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7.7 AR
Ta=25°C, ViN=5V, H Vin+ =12V ( BRIES B UL )
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vine =12V (BRIES BB )
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vine =12V (BRIES BB )
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vine =12V (BRIES BB )
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vine =12V (BRIES BB )
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Frequency (Hz)
B 7-29. mAEERERSE SR HKCR (A3 #B4) & 7-30. 0.1Hz Z 10Hz ERES ( MAANSE )
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vine =12V (BRIES BB )
[0}
g
Sz
55
‘5’ N
o

Input Voltage
40 mV/div

Time (10 ps/div)

Common-Mode Voltage (5 V/div)

— Vewm

— Vour

Vour (100 mV/div)

Time (25 ps/div)

Time (10 ps/div)

&l 7-35. JEEhm N

& 7-31. BrERmIR B 7-32. SRR R
= Inverting Input = Noninverting Input
—— Output —— Output
= =
° 2
> >
o o
(0] (0]
(=) (=2}
£ 8
o o
> >
Time (250 ps/div) Time (250 ps/div)
B 7-33. RAFESRATR Bl 7-34. AESMANSER
= Supply Voltage = Supply Voltage
—— Output Voltage —— Output Voltage
= z
° °
> >
@ @
[=2) j=)]
£ b
o o
> >
ov
oV

Time (100 ps/div)

Bl 7-36. X EKE
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7.7 LAV (continued)
Ta=25°C, ViN=5V, H Vin. =12V (BRAES AW )
1000 140
500 | — A1 L —— Ch1 onto Ch2
— A2 & 130 BRI —— Ch2 onto Ch1
200 A3 7 SR
— — A4 / ) M
g 100 = S 120 S~
> 50 ya c Ryt
o o
& 20 B 110 \
3 I
g 10 7 o) \
E 5 7] S 100 \
= - \
% 2 . g \\
3 / S 9
=== = CeEuiis, S \.
0.5 ] \Z gl i/ 80 N\
0.2 i
0.1 70
10 100 1k 10k 100k 1M 10M 100 1k 10k 100k ™
Frequency (Hz) Frequency (Hz)
B 7-37. S BT SR F R R & 7-38. BES B EHEZ FIMXER (INA2180)
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8 E4nit e
8.1 MR

INA180-Q1. INA2180-Q1 Al INA4180-Q1 (INAX180-Q1) s&75 4 26V LA By dG I B2, AT e A v )
[TV AP = o W I < 3 L= 0 L3 QNG - R B iy 2T B e BN R oS e 2 S N - 9B == =/ o L= S
FEARIHE . AILEEL 26V AN B RS B IR, AT AR E 2.7V K E YR SR .

8.2 ThRETTHE K

VS
1
Single-Channel L
Tl Device
N[ —ww
:| ouT
IN+ I:] AN AN J_
M _
L
GND
&l 8-1. INA180-Q1 TRE 5 HE R
VS
1
Dual-Channel —
Tl Device
IN—1 [] AN
:| OUT1
IN+1 [] ANN—o AN J_
IN=2 [] AN\
:| ouT?
ns2[ v AW 1
L
GND

& 8-2. INA2180-Q1 ThRE T HER
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VS

[ 1
Quad-Channel
Tl Device

IN—1 [] AN

2
g

|||—

2 E
g

|||—

L

2 E
g

:| ouT2

:| ouT4

N
N4 ] AN { /:\;i]
nsal ] AN ———AM, 1
1
LI
GND

& 8-3. INA4180-Q1 ThRE HHER
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8.3 ke i EA

8.3.1 Fi mAHEH R

INAX180-Q1 7 ik 350kHz /M5 571 5a Fl 2V/ius HIRAE SRR . INAX180-Q1 HE % K I 21 J8 B, H 7 1 R
ARAL, IF HRERE PRI L Hadar DRI T RS e N N R AR O N B B AR 2 0 . — AN TR B A v MR R
(RS FH R A B AL 1] . FEZ N A A REOE ER R rE AL rh DI AR b () AT . AT FE BE B (1) A Y L P i B B R A 11
i, 7 B A v A R PR S — MR 2 RGN, INAX180-Q1 54N LL i as A & A, T AR
THUAS I 87 EEL AL AT IS M Y L

8.3.2 FHI NS R Y

INAX180-Q1 7 F -0.2V £ +26V [ NI K. T NEnhgsty |, AV A Z IR T (Vs) IIFRH] (R
B Vg REFIE 2.7V 2 5.5V W LIEEEN ) » HTREBEKRTH/NT Vg B EE T L/E , INAX180-Q1 W HTF
AR E A I S F , Gn &l 8-4 Fiaw

Bus Supply
-0.2Vto+26 V
o
Direction of Positive IN+
Current Flow
High-Side Sensing
Rsense g Common-mode voltage (Vcwm)
is bus-voltage dependent.
_\_ IN=
LOAD
Direction of Positive IN+
Current Flow
1 Low-Side Sensing
Common-mode voltage (Vcwm)
Rsense § is always near ground and is
isolated from bus-voltage spikes.
_\— IN—

B 8-4. e A AUAS Il 4
8.3.3 FEH KRN F g e L

FEARAN e o I 2 Y A P I, INAX180-Q1 2R HL [ A £150uV EAA . INAX180-Q1 AR 2% M 1 A 45 11k
B B RS SR VFER AT I T AU B8 Zh AV A B B RO N o AEIXAMEOLR |, A e i Al T Y
R ARG DSBS, IR PR T S R o AROR TR R R 50— LA, RERS HEBR AR TUUAS: N0 R FEL b AR LA B
T S5 BLARARL ) 70 P PEL 28 o R0 JAE PR PEL 88 T B AU PRLIATRL I P B rh R T R A, A B TR i i 2% BT R T %
INAX180-Q1 48 23 R 7= 15 € N EBMEAT 1% LA o RS 21 F) i O AR IR BT RAS 22 I, ah FL e Ay R SRS 00 0
8.3.4 BLE 5 i 4R

INAX180-Q1 SZHFAEHai th 5E i I AN GND (500 T AT 2 v v iiAS 38 4 380 1 PN FR) die KRR i b 42 1
30mV , #| GND i KFLE i 2Ry 5mV. A 7 # INAX180-Q1 % th 12 1R 5 S5 XUz SRR 2% (op amp) #
ATEER , MABOL IR |, R SE RSO S B R 1 52 TR . RSO 2 3R R 4t 5 BRI, faih
F GND (¥4 AT 5E 32 21 5% 1 HL S ABOK 2538 2 A SRR AR BR 1]
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X EA IR R A, 2] GND RFRIR 2 4 THFHE R 6 5E K55 8 HUE3fe LAY 25 5 S GND fR350R — 3% K
KPR o

Bl , FE—ANAF, INA180A4-Q1 ( Hai = 200V/V ) A FARMI AR |, 232FRI AR BN 40uV |, 2345510
FE S AHE 25 S AME N 8mV , KT IR @M mEEE . ik , Aflrh 3] GND 3208 A 8mV. W [F— 844 i 2 4
HE N - 40uV , WEHHEBHEZENMMES N -8mV. EXFHN T , 20 i EG BT f L I Eig | 208k
Re 5 #T4F1E Kb Fa e iE— 2.

KA LT 2 BT CMRR UM B 5 (0 A i IR A R B 5 DRIUE , SRR m IO R I, SRR R 480, R L
HISEINBR ] 1 AR AR L T AB AT, AR A AR AR T i R AT BUA B 24K, ] 8-5 o 1AM 2 ik T
e rL YA Y P 5 A P I Ay S AR BR A
0.06

— At
0.084| — ap
0048| A3
0.042
0.036

V)

0.024
0.018
0.012 —
0.006 — ]

| I
0 =——
0 2 4 6 8 10 12 14 16 18 20 22 24 26
Common Mode Voltage (V)

& 8-5. Tt IR 53R

Zero Current Output Voltage
\

8.4 B ThEEMER
8.4.1 FHHER
INAX180-Q1 7Ei /& AR 25 R I AT IE F B TR

o HEHE (Vs) T 2.7V fll 5.5V 2 [,

o JEREHLE (Vom) £ - 0.2V £ +26V s i N .

o RARZESMNE TR /N T Vs W5 BT R Vs 115

o BNESRINE SRV KT ] GND FIHEIE ( 5S4 212041 57 H 72105 353 ) -

EIEH AT, shas kAR s B R 2 AN IN+ & IN - [ E D BRI 25 For.
8.4.2 MINZE/ TR

WARZE S BANEIE (Vine - Vin-) e DO i d B SR i@ UM , INAX180-Q1 wl fi fan i S 2l 22 AT g5 1 L 42
I, JF EARMEZE N B S ORI R r SRAE TR R B IS AT SR A A NG A, 3 B i i L% 10 (R
il AT e A I R B P BB e A, DU G I RIS AT A W RAE bR A R A 22001 3, INAX180-Q1 1)
Bt > AE SRR LT B 5 K2 20ps R 2 TUTMA -

2 INAX180-Q1 it i X 5l 45 LA Bl i I, R BN Y 26008 i KBUE (B, 389 I 22 73 SN A e b AN 2 10K 4
o ESFIXEESR BN, INAX180-Q1 (et il REFARAE , A2 MBUARL S 4

8.4.3 MR

BIR INAX180-Q1 A K 51, (HIZ &34 AR T AE SRR R 32 48 ] B it A4 T R a1 0 INAX180-Q1 fitHe .
VBT S ATHT FERI DG ] INAX180-Q1 LI E A FE AL o

SR, RN Y, EFELEE XM TP L DR, PP Z BRI S E
INAX180-Q1 7E Wi =0 R RifL IR B |, anl&l 8-6 flTamo
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Vs
27Vto55V
o
ReuLL-up
10 kQ
3
Bus Voltage Shutdown
—02V1to+26V —
o H-
'_
Rsense
A Load —] c»—AL
= Caypass
I 0.1 uF
Single-Channel VS
TI Device =
IN-
A% AN
ouT
- Output
O
"
IN+
GND =

& 8-6. M INXA180-Q1 [F1ZEA H %

M INAx180-Q1 &g A2 OUT 5l IAT GND 51 i) BEAE & & T 500kQ (2K H 500kQ S 15t A
BN S Y E R RIALE ) o IR LS| IR FIR R I TR

XEF 24 51K 500k @ BRAR , A5 INAXT80-Q % H ZR A ST AR T — 2% RAF IR A2 . RIL , AR S
Jtn{E 500k HLFH &% b i 70 AR B i IE B

Ja R, RESE LR RIS KT Vs, MBS NILAS R 47 H) 55 w A SR s, 2R/
T Vs, JEAE% N B o] 28 AN T, 500k FL BH A2 T L IAT i RS M) F M — (R 3%
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9 SIS

#E

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

9.1 MAfER
4 H A 40 L LI ) £7 3R B H S | INAXT80-Q1 224 7 H 7 A% N P L 28 794 3t 72 A (40 HL S RS o
9.1.1 FEA#ER

9-1 BIR T INA180-Q1 UFEAERL . R TT RESEIL 70 A FELER FE R AN S B (+IN AT IN - ), AT B KRR 2 ik
/J\'? 3 Uit FEL BEL B IR PR A AT FLFEL o

Bus Voltage Power Supply, Vs
-0.2Vto+26V 27Vto55V Cayeass
Rsense Q 0'1| |HF
Load 1_ | |
Single-Channel VS
Tl Device
IN—- .
Microcontroller
AM— A '
ouT
ADC
N I
IN+
ANVN—s VY
GND —

1

TE N T PERENEREE | WRR B ety (ADC) JEME U il #5-45 Hhim )R AT BEFEID INAX180-Q1 GND 51 il |, JE7E INAX180-Q1
ki R ADC Z RIS IN—A> RC IBIAs . THZ B /1] Zoyr X HEEN A 75 F0E 1 IETH T I 407, RSB L FEAfE B

& 9-1. INA180 fF A% 4E

NWRIEF AT |, B 2D 0.AuF f RS B A A s o A I 2% 0y BH T LR IS PtV 7 LA 1 25 R
B A FE R P YRIR 7S o R 55 i L R AR R BRI AR O BV (O
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9.1.2 Rgense FARSAFIY 2R i F%

B R AT RS R 0 F A U R BEL | PTEE OKPR B M B R INAX180-Q1 RIS B o R (A G N L PEL W 76 45 5 IR B A
DRNESERIER , FFR/NRE RIS RZE vtk PRI, EL45E M, AU F BEL AR R/ A7 A 52 B BR 1
INAX180-Q1 7£ 12V ILHLH RGN NS TR, &AM B 33 5 A\ B iRy 80 w Ao 448 YR I FEL LRSI v
BEIS , X & i s P ER IR EI N, PRI G] . Bk, 6T 2RISR BB, R AN
AR KT LA £ PR ARG PP o Pl A D00 L BELAEL PO 365 — A LR, N FLBHL 28 UL 0 85 K PR VP D R A
TiREa 1 g5 T ARSI P BELAE 45 S DA SRR TR T B SR K FHARL

F:'DMAX

o2
MAX (1

Rsense <

Hordr s

PDMAX rE RSENSE EPEﬁHij(fﬁlq:szfﬁﬁo
o Iyax B Rsense HI B K HL -

FELJRCASE 00 P L P BEL 560 5 A1 16 2 P JF A PR ) B ok T LR L T Vg ANBR AT PR IR R PR 1l o il DR FLRAS IS 53 2 3
feib Bt | b2 IE AN S BRI ) . 730 2 326t T Reense 1 GAIN By KAE , DAMER; IE &5 2 IE
FRNRER A

Ivax % Rsense x GAIN < Vgp (2)

Horr:

o wax BRI Reense B K HLIR .

* GAIN J2& FLIFUAS I BOR #5 FR 2

* Vep 2 E#E 3R i e 1) 1R 5 R0

N T AR IR Reense A I HH 3 TR A AR FR ), 0 1k e BELPRI R 5 i =5 18 () 2 0 1 2 [A) S A AE AR o G
SRR DN ZR A5 FEIE B B DU BB BELOK DA DL B0 (1) 38 28 23 DUkE o TE 4RI PR )

R IR Aot 48 5 IS P A PR PR 0 mi BELAEE T DA/ B (T A AR B T 1 PR D5 3 3R At 10k dee /IS rie FEL ) PR
o

hin % Rsense x GAIN > Vgy (3)

Hrp

o N BB Reense FIB/N IR
* GAIN 2 HLR I TBOR 45 R 38 2
* Vo et ARG (16 S 0 ZL2Y 5L H 720 ) o
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9.1.3 (558K

R AanHs INAx180-Q1 %y R s BHptHm AN , HAEF A GND 2| GND (& 5. RC W& | T34 3 A2 D808 14 ¢
AL E . AR AT S BT g S R . 2 NS 5 S INAX180-Q1 HLYE LR TP A R AP I R CVEAE
i tH S REAT IR, BUH W EOOR M NS T AT RS, WA DAAESRAE I AN S N IR A . B 9-2 R fit T
AT, BB AR R S B e RS -

Bus Voltage
-0.2Vto+26V
Rsense v
1 Load 2.7V 1035.5 \Y

f—3dB = —1 'S Single-Channel
ZR(RF + RF )CF Re<10Q N Rt Tl Device

NN NN N

f_ads
Cr - ouT| Vour
p— Bias 0
+
Re<100Q N Rt
NV NN N
GND —

& 9-2. FEMIA 5| M L IR A

A1 5 K P BEL R 38 2 D 0 B 45 R R BN 22, BRI, UK X e B L B B BEE AR FFAE 10Q BTF (R AT
REF10Q BUF ) DARRRXRE IR . 29— D220 HUS AN HIAE RN S TR, 1] 9-2 r iy BILAE e A\ 51 B0 L1
PN i B 0 2 7 A T AN AN DG T A R N O B PRI o 0 SR P o B A1 e I L PELES DU B PFRLIRL IR R B
SR ECPE I R PSP (IR BRI . IX PRGN IR E RS, % S A3 U H BEL A PN 2 1 H I
o 1ZIRZE 2 PR S _E Y B 20 e R BELES A e A B R S AN R R B BT A ER B RE , A
i B R AL P AN DL C X B3 F SR AU RE M At LA/ o SR A D ipl Hh FEL 25 45 TN ity SR AR iR 22 B mT DA 5 X 6 1B
i, Hrp iR 2 E R 4 RS .

ik 9-2 s, SR B AR R IS AR L, SRR N i 0 22 20 S AR A R S A A H I LB (Re) P {ELAR
K, 5 A AP Rint FMEARSC . H3EAH Syt B IS 55 20 it FL PR B 1) P I A LR AR, 2000 fL PRk ) 4
BN G LAy — N e iR 22 L. W] DATHSR AN DA e b A 8 ER 0BG FL BEL AR 0 T 5 N B3 2 1%
Zo M RE 4 TR L S AN 1 B BT A5 r s T 22

Gain Error Factor = 1250 xRy
o
* RinT & PN 8 N HLFH
* Rp ZAMTH B
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JiREA 4 IR R RSN AL, XA REGERE MG AT AR, WK 91 fon. R 9-2 iR T
BEAS RS IF B SR AR 22 R T

R o1 A
ey 25 RinT(k Q)
INAX180A1-Q1 20 25
INAX180A2-Q1 50 10
INAX180A3-Q1 100 5
INAX180A4-Q1 200 2.5
R 9-2. R ERERTF
Fmg e K 38 23 R 22 R
25000
INAX180A1-Q1 (21xRg) + 25000
10000
INAX180A2-Q1 (9xRe)+10000
1000
INAX180A3-Q1 Rg +1000
00
INAX180A4-Q1 (3xRg) + 2500
AT AN S B 16 B BEL 8 0 TR FA 38 2 kb 2= AT LA RE R 5 Rl 5
Gain Error (%) = 100 — (100 x Gain Error Factor) ®)

filan , {EH INA180A2-Q1 FiZk 9-2 HAHRI Y a5 iR Z A, A K FIRE
10Q B IRZER T 0.991, AR TR 5 tHHMM g RE | UMK 10Q &I PR 2R
0.89% /i HIMG 1R 7%
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9.2 LRI

Load Power Supply, Vs
Supply 27V1055V  Gueass
?_ Rsense Q 0'1| l“F
W Lol
Single-Channel 'S
Tl Device
IN-
NV AN
— ouT
O Vour
"
YV A
1
GND =
& 9-3. {& MU a
9.2.1 RIHER
#* 9-3 7Ith 71l 9-3 Fros LB I TH K
£ 9-3. it
wIiSH ~BME
URHLE | Vs 5V
00 ey 5 R Vo = OV
Rsense J1& e < 900mW
ERREHR | Ivax 40A
R YRR % 22 K HTE N 1.5% , Ty =25°C
ME ST >80 kHz

9.2.2 FH IR

FEL Y G 0 PR B 1) e R AR 40 e K D) SR A B R AT v . i AR AU 0 v S I H AR I R P e KA
0.563m Q . XA HFH Reense FIB AR ; Rk , Repnse £ 0.5mQ |, BRUNIX & i FRil iARvE R FH2SME |, 7&F
G INRFEE R

N RIS G A R YR B/ Reense , i HAE SIRIROREFE Vs JEEIW . AT 2, B
Imax = 40A , Rgense = 0.5m Q , iH545 H Bk FL R T HG 25 0y 248.5 , e S H A IE [m) $2 0 R PR . D9 7
FORBR Bt K5 5 V6, IR A ESE T INA180A4-Q1 ( #25 = 200 ) #fF.

B RIE A HRmMIREE |, DOERANRER - WA IR ZEAREIRZE . INAX180-Q1 HIIf ti iR 2T E N K 1%. W
SRR ZERIEREN , £ Vom = OV H Vg =5V BHEE N 125uV (R KME ) o G FE 6 T A2 s
Erﬁﬁﬁi%i’é:?ﬂ 0.75% qu:%\1ﬁ$gi%% = 150UV , RSENSE =0.5mQ , ISENSE = 40A.

Total Offset Error (V)
Isense % Rsense

Total Offset Error (%) = x100%

(6)

TR R E R — MO R R R E S A R A G EEAR . EE , FERXMIEILT |, M 28 1R 22 AW S 1R 22 2 )95
s R TR ERZE M — FOEHER I e AR A IR ZE K RSS A, 4 A2k 7 Ffor
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Total Error (%) = \/Total Gain Error (%)2 + Total Offset Error (%)2 @)

REFTIRE 7 J5 , THREAS IR RO AU S RAIR ZE N 1.26% , /N T 1.6% BRI K .

INA180A4-Q1 ( #25 =200 ) iLHA 105kHz )47 9 , W /& 80kHz [H)/IME 547 Ti 2K o W R 757 B0 m iyl e |, mf
DU 38 SR AR A28, (AR Rt R YE B 4 /N B Reense (HIE K

9.2.3 R HHLR

9-4 SR T FR )G A R SRR SRR S B PR ) DRI, O B B e . W TIEE
SRIANGES R BT R TR, EX T RESRMAGS |, AR T RN T

R -
AN
E’OV - vt
S
2
3
Output
s Ground
Time (500 us/div)

& 9-4. % i v B

9.3 HLIFHI AN

INAX180-Q1 )% A\ FELIES RE 6 AEAA I &k A s Lk Vs BORLE . #iltn , Vg RTRLRY BV, T IN+ ATIN - B
2k A YR IR T TR AL 26V, fHR , OUT 51BN e i v Vi B %2 VS 51 B E i R PR . INAX180-Q1 B REASTE IN+
AIN - FASIEASZ RS 26V & Z M MAE ST, TCkasfH_57E VS I L4t

9.3.1 SLEBEREART 26V

BEIN—/NER Sy L, (ERTERRAS R OK T 26V LR (BRI ) A INAX180-Q1 . A IS a8 — ik
B T 9N RS USSR B 1 /5 ) 75 (Transzorb) ) ATART & R AL I Ik S R WAL 28 200 o245 32 11
SEIRIE] o B SEE I — X ARS8 A8 AR BT BB & nl&l 9-5 . MR T RE/ANR R PR &8 H A
10Q Zifio MERBOR R RBH S 20 G 28 77 AR | /7 5060 #R oy X BEHEAT T i it 12 Fi S A R ) JELSUI R 2
U, A 10Q HIBH &% DL i IRAIUE Th 4 T #5232 1R 55 9 — AR Wl a2 VF 2 LT A5 oK o IXN L& 18 A e i
B A A XL AR T /N

SOT-523 5 SOD-523 #f#5.
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V.

S
Bus Suppl 27Vto55V  Cayeass
ppPly
-0.2Vto+26 V o 0.1I IuF
O Rsense il
Load ——
J_— Single-Channel VS -
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Q Rsense 4' h

Load —
|| single-Channel VS =
= Tl Device

<10Q IN
’ ’ A, A%
Transorb % - ouT O Output
<10Q — >
ANNN—— e e AN

&l 9-6. A BB SRR AN SHALREAT BR S RSP
ARSH WY | G S WA GBS TN BT T a7 25 5 it

9.4 fiJ=
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9.4.2 A Rl

Direction Current Flow

A

Bus Voltage:
-0.2Vto+26 V

Current

vs Sense

VIA to Ground
Plane
Caypass
Power Supply, Vs:
27Vto55V
B 9-7. BIEEHERATR ( 5IAHSI A )
Bus Voltage:
-0.2Vto+26 V

VIA to Ground
Plane

Direction of
Current Flow Direction of
Current Flow
Rsnunt1

Current Sense

Output 2 Chaypass

Current Sense
Output 1

Power Supply, Vs:
27Vto55V

Load 2 Load 1

9-8. MUBIEHER T )R (VSSOP)

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: INA180-Q1 INA2180-Q1 INA4180-Q1

27



13 TEXAS

INA180-Q1, INA2180-Q1, INA4180-Q1 INSTRUMENTS
ZHCSI39D - APRIL 2018 - REVISED JULY 2022 www.ti.com.cn

Direction of
Current Flow

Bus Voltage:
-0.2Vto+26V

VIA to Ground

Direction of

Current Flow
F‘SHUNTI

Current Sense

Output 2 Current Sense

Output 1

Power Supply, Vs:
27Vto55V

Load 2 Load 1

& 9-9. XUEIEHEEAT /) (WSON)
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Load 3 Load 2

Current Sense Current Sense
Output 3 Output 2

Direction of

Direction of
Current Flow

R
SHUNT2 Current Flow

Bus Voltage 2:

Bus Voltage 3: —-0.2Vto+26 V

—0.2Vto+26 V

Power Supply, Vs:

Current Sense
Q) 27V1055V

Output 4

Bus Voltage 4:

Bus Voltage 1:
-0.2Vto+26 V

—0.2Vto+26V

RSHUNT4 RSHUNT|

—>
Direction of
Current Flow

—
Direction of
Current Flow

Load 4 Load 1

Bl 9-10. IUiEEHEI-A R
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10 SRR

10.1 SCRYCRE

10.1.1 HS3CHY

THS [ LR AR SCRY

o EJNALEE (TI) , INAT80-181EVM /1 /7155

o JEJNACES (TI) , INA2180-2181EVM /1 /115
o EMALES (TI) , INA4180-4181EVM /1 /715

10.2 BRSO B A

BN TERIEA , (ESME ti.com LRISERE NSO, s a7 s R BTN, BRI el R SIS E B R
MR, AR SURTEAE R | BB ST SORY L A BT T S .

10.3 LFFRIE

TIE2E™ AP R TN EESE YR, W EBENE FREME . 2 I01E MR Mt 3580, 18R IA i
2R OB R AT R T T bR S B
%%MWﬁm%IAm%“ﬁﬁﬁ”ﬁ&og%Wﬁ#ﬁM&THﬁﬁﬂﬁ,ﬁﬁﬁ~%&%1ﬁﬂﬂﬁ;%§@
TI ) (ff %D

10.4 &ty
TI E2E™ is a trademark of Texas Instruments.
PR bR B & TR Y .
10.5 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.

“ \ 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.

10.6 RiER
TI Rk RAERFN B HMRRE T ARG 17 BEAERG 1 R S

18NS R RN ATEPSY

TIATUE A S, BERANTIEE . XSER 2 E%ﬁ#ﬂﬂi%%%ﬁﬁﬁo AR E , AT, H
AExF AT T ﬁ%ﬁtﬁﬁi@ﬁﬁm%%&ﬁﬁﬁi DA A T A
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PACKAGING INFORMATION

Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp Op Temp (°C) Device Marking Samples
@ Drawing Qty @ Ball material ® (415)
(6)

INA180A1QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 18ID Samples
INA180A2QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40to 125 1MN3 Samples
INA180A3QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1MO3
INA180A4QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 1MP3 Samples
INA180B1QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1MV3 Samples
INA180B2QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 RoOHS & Green NIPDAU Level-1-260C-UNLIM ~ -40to 125 1MW3
INA180B3QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1MX3
INA180B4QDBVRQ1 ACTIVE SOT-23 DBV 5 3000 ROHS & Green NIPDAU Level-1-260C-UNLIM -40 to 125 1mMz3 Samples
INA2180A1QDGKRQ1 ACTIVE VSSOP DGK 8 2500 ROHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1016 Samples
INA2180A2QDGKRQ1 ACTIVE VSSOP DGK 8 2500 ROHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1026
INA2180A3QDGKRQ1 ACTIVE VSSOP DGK 8 2500 RoOHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1036 Samples
INA2180A4QDGKRQ1 ACTIVE VSSOP DGK 8 2500 ROHS & Green NIPDAUAG Level-2-260C-1 YEAR  -40to 125 1D26 Samples
INA4180A1QPWRQ1 ACTIVE TSSOP PW 14 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 4180A1Q
INA4180A2QPWRQ1 ACTIVE TSSOP PW 14 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 4180A2Q
INA4180A3QPWRQ1 ACTIVE TSSOP PW 14 2000 RoOHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 4180A3Q Samples
INA4180A4QPWRQ1 ACTIVE TSSOP PW 14 2000 ROHS & Green NIPDAU Level-2-260C-1 YEAR  -40to 125 4180A4Q Samples

® The marketing status values are defined as follows:

ACTIVE: Product device recommended for new designs.

LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.

NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents TlI'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 TI 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 INA180-Q1, INA2180-Q1, INA4180-Q1 :

o Catalog : INA180, INA2180, INA4180

NOTE: Qualified Version Definitions:

o Catalog - Tl's standard catalog product
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TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS

A |<— KO < P1—p|
RIS T
@ 0 o|( Bo W
Rl |
L & Diameter I I
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

Overall 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 OO0 0O OO0

| |
| |
I ——

Sprocket Holes

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)

INA180A1QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
INA180A2QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA180A3QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA180A4QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
INA180B1QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
INA180B2QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA180B3QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 1.4 4.0 8.0 Q3
INA180B4QDBVRQ1 SOT-23 DBV 5 3000 180.0 8.4 3.2 3.2 14 4.0 8.0 Q3
INA2180A1QDGKRQ1 | VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
INA2180A2QDGKRQ1 | VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
INA2180A3QDGKRQ1 | VSSOP | DGK 8 2500 330.0 12.4 5.3 3.4 1.4 8.0 12.0 Q1
INA2180A4QDGKRQ1 | VSSOP | DGK 8 2500 330.0 12.4 5.3 34 14 8.0 12.0 Q1
INA4180A1QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
INA4180A2QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
INA4180A3QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 Q1
INA4180A4QPWRQ1 | TSSOP PW 14 2000 330.0 12.4 6.9 5.6 1.6 8.0 12.0 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)
INA180A1QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180A2QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180A3QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180A4QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180B1QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180B2QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180B3QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0
INA180B4QDBVRQ1 SOT-23 DBV 5 3000 210.0 185.0 35.0

INA2180A1QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
INA2180A2QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
INA2180A3QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
INA2180A4QDGKRQ1 VSSOP DGK 8 2500 366.0 364.0 50.0
INA4180A1QPWRQ1 TSSOP PW 14 2000 356.0 356.0 35.0
INA4180A2QPWRQ1 TSSOP PW 14 2000 356.0 356.0 35.0
INA4180A3QPWRQ1 TSSOP PW 14 2000 356.0 356.0 35.0
INA4180A4QPWRQ1 TSSOP PW 14 2000 356.0 356.0 35.0
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PACKAGE OUTLINE
DBVOOO5A V3 SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

-

26 (D ]otfc
1.45
0.90

PIN 1—
INDEX AREA f/ﬁ
k57 —
3.05
2.75
|
4
o5 | ° 1
5X 0-3 |\ S |
0.2() [c|A[B] L @1) —= ~— 2 1yp

0.00

R s i G— :{f 0.08 TYP
g: Tvprr/ L

— 03 1YP SEATING PLANE

4214839/F 06/2021

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. Refernce JEDEC MO-178.

4. Body dimensions do not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall not
exceed 0.25 mm per side.
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EXAMPLE BOARD LAYOUT
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

—= BX(11) =

f

5X (0.6)

f
T

2X (0.95)

(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

4214839/F 06/2021

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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EXAMPLE STENCIL DESIGN
DBVOOO5A SOT-23 - 1.45 mm max height

SMALL OUTLINE TRANSISTOR

PKG
—= BX(L1) = ¢

1 1l % | |
5
oo
ﬁ [ I
— ‘ L SYMM
[ Tt

‘ |
T
L7(2-5)4’

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

(RO.05) TYP

4214839/F 06/2021

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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MECHANICAL DATA

PW (R—PDSO—G14)

PLASTIC SMALL OUTLINE

omg o -
— 075
4§ 0,50
| | = |
vy L i Seating Plane # J_\ /_L
0,15 N
L 1,20 MAX 00E O,WO

4040064-3/G 02/

NOTES: A
B.

E.

Al linear dimensions are in millimeters. Dimensioning and tolerancing per ASME Y14.5M—-1994.
This drawing is subject to change without notice.

Body length does not include mold flash, protrusions, or gate burrs.
not exceed 0,15 each side.

Body width does not include interlead flash.

Falls within JEDEC MO-183

Mold flash, protrusions, or gate burrs shall

Interlead flash shall not exceed 0,25 each side.

i3 TEXAS
INSTRUMENTS

www.ti.com




LAND PATTERN DATA

PW (R—PDSO-G14) PLASTIC SMALL OUTLINE

Stencil Openings
(Note D)

Example Board Layout
(Note C)

|<—1 2x0,65

By s

5,60

(hnanng

/
/
/
j

e =— 140,30
; ——| [=—12x0,65

A
Jouutt

_—l
1
5,60

ittt

Example

Non Soldermask Defined Pad Example
Pad Geometry
"/// (See Note C)
/

Example
Solder Mask Opening
(See Note E)

‘ —f~—10,07 /

4211284-2/G 08/15

All linear dimensions are in millimeters.

Customers should

NOTES: A
B. This drawing is subject to change without notice.
C. Publication IPC—7351 is recommended for dlternate 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.
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MECHANICAL DATA

DGK (S—PDSO-G8) PLASTIC SMALL—OUTLINE PACKAGE

r ﬂﬂgz
8 5

,HHHHT OZ

0,13
310 505
2,90 4,75 i

[@N]

LiLlil:

[ ]
jM_D—i Seating Plane ¢ J_\ ) m
— 1,10 MAX 875% AT [&]o,10 AT

4073329/E 05/06

NOTES: A All linear dimensions are in millimeters.
B. This drawing is subject to change without notice.
Body length does not include mold flash, protrusions, or gate burrs. Mold flash, protrusions, or gate burrs shall
not exceed 0.15 per end.
b Body width does not include interlead flash. Interlead flash shall not exceed 0.50 per side.

E.  Falls within JEDEC MO—187 variation AA, except interlead flash.
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LAND PATTERN DATA

DGK (S—PDSO—-G8) PLASTIC SMALL OUTLINE PACKAGE
Example Board Layout Example Stencil Openings
Based on a stencil thickness
of .127mm (.005inch).
(See Note D)
|—-—|—(O,65)TYP. 8X(0,45) _—| |<_ |———|—(O,65}TYP.
_4_
5|—-——— - 8X(1,45) —— [
4
PEG (4,4) PEG (4,4)
(! o
/I T PKG PKG
: ¢ ¢
/I Example
b Non Soldermask Defined Pad
/ /// - Example '
e ER
! (1,45) || \
\ * \:\F(’ad Geometrgl
! See Note C
Y - (0,05)
\ | All Around ///
N /
N -
S—-- 4221236/A 11/13

All linear dimensions are in millimeters.

This drawing is subject to change without notice.

Publication IPC—7351 is recommended for alternate designs.

Laser cutting apertures with trapezoidal walls and also rounding corners will offer better paste release. Customers should
contact their board assembly site for stencil design recommendations. Refer to IPC—7525 for other stencil recommendations.
E. Customers should contact their board fabrication site for solder mask tolerances between and around signal pads.

NOTES:
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Largest Supplier of Electrical and Electronic Components

Click to view similar products for Current Sense Amplifiers category:
Click to view products by Texas Instruments manufacturer:

Other Similar products are found below :

COSINA180A3 LMP8278QMMX/NOPB LT6107HS5#TRPBF INA241A2IDDFR INA241A3IDDFR INA241A2QDDFRQ1
INA241A5IDDFR INA241B2QDDFRQ1 INA281A3IDBVR INA296A3IDDFR INA241A1IDDFR WS74285C-8/TR INA296A2QDDFRQ1
INA296ASIDDFR INA241B2IDDFR INA211CIRSWR INA296A1QDDFRQ1 INA296A3QDDFRQ1 INA212BIDCKR MAX9937AXK+T
MAX4080FAUA+T MAX407/3FAXK+T NTE955M INA240A3PWR INA199C3DCKT LTC6102CM S8#TRPBF LT6106CS5#TRPBF
INA214CIDCKR INA199C2DCKT AD8211WYRJZ-R7 INA199CIDCKT MAX9610HEXK+T INA199C1DCKR LMP8480ATQDGKRQ1
INA212BIRSWR INA199C1QDCKRQ1 INA199C2DCKR INA211BIRSWR INA210CIDCKT INA214BQDCKRQ1 INA199C3RSWR
INA213CQDCKRQ1 INA212CIDCKR LMP8480ASQDGKRQ1 INA212CIRSWT LMP8481AHQDGKRQ1 INA231AIYFDR
INA211CIRSWT INA213CIDCKR INA214CIRSWR



https://www.xonelec.com/category/semiconductors/integrated-circuits-ics/amplifier-ics/current-sense-amplifiers
https://www.xonelec.com/manufacturer/texasinstruments
https://www.xonelec.com/mpn/cosine/cosina180a3
https://www.xonelec.com/mpn/texasinstruments/lmp8278qmmxnopb
https://www.xonelec.com/mpn/analogdevices/lt6107hs5trpbf
https://www.xonelec.com/mpn/texasinstruments/ina241a2iddfr
https://www.xonelec.com/mpn/texasinstruments/ina241a3iddfr
https://www.xonelec.com/mpn/texasinstruments/ina241a2qddfrq1
https://www.xonelec.com/mpn/texasinstruments/ina241a5iddfr
https://www.xonelec.com/mpn/texasinstruments/ina241b2qddfrq1
https://www.xonelec.com/mpn/texasinstruments/ina281a3idbvr
https://www.xonelec.com/mpn/texasinstruments/ina296a3iddfr
https://www.xonelec.com/mpn/texasinstruments/ina241a1iddfr
https://www.xonelec.com/mpn/willsemiconductor/ws74285c8tr
https://www.xonelec.com/mpn/texasinstruments/ina296a2qddfrq1
https://www.xonelec.com/mpn/texasinstruments/ina296a5iddfr
https://www.xonelec.com/mpn/texasinstruments/ina241b2iddfr
https://www.xonelec.com/mpn/texasinstruments/ina211cirswr
https://www.xonelec.com/mpn/texasinstruments/ina296a1qddfrq1
https://www.xonelec.com/mpn/texasinstruments/ina296a3qddfrq1
https://www.xonelec.com/mpn/texasinstruments/ina212bidckr
https://www.xonelec.com/mpn/analogdevices/max9937axkt
https://www.xonelec.com/mpn/analogdevices/max4080fauat
https://www.xonelec.com/mpn/analogdevices/max4073faxkt
https://www.xonelec.com/mpn/nte/nte955m
https://www.xonelec.com/mpn/texasinstruments/ina240a3pwr
https://www.xonelec.com/mpn/texasinstruments/ina199c3dckt
https://www.xonelec.com/mpn/analogdevices/ltc6102cms8trpbf
https://www.xonelec.com/mpn/analogdevices/lt6106cs5trpbf
https://www.xonelec.com/mpn/texasinstruments/ina214cidckr
https://www.xonelec.com/mpn/texasinstruments/ina199c2dckt
https://www.xonelec.com/mpn/analogdevices/ad8211wyrjzr7
https://www.xonelec.com/mpn/texasinstruments/ina199c1dckt
https://www.xonelec.com/mpn/analogdevices/max9610hexkt
https://www.xonelec.com/mpn/texasinstruments/ina199c1dckr
https://www.xonelec.com/mpn/texasinstruments/lmp8480atqdgkrq1
https://www.xonelec.com/mpn/texasinstruments/ina212birswr
https://www.xonelec.com/mpn/texasinstruments/ina199c1qdckrq1
https://www.xonelec.com/mpn/texasinstruments/ina199c2dckr
https://www.xonelec.com/mpn/texasinstruments/ina211birswr
https://www.xonelec.com/mpn/texasinstruments/ina210cidckt
https://www.xonelec.com/mpn/texasinstruments/ina214bqdckrq1
https://www.xonelec.com/mpn/texasinstruments/ina199c3rswr
https://www.xonelec.com/mpn/texasinstruments/ina213cqdckrq1
https://www.xonelec.com/mpn/texasinstruments/ina212cidckr
https://www.xonelec.com/mpn/texasinstruments/lmp8480asqdgkrq1
https://www.xonelec.com/mpn/texasinstruments/ina212cirswt
https://www.xonelec.com/mpn/texasinstruments/lmp8481ahqdgkrq1
https://www.xonelec.com/mpn/texasinstruments/ina231aiyfdr
https://www.xonelec.com/mpn/texasinstruments/ina211cirswt
https://www.xonelec.com/mpn/texasinstruments/ina213cidckr
https://www.xonelec.com/mpn/texasinstruments/ina214cirswr

