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TLO3x, TLO3xA Enhanced-FET Low-Power Low-Offset Operational Amplifiers

1 Features

» Direct upgrades for the TLO6x low-power
amplifiers

* Low power consumption

» On-chip offset-voltage trimming for improved DC
performance (1.5mV, TL0O31ID)

* Higher slew rate and bandwidth without increased
power consumption

* Available in TSSOP for small form-factor designs

2 Applications

» Solar energy: string and central inverter

* Motor drives: ac and servo drive control and
power-stage modules

» Single-phase online UPS

3 Description

The TLO3x series of FET-input operational amplifiers
offer improved DC and AC characteristics over the
TLO6x family of low-power operational amplifiers.
The Texas Instruments improved FET process and
optimized designs also yield improved bandwidths
and slew rates without increased power consumption.

FET operational amplifiers offer the inherently higher
input impedance of the FET-input transistors. This
higher input impedance makes the TLO3x amplifiers
better suited for interfacing with high-impedance
sensors or very low-level AC signals.

The TLO3x family has been optimized for micropower
operation, while improving on the performance of the
TLO6x series. Designers requiring significantly faster
AC response must consider the TLE206x family of
low-power FET operational amplifiers.

IN-
IN+

The FET operational amplifiers are designed for
use with dual power supplies, therefore take care
to observe common-mode input-voltage limits and
output swing when operating from a single supply. DC
biasing of the input signal is required, and loads must
be terminated to a virtual-ground node at mid supply.
The TI TLE2426 integrated virtual-ground generator is
useful when operating amplifiers from single supplies.

The TLO3x devices are fully specified at £+15V and
1+5V. For operation in low-voltage and/or single-supply
systems, the Tl LInCMOS families of operational
amplifiers (TLC prefix) are recommended.

The C-suffix devices are characterized for operation
from 0°C to 70°C. The I-suffix devices are
characterized for operation from —40°C to 85°C.

Device Information

PART NUMBER PACKAGE(") PACKAGE SIZE®?)

P (PDIP, 8) 9.81mm x 9.43mm
TLO31

D (SOIC, 8) 4.9mm x 6mm

N (PDIP, 14) 19.3mm x 9.4mm
TLO31A

D (SOIC, 8) 8.65mm x 6mm

P (PDIP, 8) 9.81mm x 9.43mm
TLO32 D (SOIC, 8) 4.9mm x 6mm

PS (SOP, 8) 6.2mm x 7.8mm

P (PDIP, 8) 9.81mm x 9.43mm
TLO32A

D (SOIC, 8) 4.9mm x 6mm

N (PDIP, 14) 19.3mm x 9.4mm

D (SOIC, 14) 8.65mm x 6mm
TLO34

NS (SOP, 14) 10.2mm x 7.8mm

PW (TSSOP, 14) 5mm x 6.4mm

N (PDIP, 14) 19.3mm x 9.4mm
TLO34A

D (SOIC, 14) 8.65mm x 6mm

(1)  For more information, see Section 10.

(2) The package size (length x width) is a nominal value and
includes pins, where applicable.
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Symbol (Each Amplifier)

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Pin Configuration and Functions
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Figure 4-1. TL031ID, 8-Pin SOIC (Top View)

Table 4-1. Pin Functions of TL031ID

PIN
TYPE DESCRIPTION
NAME NO.
OFFSET N1 1 — Input offset adjustment
IN— 2 Input Inverting Input
IN+ 3 Input Non Inverting Input
VCC- 4 — Power supply negative
OFFSET N2 5 — Input offset adjustment
ouT 6 Output Output
VCC+ 7 — Power supply positive
NC 8 — Do not connect
O
Nne [ ] ] NC
N~ [ ] 2 ] vees
N [ ] 3 ] our
vee- [] 4 ] NC
Not to scale
Figure 4-2. TL031x, TL031Ax D or P Package, 8-Pin SOIC or PDIP (Top View)
Table 4-2. Pin Functions of TL031x, TL031Ax
PIN
TYPE DESCRIPTION
NAME NO.
NC 1 — Do not connect
IN— 2 Input Inverting Input
IN+ 3 Input Non Inverting Input
VCC- 4 — Power supply negative
NC 5 — Do not connect
ouT 6 Output Output
VCC+ 7 — Power supply positive
NC 8 — Do not connect
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Figure 4-3. TL032x, TL032Ax D, or P Package, 8-Pin SOIC, or PDIP (Top View)

Table 4-3. Pin Functions of TL032x, TL032Ax

e PIN Ne) TYPE DESCRIPTION
10UT 1 Output Output, channel 1

1IN- 2 Input Inverting Input, channel 1

1IN+ 3 Input Non Inverting Input, channel 1

VCC- 4 — Power supply negative

2IN+ 5 Input Non Inverting Input, channel 2

2IN- 6 Input Inverting Input, channel 2

20UT 7 Output Output, channel 2

VCC+ 8 — Power supply positive
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Figure 4-4. TL034x, TL034Ax D, N, or PW Package, 14-Pin SOIC, PDIP, or TSSOP (Top View)

Table 4-4. Pin Functions of TL034x, TL034Ax

e PIN Ne) TYPE DESCRIPTION
10UT 1 Output Output, channel 1

1IN- 2 Input Inverting Input, channel 1

1IN+ 3 Input Non Inverting Input, channel 1

VCC+ 4 — Power supply positive

2IN+ 5 Input Non Inverting Input, channel 2

2IN- 6 Input Inverting Input, channel 2

20UT 7 Output Output, channel 2

30UT 8 Output Output, channel 3

3IN— 9 Input Inverting Input, channel 3

3IN+ 10 Input Non Inverting Input, channel 3

VCC- 11 — Power supply negative

4IN+ 12 Input Non Inverting Input, channel 4

4IN—- 13 Input Inverting Input, channel 4

40UT 14 Output Output, channel 4
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5 Specifications
5.1 Absolute Maximum Ratings

over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT

Vees Supply voltage@ 18 \%
Vee- Supply voltage -18 \Y

Differential input voltage(® -30 30 \%
Vi Input voltage range@ () Any input -15 15 \%
Iy Input current Each input -1 1 mA
lo Output current Each output —40 40 mA

Duration of short-circuit current at (or below) 25°C() Unlimited

Lead temperature 1.6mm (1/16 inch) from case for 10 |D, N, P, or PW 260 c

seconds: package
Tstg Storage temperature -65 150 °C

(1)  Operation outside the Absolute Maximum Ratings may cause permanent device damage. Absolute maximum ratings do not imply
functional operation of the device at these or any other conditions beyond those listed under Recommended Operating Conditions.
If briefly operating outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not
sustain damage, but it may not be fully functional. Operating the device in this manner may affect device reliability, functionality,
performance, and shorten the device lifetime.

(2) All voltage values, except differential voltages, are with respect to the midpoint between Vet and Vee-.

(3) Differential voltages are at IN+ with respect to IN-.

(4) The magnitude of the input voltage must never exceed the magnitude of the supply voltage or 15V, whichever is less.

(5) The output can be shorted to either supply. Extended short-circuit current, especially with higher supply voltage, can cause excessive
heating and eventual destruction.

5.2 Thermal Information

TLO031x TLO31Ax TLO32x
LS TLO34x TLO34Ax
)
THERMAL METRIC > 5 > . " UNIT
8 8 14 14 14
Bun ﬂ;snigtf:c'te&amb'e”t thermal 97 85 86 80 113 CIW

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC package thermal metrics application
note.

5.3 Recommended Operating Conditions

C SUFFIX I SUFFIX
UNIT
MIN MAX MIN MAX

Vees Supply voltage 5 +15 5 +15 \%
Vees = $5V -15 4 -15 4

Vic Common-mode input voltage \Y
Vees = #15V -11.5 14| -115 14

Ta Operating free-air temperature 0 70 -40 85 °C
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5.4 TL031C and TLO031AC Electrical Characteristics

at specified free-air temperature

TLO31C, TLO31AC
PARAMETER TEST CONDITIONS Ta Vces = 5V Vce: =15V UNIT
MIN TYP MAX MIN TYP MAX
TLO31C 25°C 0.54 35 0.5 1.5
Vo=0,Vic Full range(") 45 2.5
Vo |Input offset voltage =0,Rg= mV
50Q 25°C 0.41 2.8 0.34 1.5
TLO31AC
Full range( 3.8 1.8
Temperature Vo=0,V,c |TLO31C 25°C to 70°C 71 5.9
ay, |coefficient of input =0,Rg = uv/°C
offset voltage 50Q TLO31AC | 25°C to 70°C 71 5.9 25
Input offset voltage Vo=0,V,c=0,Rs = o
long-term drift(® 50Q 25°C 0.04 0.04 uv/mo
| Input offset t Vo=0,Vic=0 25C > 100 > 100 A
nput offset curren =0, =
o P om e 70°C 9 200 12 200]
) 25°C 10 200 10 200
lis Input bias current Vo=0,Vic=0 PA
70°C 50 400 80 400
25°C 15104 -3.4to -11.5to -13.4to
Vicr Common-mode input 5.2 14 152 Vv
voltage range —
g 9 Fullrange | -15t04 1.5t
14
Maximum positive
Vowm+ | peak output voltage R = 10kQ 25°C 3 4,995 13 14.955 \Y
swing
Maximum negative
Vow- | peak output voltage R, = 10kQ 25°C -3 -4.995 -12.5 -14.955 \
swing
Large-signal 25°C 72 130 72 130
Ayp |differential voltage R_ = 10kQ 0°C 125 125 dB
ification
amplification(®) 70°C 125 125
ri Input resistance 25°C 1012 1012 Q
o Input capacitance 25°C 4 4 pF
CMR | Common-mode (Voe-) +3.5V < Vig < ¢ 0% .
L ) (Vee+) =2V, Vo =0, Rs 0°C 70 90 75 %4 dB
R rejection ratio = 500
70°C 70 90 75 94
Supply-voltage 25°C 75 140 75 140
ksvr |rejection ratio Vo =0, Rg =50Q 0°C 75 140 75 140 dB
(AVees/AVio) 70°C 75 140 75 140
oo | SUPPly current per Vo = 0, No load 25°C 130 250 130 280 pA
amplifier

(M
)

(©)

Full range is 0°C to 70°C.

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

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

At Vs = #5V, Vo = £2.3V; at Vees = £15V, Vo = £10V
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5.5 TL031C and TL031AC Operating Characteristics

at specified free-air temperature

TL031C, TLO31AC

PARAMETER TEST CONDITIONS Ta Vces = 5V Vces = ¥15V UNIT
MIN TYP MAX | MIN TYP MAX
25°C 2 29
SR+ Egmtlve slew rate at unity gain R, = 10kQ, C, = 100pF 0°C 18 26 Vis
70°C 2.2 3.2
25°C 3.9 5.1
SR- (l\11;agat|ve slew rate at unity gain R, = 10kQ, C, = 100pF 0°C 37 5 Vs
70°C 4 5
f=10Hz 115 115
TLO31C Pty 25°C 0 0
. . - Z
v, Eq.uwalent input Rs = 200 YN ="
noise voltage f=10Hz 115 115
TLO31AC 25°C
f=1kHz 30 30
In Equivalent input noise current |f = 1kHz 25°C 2 2 fANHZ
B Unit in bandwidth Vi="10my 25°C 1.1 1.1 MH
1 nity-gain bandwi R, = 10kQ, C, = 25pF . . z
Ph in at unit i Vi=10my 25°C 60° 60°
om ase margin at unity gain R, = 10kQ, C, = 25pF
(1) For VCCi = i5V, V|(pp) = i1V, for VCCt = i15V, V|(pp) =15V
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5.6 TL0311 and TL031Al Electrical Characteristics

at specified free-air temperature

TLO31l, TLO31AI
PARAMETER TEST CONDITIONS Ta Vces = #5V Vees=%15V UNIT
MIN TYP MAX | MIN TYP MAX
25°C 0.54 3.5 0.5 1.5
TLO31I
Pl 53 33
Input offset Vo=0,Vc=0,Rg = range
Vio |voltage 500 ’ 25°C 0.41 2.8 0.34 15| mV
TLO31AI | Full
range 4.6 26
Q)]
25°C to
Temperature _ _ _ | TLO31I 85°C 6.5 6.2
e . Vo=0,Vic=0,Rg = °
ay, |coefficient of input 500 25°C & uv/°eC
offset voltage TLO31AI - 6.5 6.2 25
85°C
Input offset
voltage long-term |V =0, V|c =0, Rg =50Q 25°C 0.04 0.04 uV/mo
drift®
25°C 5 100 5 100 pA
lio Input offset current| Vg =0, Vic =0
85°C 0.02 0.45 0.02 045 nA
) 25°C 10 200 10 200| pA
lig Input bias current |Vo =0, Vic=0
85°C 0.2 0.9 0.2 09| nA
-3.4+to -11.5 -13.4to
25°C |-1.5t04
Common-mode 5.2 to 14 15.2
Vicr |input voltage Full 15 \%
range _ -11.
9 ra(q?e 1.5t04 to 14
Maximum positive
Vowm+ | peak output R = 10kQ 25°C 3 4.995 13 14.955 \
voltage swing
Maximum
Vou. |negative peak o 4o00 25°C -3 -4.995 -125 -14.955 v
output voltage
swing
Large-signal 25°C 72 130 72 130
Ayp |differential voltage |R_ = 10kQ -40°C 125 125 dB
o g
amplification(®) 85°C 125 125
r Input resistance 25°C 1012 1012 Q
G Input capacitance 25°C 4 4 pF
25°C 70 90 75 94
CMR | Common-mode (Vee-) +3.5V<Vic<(Veer) =2V, [0
R rejection ratio Vo =0, Rg =50Q 40°C 70 90 s 94 dB
85°C 70 90 75 94
Supply-voltage 25°C 75 140 75 140
ksvr |rejection ratio Vo =0, Rg =50Q -40°C 75 140 75 140 dB
(AVces/AVio) 85°C 75 140 75 140
oo | SUPPly currentper |\, _ o N load 25°C 130 250 130 280 pA
amplifier

(M
@

Full range is -40°C to 85°C.
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated
to Ta = 25°C using the Arrhenius equation and assuming an activation energy of 0.96eV.
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(3)  AtVgcs =35V, Vo = #2.3V; at Vees = #15 V, Vo = £10V

5.7 TL0311 and TL031AIl Operating Characteristics

at specified free-air temperature

TLO031l, TLO31AlI
PARAMETER TEST CONDITIONS Ta Vces: = ¥5V Vec: =15V UNIT
MIN TYP MAX | MIN TYP MAX
25°C 2 2.9
SR+ :?;mtlve slew rate at unity gain R, = 10 kQ, C_ = 100 pF ~40°C 16 21 Vius
85°C 2.3 3.3
25°C 3.9 5.1
SR- g‘;ﬂa(ﬁ')"e slewrate atunity | o _ 460 ¢, =100 pF —40°C 3.3 48 Vis
85°C 4.1 4.9
f=10Hz 115 115
TLO31I PR 25°C P 0
. . - 7
v, Eq.uwalent input Rs = 200 nV/
noise voltage f=10Hz 115 15 \VHz
TLO31AI 25°C
f=1kHz 30 30
| Equivalent input noise current |f = 1kHz 25°C 2 2 A/
n Az
B Unit in bandwidth Vi=10my 25°C 1.1 1.1 MH
1 nity-gain bandwi R, = 10kQ, C_ = 25pF . . z
¢m |Phase margin at unity gain \2/'5;:1 OmV, Ry =10kQ, C, = 25°C 60° 60°
(1) For VCCi = i5V, V|(pp) = i1V, for VCCt = i15V, V|(pp) =15V
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5.8 TL032C and TL032AC Electrical Characteristics

at specified free-air temperature

TL032C, TL032AC
PARAMETER TEST CONDITIONS Ta Ve = 5V Vees=115V UNIT
MIN TYP MAX | MIN TYP MAX
25°C 0.69 3.5 0.57 1.5
TLO32C Full
Vo =0, range 4.5 2.5
ff VIC =0 @
V Input offset voltage ’ mV
' P 9 Rs = 25°C 0.53 2.8 0.39 15
50Q
TLo32AC | Full
range 3.8 1.8
M
Vo=0, |TLo3c |25°Cl0 15 10.8
Temperature coefficient of input |V,c =0, 70°C o
Oy, - pv/°ec
10 offset voltage Rs = 25°C to
50Q TLO32AC 70°C 11.5 10.8 25
Input offset voltage long-term Vo=0,Vic=0,Rg = o
drift(@ 500 25°C 0.04 0.04 uV/mo
| Input offset ) Ve =0 Vie = 0 25°C 5 100 5 100 A
nput offset curren =0, =
° P o-m e 70°C 9 200 12 200/ P
| Inout bi ) Ve =0 Vie = 0 25°C 10 200 10 200 A
nput bias curren =0, =
8 P omm e 70°C 50 400 80 00|
o -1.5t0 -3.4to -11.5 -13.4to
c de inbut volt 25°C 4 52 to 14 15.2
ommon-mode input voltage
VieR | range Ful 1 1510 -115 v
range 4 to 14
Q)]
Maximum positive peak output _ o
Vowm+ " RL = 10kQ 25°C 3 499 13 14.955 \Y
voltage swing
Voy | Maximum negative peak output | o _ 41 25°C -3 -4.995 -12.5 -14.955 v
voltage swing
25°C 72 130 72 130
Large-signal differential voltage _ 5
Avp amplification @) RL = 10kQ 0°C 125 125 dB
70°C 125 125
r Input resistance 25°C 1012 1012 Q
G Input capacitance 25°C 4 4 pF
(Vo) + 3.5V <V 25°C 70 90 75 94
CMRR |Common-mode rejection ratio  |< (Vgg+) — 2V, Vo = 0°C 70 90 75 94 dB
0. Rs =500 70°C 70 90 75 94
25°C 75 140 75 140
Supply-voltage rejection ratio Ve = 25V to £15V, -
ksvr (AVee/AV o) Vo =0, Rs = 500 0°C 75 140 75 140 dB
70°C 75 140 75 140
lec Supply current per amplifier Vo =0, No load 25°C 120 250 120 280| pA
Vo1/Vo2 | Crosstalk attenuation Ayp = 100dB 25°C 120 120 dB

(1)  Full range is 0°C to 70°C.

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

(3) AtVcge: =15V, Vo =2.3V; at Vees = 215V, Vg = £10V
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5.9 TL032C and TL032AC Operating Characteristics

at specified free-air temperature

TL032C, TL032AC

PARAMETER TEST CONDITIONS Ta Vces = 35V Vces = ¥15V UNIT
MIN TYP MAX MIN TYP MAX
25°C 1.2 2.9
SR+ |fositive slewrate atunity gain | — 400, ¢, = 100pF 0°C 18 26 Vius
70°C 2.2 3.2
25°C 3.9 5.1
SR- (l\11)egative slew rate at unity gain R, = 10 kQ, C, = 100pF 0°C 37 5 Viys
70°C 4 5
TLO32C fi 10Hz 259G 115 115
e Rez200 o s | e
TLO32AC 25°C
f=1kHz 30 30
In Equivalent input noise current f=1kHz 25°C 2 2 fANHZ
By  |Unity-gain bandwidth \2/'5;:1 OmV, R =10kQ, CL= | 5500 1.1 1.1 MHz
¢m |Phase margin at unity gain \2/'5;:1 OmV, R =10kQ, CL= | 5500 60° 60°
(1) For Vges = 5V, Vipp) = £1V; for Ve = £15V, Vipp) = 5V
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5.10 TL032l and TLO32AlI Electrical Characteristics

at specified free-air temperature

TLO32l, TLO32Al
PARAMETER TEST CONDITIONS Ta Vces = 25V Vecs=%15V UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.69 3.5 0.57 15
TLo32l Full Q) 5.3 3.3
Vo=0, V= ull range . .
\Y Input offset voltage mV
0 P 9 0, Rs = 50Q 25°C 0.53 2.8 039 15
TLO32Al
Full range (") 4.6 26
TLO32I 25°Cto 1.4 10.8
a Temperature coefficient |Vgo =0, V|c = 85°C V/°C
Vio of input offset voltage |0, Rg = 50Q 25°C to H
TLO32Al 85°C 11.4 10.8 25
Input offset voltage long- |\, '_ o v . =0 Rg=500 | 25°C 0.04 0.04 uV/mo
term drift(® 0= % Ic™ 5 1S : :
25°C 5 100 5 100 pA
lio Input offset current Vo=0,Vic=0
85°C 0.02 0.45 0.02 0.45 nA
. 25°C 10 200 10 200 pA
lig Input bias current Vo=0,Vic=0
85°C 0.2 0.9 0.3 0.9 nA
25°C -1.5t0 -3.4to -11.5 =134 to
v Common-mode input 4 52 to14 152 v
I°R | voltage range Full ranae (0| =15 10 -115
9 4 to 14
Voys |Maximum positive peak g _ 4q0 25°C 3 4.995 13 14.955 Vv
output voltage swing
Voy.  |Maximum negative peak | o _ 4o 0 25°C -3 -4.995 -12.5 -14.955 Vv
output voltage swing
-si i i -40°C 125 125
Avo Large-signal .dllffe.rentg)l R, = 10kQ dB
voltage amplification 85°C 125 125
ri Input resistance 25°C 1012 1012 Q
o Input capacitance 25°C 4 4 pF
25°C 70 90 75 94
] ntion | (Voo-) +3.5V < Vg <
CMRR g?ir:m” mode rejection |, © ) _ 2V Vo = 0, R = -40°C 70 90 75 94 dB
500 85°C 70 90 75 94
25°C 75 140 75 140
Supply-voltage rejection |Vcce = 15V to £15V, Vg = e
KSVR | ratie (A, IaVi) 0 5 Z 500 40°C 75 140 75 140 dB
85°C 75 140 75 140
lec Supply current per Vo = 0, No load 25°C 120 250 120 280 pA
amplifier
Vo1/Vo2 |Crosstalk attenuation Ayp = 100dB 25°C 120 120 dB

(1)  Full range is -40°C to 85°C.

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

(3) AtVge: =15V, Vo =2.3V; at Vee: = 215V, Vg = £10V
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5.11 TL032I and TL032Al Operating Characteristics

at specified free-air temperature

TLO32l, TL032Al

PARAMETER TEST CONDITIONS Ta Vces = 35V Vces=+15V UNIT
MIN TYP MAX MIN TYP MAX
25°C 2 2.9
SR+ Eg)smve slew rate at unity gain R, = 10kQ, C, = 100pF Z40°C 16 21 Vius
85°C 23 3.3
25°C 3.9 5.1
SR- |(ypgative slew rate atunity gain| g _ 1010 ¢, = 100pF —40°C 33 438 Vis
85°C 4.1 4.9
f= 10Hz 115 115
TLO32I P 25°C 2 %
. . - z
v, Eq.uwalent input Rs = 200 nV/NAzZ
noise voltage f=10Hz 115 115
TLO32Al 25°C
f=1kHz 30 30
In Equivalent input noise current |f= 1kHz 25°C 2 2 fANHZ
By |Unity-gain bandwidth Vi=10mV, R =10kQ, CL= | 5500 1.1 1.1 MHz
25pF
om |Phase margin at unity gain \2/5'.):; OmV. Ry =10k, CL= | ogeg 60° 60°
(1) For VCCi = i5V, V|(pp) = i1V, for VCCt = i15V, V|(pp) =15V
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5.12 TL034C and TL034AC Electrical Characteristics

at specified free-air temperature

TLO034C, TLO34AC
PARAMETER TEST CONDITIONS Ta Vees = 5V Vees=%15V UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.91 6 0.79 4
TLO34C Full range
Vo =0, o 8.2 6.2
Vio Input offset voltage |V|c =0, - mV
Rs = 50Q 25°C 0.7 3.5 0.58 1.5
TLO34AC
Full (r1a)1nge 57 37
25°C to
Temperature VO = 0‘ TLO34C 70°C 11.6 12
Qv coefficient of input  [V|c =0, - uv/°eC
offset voltage Rs =50Q | TLO34AC 2309(;0 11.6 12 25
Input offset voltage |Vo=0,V|c=0,Rgs= o
long-term drift (2) 50Q 25°C 0.04 0.04 uvimo
| Inbut offset t V=0 V=0 25°C 5 100 5 100 A
nput offset curren =0, =
° P ° = 70°C 9 200 12 200| "
25°C 10 200 10 200
lig Input bias current Vo=0,V|c=0 pPA
70°C 50 400 80 400
25°C 15104 -34to -11.5t0 -13.4+to
Vv Common-mode 5.2 14 152 Vv
IoR input voltage range Full range -11.5t0
) -15t04
14
Maximum positive
Vom+ peak output voltage |R, = 10kQ 25°C 3 4995 13 14.955 \
swing
Maximum negative
Vowm- peak output voltage |R_ = 10kQ 25°C -3 -4.995 -12.5 -14.955 \
swing
Large-signal 25°C 72 130 72 130
Avp differential voltage |R_ = 10kQ 0°C 125 125 dB
Lo (3)
amplification 70°C 125 125
r Input resistance 25°C 1012 1012 Q
G Input capacitance 25°C 4 4 pF
Commonmode (Veo.) + 3.5V < Vg < 25°C 70 90 75 94
CMRR S . (Vee+) — 2V, Vo =0, 0°C 70 90 75 94 dB
rejection ratio Re = 50Q
S 70°C 70 90 75 94
Supply-voltage 25°C 75 140 75 140
Ksvr rejection ratio Vo =0, Rg =50Q 0°C 75 140 75 140 dB
(AVees/AVio) 70°C 75 140 75 140
lec Supply currentper |\, " N load 25°C 120 500 120 280 pA
amplifier
Crosstalk _ o
Voi1/Vo2 attenuation Ayp=100 25°C 120 120 dB

M
)

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

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

@)

At VCCi = iSV, Vo = i23V, at VCCi = i15V, Vo =10V
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5.13 TL034C and TL034AC Operating Characteristics

at specified free-air temperature

TL034C, TL034AC

PARAMETER TEST CONDITIONS Ta Vces = 25V Vces = ¥15V UNIT
MIN TYP MAX | MIN TYP MAX
25°C 2 2.9
SR+ E;)sitive slew rate at unity gain R, = 10kQ, C, = 100pF 0°C 18 26 Vius
70°C 2.2 3.2
25°C 3.9 5.1
SR- (l\11)egative slew rate at unity gain R, = 10kQ, C, = 100pF 0°C 37 5 Viys
70°C 4 5
TLO34C fi 10Hz 250G 115 115
e SRECI s |
TLO34AC 25°C
f=1kHz 30 30
In Equivalent input noise current f=1kHz 25°C 2 2 fANHZ
By  |Unity-gain bandwidth \2/'5;:1 OmVRL =10kQ, €= | o5ec 1.1 1.1 MHz
¢m |Phase margin at unity gain \2/'5;:1 OmV, Ry =10kQ, CL= | o5ec 60° 60°
(1) ForVees = £5V, Vipp) = £1V; for Vees = 15V, Vipp) = £5V
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5.14 TL034l and TLO34Al Electrical Characteristics

at specified free-air temperature

TLO34l, TLO34Al
PARAMETER TEST CONDITIONS Ta Vces = 5V Vees= #15V UNIT
MIN TYP MAX MIN TYP MAX
25°C 0.91 3.6 0.79 4
TLO34| Full range
Vo =0, e 9.3 7.3
Vio Input offset voltage |V|c =0, . mV
Rs = 50Q 25°C 0.7 35 0.58 1.5
TLO34Al
Full (rf)mge 6.8 48
25°C to
Temperature Vo=0, |TLO34I 85°C 1.5 11.6
Qo coefficient of input |V, =0, - uv/°eC
offset voltage Rs =50Q | TL034Al 225(350 1.5 11.6 25
Input offset voltage |Vo =0, Vic=0,Rg= o
long-term drift @ |500 25°C 0.04 0.04 uV/mo
25°C 5 100 5 100 pA
lio Input offset current |Vg =0, Vic=0
85°C 0.02 0.45 0.02 0.45 nA
) 25°C 10 200 10 200 pA
lig Input bias current  |Vo =0, V|c=0
85°C 0.2 0.9 0.3 0.9 nA
25°C 15104 -34to -11.5t0 -13.4to
Vv Common-mode 5.2 14 152 v
IoR input voltage range Fullrange| _, ., , -11.5t0
) 1o 14
Maximum positive
Vowm+ peak output voltage |R_ = 10kQ 25°C 3 4.995 13 14.955 \
swing
Maximum negative
Vom- peak output voltage |R_ = 10kQ 25°C -3 -4.995 -12.5 -14.955 \Y
swing
Large-signal -40°C 125 125
Avp differential voltage |R_ = 10kQ . dB
amplification ) 85°C 125 125
ri Input resistance 25°C 1012 1012 Q
o Input capacitance 25°C 4 4 pF
Commonmode (Vo) + 3.5V < Vg < 25°C 70 90 75 94
CMRR o h (Vee+) =2V, Vo =0, -40°C 70 90 75 94 dB
rejection ratio Re = 500
S 85°C 70 90 75 94
Supply-voltage 25°C 75 140 75 140
ksvr rejection ratio Vo =0, Rs =50Q -40°C 75 140 75 140 dB
(AVee:/AVio) 85°C 75 140 75 140
lec Supply currentper |\, ' 5 N joad 25°C 120 250 120 280 A
amplifier
Crosstalk _ o
Vo1/Voz attenuation Ayp =100 25°C 120 120 dB

(M
)

Full range is -40°C to 85°C.
Typical values are based on the input offset voltage shift observed through 168 hours of operating life test at Ty = 150°C extrapolated

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

3

At Vs = #5V, Vo = £2.3V; at Vees = £15V, Vg = £10V
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5.15 TL034l and TL034Al Operating Characteristics

TLO341, TLO34AI
PARAMETER TEST CONDITIONS i Vees = 5V Vecs = 15V UNIT
MIN TYP MAX| MIN TYP MAX
25°C 2 2.9
SR+ gpgisr:t('}’f slewrate atunity o _ 40k, ¢, = 100pF -40°C 16 2.1 Vius
85°C 2.3 3.3
25°C 3.9 5.1
SR- g‘:lﬂa(ﬁ')" eslewrateatunity o _ 4000 ¢, = 100pF —40°C 33 48 Vis
85°C 4.1 4.9
f= 10Hz 115 115
TLO34I P 25°C m n
. . KMz
v, Eq.uwalent input Rs = 200 nVNAZ
noise voltage f=10Hz 115 115
TLO34AI 25°C
f= 1kHz 30 30
I, Equivalent input noise f= 1kHz 25°C 2 5 tANAZ
current
B, Unity-gain bandwidth Vi=10mV, Ry =10kQ, CL = 25°C 1.1 1.1 MHz
25pF
Om Phase margin at unity gain \2/‘.5;F10mv, RL=10kQ, C = 25°C 60° 60°

M

For VCCi =15V, V|(pp) = i1V, for VCCt = i15V, V|(pp) =15V
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5.16 Typical Characteristics
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Figure 5-1. Input Bias Current vs Common-Mode Voltage
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Figure 5-2. Input Bias Current vs Temperature
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Figure 5-6. PSRR vs Temperature (dB)
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5.16 Typical Characteristics (continued)

Cap Load (pF)
G =1, 10mV output step

Figure 5-11. Small-Signal Overshoot vs Capacitive Load

100 N 120
=
80 \ S 1o
—~ 60 E 100
B Z 9
E 40 o
€ o 80
£ 2 G
3 — Sourcing °©
(@] o}
0 .
= —— Sinking & 60
e 2 o 50
(5} 2
g 40 > 40
= S 30
9 60 g
_——/_——/ g 20
-80
-':g_ 10
-100 < 0
-40  -20 0 20 40 60 80 100 120 140 10 100 1k 10k 100k
Temperature (°C) Frequency (Hz)
Figure 5-8. Input Voltage Noise Spectral Density vs Frequency
Figure 5-7. Short-Circuit Current vs Temperature
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5.16 Typical Characteristics (continued)

— Input —
—— Output

— Input
—— Output

Amplitude (5mV/div)
Large Signal Step Response (2V/div)

Time (2us/div) Time (2ps/div)
CL = 20pF, G =1, 20mV step response CL=20pF, G=-1

Figure 5-13. Small-Signal Step Response Figure 5-14. Large-Signal Step Response
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6 Parameter Measurement Information

6.1 Typical Values

Typical values presented in this data sheet represent the median (50% point) of device parametric performance.
6.2 Input Bias and Offset Current

At the picoampere bias current level typical of the TLO3x and TLO3xA, accurate measurement of the bias current
becomes difficult. Not only does this measurement require a picoammeter, but test-socket leakages easily can
exceed the actual device bias currents. To accurately measure these small currents, Texas Instruments uses a
two-step process. The socket leakage is measured using picoammeters with bias voltages applied but with no
device in the socket. The device is then inserted into the socket and a second test that measures both the socket
leakage and the device input bias current is performed. The two measurements are then subtracted algebraically
to determine the bias current of the device.

6.3 Noise

With the increasing emphasis on low noise levels in many of today’s applications, the input noise voltage density
is performed at f = 1kHz, unless otherwise noted.
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7 Application and Implementation

Note

Information in the following applications sections is not part of the Tl component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

7.1 Application Information
7.1.1 Input Characteristics

The TLO3x and TLO3xA are specified with a minimum and a maximum input voltage that, if exceeded at either
input, could cause the device to malfunction.

Due to of the extremely high input impedance and resulting low bias-current requirements, the TLO3x and
TLO3xA are well suited for low-level signal processing; however, leakage currents on printed circuit boards and
sockets easily can exceed bias-current requirements and cause degradation in system performance. It is a
good practice to include guard rings around inputs (see Figure 7-1). These guard rings should be driven from a
low-impedance source at the same voltage level as the common-mode input.

Unused amplifiers should be connected as grounded unity-gain followers to avoid oscillation.

Vi

— Vo Vi AN

D—Vo

— Vo

Vi

(a) NONINVERTING AMPLIFIER (b) INVERTING AMPLIFIER (c) UNITY-GAIN AMPLIFIER

Figure 7-1. Use of Guard Rings

7.1.2 Output Characteristics

All operating characteristics (except bandwidth and phase margin) are specified with 100pF load capacitance.
The TLO3x and TLO3xA drive higher capacitive loads; however, as the load capacitance increases, the resulting
response pole occurs at lower frequencies, thereby causing ringing, peaking, or even oscillation. The value
of the load capacitance at which oscillation occurs varies with production lots. If an application appears to be
sensitive to oscillation due to load capacitance, adding a small resistance in series with the load should alleviate
the problem (see Figure 7-3). Capacitive loads of 1000pF and larger can be driven if enough resistance is added
in series with the output (see Figure 7-2).
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(a)CL=100pF, R=0 (b)CL=300pF, R=0 (c)CL=350pF, R=0

o o

(d) CL = 1000 pF, R=0 (e) C = 1000 pF, R = 50 Q (f) CL = 1000 pF, R = 2 kQ

Figure 7-2. Effect of Capacitive Loads

15V

- R

- _I_I_ N
— 1 +
-V 15V
_ o,

(see Note A)

10 kQ

A. C_includes fixture capacitance.

Figure 7-3. Test Circuit for Output Characteristics

7.1.3 Transimpedance Amplifier

The low-power precision TLO3x allows accurate measurement of low currents. The high input impedance and
low offset voltage of the TLO3xA greatly simplify the design of a transimpedance amplifier. At room temperature,
this design achieves 10-bit accuracy with an error of less than 1/2 LSB.

Assuming that R2 is much less than R1 and ignoring error terms, the output voltage can be expressed as:

_ R1 + R2
Vo = ~Iin X RF( R2 )

Using the resistor values shown in the schematic for a 1nA input current, the output voltage equals -0.1V. If the
Vo limit for the TLO3XA is measured at £12V, the maximum input current for these resistor values is £120nA.
Similarly, one LSB on a 10-bit scale corresponds to 12mV of output voltage, or 120pA of input current.

The following equation shows the effect of input offset voltage and input bias current on the output voltage:
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Vg = _[VIO +Re(lo + IIB)](%)

If the application requires input protection for the transimpedance amplifier, do not use standard PN diodes.
Instead, use low-leakage Siliconix SN4117 FETs (or equivalent) connected as diodes across the TLO3xA inputs
(see Figure 7-4).

As with all precision applications, special care must be taken to eliminate external sources of leakage and
interference. Other precautions include using high-quality insulation, cleaning insulating surfaces to remove
fluxes and other residue, and enclosing the application within a protective box.

Rr

10 MQ
15V

TLO3xA

Input Current

SN4117

Figure 7-4. Transimpedance Amplifier

7.1.4 4mA to 20mA Current Loops

Often, information from an analog sensor must be sent over a distance to the receiving circuitry. For many
applications, the most feasible method involves converting voltage information to a current before transmission.
The following circuits give two variations of low-power current loops. The circuit in Figure 7-5 requires three
wires from the transmitting to receiving circuitry, while the second variation in Figure 7-6 requires only two
wires, but includes an extra integrated circuit. Both circuits benefit from the high input impedance of the TLO3xA
because many inexpensive sensors do not have low output impedance.

Assuming that the voltage at the noninverting input of the TLO3xA is zero, the following equation determines the
output current:

_ R3 R3 _
IO = Vl(im > RS) + 5V<7R2 ~ RS) 0.16 x VI + 4mA

The circuits presently provide 4mA to 20mA output current for an input voltage of 0 to 100mV. By modifying R1,
R2, and R3, the input voltage range or the output current range can be adjusted.

Including the offset voltage of the operational amplifier in the above equation clearly illustrates why the low offset

TLO3XxA is used:
R3 R3 R3 R3 R1
lA~=V|=—"">—]+5V|=—"""—] -V + +
(0] |(R1 X RS) (R2 X RS) |(R1 X RS R2 x RS RS)

= 0.16 X VI +4mA-0.17 x V

For example, an offset voltage of 1mV decreases the output current by 0.17mA.
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Due to the low power consumption of the TLO3xA, both circuits have at least 2mA available to drive the actual
sensor from the 5V reference node.

3 Vees =10V
100 kQ R6
& TL431
100 kQ R7
5V Ref *
R2 1 MQ
- R5
R1 A Qi 2N3904
Vi Vv : + 3.3kQ
55 VeEg=-5V
R4§ 5 kQ Y 1N4148
R3§8O kQ
Rs |
Signal Common AN n—\ o
100 Q
R. < 50 Q

Figure 7-5. Three-Wire 4mA to 20mA Current Loop

INT 20— Vees=10V
OouT
LT1019-5
5V Ref GND
2 8
3] ||
R2§1 MQ  |10uFT| | LTC1044
5
| L
|AY
R1 i 10uF MR?V—{ 2N3904
Vi VYV 3.3kQ
5 kQ TLO3xA
R4 § 5 kQ Y 1N4148
ngso kQ
Rs I
Signal Common AN n— Ny 10
100 Q
RL <50 Q

Figure 7-6. Two-Wire 4mA to 20mA Current Loop
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7.1.5 Instrumentation Amplifier with Linear Gain Adjust

The low offset voltage and low power consumption of the TLO3x provide an accurate but inexpensive

instrumentation amplifier (see Figure 7-7). This particular configuration offers the advantage that the gain can be
linearly set by one resistor:

R6
Vo=— x(Vg-V
0="gr (Vg —Va)

Adjusting R6 varies the gain. The value of R6 always must be greater than, or equal to, the value of R5
to ensure stability. The disadvantage of this instrumentation amplifier topology is the high degree of CMRR

degradation resulting from mismatches between R1, R2, R3, and R4. For this reason, these four resistors must
be 0.1%-tolerance resistors.

Va
A—I ;
Ve
R2
10 kQ 10 kQ R7 J__
0.1% 0.1% Vee- 100 kQ =

A. U1A through U1D = TLO3X; Ve = #15V

Figure 7-7. Instrumentation Amplifier with Linear Gain-Adjust Circuit
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8 Device and Documentation Support

Tl offers an extensive line of development tools. Tools and software to evaluate the performance of the device,
generate code, and develop solutions are listed below.

8.1 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Notifications to register and receive a weekly digest of any product information that has changed. For change
details, review the revision history included in any revised document.

8.2 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

8.3 Trademarks

TI E2E™ is a trademark of Texas Instruments.

All trademarks are the property of their respective owners.
8.4 Electrostatic Discharge Caution

This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled
‘ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

‘Q \ ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

8.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.
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9 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision C (December 2001) to Revision D (April 2026) Page
» Updated on-chip offset-voltage trimming from TLO31A to TLO31ID in the Features ..........cccccccvviviciveeeeninnen.. 1
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10 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
TLO31CD Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl Oto 70 TLO31C
TLO31CDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO31C
TLO31CDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO31C
TLO31CP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO31CP
TLO31CP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type Oto 70 TLO31CP
TLO31ID Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40to 85 TLO31I
TLO31ID.A Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO31lI
TLO31IDG4 Active Production SOIC (D) | 8 75| TUBE Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO31I
TLO31IP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO31IP
TLO31IP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO31IP
TLO32ACD Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl 0to 70 032AC
TLO32ACDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 032AC
TLO32ACDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 032AC
TLO32ACDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 85 032AC
TLO32ACDRG4.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 032AC
TLO32ACP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO32ACP
TLO32ACP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type Oto 70 TLO32ACP
TLO32AID Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 032Al
TLO32AIDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 032Al
TLO32AIDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 032Al
TLO32AIP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO32AIP
TLO32AIP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 TLO32AIP
TLO32CD Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl 0to 70 TLO32C
TLO32CDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO32C
TLO32CDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO32C
TLO32CDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO32C
TLO32CDRG4.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 TLO32C
TLO32CP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO32CP
TLO32CP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO32CP
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Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TLO32CPE4 Active Production PDIP (P) | 8 50 | TUBE - Call Tl Call Tl Oto 70
TLO32CPSR Active Production SO (PS) | 8 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM 0to 70 T032
TLO32CPSR.A Active Production SO (PS) |8 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TO032
TLO32ID Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 TLO32I
TLO32IDR Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO32I
TLO32IDR.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO32I
TLO32IDRG4 Active Production SOIC (D) | 8 2500 | LARGE T&R - Call Tl Call Tl -40 to 85
TLO32IP Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO32IP
TLO32IP.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO32IP
TLO34ACD Obsolete  Production SOIC (D) | 14 - - Call Tl Call Tl 0to 70 TLO34AC
TLO34ACDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34AC
TLO34ACDR.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34AC
TLO34ACN Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type Oto 70 TLO34ACN
TLO34ACN.A Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO34ACN
TLO34AID Obsolete Production SOIC (D) | 14 - - Call Tl Call Tl -40 to 85 TLO34Al
TLO34AIDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO34Al
TLO34AIDR.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO34Al
TLO34AIN Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO34AIN
TLO34AIN.A Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO34AIN
TLO34CDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34C
TLO34CDR.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34C
TLO34CN Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO34CN
TLO34CN.A Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type 0to 70 TLO34CN
TLO34CNSR Active Production SOP (NS) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34
TLO34CNSR.A Active Production SOP (NS) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TLO34
TLO34CPW Obsolete  Production TSSOP (PW) | 14 - - Call Tl Call Tl 0to 70 T034
TLO34CPWR Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TO34
TLO34CPWR.A Active Production TSSOP (PW) | 14 2000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM Oto 70 TO34
TLO34ID Obsolete Production SOIC (D) | 14 - - Call Tl Call Tl -40 to 85 TLO34I
TLO34IDR Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO34I
TLO34IDR.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 85 TLO34I

Addendum-Page 2



https://www.ti.com/product/TL032/part-details/TL032CPSR
https://www.ti.com/product/TL032/part-details/TL032ID
https://www.ti.com/product/TL032/part-details/TL032IDR
https://www.ti.com/product/TL032/part-details/TL032IP
https://www.ti.com/product/TL034A/part-details/TL034ACD
https://www.ti.com/product/TL034A/part-details/TL034ACDR
https://www.ti.com/product/TL034A/part-details/TL034ACN
https://www.ti.com/product/TL034A/part-details/TL034AID
https://www.ti.com/product/TL034A/part-details/TL034AIDR
https://www.ti.com/product/TL034A/part-details/TL034AIN
https://www.ti.com/product/TL034/part-details/TL034CDR
https://www.ti.com/product/TL034/part-details/TL034CN
https://www.ti.com/product/TL034/part-details/TL034CNSR
https://www.ti.com/product/TL034/part-details/TL034CPW
https://www.ti.com/product/TL034/part-details/TL034CPWR
https://www.ti.com/product/TL034/part-details/TL034ID
https://www.ti.com/product/TL034/part-details/TL034IDR

i3 TExas PACKAGE OPTION ADDENDUM

INSTRUMENTS
www.ti.com 5-Mar-2026
Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking

(1) %) @3) Ball material Peak reflow (6)
4 (©)]
TLO34IDRG4 Active Production SOIC (D) | 14 2500 | LARGE T&R - Call Tl Call Tl -40 to 85
TLO34IN Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO34IN
TLO34IN.A Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 TLO34IN

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

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

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

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

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

® part marking: There may be an additional marking, which relates to the logo, the lot trace code information, or the environmental category of the part.

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

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and 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.
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
IR T
& © o|( Bo W
el |
L & Diameter ' '
Cavity +| 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
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
T Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O O O 0 0 Sprocket Holes
| |
T T
e | )
A-—q-—4 t-—T--1
Q3 1 Q4 Q3 | User Direction of Feed
% A |
T T
=
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
TLO31CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32ACDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32ACDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32AIDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32CDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32CDRG4 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO32CPSR SO PS 8 2000 330.0 16.4 8.35 6.6 2.4 12.0 | 16.0 Q1
TLO32IDR SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
TLO34ACDR SolIC D 14 2500 330.0 16.4 6.5 9.0 21 8.0 16.0 Q1
TLO34AIDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLO34CDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
TLO34CNSR SOP NS 14 2000 330.0 16.4 8.1 10.4 25 12.0 | 16.0 Q1
TLO34CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLO34CPWR TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
TLO34IDR SOIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 22-Aug-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

TLO31CDR SOIC D 8 2500 340.5 338.1 20.6
TLO32ACDR SOIC D 8 2500 353.0 353.0 32.0
TLO32ACDRG4 SOIC D 8 2500 353.0 353.0 32.0
TLO32AIDR SOIC D 8 2500 353.0 353.0 32.0
TLO32CDR SOIC D 8 2500 353.0 353.0 32.0
TLO32CDRG4 SOIC D 8 2500 353.0 353.0 32.0
TLO32CPSR SO PS 8 2000 353.0 353.0 32.0
TLO32IDR SOIC D 8 2500 353.0 353.0 32.0
TLO34ACDR SOIC D 14 2500 353.0 353.0 32.0
TLO34AIDR SoIC D 14 2500 353.0 353.0 32.0
TLO34CDR SolIC D 14 2500 353.0 353.0 32.0
TLO34CNSR SOP NS 14 2000 353.0 353.0 32.0
TLO34CPWR TSSOP PW 14 2000 353.0 353.0 32.0
TLO34CPWR TSSOP PW 14 2000 353.0 353.0 32.0
TLO34IDR SolIC D 14 2500 353.0 353.0 32.0

Pack Materials-Page 2
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TUBE
T - Tube

height L - Tubelength

< n < n
« Lt < Lt

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

— B - Alignment groove width

\ 4

*All dimensions are nominal

Device Package Name |Package Type Pins SPQ L (mm) W (mm) T (um) B (mm)
TLO31CP P PDIP 8 50 506 13.97 11230 4.32
TLO31CP.A P PDIP 8 50 506 13.97 11230 4.32
TLO31ID D SoIC 8 75 507 8 3940 4.32
TLO31ID.A D SoIC 8 75 507 8 3940 4.32
TLO31IDG4 D SoIC 8 75 507 8 3940 4.32
TLO31IP P PDIP 8 50 506 13.97 11230 4.32
TLO31IP.A P PDIP 8 50 506 13.97 11230 4.32
TLO32ACP P PDIP 8 50 506 13.97 11230 4.32
TLO32ACP.A P PDIP 8 50 506 13.97 11230 4.32
TLO32AIP P PDIP 8 50 506 13.97 11230 4.32
TLO32AIP.A P PDIP 8 50 506 13.97 11230 4.32
TLO32CP P PDIP 8 50 506 13.97 11230 4.32
TLO32CP.A P PDIP 8 50 506 13.97 11230 4.32
TLO32IP P PDIP 8 50 506 13.97 11230 4.32
TLO32IP.A P PDIP 8 50 506 13.97 11230 4.32
TLO34ACN N PDIP 14 25 506 13.97 11230 4.32
TLO34ACN.A N PDIP 14 25 506 13.97 11230 4.32
TLO34AIN N PDIP 14 25 506 13.97 11230 4.32
TLO34AIN.A N PDIP 14 25 506 13.97 11230 4.32
TLO34CN N PDIP 14 25 506 13.97 11230 4.32
TLO34CN.A N PDIP 14 25 506 13.97 11230 4.32
TLO34IN N PDIP 14 25 506 13.97 11230 4.32
TLO34IN.A N PDIP 14 25 506 13.97 11230 4.32
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PACKAGE OUTLINE
SOIC - 1.75 mm max height

DO014A

SMALL OUTLINE INTEGRATED CIRCUIT

e 27vp SEATING PLANE——"
PIN 1 ID 01[Cl~
(- ) 14 e =Y
1] e ‘
— == ]
§ |
| ] il
8.75 8 2X :
8.55
WL — [ )
|
| ] H
— ) ]
il |
7 e |
¥ 8 0.51 T |
14X o
4.0 0.31 L
8] 3.8 |4 [0.2500 [c|AB] —=1.75 MAX

e —

NOTE 4
e |
/i Ny
Ny . T
— 0.25
/\* SEE DETAIL A 0.13 e -
0.25

GAGE PLANE

o"-aa"&—1

_—

DETAIL A
TYPICAL

4220718/A 09/2016

NOTES:

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

. This drawing is subject to change without notice.

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

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.43 mm, per side.

. Reference JEDEC registration MS-012, variation AB.

(G20 w N
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EXAMPLE BOARD LAYOUT

DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

14X (1.55) SYMM
11
] [
14X (0.6) ] l::j l::j
e )
12X (1.27) ‘ ‘ MM
¢

-
—

e ey

LAND PATTERN EXAMPLE
SCALE:8X

SOLDER MASK
SOLDER MASK METAL UNDER
OPENING METAL SOLDER MASK‘\ i OPENING

(F N = \
‘ \
| |
— ==
JL 0.07 MAX JL* 0.07 MIN
ALL AROUND ALL AROUND

NON SOLDER MASK
DEFINED

SOLDER MASK
DEFINED

SOLDER MASK DETAILS

4220718/A 09/2016

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DO014A SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

i
~

SYMM

o

14X (1.55) ﬁ SYMM
i ¢
|
|
|
|
|
!
|
|
|
|
|
|
|

IR0

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:8X

4220718/A 09/2016

NOTES: (continued)

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

NS (R-PDSO-G**) PLASTIC SMALL-OUTLINE PACKAGE
14-PINS SHOWN

i I s
1A RAAAT

0,15 NOM

|
r

Gage Plane

O
NERELE

A

0,15

;LU_U_U_U_U_U_U_/;J%W Seating Plone ¥ \_JJ |__)

— 2,00 MAX ©lo0.10

PINS
DIM

A MAX

A MIN

4040062,/C 03,03

NOTES:  A. Al linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.




PACKAGE OUTLINE
SOIC - 1.75 mm max height

DOOO8A

SMALL OUTLINE INTEGRATED CIRCUIT

SEATING PLANE\
re———— .228-.244 TYP

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

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

‘\‘_

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

SEE DETAIL A

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

4214825/C 02/2019

NOTES:

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

. This drawing is subject to change without notice.

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

. This dimension does not include interlead flash.

. Reference JEDEC registration MS-012, variation AA.
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EXAMPLE BOARD LAYOUT
DOOO8SA SOIC - 1.75 mm max height

SMALL OUTLINE INTEGRATED CIRCUIT

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

— :

8X (.024) j C?
[0.6] SYMM
- ) P ¢

! ! ~— (R.002 ) TYP
_ [0.05]
=3 s

6X (.050 ) | |

[1.27]
~ (-[5143]) — ™

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:8X

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

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

SOLDER MASK DETAILS

4214825/C 02/2019

NOTES: (continued)

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

SMALL OUTLINE INTEGRATED CIRCUIT

DOOO8A

8X (.061 )
[1.55] SYMM

¥ 1
8X (.024) T

[0.6]

SYMM

—- iy
| | (R.002 ) TYP

0.05
o [T Js oo

6X (.050 ) — ! !

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

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

4214825/C 02/2019

NOTES: (continued)

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

9. Board assembly site may have different recommendations for stencil design.
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www.ti.com



MECHANICAL DATA

PS (R-PDS0O-G8) PLASTIC SMALL-OUTLINE PACKAGE

] [ e

indd 1

T 0, 15 NOM
560 820
500 7,40

O|O

o [ e (B
_V—ZOOMAX 1 \/

4040063/C 03/03

NOTES: A, All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
C. Body dimensions do not include mold flash or protrusion, not to exceed 0,15.
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LAND PATTERN DATA

PS (R—PDSO-G8) PLASTIC SMALL OUTLINE

Stencil Openings

Example Board Layout (Note D
(Note C)
. —» ~—8x0,55
»\ ‘<— xT, ‘ ‘<— 6x1,27
HHd 75 A H HJ&
7.40 7,40

(oA ik

[ Example

‘ Non Soldermask Defined Pad

/ . Example

i Pad Geometry
(See Note C)

Example
Non—Solder Mask Opening
(See Note E)

\\ S [— /

Al Around //

4212188/A 09/11

All linear dimensions are in millimeters.

NOTES: A

B. This drawing is subject to change without notice.

C. Publication IPC=7351 is recommended for alternate designs.
D

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release.
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.

Customers should
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MECHANICAL DATA

P (R—PDIP—T8)

PLASTIC DUAL—=IN—LINE PACKAGE

0.400 (10,16)
035 (9,00) 7
5
[ ™M ;
0.260 (6,60)
0.240 (6,10)
° ‘
P8 S WS I Wy

0.045 (1,14) 0.325 (8,26)
0.030 (0,76) | [© —0.020 (0,51) MIN 0.300 (7,62)
/ T o 38)
\ 0.200 (5,08) MAX TGouge Plane
L Seating Plane
0.125 (3,18) MIN (0,25) NOM
0.100 (2,54) O 430 (10, 92
MAX
0.021 (0,53)
€ 5015 (0,38)
[]0.010 (0,25) W]
4040082/E  04/2010
NQTES: 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.
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MECHANICAL DATA

N (R—PDIP—T**) PLASTIC DUAL—IN—LINE PACKAGE
16 PINS SHOWN
< A oM PINS ™1 44 16 18 20
16 9
- AWK | (e | (1969) | (2557 | (26.92)
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PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
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0085 (114 O
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4+ v L Seating Plane
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—J 0.430 (10,92) MAX L
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? Gauge Plane

0.021 (0,53)
0.015 (0,38)

[4]0.010 (0,25) W]

)

U 14/18 Pin Only "

= 20 Pin vendor option

4040049/€ 12/2002

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

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

PWOO014A

SMALL OUTLINE PACKAGE

\ 12X
e
-
I 2X
—
I
1 4X (0°-127)
—t a
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. 0.30 T
- Mo 12 MAXL
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NOTE 4

\\.

\ / ]
~~&.«/\ (0.15) TYPjr
SEE DETAIL A

GAGE PLANE

P

DETAIL A
TYPICAL

4220202/B 12/2023

NOTES:

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

. This drawing is subject to change without notice.

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

. This dimension does not include interlead flash. Interlead flash shall not exceed 0.25 mm per side.

. Reference JEDEC registration MO-153.

(G20 w N

INSTRUMENTS
www.ti.com




PWOO014A

EXAMPLE BOARD LAYOUT
TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE
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N
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LAND PATTERN EXAMPLE

SOLDER MASK
OPENINGWL

/

EXPOSED METAL SHOWN
SCALE: 10X

METAL UNDER
SOLDER MASK\

EXPOSED METALJP

#Lf 0.05 MAX

ALL AROUND

NON-SOLDER MASK
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(PREFERRED)
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ALL AROUND
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SOLDER MASK DETAILS

(R0.05) TYP
e

SOLDER MASK
OPENING

I
|
J |\ .\J!EXPOSED METAL

4220202/B 12/2023

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.

7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
PWO0O014A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

e

14X (1.5) SYMM
i j | T ¢ (R0.05) TYP
0 | | e
|
|
|
.
|
|
|
|
|

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

4220202/B 12/2023

NOTES: (continued)

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

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

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

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

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

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

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

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