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6.5 AR
fE Tp=25°C. Vg =5V. Vger = Vg /2. Vine = 12V H Vgense = Vine - Vin- B (BRIERH B )
2K \ &b | mE AU Bkl B
LN
Vine = OV & 26V, V. = 0mv
S ft ™) IN+ » VSENSE ,
CMRR LRI LL |, RTI Tas - 40°C % +125°C 84 100 dB
Vsense = 0mV , Vine = OV +25 +150| uv
Vos RKIHEE , RTI
Vsense = 0OmV +100 +500 v
dVos/dT W , RTI VSENSE =0mV, TA = -40°C % +125°C 0.2 1 uV/°C
PSRR  |RTI 5iELL Vs =27V £ 58V, Vine =12V, +8 £40|  uVN
Vsense = 0mV
Vsense = 0mV , Vins =0V -6 uA
Is EPN Th= A
Vsense = 0mV 75 LA
lo BN R FLR Vsense = 0mV +0.05 LA
W
A1 24 20 VIV
A2 B4k 50 VIV
G a8
A3 54t 100 VIV
A4 B0 200 VIV
N Vout = 0.5V & Vg - 0.5V, . .
B 2
Ec W5 IR Th= - 40°C % +125°C £0.1% +1%
1425 15 22 5 L B 10 B 6 Tp = -40°C & +125°C 15 20| ppm/°C
B Vout =0.5V £ Vg - 0.5V +0.01%
R K TRFEIRG 1 nF
B FEHT @)
Vep HIXET Ve MBI R~ IOk £ GND, Ta= - 40°C (Ve) - 002 (Vg) - 0.03| V
Vs HIXFT GND [{320H®) T#;sfgm £ GND, Ta= -40°C £ (Vanp)0.0005 (Vgnp)+0.005 v
PR B
A1 B s CLOAD = 10pF 350 kHz
BW e A2 %%ﬁ: f CLOAD = 10pF 210 kHz
e A3 24F | CLoap = 10pF 150 KHz
A4 A s CLOAD = 10pF 105 kHz
SR R 2 Vius
B | RTIO
P T 7 2 T 40 nV/ v Hz
IR
Vsense = 0mV 195 260
INA181 LA
Vsense =0mV , Tp = -40°C & +125°C 300
Vsense = 0mV 356 500
la s A INA2181 A
Vsense = 0mV , Tp = -40°C & +125°C 520
Vsense = 0mV 690 900
INA4181 . LA
Vsense =0mV , Tp = -40°C & +125°C 1000

(1) RTI= LA RNSE.
(2)  Zebafi o s FR R - PR AP 9% R
(3)  FRMEHUMS &AL 1L KN ST T A H 1
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6.6 SV
E TA = 25°C, VS =5V, VREF = VS /2 H V|N+ =12V ( I%%E'F%ﬁ'ljﬁw )
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6.6 JLAURFE (52)

E TA = 25°C\ VS = 5V\ VREF = VS / 2 E_ V|N+ =12V ( B%E'F%ﬁ'ljﬁw )
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6.6 JLAURFE (52)

E TA = 25°C\ VS = 5V\ VREF = VS / 2 E_ V|N+ =12V ( B%E'F%ﬁ'ljﬁw )
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6.6 AAIFE (4)
E TA =25°C, VS =5V, VREF = VS /2 H V|N+ =12V ( B%E'F%ﬁ'ljﬁw )

A 120
\ — —40°C L
— 25°C
V-1 AN 125°C 100 _—
S Vg-2 \\ ﬁ 80
< s— =
2 \‘ g . /
£ =
2 / o
> [22]
5 oND+2 = 40
=] (a0}
© /// 5
OND + 1 — 1 2 20
. £
[
//%/ 0 //
GND =
0 5 10 15 20 25 30 35 40 45 50 55 60 20
Output Current (mA) 5 0 5 10 15 20 25 30
. -Mode Vol v
B 6-19. %t B RS2 S Y PR I U6 A Gommon-Mode Voliage (V)
B = 5V
& 6-20. A B B S IE B R R B &R
120 80
79
100 7
/ 78
3 80 ~ E 77
5 7 = [
3 / S 75 —
o e o
_é— 20 7 § 73
. / )
/ 71
20 70
-5 0 5 10 15 20 25 30 -50 -25 0 25 50 75 100 125 150
Common-Mode Voltage (V) Temperature (°C)
HLE LR = OV & 6-22. N RE R E5EERIKXR
6-21. A RE IR GIEBRER KRR ( BIFhHE
A, KK )
210 380
375
205
T < 370 -
3 =) -
z 200 S £ 365
[}
= — = —
9 195 - 9 360
5 3 —
g 190 g 3°
2 2 L
e} S 350
185
345
180 340
-50 -25 0 25 50 75 100 125 150 -50 -25 0 25 50 75 100 125 150
Temperature (°C) Temperature (°C)
Kl 6-23. F#A IR SRERKR R (INA181) & 6-24. A BEIRSRERCR (INA2181)

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: INA181 INA2181 INA4181

English Data Sheet: SBOS793


https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com.cn/cn/lit/pdf/ZHCSG77
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSG77H&partnum=INA181
https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com/lit/pdf/SBOS793

13 TEXAS

INSTRUMENTS INA181, INA2181, INA4181
www.ti.com.cn ZHCSG77H - APRIL 2017 - REVISED NOVEMBER 2023

6.6 JLAURFE (52)

?‘f TA =25°C, VS =5V, VREF = VS /2 H V|N+ =12V ( IZ/%E'F%%'I}E% )
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6.6 HLAVERE: (42)

1t TA =25°C, VS =5V, VREF = VS /2 H V|N+ =12V ( B%E'F%ﬁ'ljﬁw )

Output Voltage
2 V/div

Input Voltage
40 mV/div

Time (10 ps/div)

80MVpp HiI A
&l 6-31. [riEkm N

— Vewm

— Vour

Vour (100 mVi/div)

Common-Mode Voltage (5 V/div)

Time (25 ps/div)

] 6-32. LA PR RS W B

Time (10 ps/div)

&l 6-35. J& 3l 5z

= |nverting Input = Noninverting Input
—— Output —— Output
= =
2 2
> >
o o
(] (0]
(=) (=]
8 8
o o
> >
oV oV
Time (250 ps/div) Time (250 ps/div)
&l 6-33. RAAE AL 6-34. FHHEM AT R
= Supply Voltage = Supply Voltage
—— Output Voltage —— Output Voltage
= =
° 2
> >
° Y
(=) (=2}
£ r— £
S o
> >
oV
oV

Time (100 ps/div)

A 6-36. RIEKE

Copyright © 2024 Texas Instruments Incorporated

Product Folder Links: INA181 INA2181 INA4181

English Data Sheet: SBOS793


https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com.cn/cn/lit/pdf/ZHCSG77
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSG77H&partnum=INA181
https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com/lit/pdf/SBOS793

13 TEXAS

INSTRUMENTS INA181, INA2181, INA4181
www.ti.com.cn ZHCSG77H - APRIL 2017 - REVISED NOVEMBER 2023

6.6 JLAURFE (52)

E TA =25°C, VS =5V, VREF = VS /2 H V|N+ =12V ( B%E'F%ﬁ'ljﬁw )
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7 VE4N

7.1 R
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7.3 FetEii A

7.3.1 F mA R R
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7.4 S3FThEEAE R

7.4.1 EEHER
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S B PF TR B AR08 REF 511 HRe B 7 s e F s s, P 7-6 % 1 A RO UL B ot

SOl , A I | HEIK REF BIMBEN | A0 B T 5 it A L R GO | A IN+
5] IN- AN 5 2800 , 36 S50 OUT 311 LAsh i TR .

Bus Voltage

-0.2Vto+26V Power Supply, Vs
27V1055V Gy
Rsense Load o 0.1 uF
||
L |
Single-Channel VS
Tl Device
IN-
ANAN—¢ A%y
ouT
O Output
+
IN+ REF
N A%
GND
It
1

& 7-6. XX [a] B R

B Y 200 B YU L 52 PR T R R i N SR A T i Y R TR P M RSP R B o A S S R AR A A N R IR B B e S o
¥ REF SIAVRE N — AT 50mV EEME , A it N PF 2RV . O 1 IRFIEBAIHIRZE | Mgt
R3] REF 51 AL fE L .

RS O B 2R REF 5IBNERRBI R EIE Ve AAMFAEESRANE T, ZF 7% S8
H PR 7E BE LR LA 200mV A RIMEAT . 2 REF IR  SXFh 752000 T30 i M5 5 i A G e
oA o RTC B P A A PR S AL AR TR AE IN - BB AR S M N R RSO fERRAS SRR,
SNSRI fa A AR AT F R IR 1 R A2 S . i E) REF 51 i A ST Vs,
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7.4.3 SUHAER

INAX181 J& XX [a] FLIAURL I HOR A, BERSAE P> J7 [ b0 B 28 v B 3 JAe o 0 P o RO i B 00 7 055 7 R A
TR ERAE AR AR AR L, AELESRN AT AR, i v BELAD L AT RE AR T A

Bus Voltage
-0.2Vto+26V Power Supply, Vs
27V1055V  Coypass
) Pense Load o 0.1 uF
||
L |
Single-Channel VS
Tl Device
IN— Reference
A AN Voltage
- ouT
O Output
+
IN+ REF o)_
ANN—¢ NN
O_a
GND

1

& 7-7. X a S

W AE REF 51 EREAN T, w7 DA SEXUA R R, W 7-7 Fros. BiinE] REF fHE (Vrer) BUE S F
AN HPPIRZS N B LIRS . 2R0E , W T IEZEMES (X IN- SI) |, SN E & T Veer 5 T
EMES  WANEERT Vegr. MINE] REF 51X — 3k R BN OV 2 Vg ZRIFMERME . XT3
WIN , Veer B BCE N PHRE , DMEAET A BT [0 ESEIUASF FE SVEH . ERLEEILT | 20a f Al
LR 55 TC TR, Ve AT BCE A AR LASMATHLE -

7.4.4 ANES TR

WERZESFNEIE (Vine — Vin-) Te LA a5 8k B R 32 RS, 0 INAX181 25y Hi Bk 5h 2 R ] B 5 1E s R sl
BRI, JF AR AL 2 0 N B ARSI . 40 SR AE B s AT I B R AR e A NG 3, 15 B A 40 I FEL B S
(A B A8 P A A A A 0 P L A B I 25 R A | DARBE S i Pz AT A . i SR AR S s E b Rk AR 2240 %%, INAX181
FA) B L 2 R 17 1 9 s i K4 20us Pk 2 3 FUIME

2 INAX181 % 40K 3 2 IR Bl s i, R BN 2 i RBUE M , SN 7 N AL IR s A S BUR A 1
WP ISR R, INAXT81 % sl DRAF R NE |, A2 B S
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7.4.5 SR

HAR INAX181 B W51 I, (EX S 384 (I S RE SR IE 38 5 T B AR T 5S4 A INAX181 i H . 1% T8k
FFETIFTIFAISE ] INAX181 HLUR A LI

SR, FEHR SN A, BB B RW & TN BB P EFE R E . PP ZERIEFE T S E
INAX181 7E W= N L IR K, anl&l 7-8 Fiiws
V

s
27Vtob55V
@)

R PULL-UP

10 kQ

Bus Voltage

3
-02Vto+26V Shutdown =
Q La
|_
RSENSE
*— W\ Load __I_ “—AL
= CBYPASS
0.1 uF
Single-Channel VS
Tl Device —
IN—
NN— A"
ouT
- Output
O
+
IN+ REF
GND —

& 7-8. fff FEHb B vESCHT INA18T (R AL

M INAX181 (B A F] OUT 5 REF 51 B B HTIE H T~ 500kQ ( K 500kQ S5t
BN B EHMALE ) o WAL R B E DR TER AL, Flan, Wik REF gl |, iH5 0
7 500kQ FHATAISEM AR A7 80 (HUZ | ARAE INAX181 4b TSR W Uy Je e el | U4 A R VALK (i 500k @ FH
PR IE i N 5 Tt 0 28] 4 P ) P P 2 ) ) R S 2 R E o

XTSI 500k @ B, ZEHIRY INAX181 A% th i SMI Rk 1 — 2% RIF IRt A2 . PRIE , iZH IS It
INAE 500kQ FLFHES 1 A9 70 P AR H S B EE

HESF B R S KT Vs, BN AR M INULAC R AF K 65 u A SRR, RN T Vs, SRR
HLJE AT 2 AN T, 500K FELFH A 3 FL It igE s st mid RO — PR 3R
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8 L FH AN SE it

&1

PR RLFTR 43 o 145 AR T T1 38R Ya L, T AR ILAERR A e . TI % N5 S
SR IE M TR %F@%iﬁﬁ?ﬂﬂiﬁﬁﬁﬁ , LA IR RGETh BE

8.1 MAfER

2 L I8 HL PELOAE 1) B B e I, INAXA 8 287 8 R e G N0 L EL 45 79 7 2 0 FL LR TR e I A i T L9 Pk
ST AT IRBNREAE 5| BRI B (5 5 Thae , RAETIR At Z A E

8.1.1 EAEE

8-1 JE/R 1 INA181 (A H: . R ] BESEIT 70U L BEL RSB B N S (+INC R IN = ) AT BE O B Sl 9 /)
5553 it L BEL £ SR R A AT LB

Bus Voltage Power Supply, Vs
-0.2Vto+26 V 27Vto55V Caypass
Q@ Rsense ? 0.1| |“F
Load __I_ I
Single-Channel VS
Tl Device
IN- MA—s AMA Microcontroller
ouT
ADC
+
IN+ REF
A\N\—s¢ N
GND
It
-4

VE OB ER S AR B 38 (ADC) 2 [zt imfs sk 25 | 1% REF 51 ZE#:3] ADC FEUEfmN |, SRFERERM. AT HRERE
PERE | 1575 INAX181 (0% H A1 ADC Z 1AM RC JEISE . WS 16/ ZOUT X751 20 /E0AL A A8 i M I BT 77 1R 0 LR T
TIRE SIS

Kl 8-1. INA181 fyFE A&

NBIRIEHR AT |, 22D 0.ApF B Ss H B A g o SR v M 7 ol v BEL 7T P 0 ) I P AT e 7 B4 14 25
HLA AR R A LR 7 o O 55 I U SR IR BIRAL AR S I A B
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8.1.2 Rgense FIA 438 23 1% #%

SEPERPTRER (AL GURTIN L , AT SEORPR D e INAXT8T RS EE . BRI for il i FEL P #2408 L B 407250
MNEFGIERRA , FFRN R MBS FRZ TR, R0, R4 N AR, FLIADASE N HE BHL A K /N4 7 S B R 1
INAX181 7£ 12V LA A A TIZAT I, AN A B S0 R e N\ B HELIROY 75 w A 4 AR Y s it s ) HL RH
I, XA B S SRR RN, JFRRRIEE . R, T EOR RIS RE R RO, R AU
PR T UG Ay F S 00 FEL B o P IATAS O P BELARLFRD 53— DL PR, N B TR R B K SR VR D R ke 7
PRI 2 gt T FRLIAUAS DN PR PR 25 58 Th R B TS N i K FELE

F:'DMAX

o2
MAX (2)

Rsense <

Hordr s

PDMAX & Rsense R R TR FE
o lvax Ziid Reense MIHCRHETR

FEL G 00 P L F) L AT 25 7184 2 P JHC At PR A B o LR B . Vg RIS PHR IR R APR A O 1 i DR RIS 508 2
Mo B, AU A IE AN S H B R IR . 70 3 3R 6t T Reense 1 GAIN Ky RAH , DMER; 1E &3k 2
AEAEMEBR ) o

Imax x Rsense X GAIN < Vgp — Vger 3)

L

Imax =7t Reense HIBK LT -
GAIN J2 LA I BOR 3 (I3 35

Vsp A& 204 3 48 i 10 IE 5 H2 1R
VRer #& REF 5 1AM i i s s o

N T BGAE R Repnse MBI LIRS #R0R BR A, 7T Fi BELAREL 55 P 25 PE PO 25 1 18 2 2 () B R AEAE AU .
AL R ATFELE PR AR I R B DT DAL % B (4 2 25 1 A8 i ISR R A

7 PR B 368 28y 52 IS P A A0 et BELAEL W] LA/ BUART R AR B T 17 BR 1 D R 4 SR X dge /DA 00 L BEL AR PR
il o

\

Ivin % Rsense x GAIN > Vg — Vier )

Hr

IMIN J<3/hul Rsense Hf /N LR

GAIN 2 FEL RS I 5 R s ) 48 2

VN 72 aefH B T 4B (152 P2/ P90 1720 ) -
VRer & REF 5| I _E AR50 b 1 B o

B 7R IR R B 2 Ab BRI AR TR I N E REF 51 R R, DAEE G SR R R A
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8.1.3 [ 5B

0¥ INAx181 i B 8 s PN , B GND E| GND [Ffdi st RC W45 | T 4% i i it & DI 1 St i
A E o E AT DR AR SR S . G S M INAXI8 AL A A AT . G SROCTR A f H o
BEAT IR , B T OO Z M NS S AT IS, AT CLAE SRR SN 5| IR LS pEeds . 18] 8-2 St T —Aow
1, VB AR R £E 2 RN 51 R0 A P R %

Bus Voltage
-0.2Vto+26V
Q@ Rsense
— N\ Load \
1 27VI555V
_ (@)
f _ 1 Single-Channel V8
B o | = J P —— Tl Device
2TE(R|: + RF )CF Rr<10Q IN— INT
NN AN
f 308
Cr - out| Vour
f— Bias —O
—+
Re<10Q N+ Rint REF | Vrer
AN AN ANV o)

& 8-2. FEMA I I _E U8 Es

A 5 K FL BEL ) 3 I 2 D 0 B 45 AR BN R 22, BRI, AU X e A A BB BELE AR KR AE 10Q BTF (R AT
REF10Q BUT ) DARRRXT RS EEIIREMT . AER A S [t — 200 i, B 8-2 R ELAE R A S B
FiS O BB 19X 2% 27 A — S AN TG TRE AR N\ Al B PRI o 20 SRE P B v 8 A 0 R R UE SRR BEL A DU B R R R IE 2 2
B FL PEL 5% 4 o () I P 2R BC o IXMR S & P 2E — AN ZE iR ZZ WU, 1% H s 2 A 73UAE P BEL A P S 7 2 1 FL s P O
Fo BRE PEA RN TR U 43 F B S 1 g A B RN ] o An SRR AR M  A IR REL N
B AN UL O S R A A A LR A o SR A B F FEL 5 45 00 e R 1R 22 R T A 5 R 5K 6 1545
d, HAP AR 2 T O RE 5 T RS .

ik 8-2 s, SR B AR A AR LG, SRR N 10 22 20 S AR A B RE S A A H B LR (Re) (A {ELAR
K, WENHA RS Ryt FEAC . Z3EHH 0 A 55 20370 R BEL % b F) Fi oA BRI, 2037 R 3k 3 s A1
NGB R D — A e iR ZE . AT RATHEE AN, DAAEAA S b A1 78 £ 05k R BEL (9 9 0 1T 32 N [ 398 23 %
#o M RE 5 TR IR L S AN 51 B B A5 F s A T O 22

Gain Error Factor = 1250 xRNt
(1250 xRg) + (1250 xRyyy) + (Re xRiny) o
Hrp
* RNt WA .
* Rp ZAMBA .
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JiRE 5 IR R MO AR AL, XA REER N AR AR, WK 8-1 Fian. R 8-2 JEas T4

AN BRBRES PR I3 25 R 22 R T

* 8-1. A FF
FE i) Rint(k Q)
INAx181A1 20 25
INAx181A2 50 10
INAX181A3 100 5
INAx181A4 200 2.5
K 8-2. MR RENT
7 RN REET
25000
INAXIBTAT (21xR¢) + 25000
10000
INAX181A2 (9xRy)+10000
1000
INAX181A3 —RF +1000
2500
INAX181A4 (3xRy) + 2500

NN A8 ER IEC R BELJE R T 2 VR 22 T AR RS K 6 SRRt OR 5

Gain Error (%) = 100 — (100 x Gain Error Factor)

(6)

Blhn , fEH INA181A2 Fik 8-2 FRAHM (g s ik Z2 43K, SIBKALEE 10 Q AR IRZE 104 0.991. SRJE 7%
36 THEAMN IR R |, MR 10Q ER IR A BEAEAR S 42 0.89% /oA HHE 73 1=

%.
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8.1.4 X & /NHFHRA

T NI TE A R R - M EIE R SR HER N, T AR RA T INA2181 (12 N oRAT. 18] 8-3 H iR
HLRIC B 2 — NSRRI (7 8107 3% . O 17 RGN 22 AN S rIAe sk, B A 1 F Al Fe P, Reense 18
WA A -

Power
Supply
o
Dual-Channel
Tl Device
IN+1 REF1
NV NV
* OUTH
g Rsense :l ’
IN-1
AN
LOADH1
IN+2 REF2
. A\ A\
+ ouT2
§ Rsense * ADC
Voutz = (ILoapt + lLoap2) x Rsense x GAIN
IN-2
NV
LOAD2 GND

& 8-3. X Z A ERF

H INA2181 — AN IE o IR R 57— TE S AR N o 5 58 — A FELER PO 35 oy A\ SR B A 246 SR AT ) A i
(B HE . B PR F e AGI B PR FRLI 2 AR B T foc i — A AR (K i S A
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SRANHC B %0 W BRI 8-4 Fas . B> BRI SR HE 5] R | JFREAS A ) T 52N 2P LB
PAA R A, IR . 55— F B ) IE 52 B B A A A, DAE RN T GND.

1 V/div

20 mV/div

Time (4 ms/div)
VRer = 0V

& 8-4. HLUSRAFIN FH MR ( A2 B34 )

8.1.5 IR B

B, BRI B S I IR A R S8 AR S AR B AR I () — B . X
FEREMRARIMRZE | X SRMAME , RO 1% NI A SOEE . 8 7 IEIS IR IR, BrE iEiEn
LRSI L PH. Reense AL ZIM A 18] REF1 S NFRAEAN 3L AE B IS | DASZI X e FE AN

SRR N SR P 2 T B H R, T OUT2 AR b S5 M) REF LA 9 7 SIS A
2O BORZE | A MG DN R o P R T LB 0t RS 5 S | O FLIE AW R TN LR
LG K T/ T4 R L

RETHLR %, RUBIE INA2181 AU AL AU IEA R , IFE 85 FT . 55— MRS A T A7
SRS A L . 5 — S Ot RIS MR SRR A . 5P 0 B M AR 38 1
K. RS RO PURBI SN BN o (8 IER TARAAE R | BEAROsh i 3
JETREHER , S5 — R %o 22 L T FR TR AR H 5B i ST R I RE

28 FES PR Copyright © 2024 Texas Instruments Incorporated

7
Product Folder Links: INA181 INA2181 INA4181
English Data Sheet: SBOS793


https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com.cn/cn/lit/pdf/ZHCSG77
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSG77H&partnum=INA181
https://www.ti.com.cn/product/cn/ina181?qgpn=ina181
https://www.ti.com.cn/product/cn/ina2181?qgpn=ina2181
https://www.ti.com.cn/product/cn/ina4181?qgpn=ina4181
https://www.ti.com/lit/pdf/SBOS793

13 TEXAS

INSTRUMENTS INA181, INA2181, INA4181
www.ti.com.cn ZHCSG77H - APRIL 2017 - REVISED NOVEMBER 2023
Power
Supply
o
Dual-Channel
Tl Device
IN+1 REF1
AN\ %Y O VRer
+ _ OUTH
Rsense § _
IN-1
NN
LOAD
. IN+2 AW AW REF2
+ ouT2
g . ADC
RSENSE —
Vourz = Vrery if there is no leakage current
' n2 w

& 8-5. KR rE Ik

SR Z B W4 H N R W B 8-6 BT 55— ANIEIE IS vE 5] R R 2.048V KIFEERIE . BN HEB AL A
100Hz 1E523% , #i it 180° JAf , M= EZ st |, WEFTR. £ NEBAIEZBERA RS | EE8mAes
=T GND.

L B L

1 V/div

20 mV/div

Time (4 ms/div)
VREF =2.048V

& 8-6. HLUFIRZEN M wIpL ( A2 2345 )
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8.2 HLAIN A

INAXT81 F— A L FH A2 M 0L FRLAL
HELRITTAC L B HEMLA ) 0 0 1) FL O B

XU FLAFAE T TN T [ R IR R GE R 5 3 L K9] 2 M0 L il ) 78
XL i) FELIAE M 0 4 2 T B G 1) 8-7 P o e i e A R U R S

A AR REF 5] JH & AT PASCELIE Sl e il , Witk BC B s . did s REF 5] | 7K INAx181 L&
2 M D0 B 1) PR
Bus Voltage
-0.2Vto+26 V Power Supply, Vs
R 27V1055V  Cyuouss
— AN Load — Q 0'1| I“F
= L
Single-Channel 'S -
Tl Device
IN= Reference
VY AV Voltage
- ouT
O Output
IN REF
" AMA —
O_
GND
B 8-7. WEX [ B
8.2.1 BOHER
% 8-3 Ht 7 & 8-7 P HLER H) B THEK
% 8-3. s
BitSH ~ME
HIEHLE | Vs 5V
SR 2R YR s VCM 12V
Rsense HIZ4FE < 450mwW
BRI I | Ivax +20A
FELIRU RSN % 2 RHRE /N 3.5% , Ty =25°C
MEFHTE > 100kHz

8.2.2 FEAWITI R

FEL A 00 P BEL B8 i KB AR A o K B SR R B R EEAT TR B . Tl 5 AR 2 1+E$E’JEEJ‘UI‘A(WJ%BEB§j<{E7'j

1.125mQ . XK HL I Reense MIRAMHE 5 Rt
A TRIFEER

TP RS S, JPRYE
i

FY T FEL AT Vi L P B K R P g

L) RseNsE » {5 B A 5 128 PR IR 7R £ Vg PEREE IS
Kk, DAZ07E REF 51 I_ERENAF OV Fl Vg Z [B] I HELE
I, HENE] Vegr MERAEHIE N Ve/2 , B 2.5V, QS IE K T 51 B

, Rsense 3 1mQ , [KOYIZAE A S M bR e ri B EAE |

BEUEEER AR U A L

I FR X FELALAE O 2 A X FR (B £20A )

, A Vrer A3 BRI fLd T BAFE 45 58

EnE g . TR 3, 15 Iuax = 20A. Rsense = 1M Q H Vrer = 2.5V,
15 W B R F R I 25 5 122.5 , T IRE Gy HH I OF 1A FE I A IR

FIRE, TR 4 BEAT S S0 IR

HIA A3 B K3y 124.75. GEFIE RN 100 [ as 0] SERRR By K tHVE , [RI ORBFAE S RV A -

A SR A B B R 25 /N T 100, AT ARSI FEL A W R BEL A 5

- LA L H 3 38 i 2R 0 PR
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BRI RS AL BARE NN RER - B RE ML IR ZE . INAXT81 IS f iR 48 E N K 1%. KIFHH
EFEIRZEREER , £ Vo = 12V H Vg = 5V B 485E 8 500pV ( & KME ) « TR 7 R H KRB &
Er@lﬁ‘]ﬁ%i%?\j 2.5% , /E\‘:F'l‘éﬁilﬁ EEE%%% = 500}JV , RSENSE =1mQ , ISENSE =20A.
Total Offset Error (V) «100%

sense * Rsense (7)

Total Offset Error (%) =

THRERZER —MOTIE R 2 R ZE 5 M R Z R G AR ER , ZERXMIELLT |, 128 1R 2 MU RS 1R 22 2 [
SN N . T ERZE M — MO HERR I e A R A IR ZE /K RSS AL, 452X 8 F

Total Error (%) = \/Total Gain Error (%)? + Total Offset Error (%) ®)

N JTFER 8 J& , THEA H RO R S A IR 228 2.7% , VT 3.5% TRl B R .
INA181A3 ( H#i#i = 100 ) i E A 150kHz (1) %8 , /2 100kHz F/ME 5 e Bk . S 75 2500 & 1) e
5 I 2 AR B2 AR 2 it R R VS R 47 /N B Rgense 1B K.

8.2.3 PLFH Mk

R[] L P i R e R 5 1] 8-8 P . 4 REF 51 SRR R B MER R ( ABI RN 2.5V ) B, it HL R eh b vf

P RE. W TIEESRAES , il b Em T RERE , B0 T RESMAES , Ml EER TR ES
k.

, ATEA

=

AN AL AN

\\\i\
Y RYEY

1" Vv Vv v v
| = \OUT
= VREF

Output Voltage
(1 V/div)

Time (500 ps/div)
FE 8-8. XU Jv S FH % H i B2

8.3 HJFRAE AL

INAX181 [ N\ LB e % A h 0 b il BB YR LR Vg HIERIE . Bl , Vs AT BV, T IN+ A IN - Bk
JEHL R A A 26V. HSE , OUT SIS H B Ya 32 VS 51 E R s PR H] . INAX181 iEAEUEZE IN+ AT IN -
NG| _FARZ EIE 26V e E NG SV, T a S ETE VS 51 F it .

8.3.1 LB HE R T 26V

BEI— /Ny L, AERTAERE S R OR T 26V B R (BT ) AT INAXA8T . RS 5 g Ak
AR BESRICES (A FRON transorb ) AR HoAt SR IR A5 W 8% 0 ToiE R R AR I TR . ¥ S —
X IR TN A TAR BT B AR o 1621 14 8-9 WA AR W e /N rE PR | JEH 8 10Q . BRI
BEAS SR 28 P2 ARG | /5 580 S0 AT IHEAT T e o % FER A SRR A RS 5 DR A 100 HEPH AR DA KR
(ERAE DA P45 32 (K% LS5 9 AR vl i /2 VF 2 DA A 5K o X245 ok P 0 [ HL B AR 22 ] o 3K 48 AR T A
INENIME RS SR E B (SOT)-523 Bl /IMIME RS R HH4E (SOD)-523 [ 3 ik #
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Vs
Bus Supply 27V1t055V  Cgypass
—-0.2Vto+26 V o 0.1 pF
@ Rsense ‘H ’j
Load —
£ Single-Channel VS -
f" — | TI Device
IN-
NV
Rerotect ourf Output
<10Q
NV NV NV REF
IN-
* GND ¥

& 8-9. fF I — AR E KRR ARY

AR SR AR T 255 9 — AR R 2 W ML BE 1) eV AR 7 oK, b VA Y ) 23 T v O A A8 o S DN v B B e R R T
SR AE AR K i N iy 2 T4 P B 5 A IR AL AT X 7 A, B 8-10 JIomse di1T 8 E IA) ROA R TT SE R A
SOT-523 3% uk SOD-523 34 i I A~ R Ik A o E] 8-9 AT 8-10 Fronzntilh , iy s tRIP T lH i
INAX181 JIr s ¥ i FL B AR T AR /N T SO-8 HH ARy AR , HAXHE KT MSOP-8 2 1y i »

V.

s
Bus Supply 27V1t055V  Cayrass
-0.2Vto+26 V 0.1 uF
Q RSENSE
Single-Channel VS =
Tl Device
IN-
Transorb ouT —O Output
<10Q REF
ANN— . NV NN
IN+
GND —

B 8-10. i i BANBR SR SR AR\ SH AL HEAT R S TR
WHFELIEE , WS WA GBS FE LR Bl 7 It 5 526 it

8.4 fi)=
8.4.1 75 R3ETs

o AEAITT/RSCERREL 4 LHNERSR RN 5] RIE LB RGN B a5 . IX MO REBOR TR DR AE A 51 B2 18] ORI B
AN L REL R BELATT o PR REAGHIN FRLRELAT 2 AN R 2 BRI 51 B TR AE RSN R RE . 3T PR IR Fl LA R A
AEFAR , RSN B LA & T BU™ E I E IR E

o YRGS R AR IO BN AT RESEIL AR F RS AT S . U] 0. 1puF BB F AR . T LLENINA S
2R U DLAME2 16 7 Bl BT LR

o AT HGURLI F FH B SR AR AT LRI, AR AT Z R B AT RERRIL |, SRR IR T AS UL -
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8.4.2 A5 JR7~

Direction of Positive
Current Flow

A

Bus Voltage:
-0.2Vto+26V
Current
Sense ﬁ @ 3
Connect REF to low Aﬂ E
impedance voltage reference
or to GND pin if not used.
VIA to Ground Power-Supply, Vs
Plane 27Vto55V
Caypass
& 8-11. HigEEHEM)E (SC70)
Direction of Positive
P Current Flow
RsHunt
Bus Voltage:
-0.2Vto+26 V
Connect REF to low
impedance voltage reference  @mmREE(5 | | [ 2lanp
or to GND pin if not used. Current
Sense
VIA to Ground
Plane
Cavpass
Power-Supply, Vs
27Vto55V
& 8-12. BEEHEE)D (SOT-23)
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Bus Voltage:
-0.2Vto+26V

VIA to connect REF pins to low
impedance voltage reference or
to GND pin if not used.

RSHUNTZ

Current Sense

Output 2 Cavpass
Current Sense
Output 1
Power Supply, Vs:
27Vto55V
Load 2 Load 1
& 8-13. XUEIEHFEAT R (VSSOP)
Bus Voltage:
-0.2Vto+26 V

VIA to connect REF pins to low
impedance voltage reference or
to GND pin if not used.

Rshunt2

Current Sense c
Output 2 BYPASS
Current Sense

Output 1

Power Supply, Vs:
27Vto55V

Load 2 Load 1

& 8-14. XBIEHEFEAR (WSON)

Rshuntt

Rshuntt

VIA to
Ground
Plane

VIA to
Ground
Plane

34
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Load 3 Load 2

Current Sense Current Sense
Output 3 Connect to GND or Output 2
External Reference

— =
Rshunta ‘ ' Rshunt2
~ ViAto >
< Ground

Bus Voltage 2:

Bus Voltage 3: —0.2Vto +26 V
-0.2Vto+26 V
VIA to Power Supply, Vs:
Ground 27Vt055V
Plane
Current Sense Current S
Output 4 Output
Bus Voltage 4: A Bus Voltage 1:
~0.2V1t0+26 V \/ ~0.2V1t0+26 V
RsHunTa Rshunt1
Load 4 Load 1
K 8-15. M@ E HH A=
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9 B R
9.1 BT
9.1.1 FRIH:

o TEINES (TN) , AAGBFEEFE NI I Tt ey 225 Bt

9.2 I FF
9.2.1 MHFRICHY

THZ I LN ARG

o EMALES (TI) , INAT80-181EVM Fl J 45
o [EMALEE (TI), INA2180-2181EVM FHi /&
o FEJNACEE (TI) , INA4180-4181EVM F S 457

9.3 BT FEHE AN

SO EOFE A , T SR ti.com LRSI S OCIER . st @A AT BVR] AR i A IS
o AREUWEAE L, i ER T O SO RS BB I k.

9.4 T RERIR

TIE2E™ h 0 e it dn & TRIM R EIES Yokl | W EB AL RO KA YOE . S IiF Mms it 5. Bk
WU R B O R, SRR T T RS R B

VRN A B SN TR “HERE” SR, XS AR TI HARBE | I A —= B T A 530
TI A8 I 62K

9.5 Hir

TI E2E™ is a trademark of Texas Instruments.

A b3 5% BT A & I =

9.6 FHHN TS
BRI (ESD) S RIX AR G . FE AR (TI) B BOEIE 24 B TR S B AL BT A S R F s . Qo SRS <3 IE A A b

A RIS R | A SRR S A B

‘m ESD IR/ FERUNIERERE R , KRB, FE LR TR TE A 52 2110 | K2R vIEw Amn 2

U ] B2 T EER R 5 3R A AR AN A A

9.7 RigE%R
T Rifi ARTEFFIHIERRRE T RIS, & TR A E X
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Changes from Revision G (May 2020) to Revision H (November 2023) Page
o HEHT TSR FRIERS. BRI X B H IR TR e 1
o FIEHERIINT INA1I81 6 FIH SCT0 FHE .ot 4
Changes from Revision F (March 2019) to Revision G (May 2020) Page
o FIEHERIIN T INA2181 10 GBI WSON FFBE .o 1
Changes from Revision E (July 2018) to Revision F (March 2019) Page
o FEIAZELTLE TR IR BRI T A AL IR oo 21
o BT 57 DB IE G IR S HE S TR oottt ettt 33
o T 58 LUBIE GBI S BE B IR oottt ettt 33
Changes from Revision D (March 2018) to Revision E (July 2018) Page
o K INAX180 IS EE A INAXTBT ( B EETR ) oo 1
Changes from Revision C (December 2017) to Revision D (March 2018) Page
o B INA4181 B “TURAT” O “BEHIE 7 (IEEBETT ) o 1
¢ N INAGIBA TR T I 25, ettt 9
¢ N INAZIB TR T HHIHIED 28ttt 9
o TEXSZ AR AT S N 49 SRR AR T CHAR” , DA B IE RS 27
Changes from Revision B (November 2017) to Revision C (December 2017) Page
o FF INA2181 B4 “TURAT” TR “EBFEIR T (IETEHETE ) oo 1
B e I B o e e R 113 N TRRT 9
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o N INAZIB TR T I 25 5T 1ottt aenen 9
¢ A INA2ABT NI T HTITEEL 27 ettt ettt ettt ettt s e 9
o N INALIBA TR T HTHIE 28 HALAF 1ottt 9
o HI T 29 FEEARUR IR T “ (A3 BEE ) 7 oottt 9
¢ N INA218T TR T I 38..neiiieeeeeeeeeee ettt 9
o AEFEENC B e K e R H R “/NT 150UV BEECA “AE 2150V BAN” e 18
o FEE A5 FUTHIERE AN T A K RC B AR FH R 5 225 SCHRI AR o 23
¢ PAZATR B HIIHIBR T VS cervreririiee ettt ettt 24
o TE 48 FIRINT fage HIATUHTBEIZE ..ottt ee et eaens 25
o S E DRI TN B IR IHAE BTG FEIT o 27
o [ AT L NI T TS TG FRE 2B T 152 T3 e 28
S I iy LR - OO 32
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PACKAGE OPTION ADDENDUM

7-Oct-2025

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 ©)
@ )
INA181A1IDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 18JD
INA181A1IDBVR.B Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 18JD
INA181A1IDBVT Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 18JD
INA181A1IDBVT.B Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 18JD
INA181A1IDCKR Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1P8
INA181A1IDCKR.B Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1P8
INA181A2IDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AED
INA181A2IDBVR.B Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AED
INA181A2IDBVT Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 1AED
INA181A2IDBVT.B Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1AED
INA181A2IDCKR Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PE
INA181A2IDCKR.B Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PE
INA181A3IDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AFD
INA181A3IDBVR.B Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AFD
INA181A3IDBVT Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AFD
INA181A3IDBVT.B Active Production SOT-23 (DBV) | 6 250 | SMALL T&R Yes SN Level-1-260C-UNLIM -40 to 125 1AFD
INA181A3IDCKR Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PF
INA181A3IDCKR.B Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PF
INA181A4IDBVR Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU | SN Level-1-260C-UNLIM -40 to 125 1AGD
INA181A4IDBVR.B Active Production SOT-23 (DBV) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1AGD
INA181A4IDBVT Obsolete Production SOT-23 (DBV) | 6 - - Call Tl Call Tl -40 to 125 1AGD
INA181A4IDCKR Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PG
INA181A4IDCKR.B Active Production SC70 (DCK) | 6 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 1PG
INA2181A1IDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40 to 125 1CW6
INA2181A1IDGSR.B Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1CW6
INA2181A1IDGST Last Production VSSOP (DGS) | 10 250 | SMALL T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40 to 125 1CW6
Time Buy
INA2181A1IDSQR Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 251Y
INA2181A1IDSQR.B Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25lY
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https://www.ti.com/product/INA181/part-details/INA181A2IDBVR
https://www.ti.com/product/INA181/part-details/INA181A2IDBVT
https://www.ti.com/product/INA181/part-details/INA181A2IDCKR
https://www.ti.com/product/INA181/part-details/INA181A3IDBVR
https://www.ti.com/product/INA181/part-details/INA181A3IDBVT
https://www.ti.com/product/INA181/part-details/INA181A3IDCKR
https://www.ti.com/product/INA181/part-details/INA181A4IDBVR
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https://www.ti.com/product/INA2181/part-details/INA2181A1IDGST
https://www.ti.com/product/INA2181/part-details/INA2181A1IDSQR
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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 (©)]
INA2181A1IDSQT Obsolete Production WSON (DSQ) | 10 - - Call Tl Call Tl -40 to 125 251Y
INA2181A2IDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40to 125 1DR6
INA2181A2IDGSR.B Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1DR6
INA2181A2IDGST Obsolete Production VSSOP (DGS) | 10 - - Call Tl Call Tl -40 to 125 1DR6
INA2181A2IDSQR Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25JY
INA2181A2IDSQR.B Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 125 25JY
INA2181A2IDSQT Obsolete Production WSON (DSQ) | 10 - - Call TI Call Tl -40 to 125 25JY
INA2181A3IDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40 to 125 1DS6
INA2181A3IDGSR.B Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 1DS6
INA2181A3IDGST Last Production VSSOP (DGS) | 10 250 | SMALL T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40to 125 1DS6
Time Buy
INA2181A3IDSQR Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 125 25KY
INA2181A3IDSQR.B Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40to 125 25KY
INA2181A3IDSQT Obsolete Production WSON (DSQ) | 10 - - Call TI Call Tl -40 to 125 25KY
INA2181A4IDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes NIPDAUAG | SN Level-2-260C-1 YEAR -40 to 125 1DT6
INA2181A4IDGSR.B Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40to 125 1DT6
INA2181A4IDGST Obsolete Production VSSOP (DGS) | 10 - - Call Tl Call Tl -40 to 125 1DT6
INA2181A4IDSQR Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25LY
INA2181A4IDSQR.B Active Production WSON (DSQ) | 10 3000 | LARGE T&R Yes NIPDAU Level-1-260C-UNLIM -40 to 125 25LY
INA2181A4IDSQT Obsolete  Production WSON (DSQ) | 10 - - Call Tl Call Tl -40 to 125 25LY
INA4181A1IPWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A1
INA4181A1IPWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 4181A1
INA4181A2IPWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 4181A2
INA4181A2IPWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A2
INA4181A2IPWRG4 Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A2
INA4181A2IPWRG4.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 4181A2
INA4181A3IPWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A3
INA4181A3IPWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A3
INA4181A4IPWR Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40to 125 4181A4
INA4181A41IPWR.B Active Production TSSOP (PW) | 20 2000 | LARGE T&R Yes NIPDAU Level-2-260C-1 YEAR -40 to 125 4181A4
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https://www.ti.com/product/INA2181/part-details/INA2181A4IDGST
https://www.ti.com/product/INA2181/part-details/INA2181A4IDSQR
https://www.ti.com/product/INA2181/part-details/INA2181A4IDSQT
https://www.ti.com/product/INA4181/part-details/INA4181A1IPWR
https://www.ti.com/product/INA4181/part-details/INA4181A2IPWR
https://www.ti.com/product/INA4181/part-details/INA4181A3IPWR
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@ 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.

® 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. TI has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
OTHER QUALIFIED VERSIONS OF INA181, INA2181, INA4181 :

o Automotive : INA181-Q1, INA2181-Q1, INA4181-Q1

NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
A |<— KO 4 P1—p|
oo o olo 000 T
o |eo o | Bo ‘l"
. DiaRriit!er ' '
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
Q1 : Q2 Q1 : ﬁ
Q3 : Q4 Q3 : User Direction of Feed
— |
Pocket a‘ugdrants
*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)
INA181A1IDBVR SOT-23 DBV 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A1IDBVT SOT-23 DBV 6 250 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A1IDCKR SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
INA181A2IDBVR SOT-23 DBV 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A2IDBVT SOT-23 DBV 6 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A2IDCKR SC70 DCK 6 3000 178.0 9.0 24 25 1.2 4.0 8.0 Q3
INA181A3IDBVR SOT-23 DBV 6 3000 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A3IDBVT SOT-23 DBV 6 250 178.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA181A3IDCKR SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
INA181A4IDBVR SOT-23 | DBV 6 3000 178.0 8.4 3.2 3.2 14 4.0 8.0 Q3
INA181A4IDCKR SC70 DCK 6 3000 178.0 9.0 2.4 25 1.2 4.0 8.0 Q3
INA2181A1IDGSR VSSOP DGS 10 2500 330.0 12.4 525 | 335 | 1.25 8.0 12.0 Q1
INA2181A1IDGST VSSOP DGS 10 250 330.0 12.4 525 | 335 | 1.25 8.0 12.0 Q1
INA2181A1IDSQR WSON DSQ 10 3000 180.0 8.4 2.3 23 | 115 | 4.0 8.0 Q2
INA2181A2IDGSR VSSOP DGS 10 2500 330.0 12.4 525 | 335 | 1.25 8.0 12.0 Q1
INA2181A2IDSQR WSON DSQ 10 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
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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)

INA2181A3IDGSR VSSOP DGS 10 2500 330.0 12.4 525 | 3.35 | 1.25 8.0 12.0 Q1
INA2181A3IDGST VSSOP DGS 10 250 330.0 12.4 525 | 3.35 | 1.25 8.0 12.0 Q1

INA2181A3IDSQR WSON DSQ 10 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2
INA2181A4IDGSR VSSOP DGS 10 2500 330.0 12.4 525 | 335 | 1.25 8.0 12.0 Q1
INA2181A4IDSQR WSON DSQ 10 3000 180.0 8.4 2.3 2.3 1.15 4.0 8.0 Q2

INA4181A1IPWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 1.4 8.0 16.0 Q1
INA4181A2IPWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 1.4 8.0 16.0 Q1
INA4181A2IPWRG4 TSSOP PW 20 2000 330.0 16.4 6.95 7.0 1.4 8.0 16.0 Q1
INA4181A3IPWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 1.4 8.0 16.0 Q1
INA4181A4IPWR TSSOP PW 20 2000 330.0 16.4 6.95 7.0 1.4 8.0 16.0 Q1
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TAPE AND REEL BOX DIMENSIONS

*All dimensions are nominal

Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
INA181A1IDBVR SOT-23 DBV 6 3000 208.0 191.0 35.0
INA181A1IDBVT SOT-23 DBV 6 250 210.0 185.0 35.0
INA181A1IDCKR SC70 DCK 6 3000 180.0 180.0 18.0
INA181A2IDBVR SOT-23 DBV 6 3000 208.0 191.0 35.0
INA181A2IDBVT SOT-23 DBV 6 250 208.0 191.0 35.0
INA181A2IDCKR SC70 DCK 6 3000 180.0 180.0 18.0
INA181A3IDBVR SOT-23 DBV 6 3000 208.0 191.0 35.0
INA181A3IDBVT SOT-23 DBV 6 250 208.0 191.0 35.0
INA181A3IDCKR SC70 DCK 6 3000 180.0 180.0 18.0
INA181A4IDBVR SOT-23 DBV 6 3000 208.0 191.0 35.0
INA181A4IDCKR SC70 DCK 6 3000 180.0 180.0 18.0

INA2181A1IDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA2181A1IDGST VSSOP DGS 10 250 366.0 364.0 50.0
INA2181A1IDSQR WSON DSQ 10 3000 210.0 185.0 35.0
INA2181A2IDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA2181A2IDSQR WSON DSQ 10 3000 210.0 185.0 35.0
INA2181A3IDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA2181A3IDGST VSSOP DGS 10 250 366.0 364.0 50.0
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Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)

INA2181A3IDSQR WSON DSQ 10 3000 210.0 185.0 35.0
INA2181A4IDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA2181A4IDSQR WSON DSQ 10 3000 210.0 185.0 35.0
INA4181A1IPWR TSSOP PwW 20 2000 353.0 353.0 32.0
INA4181A2IPWR TSSOP Pw 20 2000 353.0 353.0 32.0

INA4181A2IPWRG4 TSSOP PW 20 2000 353.0 353.0 32.0
INA4181A3IPWR TSSOP PW 20 2000 353.0 353.0 32.0
INA4181A4IPWR TSSOP PwW 20 2000 353.0 353.0 32.0

Pack Materials-Page 4



DSQO010A

PACKAGE OUTLINE
WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

PIN 1 INDEX AREA—

R
2.1
1.9

EXPOSED
THERMAL PAD

PIN 11D

- 0.9+ 0.1 =]
SYMM L
h
N e
N
| i [ ]
SYMM
e N = 15+0.1
=0 d
o
PR T
= | [_ 10 0.25
04 10X4.15
10X

010 |C|A|B
0.05)

ﬁ (0.2) TYP

4218906/A 04/2019

NOTES:

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

per ASME Y14.5M.

2. This drawing is subject to change without notice.
3. The package thermal pad must be soldered to the printed circuit board for thermal and mechanical performance.
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EXAMPLE BOARD LAYOUT

WSON - 0.8 mm max height
PLASTIC SMALL OUTLINE - NO LEAD

DSQO010A

~—(0.9) —= SEE SOLDER MASK
DETAIL

10X (0.5) —m
SYMM
i LS |

10X (0.2) 1 i d) |
L O
8X (0.4) 11 ! SYMM

o 09

(R0.05) TYP [I] | @ i
sC1 )~ T e
©0.2) TYP ‘ ‘
(1.9)

VIA
LAND PATTERN EXAMPLE

EXPOSED METAL SHOWN
SCALE: 20X

METAL UNDER
SOLDER MASK

0.07 MIN

0.07 MAX j
ALL AROUND r ALL AROUND
METAL EDGE /

|
|
| |
|
XSOLDER MASK EXPOSED—/ \NSOLDER MASK
OPENING

EXPOSED METAL
OPENING :

\/ﬁ

METAL | ,

NON SOLDER MASK
DEFINED SOLDER MASK DEFINED
(PREFERRED)

SOLDER MASK DETAILS
4218906/A

04/2019

NOTES: (continued)
4. This package is designed to be soldered to a thermal pad on the board. For more information, see Texas Instruments literature

number SLUA271 (www.ti.com/lit/slua271).
5. Vias are optional depending on application, refer to device data sheet. If any vias are implemented, refer to their locations shown
on this view. It is recommended that vias under paste be filled, plugged or tented.
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EXAMPLE STENCIL DESIGN
DSQO010A WSON - 0.8 mm max height

PLASTIC SMALL OUTLINE - NO LEAD

10X (0.5) ﬁ
l=— (0.85) —=|
L

10X (0.2) 1 ‘ I 10
Lﬁ{zg )

8X (0.4) ‘
- - — + — —¢ (1.38)
R |
(R0.05) TYP dj - dj
| \+) |
s5( | i IBE
! SYMM ‘
¢

SOLDER PASTE EXAMPLE
BASED ON 0.125 MM THICK STENCIL
SCALE: 20X

EXPOSED PAD 11
87% PRINTED SOLDER COVERAGE BY AREA UNDER PACKAGE

4218906/A 04/2019

NOTES: (continued)

6. Laser cutting apertures with trapezoidal walls and rounded corners may offer better paste release. IPC-7525 may have alternate
design recommendations.
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DGS0010A I

PACKAGE OUTLINE
VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

AT SEATING PLANE—— "
PIN 1 1D .
) — 8X|0.5 — :
10 [05] 1)
= T ]
— 2X
[
1 | m
===
T il
29 T T (4 [0.1® [c]A® [BO | 41.1 MAX
NOTE 4
T
v/ \
\ J ‘ E 1
h ,l 0.23
e TYP
&SEE DETAIL A 0.13

)

0.4 0.05

DETAIL A
TYPICAL

4221984/A 05/2015

NOTES:

-

s W N

. 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-187, variation BA.
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EXAMPLE BOARD LAYOUT

DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

10X (1.45)
10X (0.3) j r SYMM (R0.05)
TYP
| ::/
= i

-—— = ——

|

|

|

i 1O SYMM
T == %
8X (0.5) 5 :; :i:]

Li (4.4) !

6

LAND PATTERN EXAMPLE
SCALE:10X

SOLDER MASK METAL UNDER SOLDER MASK
OPENING \ ) METAL SOLDER MASK\x i OPENING

4 r=— 0.05 MAX

ALL AROUND

NON SOLDER MASK
DEFINED

{ }
=
J 0.05 MIN
ALL AROUND

SOLDER MASK
DEFINED

SOLDER MASK DETAILS
NOT TO SCALE

4221984/A 05/2015

NOTES: (continued)

6. Publication IPC-7351 may have alternate designs.
7. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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EXAMPLE STENCIL DESIGN
DGS0010A VSSOP - 1.1 mm max height

SMALL OUTLINE PACKAGE

YMM (R0.05) TYP

T1OX(1.45)T S

10x<0.3)L ¢

1 ‘ |
== | v
b | ——]

|
)

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

4221984/A 05/2015

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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PACKAGE OUTLINE

DBVOOO6A SOT-23 - 1.45 mm max height
SMALL OUTLINE TRANSISTOR
3.0
2.6

(D Joa[ch~ =

PIN 1— ‘
INDEX AREA
(1L
_ 6 }
2X !
3.05 1
2.75 I
5 !
X
|
|
T |
4 |
I
6X 822 \S /) f\gj/J
& Jo20]c|a[B] X 15 Vol 000 TP
1.45
0.90
GAGE PLANE
f

e L L \ T
. TYP 0.6
0 — o3 TYP SEATING PLANE

4214840/G 08/2024

NOTES:

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

per ASME Y14.5M.
2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.25 per side.
4. Leads 1,2,3 may be wider than leads 4,5,6 for package orientation.

5. Refernce JEDEC MO-178.
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EXAMPLE BOARD LAYOUT
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

1 1

6X (0.6)

f
T

2X (0.95)

J

SYMM

(R0.05) TYP

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:15X

SOLDER MASK METAL METAL UNDER SOLDER MASK
OPENING \‘ SOLDER MASK‘\
|
/
EXPOSED METAL— |
J L 0.07 MAX JL 0.07 MIN

EXPOSED METAL

ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214840/G 08/2024

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
DBVOOO6A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
— BX(L1) = ¢
1 | ‘ -
6X (0.6) ! ‘ |
f 4 [ + ®
| |
‘ SYMM
[ ‘ et
2X(0.95) |
L T ‘ T
R -

(R0.05) TYP / 2.6)

SOLDER PASTE EXAMPLE
BASED ON 0.125 mm THICK STENCIL
SCALE:15X

4214840/G 08/2024

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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PACKAGE OUTLINE

DCKOOO6A SOT - 1.1 max height
SMALL OUTLINE TRANSISTOR
2.4
18 (D ]oa]c
1.4 E
PIN 1 11 L1
INDEX AREA 08

]

2.15 ‘ ‘
1.85
4x0°-12° E . 0.1 1yp
0.0
NOTE 5
4X &4°-15°
0.22
GAGE PLANE \[ 0o0s TYP

g’ rﬁ L \ j
> TYP 0.46
0 — 026 TYP SEATING PLANE

0.26

4214835/D 11/2024

NOTES:

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

2. This drawing is subject to change without notice.

3. Body dimensions do not include mold flash or protrusion. Mold flash and protrusion shall not exceed 0.15 per side.

4. Falls within JEDEC MO-203 variation AB.
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EXAMPLE BOARD LAYOUT
DCKOOOGA SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

6X (0.9) P(EG
1 j i T ‘

6X (04) [

—

SYMM

3
(R0.05) TYP ; @ 2)

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE:18X

+—_
|

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

EXPOSED METAL EXPOSED METAL/
J qu 0.07 MAX J L 0.07 MIN
ARROUND ARROUND
NON SOLDER MASK SOLDER MASK
DEFINED DEFINED
(PREFERRED)

SOLDER MASK DETAILS

4214835/D 11/2024

NOTES: (continued)

5. Publication IPC-7351 may have alternate designs.
6. Solder mask tolerances between and around signal pads can vary based on board fabrication site.
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DCKOOO6A

EXAMPLE STENCIL DESIGN

SOT - 1.1 max height

SMALL OUTLINE TRANSISTOR

f

PKG

6X (0.4)

6X (0.9) T ¢
]

4X(0.65)

(R0.05) TYP

Li 2.2)

SOLDER PASTE EXAMPLE
BASED ON 0.125 THICK STENCIL
SCALE:18X

4214835/D 11/2024

NOTES: (continued)

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

design recommendations.

8. Board assembly site may have different recommendations for stencil design.
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PACKAGE OUTLINE
TSSOP - 1.2 mm max height

PWO0O020A

SMALL OUTLINE PACKAGE

PIN 1 INDEX AREA
18X -0.65
R 20
1 == )
== -
—
—
2X
6.6 5.85
64 —
NOTE 3
—
—
o
10 g e et
- J 11
20X 0.30
E 45 0.19
4.3

./'

&-«/\ (0.15)TYPjr
SEE DETAIL A

GAGE PLANE

DETAIL A
TYPICAL

4220206/A 02/2017

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.
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EXAMPLE BOARD LAYOUT
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X(1.5) SYMM
|1 ‘ r ¢ (R0.05) TYP
oo [ | e
b |

|
) |

|
e |

L

18X (0.65) — -

-

)
1]
1)

o | ]

LAND PATTERN EXAMPLE
EXPOSED METAL SHOWN
SCALE: 10X

SOLDER MASK METAL UNDER SOLDER MASK
oPEN|NG\ METAL SOLDER MASK OPENING
777777777777 .
|
|

T EXPOSED METAL

*H‘* 0.05 MAX *j 0.05 MIN

EXPOSED METAL

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

4220206/A 02/2017

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
PWO0O020A TSSOP - 1.2 mm max height

SMALL OUTLINE PACKAGE

20X (0.45)

f

e
-

aai

SYMM

=
[N

20X (1.5) SYMM
i j | r ¢ (R0.05) TYP
| |
|
|
|
|
|
4
|
|
|
|
|
|
|

[ ]
1]
]
o

R

L— (5.8) —J

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

4220206/A 02/2017

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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