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4 Pin Configuration and Functions
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4-1. OPA241 and OPA251: D Package, 8-Pin SOIC
and P Package, 8-Pin PDIP (Top View)

R 4-1. Pin Functions: OPA241 and OPA251

SIE PIN o TYPE DESCRIPTION
+IN 3 Input Noninverting input
—IN 2 Input Inverting input
NC 8 — No internal connection (can be left floating)
ouT 6 Output Output
TRIM 1,5 — External offset voltage adjustment. See 7= 6.1.2.
V+ 7 Power Positive (highest) power supply
V— 4 Power Negative (lowest) power supply
4 )
O
outa [_|- s ] v+
-NA [ ]-2 7-|__] ours
+NA [ ]-3 6] -INB
v- (] 4 5= ] +«NB
. J
Not to scale
E] 4-2. OPA2241 and OPA2251: D Package, 8-Pin SOIC,
and P Package, 8-Pin PDIP (Top View)
& 4-2. Pin Functions: OPA2241 and OPA2251
PIN
NAME ~ TYPE DESCRIPTION
+IN A 3 Input Noninverting input, channel A
+IN B 5 Input Noninverting input, channel B
—IN A 2 Input Inverting input, channel A
-INB 6 Input Inverting input, channel B
OUT A 1 Output Output, channel A
ouTB 7 Output Output, channel B
V+ 8 Power Positive (highest) power supply
V- 4 Power Negative (lowest) power supply
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B 4-3. OPA4241 and OPA4251: D Package, 14-Pin SOIC (Top View)

Pin Functions: OPA4241 and OPA4251

TRE PIN o) TYPE DESCRIPTION
+IN A 3 Input Noninverting input, channel A
+IN B 5 Input Noninverting input, channel B
+IN C 10 Input Noninverting input, channel C
+IN D 12 Input Noninverting input, channel D
—-INA 2 Input Inverting input, channel A
-INB 6 Input Inverting input, channel B
-INC 9 Input Inverting input, channel C
-IND 13 Input Inverting input, channel D
OUT A 1 Output Output, channel A
ouTB 7 Output Output, channel B
ouTC 8 Output Output, channel C
OouUTD 14 Output Output, channel D
V+ 4 Power Positive (highest) power supply
V- 11 Power Negative (lowest) power supply
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5 Specifications

5.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(")

MIN MAX UNIT
Single supply 36
Vg Supply voltage, Vg = (V+) — (V-) \%
Dual supply +18
Common-mode(® (V-)-0.5 (V+)+0.5
Signal input pin voltage \
Differential(®) £0.5
Output short-circuit® Continuous
Ta Operating temperature -55 125 °C
T, Junction temperature 150 °C
Tstg Storage temperature -55 125 °C
Lead temperature (soldering, 10s) 300 °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
used outside the Recommended Operating Conditions but within the Absolute Maximum Ratings, the device may not be fully
functional, and this may affect device reliability, functionality, performance, and shorten the device lifetime.

(2) Input terminals are diode-clamped to the power supply rails. Current-limit input signals that can swing more that 0.5V beyond the
supply rails to 5mA or less.

(3) Input terminals are anti-parallel diode-clamped to each other. Current-limit input signals that cause differential voltage swings of more
than 0.5V to 5mA or less.

(4) Short-circuit to ground, one amplifier per package.

5.2 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT
Single supply 2.7 30 36
Vs Supply voltage, Vg = (V+) — (V-) \%
Dual supply +1.35 +15 +18
Ta Operating temperature —40 +85 °C
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5.3 Thermal Information for OPA241 and OPA251

OPA241 AND OPA251
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Rgya Junction-to-ambient thermal resistance 150 100 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 67.6 N/A °C/W
Ress Junction-to-board thermal resistance 75.4 N/A °C/W
WyT Junction-to-top characterization parameter 151 N/A °C/W
Wis Junction-to-board characterization parameter 74.2 N/A °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

5.4 Thermal Information for OPA2241 and OPA2251

OPA2241 AND OPA2251
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
8 PINS 8 PINS
Rgya Junction-to-ambient thermal resistance 150 100 °C/W
Reuc(top) Junction-to-case (top) thermal resistance 61.0 N/A °C/W
Ress Junction-to-board thermal resistance 68.3 N/A °C/W
Wyt Junction-to-top characterization parameter 10.8 N/A °C/W
Wis Junction-to-board characterization parameter 67.4 N/A °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.

5.5 Thermal Information for OPA4241 and OPA4251

OPA4241 AND OPA4251
THERMAL METRIC(") D (SOIC) P (PDIP) UNIT
14 PINS 14 PINS
Rga Junction-to-ambient thermal resistance 100 80 °C/W
Reauc(top) Junction-to-case (top) thermal resistance N/A N/A °C/W
Ress Junction-to-board thermal resistance N/A N/A °C/W
Wyt Junction-to-top characterization parameter N/A N/A °C/W
Wis Junction-to-board characterization parameter N/A N/A °C/W
ReJcbot) Junction-to-case (bottom) thermal resistance N/A N/A °C/W

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report.
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5.6 Electrical Characteristics for Vg = 2.7V to 5V
at Ta = 25°C, Vem = Vout = midsupply, and R, = 100kQ connected to Vg / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OFFSET VOLTAGE
+50 1250
OPAx241
Ta =—40°C to +85°C +100 +400
Vos Input offset voltage uv
+100
OPAx251
Ta =—40°C to +85°C +130
OPAx241 +0.4
dVos/dT | Input offset voltage drift | Ta =—40°C to +85°C pv/ec
OPAx251 +0.6
s +3 +30
PSRR | Powersupply rejection |\, _ 5 7y 1 36y HVIV
ratio Ta=—40°C to +85°C +30
Channel separation,
(dual, quad) 03 Vv
INPUT BIAS CURRENT
-4 -20
Ig Input bias current(") nA
Ta =—40°C to +85°C -25
+0.1 2
los Input offset current nA
Ta =—40°C to +85°C +2
NOISE
Input voltage noise f=0.1Hz to 10Hz 1.7 uVpp
e Input.voltage noise f= 1kHz 65 nVNAZ
density
B Input'current noise f = 1kHz 40 ANEZ
density
INPUT VOLTAGE
Vem Common-mode voltage -0.2 (V+)-0.8 \%
i iection | —0-2V < Ve < (V+) — 0.8V 80 106
CMRR Colmmon mode rejection cm < (V+4) dB
ratio 0V < Vepm < (V+)— 0.8V, Ty = -40°C to +85°C 80
INPUT IMPEDANCE
Differential 10| 3.75 MQ || pF
ZiN Input impedance
Common-mode 114 GQ || pF
OPEN-LOOP GAIN
100 120
(V=) + 100mV < Vg < (V+) — 100mV
) Ta =—-40°C to +125°C 100
AoL Open-loop voltage gain dB
(V=) +200mV < Vg < (V+) — 200mV, 100 120
Ry = 10kQ Ta =-40°C to +125°C 100
FREQUENCY RESPONSE
GBW Gain-bandwidth product 35 kHz
SR Slew rate Vg =5V, G=1V/V 0.01 Vlips
Overload recovery time |Vg=V|yx G 80 us
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5.6 Electrical Characteristics for Vg = 2.7V to 5V (#tX)
at Ta = 25°C, Vgum = Vout = midsupply, and R = 100kQ connected to Vg / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT
AoL > 70dB 50
A 100dB I 100
: >
Voltage output swing o T =—40°C to +85°C 100| mv
from rail(@
100 200
AoL > 100dB, R, = 10kQ,
Ta =-40°C to +85°C 200
Single 4
Source, Vg =5V
Dual and Quad 4
Isc Short-circuit current mA
Single -24
Sink, Vg =5V
Dual and Quad -24
CLoaD Capacitive load drive See Typical Characteristics
POWER SUPPLY
i +25 +30
I Qme;cent current per lo = OmA uA
amplifier Ta = —-40°C to +85°C +36

(1)  The negative sign indicates input bias current flows out of the input terminals.
(2) Output voltage swings are measured between the output and power supply rails.

8 BHEHZBTT 57— RN 2 (ZE SRR GPH) &35 Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: OPA241 OPA2241 OPA4241 OPA251 OPA2251 OPA4251
English Data Sheet: SBOS075


https://www.ti.com/product/jp/opa241?qgpn=opa241
https://www.ti.com/product/jp/opa2241?qgpn=opa2241
https://www.ti.com/product/jp/opa4241?qgpn=opa4241
https://www.ti.com/product/jp/opa251?qgpn=opa251
https://www.ti.com/product/jp/opa2251?qgpn=opa2251
https://www.ti.com/product/jp/opa4251?qgpn=opa4251
https://www.ti.com/jp/lit/pdf/JAJSUK2
https://www.ti.com/jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSUK2A&partnum=OPA241
https://www.ti.com/product/jp/opa241?qgpn=opa241
https://www.ti.com/product/jp/opa2241?qgpn=opa2241
https://www.ti.com/product/jp/opa4241?qgpn=opa4241
https://www.ti.com/product/jp/opa251?qgpn=opa251
https://www.ti.com/product/jp/opa2251?qgpn=opa2251
https://www.ti.com/product/jp/opa4251?qgpn=opa4251
https://www.ti.com/lit/pdf/SBOS075

13 TEXAS

INSTRUMENTS OPA241, OPA2241, OPA4241, OPA251, OPA2251, OPA4251
www.ti.com/ja-jp JAJSUK2A — SEPTEMBER 2000 — REVISED JUNE 2024

5.7 Electrical Characteristics for Vg = 15V
at Ta = 25°C, Vem = Vout = midsupply, and R = 100kQ connected to Vg / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OFFSET VOLTAGE
+100
OPAx241
v Inout offset volt Ta =—40°C to +85°C +150 v
nput offset voltage
o8 P 9 50 250
OPAx251
Ta =—40°C to +85°C +100 +300
OPAx241 +0.6
dVos/dT | Input offset voltage drift | Ta =—40°C to +85°C pv/ec
OPAx251 +0.5
s +3 +30
PSRR | Powersupply rejection |\, _ 5 7y 1 36y HVIV
ratio Ta=—40°C to +85°C +30
Channel separation,
(dual, quad) 03 Vv
INPUT BIAS CURRENT
-4 -20
Ig Input bias current(") nA
Ta =—40°C to +85°C -25
+0.1 2
los Input offset current nA
Ta =—40°C to +85°C +2
NOISE
Input voltage noise f=0.1Hz to 10Hz 1.7 uVpp
e Input.voltage noise f= 1kHz 65 nVNAZ
density
B Input'current noise f = 1kHz 40 ANEZ
density
INPUT VOLTAGE
Vem Common-mode voltage (V-)-0.2 (V+)-0.8 \%
i iection |—=15-2V < Vgy < (V+) — 14.2V 100 124
CMRR Colmmon mode rejection om < (V+) dB
ratio —15V < Vg < (V+) - 14.2V Ta =—-40°C to +85°C 100
INPUT IMPEDANCE
Differential 10| 3.75 MQ || pF
ZiN Input impedance
Common-mode 114 GQ || pF
OPEN-LOOP GAIN
100 128
(V=) + 250mV < Vg < (V+) — 250mV
) Ta =—40°C to +85°C 100
AoL Open-loop voltage gain dB
(V=) +300mV < Vg < (V+) — 300mV, 100 128
Ry =20kQ Ta =—-40°C to +85°C 100
FREQUENCY RESPONSE
GBW Gain-bandwidth product 30 kHz
SR Slew rate Vg =5V, G=1V/V 0.01 Vlips
Overload recovery time |Vg=V|yx G 75 us
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5.7 Electrical Characteristics for Vg = +15V (¥t X)
at Ta = 25°C, Vgum = Vout = midsupply, and R = 100kQ connected to Vg / 2 (unless otherwise noted)

PARAMETER ‘ TEST CONDITIONS ‘ MIN TYP MAX| UNIT
OUTPUT
AoL > 100dB 50
A 100dB I 250
: >
Voltage g‘)‘tp“t swing ot Ta =—40°C to +85°C 250 mv
from rail
100 300
AoL > 100dB, Ry = 20kQ,
Ta =—-40°C to +85°C 300
Single 4
Source
Dual 4
Isc Short-circuit current mA
Single -21
Sink
Dual =27
CLoaD Capacitive load drive See Typical Characteristics
POWER SUPPLY
i +27 +38
I Qme;cent current per lo = OmA uA
amplifier Ta = —-40°C to +85°C +45

(1)  The negative sign indicates input bias current flows out of the input terminals.
(2) Output voltage swings are measured between the output and power supply rails.
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5.8 Typical Characteristics

at Tp = +25°C, R = 100kQ connected to Vg/2 (ground for Vg = £15V), and curves apply to OPA241 and OPA251 (unless
otherwise specified)

160 180 140 Vo= 15V l J
—~ ek il et Bl EEA S
Bl O 160 D 120 Vg = 5V L
120 R 140 2 | T ekt f o4 0| CMRR
—~ NN S 100 [N ~ .
g 100 ™S C 120 ® N ™~ ‘~
° N s [T S N ™ B
c N N S = 80 N +PSRR N *
g 80 ~ S o 1 100 *am-)’ .&:’ N \\ .
N ) ™N AN
g N N[ £| % e S-PSRR TN N
S 40 N \ 60 s ™ N S
K L \ a 40 Sq N
20 " —— v =215V ~ 40 g ™N \
meee V=45V L | N g 20 N \
0 s { 20 c ™\
oo L LUl L] o o m
0.01 0.1 1 10 100 1k 10k 100k 0.1 1 10 100 1k 10k 100k
Frequency (Hz) Frequency (Hz)
5-1. Open-Loop Gain and Phase vs Frequency 5-2. Power Supply and Common-mode Rejection Ratio vs
Frequency
140 1000
’E\ 500
-
. 130 ™N > 300
m = 200
T 120 Q =
5 N g 100
& 110 ™N S 5
®© ! \ ©
g Dual and quad devices. N 8 30
® 100 [~ G =1, all channels. { 2 20
2 Quad measured channel N ﬁ
€ o0 |- g 10
o Ato D or B to C—other 5
o combinations yield improved i 5
80 |- rejection. 2 3
7o L LILIN 11y g 2
1
10 100 1k 10k 100k 100m 1 10 100 1K 10k 100k
Frequency (Hz) Frequency (Hz)
5-3. Channel Separation vs Frequency B 5-4. Input Voltage Noise Spectral Density vs Frequency
1000 30 T
’:E 700 Per Amplifier L
<
< 500 /
= < 28
G 300 =t - ~
o f
S 200 £ _—
T 3 26
& 100 § _—
2 70 Q0
‘B =]
2 50 S 24
€
o
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° 22
1 10 100 1K 10K 100k 0 5 10 15 20 25 30 35 40
Frequency (Hz) Total Supply Voltage (V)
5-5. Input Current Noise Spectral Density vs Frequency 5-6. Quiescent Current vs Supply Voltage
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5.8 Typical Characteristics (continued)

at Tp = +25°C, R = 100kQ connected to Vg/2 (ground for Vg = £15V), and curves apply to OPA241 and OPA251 (unless
otherwise specified)

40 T T -6
Per Amplifier
/—-\
o R \
EL / g |
= B
= =+ =
s 30 Vs =SV~ // 5 —
5 5
o /‘/ o 2
5 25 — Vg = +5V 8
@ s=+ ] |
£ ] 5, os —
e} — IS
20
15 2
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
Temperature (°C) Temperature (°C)
5-7. Quiescent Current vs Temperature 5-8. Input Bias Current vs Temperature
-5 50 T e ————— -
I 45 - Vg=+15v-7
B
~ T 40 | -ge
< E 3 Vg = +5V
- C
& -3 o 30 =
- 3 ><
3 O 25
2 ] ~ \\ Vg = +5V
8 2 £ 20 \\<
= Q 15 | — Single Versions
2 ; E I iDual, Quiad Versiions Vg= 157" —
- w
+lgc, Vg = +5V, £15V (all versions)
los I
0
0 5 10 15 20 25 30 -75 -50 -25 0 25 50 75 100 125
Common-Mode Voltage (V) Temperature (°C)
5-9. Input Bias Current vs Input Common-mode Voltage 5-10. Short-circuit Current vs Temperature
140 7 7 140
Vg=+15V
1% e TTITR OIS YOO N
u1] Vg=+2.7V, +5V haEN SS
) S g Seo S R, = 20kQ, 100kQ
= O B — \ SN 130 B S TR
S R RN T I e A Y e A
: NN g .
T 80 - 2 ST Yo R, = 100kQ
) AN < AN IR SIS SETPR
[} N ~ o 120 [T L /
;8 60 \ 5 RPN N
: o _ L S v
S 0 < — R, = 10kQ
E ——— V= (V=) 0.2V to (V+) -0.8V 110 S
<] ==== V= (V-)-0.1V to (V+) 0.8V -=== Ay, Vg =115V
20 CM oL Vs —
© L. Vem=(V-)to(v+)-08v | | | | e Ao, Vg = +8V PSRR
0 \ \ \ \ | 100 | |
-75 -50 -25 0 25 50 75 100 125 -75 -50 -25 0 25 50 75 100 125
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5-11. Common-mode Rejection vs Temperature 5-12. Open-loop Gain and Power Supply Rejection vs
Temperature
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5.8 Typical Characteristics (continued)

at Tp = +25°C, R = 100kQ connected to Vg/2 (ground for Vg = £15V), and curves apply to OPA241 and OPA251 (unless

otherwise specified)

(V+) T

oty Pe———— T=vaye
— ) ~
s ~N T=-55°C
@ (V+)-02V | T=+125°C ™ |
3 RN
w
g (V+)-03V AN
2 (Vo) +0.3V i ‘
> T=+125°C //
3 Pl
3 (V-)+0.2V g
3 A

(V=) +0.1V

(V-)

0.1 +1 +10
Output Current (mA)

5-13. Output Voltage Swing vs Output Current
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5-14. Open-loop Gain vs Output Voltage Swing
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5-15. Maximum Output Voltage vs Frequency
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5-16. OPA241 Series Offset Voltage Production Distribution
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5-17. OPA241 Series Offset Voltage Drift Production
Distribution
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5-18. OPA251 Series Offset Voltage Production Distribution
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5.8 Typical Characteristics (continued)

at Tp = +25°C, R = 100kQ connected to Vg/2 (ground for Vg = £15V), and curves apply to OPA241 and OPA251 (unless

otherwise specified)

Distribution

18 %
Vg =415V — Typical production distribution Vg = +5V Typical production
16 of packaged units. Singles, | — distribution of
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5-19. OPA251 Series Offset Voltage Drift Production 5-20. Quiescent Current Product Distribution
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5-21. Quiescent Current Production Distribution

5-22. OPA241 Small-Signal Step Response
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5-23. OPA241 Large-Signal Step Response
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5-24. OPA251 Small-Si

gnal Step Response
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5.8 Typical Characteristics (continued)
at Tp = +25°C, R = 100kQ connected to Vg/2 (ground for Vg = £15V), and curves apply to OPA241 and OPA251 (unless

otherwise specified)

2V/div

2ms/div
Vg =+15V, G = +1, R_ = 100kQ, C_ = 500pF

5-25. OPA251 Large-Signal Step Response
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6 Application and Implementation

-
AT o7 7V r—variFliz, TI O®-EAERICE N0 TIEeL, Tl TEFO EMEFIdzets
PFEWZLER A, H 2 O B AR 28 OB AEPEIC OV T, BERO B THIKIL T 72Kz
R0FET, BEREITE ORI BEAZMIEL T ANTHZL T, VAT AOEREEZ R T OMLERHVET,

6.1 Applications Information

The OPAx241 and OPAx251 series are unity-gain stable and designed for a wide range of general-purpose
applications. Bypass power-supply pins with 0.01uF ceramic capacitors.

6.1.1 Operating Voltage

The OPAx241 series is laser-trimmed for low offset voltage and drift at a low supply voltage (Vg = 5V). The
OPAXx251 series is trimmed for +15V operation. Both series operate over the full voltage range (2.7V to 36V or
+1.35V to +18V) with some compromises in offset voltage and drift performance. However, all other parameters
have similar performance. Key parameters are production tested over the specified temperature range of —40°C
to +85°C. Most behavior remains unchanged throughout the full operating voltage range. The typical
characteristics curves show parameters that vary significantly with operating voltage or temperature.

6.1.2 Offset Voltage Trim

As previously mentioned, the OPAx241 series offset voltage is laser-trimmed at 5V. The OPAx251 series is
trimmed at £15V. The initial offset is so low that user adjustment is usually not required. However, the OPA241
and OPA251 (single op-amp versions) provide offset voltage trim connections on pins 1 and 5. [X] 6-1shows how
the offset voltage can be adjusted by connecting a potentiometer. Only use this adjustment to null the offset of
the op amp, not to adjust system offset or offset produced by the signal source. Nulling offset can degrade the
offset drift behavior of the op amp. While predicting the exact change in drift is not possible, the effect is usually
small.

V+ OPA241 and OPA251 (single op amps) only.

Use offset adjust pins only to null
offset voltage of op amp—see text.

Trim Range: £2mV

(V-) = QV for single-supply operation.

V-

6-1. OPA241 and OPA251 Offset Voltage Trim Circuit

6.1.3 Capacitive Load and Stability

The OPAx241 series and OPAx251 series can drive a wide range of capacitive loads. However, all op amps
under certain conditions can be unstable. Op amp configuration, gain, and load value are just a few of the
factors to consider when determining stability.

6-2 and 6-3 show the regions where the OPAx241 series and OPAx251 series have the potential for
instability. As shown, the unity gain configuration with low supplies is the most susceptible to the effects of
capacitive load. With Vg = 5V, G = 1, and lpyt = 0, operation remains stable with load capacitance up to
approximately 200pF. Increasing a combination of supply voltage, output current, and gain significantly improves
capacitive load drive. For example, increasing the supplies to 15V and gain to 10 drives approximately 2700pF.
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6-4 shows one method to improve capacitive load drive in the unity gain configuration by inserting a resistor
inside the feedback loop. This reduces ringing with large capacitive loads while maintaining dc accuracy. For
example, with Vg = £1.35V and Rg = 5kQ, the OPAx241 series and OPAx251 series perform well with capacitive
loads in excess of 1000pF. Without the series resistor, the capacitive load drive is typically 200pF for these
conditions. However, this method results in a slight reduction of output voltage swing.

100k T T T T T T ]
[ ————- Vg =+2.7V Operation above ]
i Vg = +5V selected gain curve ||
- not recommended —
[T
S 10k P
el
© D
S N
°>’ \\\ \\ '/"
3 N G=10 A
g 1k NS L L
© G=-1 N = A"/
O ‘ ‘ \\ — /” 4"
Sinking ‘ N\ btz el Sourcing
Il Il - Il Il |
R i 2 1 Il
100
-1 -0.1 -0.01 0 0.01 0.1 1
Qutput Current (mA)

6-2. Stability—Capacitive Load vs Output Current for Low Supply Voltage

100k ———r T T T T T
- Vg =+15V Operation above T}
i selected gain curve ||
. not recommended —
S 10k G=10
©
3 ~ N b |
2 A 6=l 7
£ e
g 1k N G=+
©
(&)
Sinkipg Soun?ing
oo L1 i
-1 -0.1 —-0.01 0 0.01 0.1 1
Output Current (mA)

B 6-3. Stability—Capacitive Load vs Output Current for £15V Supplies

Rs
5kQ

’f Vour
VIN CL

OPA241

Bl 6-4. Series Resistor in Unity Gain Configuration Improves Capacitive Load Drive
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Ry
10Q
\/W * O To Load
| Rs
H . . 383kQ
R, High-Side M
R, 38.3kQ Current Sense Vs
38.3kQ
—In
A1 Out
+In |OPA241 O Vo =10 1Ry
+
V-
— V+forA, A, % R, R,
20kQ 19.1kQ
n
2’2‘7\/ to +15V Re R,and R, dividg down the
100k common-mode input to A1.
o— V-for A, A, \/\/\/\
V+
—In
A2 Out
+In |OPA241 OVo=10+1*R,
+
/{ Low-Side
% Rs R, V-  Current Sense Common-mode range of A2
10kQ 9.09kQ extends to V— for low-side sensing.
R Optional for I Cancellation
10Q (R, =Rg Il Rg)
N\/‘ . O To Load
-
IL

NOTE: Low and high-side sensing circuits can be used independently.

B 6-5. Low-Side and High-Side Battery Current Sensing
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7 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.
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» Changed input impedance differential capacitance from 2pF to 3.75pF ..o, 7
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* Changed short-circuit current sink from —50mMA 10 —27MA..... .o 9
» Deleted Input Voltage and Current Noise Spectral Density vs Frequency from Typical Characteristics ......... 11
» Added Figure 5-4, Input Voltage Noise Spectral Density vs Frequency and Figure 5-5, Input Current Noise
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9 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 ©)
@ ©)
OPA2241PA Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2241PA
OPA2241PA.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 OPA2241PA
OPA2241PAG4 Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2241PA
OPA2241UA Obsolete  Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 OPA
2241UA
OPA2241UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2241UA
OPA2241UA/2K5.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2241UA
OPA2241UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2241UA
OPA2251PA Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2251PA
OPA2251PA.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2251PA
OPA2251PAG4 Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA2251PA
OPA2251UA Obsolete Production SOIC (D) | 8 - - Call Tl Call T -40 to 85 OPA
2251UA
OPA2251UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
2251UA
OPA2251UA/2K5.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
2251UA
OPA2251UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
2251UA
OPA241PA Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type - OPA241PA
OPA241PA.A Active Production PDIP (P) | 8 50 | TUBE Yes NIPDAU N/A for Pkg Type -40to 85 OPA241PA
OPA241UA Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 OPA
241UA

OPA241UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
241UA

OPA241UA/2K5.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
241UA

OPA241UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
241UA
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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 (©)]
OPA251UA Obsolete Production SOIC (D) | 8 - - Call Tl Call Tl -40 to 85 OPA
251UA
OPA251UA/2K5 Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
251UA
OPA251UA/2K5.A Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40to 85 OPA
251UA
OPA251UA/2K5.B Active Production SOIC (D) | 8 2500 | LARGE T&R Yes NIPDAU Level-3-260C-168 HR -40 to 85 OPA
251UA
OPA4241PA Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA4241PA
OPA4241PA.A Active Production PDIP (N) | 14 25| TUBE Yes NIPDAU N/A for Pkg Type -40 to 85 OPA4241PA
OPA4241UA Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4241UA
OPA4241UA.A Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4241UA
OPA4241UA/2K5 Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4241UA
OPA4241UA/2K5.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4241UA
OPA4251UA Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4251UA
OPA4251UA.A Active Production SOIC (D) | 14 50 | TUBE Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4251UA
OPA4251UA/2K5 Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4251UA
OPA4251UA/2K5.A Active Production SOIC (D) | 14 2500 | LARGE T&R Yes NIPDAUAG Level-3-260C-168 HR -40 to 85 OPA4251UA

@ 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.

@ | ead 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.
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® 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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PACKAGE MATERIALS INFORMATION

I3 TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 [¢ KO [« P1L—>
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| AO |<—
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
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O O O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ & A |
T T
N
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)
OPA2241UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA2251UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA241UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA251UA/2K5 SOIC D 8 2500 330.0 12.4 6.4 5.2 2.1 8.0 12.0 Q1
OPA4241UA/I2K5 SolIC D 14 2500 330.0 16.4 6.5 9.0 2.1 8.0 16.0 Q1
OPA4251UA/2K5 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

13 TEXAS
INSTRUMENTS
www.ti.com 24-Jul-2025
TAPE AND REEL BOX DIMENSIONS
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

OPA2241UA/2K5 SOIC D 8 2500 353.0 353.0 32.0
OPA2251UA/2K5 SoIC D 8 2500 353.0 353.0 32.0
OPA241UA/2K5 SoIC D 8 2500 353.0 353.0 32.0
OPA251UA/2K5 SolIC D 8 2500 353.0 353.0 32.0
OPA4241UA/2K5 SOIC D 14 2500 353.0 353.0 32.0
OPA4251UA/2K5 SoIC D 14 2500 353.0 353.0 32.0
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i3 TExAs PACKAGE MATERIALS INFORMATION
INSTRUMENTS

www.ti.com 24-Jul-2025

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)

OPA2241PA P PDIP 8 50 506 13.97 11230 4.32
OPA2241PA.A P PDIP 8 50 506 13.97 11230 4.32
OPA2241PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA2251PA P PDIP 8 50 506 13.97 11230 4.32
OPA2251PA.A P PDIP 8 50 506 13.97 11230 4.32
OPA2251PAG4 P PDIP 8 50 506 13.97 11230 4.32
OPA241PA P PDIP 8 50 506 13.97 11230 4.32
OPA241PA.A P PDIP 8 50 506 13.97 11230 4.32
OPA4241PA N PDIP 14 25 506 13.97 11230 4.32
OPA4241PA.A N PDIP 14 25 506 13.97 11230 4.32
OPA4241UA D SOIC 14 50 506.6 8 3940 4.32
OPA4241UA.A D SoIC 14 50 506.6 8 3940 4.32
OPA4251UA D SoIC 14 50 506.6 8 3940 4.32
OPA4251UA.A D SoIC 14 50 506.6 8 3940 4.32
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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.

[N

(G200 w N

INSTRUMENTS
www.ti.com




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.

INSTRUMENTS
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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.

{'i TEXAS
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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)
0.745 | 0.745 | 0.850 | 0.940
D) %&2?&) ACMING 1 1892y | (18,92) | (21,59) | (23,88)
PR ey ey ey e ey gy g Yo\ VXS\;\?\O&N A BB AC AD
w J L 8
0.070 (1,78)
0085 (114 O
0.045 (1,14) .
—» rom(om Yo 0.020 (0,51) MIN % —

\ 5 0.015 (0,38)
T 0.200 (5,08) MAX

4+ v L Seating Plane
? 0.125 (3,18) MIN (0,25) NOM

—J 0.430 (10,92) MAX L

r_——-\

? 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
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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