vs
LOAD CAPACITANCE
200 T T TTT
Tp = 25°C
175
N
I
< 150
ey
3
s 125
©
c
[
Q@ 100
=
T
Q \
> 75
=
2 e \
[
N
2 N
25 ==
0
101 102 103 104

CL — Load Capacitance — pF

Figure 58

t See application information
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APPLICATION INFORMATION

driving large capacitive loads

The TLC225x is designed to drive larger capacitive loads than most CMOS operational amplifiers. Figure 56
and Figure 57 illustrate its ability to drive loads up to 1000 pF while maintaining good gain and phase margins
(Rnull = 0).

A smaller series resistor (Rp) at the output of the device (see Figure 60) improves the gain and phase margins
when driving large capacitive loads. Figure 56 and Figure 57 show the effects of adding series resistances of
10Q,50Q, 100 Q, 200 Q, and 500 Q. The addition of this series resistor has two effects: the firstis 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.

AQyy = tan~t (2 x 1 x UGBW x R x C| ) Q)

Where :
A@,,; = Improvement in phase margin
UGBW = Unity-gain bandwidth frequency

R = Output series resistance

null
C, = Load capacitance

The unity-gain bandwidth (UGBW) frequency decreases as the capacitive load increases (see Figure 58). To
use equation 1, UGBW must be approximated from Figure 58.

Using equation 1 alone overestimates the improvement in phase margin, as illustrated in Figure 59. 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.

Using Figure 60, with equation 1 enables the designer to choose the appropriate output series resistance to
optimize the design of circuits driving large capacitance loads.

50 kQ

Rnull
T
—  VDD-/GND =

Figure 60. Series-Resistance Circuit

V|
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macromodel information

APPLICATION INFORMATION

Macromodel information provided was derived using MicroSim Parts [0, the model generation software used
with MicroSim PSpice . The Boyle macromodel (see Note 5) and subcircuit in Figure 61 are generated using
the TLC225x typical electrical and operating characteristics at Ta = 25°C. Using this information, output
simulations of the following key parameters can be generated to a tolerance of 20% (in most cases):

Maximum positive output voltage swing
Maximum negative output voltage swing

Slew rate

Quiescent power dissipation
Input bias current
Open-loop voltage amplification

® Unity-gain frequency

Common-mode rejection ratio
Phase margin

DC output resistance
AC output resistance
Short-circuit output current limit

NOTE 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).
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Figure 61. 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 Qty Eco Plan @ Lead/ MSL Peak Temp (3) Samples
Drawing Ball Finish (Requires Login)
5962-9564001NXD ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
5962-9564001NXDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
5962-9564001Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Purchase Samples
5962-9564001QHA ACTIVE CFP U 10 1 TBD A42 N / A for Pkg Type Purchase Samples
5962-9564001QPA ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type Purchase Samples
5962-9564002NYDR ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact Tl Distributor
& no Sh/Br) or Sales Office
5962-9564002Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact Tl Distributor
or Sales Office
5962-9564002QCA ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type Contact TI Distributor
or Sales Office
5962-9564002QDA ACTIVE CFP w 14 1 TBD A42 N / A for Pkg Type Contact TI Distributor
or Sales Office
5962-9564003NXD ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
5962-9564003NXDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
5962-9564003Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Purchase Samples
5962-9564003QHA ACTIVE CFP U 10 1 TBD A42 N / A for Pkg Type Purchase Samples
5962-9564003QPA ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type Purchase Samples
5962-9564004NYDR ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
5962-9564004Q2A ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact Tl Distributor
or Sales Office
5962-9564004QCA ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type Contact Tl Distributor
or Sales Office
5962-9564004QDA ACTIVE CFP w 14 1 TBD A42 N/ A for Pkg Type Contact Tl Distributor
or Sales Office
TLC2252AID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples

& no Sh/Br)

A



http://focus.ti.com/docs/prod/folders/print/tlc2252m.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252m.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252m.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252am.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252am.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252am.html#inventory
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2252AID
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Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
TLC2252AIDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252AIDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252AIDRG4 ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2252AIP ACTIVE PDIP P 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252AIPE4 ACTIVE PDIP P 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252AIPW ACTIVE TSSOP PW 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples

& no Sh/Br)
TLC2252AIPWG4 ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252AIPWLE OBSOLETE  TSSOP PW TBD Call Tl Call Tl Samples Not Available
TLC2252AIPWR ACTIVE TSSOP PW 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252AIPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252AMFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact Tl Distributor
or Sales Office
TLC2252AMJGB ACTIVE CDIP JG 8 1 TBD A42 N/ A for Pkg Type Contact Tl Distributor
or Sales Office
TLC2252AMUB ACTIVE CFP U 10 1 TBD A42 N/ A for Pkg Type Contact Tl Distributor
or Sales Office
TLC2252AQD ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252AQDG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252AQDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252AQDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252CD ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252CDG4 ACTIVE SOIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
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Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
TLC2252CDR ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252CDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2252CP ACTIVE PDIP P 8 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252CPE4 ACTIVE PDIP P 8 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252CPW ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor

& no Sh/Br) or Sales Office
TLC2252CPWG4 ACTIVE TSSOP PW 8 150 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
TLC2252CPWLE OBSOLETE TSSOP PW 8 TBD Call Tl Call Tl Samples Not Available
TLC2252CPWR ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252CPWRG4 ACTIVE TSSOP PW 8 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252ID ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252IDG4 ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2252IDR ACTIVE SoOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252IDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2252IP ACTIVE PDIP P 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252IPE4 ACTIVE PDIP P 50 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2252MFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact TI Distributor

or Sales Office
TLC2252MJIGB ACTIVE CDIP JG 8 1 TBD A42 N / A for Pkg Type Contact TI Distributor
or Sales Office
TLC2252MUB ACTIVE CFP U 10 1 TBD A42 N / A for Pkg Type Contact TI Distributor
or Sales Office
TLC2252QD ACTIVE SoIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252QDG4 ACTIVE SolIC D 8 75 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
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https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2252IDG4
http://focus.ti.com/docs/prod/folders/print/tlc2252.html#inventory
http://focus.ti.com/docs/prod/folders/print/tlc2252.html#inventory
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2252IP
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2252IPE4
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TLC2252QDR ACTIVE SOIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2252QDRG4 ACTIVE SoIC D 8 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2254AID ACTIVE SOIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254AIDG4 ACTIVE SOIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254AIDR ACTIVE SQoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2254AIDRG4 ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2254AIN ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254AINE4 ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254AIPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact Tl Distributor

& no Sh/Br) or Sales Office
TLC2254AIPWG4 ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact Tl Distributor
& no Sh/Br) or Sales Office
TLC2254AIPWLE OBSOLETE TSSOP PW 14 TBD Call Tl Call Tl Samples Not Available
TLC2254AIPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254AIPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254AMFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact TI Distributor
or Sales Office
TLC2254AMJB ACTIVE CDIP J 14 1 TBD A42 N/ A for Pkg Type Contact Tl Distributor
or Sales Office
TLC2254AMWB ACTIVE CFP w 14 1 TBD A42 N / A for Pkg Type Contact TI Distributor
or Sales Office
TLC2254AQD ACTIVE SoIC D 14 50 TBD CU NIPDAU Level-1-220C-UNLIM Request Free Samples
TLC2254AQDG4 ACTIVE SOIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2254AQDR ACTIVE SOIC D 14 2500 TBD CU NIPDAU Level-1-220C-UNLIM Purchase Samples
TLC2254AQDRG4 ACTIVE SoIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
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https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2254AINE4
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2254AIPWR
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2254AIPWRG4
https://commerce.ti.com/stores/servlet/SCSAMPLogon?storeId=10001&langId=-1&catalogId=10001&orderId=.&reLogonURL=SCSAMPLogon&URL=SCSAMPAddToCart?sku=TLC2254AQD
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http://focus.ti.com/docs/prod/folders/print/tlc2254a.html#inventory

13 TEXAS

INSTRUMENTS

PACKAGE OPTION ADDENDUM

www.ti.com 28-0ct-2010
Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
TLC2254CD ACTIVE SoIC D 14 50 Green (RoHS Call Tl Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254CDG4 ACTIVE SoIC D 14 50 Green (RoHS Call Tl Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254CDR ACTIVE SoIC D 14 2500 Green (RoHS Call Tl Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2254CDRG4 ACTIVE SoIC D 14 2500 Green (RoHS Call Tl Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2254CN ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254CNE4 ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254CPW ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact Tl Distributor

& no Sh/Br) or Sales Office
TLC2254CPWG4 ACTIVE TSSOP PW 14 90 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact Tl Distributor
& no Sh/Br) or Sales Office
TLC2254CPWLE OBSOLETE  TSSOP PW 14 TBD Call Tl Call TI Replaced by TLC2254CPWR
TLC2254CPWR ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254CPWRG4 ACTIVE TSSOP PW 14 2000 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC22541D ACTIVE SoOIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254IDG4 ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Request Free Samples
& no Sh/Br)
TLC2254IDR ACTIVE SolIC D 14 2500 Green (RoHS Call Tl Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)
TLC2254IDRG4 ACTIVE SoIC D 14 2500 Green (RoHS Call Tl Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

TLC2254IN ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254INE4 ACTIVE PDIP N 14 25 Pb-Free (RoHS) CU NIPDAU N/ A for Pkg Type Request Free Samples
TLC2254MFKB ACTIVE LCCC FK 20 1 TBD POST-PLATE N/ A for Pkg Type Contact TI Distributor

or Sales Office

TLC2254MJB ACTIVE CDIP J 14 1 TBD A42 N / A for Pkg Type Contact Tl Distributor

or Sales Office
TLC2254MWB ACTIVE CFP w 14 1 TBD A42 N / A for Pkg Type Contact Tl Distributor
or Sales Office
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Orderable Device status (¥ Package Type Package Pins  Package Qty Eco Plan @ Lead/ MSL Peak Temp @ Samples
Drawing Ball Finish (Requires Login)
TLC2254QD ACTIVE SoIC D 14 50 TBD CU NIPDAU Level-1-220C-UNLIM Request Free Samples
TLC2254QDG4 ACTIVE SoIC D 14 50 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Contact TI Distributor
& no Sh/Br) or Sales Office
TLC2254QDR ACTIVE SoIC D 14 2500 TBD CU NIPDAU Level-1-220C-UNLIM Purchase Samples
TLC2254QDRG4 ACTIVE SOIC D 14 2500 Green (RoHS CU NIPDAU Level-1-260C-UNLIM Purchase Samples
& no Sh/Br)

® 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.

@ Eco Plan - The planned eco-friendly classification: Pb-Free (RoHS), Pb-Free (RoHS Exempt), or Green (RoHS & no Sb/Br) - please check http://www.ti.com/productcontent for the latest availability
information and additional product content details.

TBD: The Pb-Free/Green conversion plan has not been defined.

Pb-Free (RoHS): TI's terms "Lead-Free" or "Pb-Free" mean semiconductor products that are compatible with the current RoHS requirements for all 6 substances, including the requirement that
lead not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, TI Pb-Free products are suitable for use in specified lead-free processes.
Pb-Free (RoHS Exempt): This component has a RoHS exemption for either 1) lead-based flip-chip solder bumps used between the die and package, or 2) lead-based die adhesive used between
the die and leadframe. The component is otherwise considered Pb-Free (RoHS compatible) as defined above.

Green (RoHS & no Sb/Br): Tl defines "Green" to mean Pb-Free (RoHS compatible), and free of Bromine (Br) and Antimony (Sb) based flame retardants (Br or Sb do not exceed 0.1% by weight
in homogeneous material)

® MSL, Peak Temp. -- The Moisture Sensitivity Level rating according to the JEDEC industry standard classifications, and peak solder temperature.

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 TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.

OTHER QUALIFIED VERSIONS OF TLC2252, TLC2252A, TLC2252AM, TLC2252M, TLC2254, TLC2254A, TLC2254AM, TLC2254M :
o Catalog: TLC2252A, TLC2252, TLC2254A, TLC2254

o Automotive: TLC2252-Q1, TLC2252A-Q1, TLC2252A-Q1, TLC2252-Q1, TLC2254-Q1, TLC2254A-Q1, TLC2254A-Q1, TLC2254-Q1
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http://focus.ti.com/docs/prod/folders/print/tlc2252-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2252a-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2252a-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2252-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2254-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2254a-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2254a-q1.html
http://focus.ti.com/docs/prod/folders/print/tlc2254-q1.html
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o Enhanced Product: TLC2252-EP, TLC2252A-EP, TLC2252A-EP, TLC2252-EP, TLC2254-EP, TLC2254A-EP, TLC2254A-EP, TLC2254-EP

o Military: TLC2252M, TLC2252AM, TLC2254M, TLC2254AM

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
e Enhanced Product - Supports Defense, Aerospace and Medical Applications

o Military - QML certified for Military and Defense Applications
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http://focus.ti.com/docs/prod/folders/print/tlc2252-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2252a-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2252a-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2252-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2254-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2254a-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2254a-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2254-ep.html
http://focus.ti.com/docs/prod/folders/print/tlc2252m.html
http://focus.ti.com/docs/prod/folders/print/tlc2252am.html
http://focus.ti.com/docs/prod/folders/print/tlc2254m.html
http://focus.ti.com/docs/prod/folders/print/tlc2254am.html

i3 Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.ti.com 9-Dec-2010
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
s |+ KO [€¢—P1—p|
OO0 006 0O T
& © ’H Bo W
Reel X | — l
Diameter
Cavity +I A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
\ 4 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers
| [ 1
—f Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE
O O OO0 O0OO0OO O O?——Sprocket Holes
i
Q1 : Q2 ﬁ
Q3 : Q4 User Direction of Feed
: ¥
N
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel AO BO KO P1 w Pin1
Type |Drawing Diameter| Width | (mm) [ (mm) | (mm) | (mm) | (mm) |Quadrant
(mm) |W1(mm)
5962-9564001NXDR SoIC D 8 2500 330.0 12.4 6.4 5.2 21 8.0 12.0 Q1
5962-9564002NYDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
5962-9564003NXDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
5962-9564004NYDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2252AIDR SoIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC2252AIPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2252CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC2252CPWR TSSOP PW 8 2000 330.0 12.4 7.0 3.6 1.6 8.0 12.0 Q1
TLC2252IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLC2254AIDR SoOIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLC2254AIPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2254AQDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2254CDR SoIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2254CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLC2254IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLC2254QDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1

Pack Materials-Page 1
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i3 Texas PACKAGE MATERIALS INFORMATION

INSTRUMENTS
www.ti.com 9-Dec-2010
TAPE AND REEL BOX DIMENSIONS
7 /(
4
/
</ \>~
~ -
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
5962-9564001NXDR SoIC D 8 2500 346.0 346.0 29.0
5962-9564002NYDR SOIC D 14 2500 346.0 346.0 33.0
5962-9564003NXDR SoIC D 8 2500 346.0 346.0 29.0
5962-9564004NYDR SolIC D 14 2500 346.0 346.0 33.0
TLC2252AIDR SoIC D 8 2500 340.5 338.1 20.6
TLC2252AIPWR TSSOP PW 8 2000 346.0 346.0 29.0
TLC2252CDR SoIC D 8 2500 340.5 338.1 20.6
TLC2252CPWR TSSOP PW 8 2000 346.0 346.0 29.0
TLC2252IDR SoIC D 8 2500 340.5 338.1 20.6
TLC2254AIDR SOIC D 14 2500 346.0 346.0 33.0
TLC2254AIPWR TSSOP PW 14 2000 346.0 346.0 29.0
TLC2254AQDR SolIC D 14 2500 346.0 346.0 33.0
TLC2254CDR SolIC D 14 2500 346.0 346.0 33.0
TLC2254CPWR TSSOP PW 14 2000 346.0 346.0 29.0
TLC2254IDR SOIC D 14 2500 346.0 346.0 33.0
TLC2254QDR SOIC D 14 2500 346.0 346.0 33.0

Pack Materials-Page 2
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MECHANICAL DATA

MCEROO01A — JANUARY 1995 — REVISED JANUARY 1997

JG (R-GDIP-T8) CERAMIC DUAL-IN-LINE

0.400 (10,16)
0.355 (9,00) ’
Ao A
) 0.280 (7,11)
0.245 (6,22)
1 4
0.065 (1,65)
0.045 (1,14)
0.063 (1,60) 0.020 (0.51) MIN 0.310 (7,87)
0.015 (0,38) » (0.51) 0.290 (7,37)
0.200 (5,08) MAX
— ¢ Seating Plane
T 0.130 (3,30) MIN
0.023 (0,58) 53) \‘/ o
0°-15
AJL 0.015 (0,38) —
| 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

www.ﬁl!gﬂgi@mm/ TI



J (R—GDIP—Txx) CERAMIC DUAL IN—LINE PACKAGE
14 LEADS SHOWN

PINS *x
oM 14 16 18 20
. 0300 | 0300 | 0300 | 0.300
762 | (762) | (7.62) | (7.62)
" 6 BSC BSC BSC BSC
NN Mmnm B MAX 0.785 | .840 | 0.960 | 1.060
T (19,94) | (21,34) | (24,38) | (26,92)
D) C B MN | — | — | —
l C MAX 0.300 | 0.300 | 0.310 | 0.300
NAVEVANEVAYAY (7,62) | (7.62) | (7.87) | (7,62)
1J L / 0.245 | 0.245 | 0.220 | 0.245
0.065 (1,65) C MIN ' : : :
RGO (6,22) | (6,22) | (559) | (6,22)
0.060 (1,52)
—» [€«—0.005 (0,13) MIN 0.015 (0,38)

T

— 0.200 (5,08) MAX
— —Y ¢ Seating Plane

* 0.130 (3,30) MIN

J L7 026 (0,66)
0.014 (o 36) 015"
[0.100 (2,54)] 0.014 (0,36)

0.008 (0,20)

4040083 /F 03/03

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

NOTES: A
B.
C. This package is hermetically sealed with a ceramic lid using glass frit.
D
E

Index point is provided on cap for terminal identification only on press ceramic glass frit seal only.
Falls within MIL STD 1835 GDIP1-T14, GDIP1-T16, GDIP1-T18 and GDIP1-T20.

www.BDTIC.com/TI1



MECHANICAL DATA

U (S—-GDFP-F10) CERAMIC DUAL FLATPACK
Base and Seating Plane
0.045 (1,14  0:250 (6,35) >
f 0.026 EO,66)) 0.240 (6,10)
( 2
Ll 0.008 ( T
| 0.080 (2,03) 0.004 (
0.050 (1,27)
«—— 0.300 (7,62) MAX ——
0.019 (0,48)
1 10 0.015 (0,38)
l | Ke] l li
‘f
l l l ]
0.050 (1,27)
0.280 (7,11)
0250 (5.54) | 1 i 1
l l | ]
| | | v
0.350 (8,89) 5 6 0.350 (8,89) AL 5 hoces
0350 (659 | it y  0.005 (0,13) MIN
4040179,/8 03/95

NOTES:  A. All linear dimensions are in inches (millimeters).
B. This drawing is subject to change without notice.
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D. Index point is provided on cap for terminal identification only.
E. Falls within MIL STD 1835 GDFP1-F10 and JEDEC MO-092AA

b TEXAS
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MECHANICAL DATA

W (R—GDFP—F14)

CERAMIC DUAL FLATPACK

Base and Seating Plane
0.260 (6,60)
f 0.026 o 66)
! v
| I |
0.006 ( j
| 0.080 (2,03) 0.004 (0,10)
0.045 (1,14)
—— 0.280 (7,11) MAX ——»
0.019 (0,48)
1 14 0.015 (0,38)
\J
l l l l =
l l l l
0.050 (1,27)
l l l ]
0.390 (9,91) l { l |
0.335 (8,51)
l l l l
l ] l 0.005 (0,13) MIN
4 Places
l l l l l
7 8
0.360 (9,14) 0.360 (9,14)
0.250 (6,35) 0.250 (6,35)
4040180-2/D 07/03
NOTES:  A. All linear dimensions are in inches (millimeters).

This drawing is subject to change without notice.

Index point is provided on cap for terminal identification only.

B
C. This package can be hermetically sealed with a ceramic lid using glass frit.
D
E

Falls within MIL STD 1835 GDFP1

—-F14 and JEDEC MO-092AB
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MECHANICAL DATA

FK (S—=CQCC—N*x*) LEADLESS CERAMIC CHIP CARRIER
28 TERMINAL SHOWN

_ NO. OF A B
TERMINALS
Xk

MIN MAX MIN MAX

«©

- 0.342 | 0.358 | 0.307 | 0.358
20 10 (8,69) |(9,09) | (7,80) | (9,09)

0.442 | 0.458 | 0.406 | 0.458

—_— ’ 281 (11,23) |(11,63) | (10,31) |(11,63)

22 8 | 0890 [ 0660 [ 0495 [ 0560

Ase | ! (16,26) |(16,76) | (12,58) |(14,22)
o, | 0740 0761 | 0495 | 0560

24 6 (18,78)(19,32) | (12,58) | (14,22)
0.938 | 0.962 | 0.850 | 0.858

25 5 68

N (23,83)|(24,43)| (21,6) | (21,8)
» 1141 | 1165 | 1.047 | 1.063
26 27 28 1 2 3 4 (28,99)((29,59) | (26.6) | (27,0)
’ 0.080 (2,03)
0.064 (1,63)
£ 0020 (0,51) &
0.010 (0,25)
0,045 (1,14)
0.035 (0,89)
A Y

' , 0.045 (1,14)
0.022 (0.54) 4 # L*f 0.035 (0,89)

4040140/D 01/11

A. All linear dimensions are in inches (millimeters).

B. This drawing is subject to change without notice.

C. This package can be hermetically sealed with a metal lid.
D. Falls within JEDEC MS-004

www.BIRE 1 (C.com/TI

www.ti.com



MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—IN—LINE PACKAGE

0.045 (1,14)
0.030 (0,76) N

— 0.020 (0,51) MIN

T

0.200 (5,08) MAX
L Seating Plane

0.125 (3,18) MIN

0.021 (0,53)

€ 5015 (0,38)
[]0.010 (0,25) W]

0.325 (8,26)
Toaoo (7,62)W

— T Gauge Plane

L 0.430 (10,92) J

MAX

0.015 (0,38)

0.010 (0,25) NOM

4040082/E 04/2010

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

C. Falls within JEDEC MS—001 variation BA.

NOTES:

{? TEXAS
INSTRUMENTS
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MECHANICAL DATA

D (R—PDSO—G14)

PLASTIC SMALL QUTLINE

0.344 (8,75)
‘ 0.337 (8,55)
A
14 m 8
0.244 (6,20)
0.228 (5,80)
— < - - T 0157 (4,00)
\ 0.150 (3,80) A
| |
aliniinilolz i
/ 1
Pin 1 0020
Index Area
\@\o.o 0,25)@\
/ \ A\ \
v 1 v \ J | /k
0.010 ( \ 7
—0.069 (1,75) Max 0004
0.010 (0,25) // /A\
0.005 (013)1 / \
Lo
L * | // | []0.004 (0,10)
/
— x Seating Plane
—_ = / .
4040047-5/M  06/11

NOTES: 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.
not exceed 0.006 (0,15) each side.

Body width does not include interlead flash.
Reference JEDEC MS—012 variation AB.

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0.017 (0,43) each side.

.
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LAND PATTERN DATA

(R—PDSO-G14) PLASTIC SMALL OUTLINE

Example Board Layout Steﬂ(cr\l\otoepeDm)imgs
(Note C)

— —~=— 14x0,55

»‘ —~—12x1,2/ L »‘ ‘«WZXW,Z
et S

/

4 80 % 4,80
RN

/ |

BAREAE HG -
\ ///

|

|

Example
Non Soldermask Defined Pad Example

Pad Geometry
(See Note C)

Example
Solder Mask Opening
(See Note E)

—~=— (0,07
Al Around

4211283-3/C 02/

NOTES: A. Al linear dimensions are in millimeters.

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.
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.

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

Customers should

i3 TEXAS
INSTRUMENTS
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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

ol -
« 20y 0,75
4& 0,50
i \ [y \
v i Seating Plane ¢ \ J_\ ) [_L
015 1 P
L 1,20 MAX 00 [©]o10

4040064-3/G  02/1

NOTES: A
B.

E.

All linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
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.

Body width does not include interlead flash.

Falls within JEDEC MO-1583

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.

i3 TEXAS
INSTRUMENTS

www.BDTTC.com/TI1




LAND PATTERN DATA

PW (R—PDSO—-G14) PLASTIC SMALL OUTLINE

Stencil Openings

Exomp\?NE?sr%)Loyout (Note D)
» —~=— 14x0,50
—»\ ——17/%0,65 — 12x0,65
QR85 L HH%%E&H#
0,60 5,60
|
/ Example
/ Non Soldermask Defined Pad Example
! e Pad Geometry
*/,/ - (See Note C)
/. —m— 0,35
/
//
/ E [
f 1,60 Solder QZZLD gpenmg
\\ | (See Note E)
v =00
\. Al Around  /
N e
\\\\ //’
4211284-2/D  05/11

A. Al linear dimensions are in millimeters.

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

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

NOTES:

i3 TEXAS
INSTRUMENTS
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MECHANICAL DATA

PW (R—PDSO—G28)

PLASTIC SMALL OUTLINE

0,30
T j rﬁ 0,19 O,WO @
28 15

13

i

—

-

0,15 NOM

o ——P

o~
(@)

>

(@]

/

PO
f |

? Gage Pﬂi

[025 ’

-~
*“——

0—_g° o -
« 0,75
9& 0,50
/ \ [y \
vy A . Seating Plone ¥, || al
0,15 -J N
L 1,20 MAX 00 O,WO

4040064-7/G  02/1

NOTES:

E.

A. Al linear dimensions are in millimeters.
B.

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

Body width does not include interlead flash.
Falls within JEDEC MO-153

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.

i3 TEXAS
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MECHANICAL DATA

D (R*PDSO*GS) PLASTIC SMALL OUTLINE
0.197 (5,00)
‘ 0.189 (4,80) ’
A\
8 5
0.244 (6,20)
0.228 (5,80)
Y - 0.157 (4,00)
\ 0.150 (3,80) AN
ﬁ |

Index Area

L )

0.020 (0,51)
0.012 (0,31)

[ ]0.010 (0,25) @]

o \ / : ‘/ \ \
| ' /

v
T 0.010 (0,25) oS

0.004 (0,10)

0.050 (1,27)

L 0.069 (1,75) Max

t : //\ ) []0.004 (0,10)
v )

? Seating Plane

4040047-3/M 06 /11

NOTES: 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 AA.

.
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LAND PATTERN DATA

D (R—PDSO—G8)

PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)
—= —=— (x0,50

‘« ox1,27 ‘¢ 6x1.27

IO %HH%

7

7

ﬁf@@m‘ @HH{M

Example
Non Soldermask Defined Pad

Example
Pad Geometry
(See Note C)

2 00 \ Example
’ / Solder Mask Opening
‘ I /' (See Note E)

S — Y /

Al Around //

\\
\\\ //,
~. -
4211283-2/C 02/
NOTES: A. Al linear dimensions are in millimeters.
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.

i3 TEXAS
INSTRUMENTS

www.BDTIC.com/TI



MECHANICAL DATA

PW (R—PDS0O—-G8) PLASTIC SMALL OUTLINE

0,30
s [ 1ls

i A !

T 0,15 NOM //
450 6,60

4,30 620 i [// | '
O i f Gage P,ﬂi \ }
IEEET | B
1 4 e i

N 0,7
5

n

nN
©
[e)
(=)
(@)

4+ [N \
§ i Seating Plane ¢ /J_\ /y [_L

AN /

1,20 MAX - oL [~ ]o.10 —

4040064-2/G  02/1

NOTES:  A.
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.

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 0,15 each side.
Body width does not include interlead flash. Interlead flash shall not exceed 0,25 each side.

Falls within JEDEC MO-1583

i3 TEXAS
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from Tl to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated Tl product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the TI products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Audio www.ti.com/audio Communications and Telecom www.ti.com/communications

Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers

Data Converters dataconverter.ti.com Consumer Electronics Wwww.ti.com/consumer-apps

DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy

DSP dsp.ti.com Industrial www.ti.com/industrial

Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical

Interface interface.ti.com Security www.ti.com/security

Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense

Power Mgmt power.ti.com Transportation and www.ti.com/automotive
Automotive

Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video

RFID www.ti-rfid.com Wireless www.ti.com/wireless-apps

RF/IF and ZigBee® Solutions  www.ti.com/Iprf
TI E2E Community Home Page e2e.ti.com
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