Ordering & Technical Design & Support & o
E quality documentation development E training ZE G

13 TEXAS INA238
INSTRUMENTS JAJSL40A — JANUARY 2021 — REVISED MAY 2022
INA238 85V, 16Bit, SIFEBHE=I—1CA /¥ —T A RfZ
15K IBE
s EOfREE. 16 Ewh-T K -7~ ADC INA238 %, ik v 77T FVr— a8 LT
o BIRE=HFKSE: HEFENZ 16 E VDT IILE - v~ ADC e 7=,
- F7ByREL: 5V (B KAE) BEREDT UHNVEITT=HTT, ZOT SAAGT, K
— FT7EYDORYTE:+0.02uV/°C (i KAH) P v b B AFF O T £ 163.84mV 7203 £
- AV 20.1% (B KE) 40.96mV O7 VA — L EZBV A ETE, 2 -
— FALEFERY TR £25ppm/°C (B K1) —RFEHEIT -0.3V~+85 V THR—FIIFET,
— TAR(E 5¥5 5 140dB (/1) INA238 1%, 2T 5 AR, LB %/ Y77
. E@jﬂ:—:&) CUREEE . . TR TEITLET, WO B3 A TR RE
- 0.7% 7»2:7—»\ -40°C~+125°C (f: KAiH) DFEEMN £1°C T, VAT LD FPHIRE AR 45720
s BT T —NGE  T5us BT ET,
o JRW[FEIFEEILPH -0.3V~+85V . . L
o UYL R T R — L SEBN I | DT SA AT BGER AL O IR EERLIEZAT D72
i1§3.84mV/i40.96mV o 72 AT A THHTEEY, BT, EFITER N AT
o IRERY£1°C (RKfE 25°C FF) LA COMMAPIREILRY, B v 7 X R T
o EHIFRI AR T v T A ERE DREIPHEBEE IR UIZ, RN AT Iy U%

FHTEET, ANAAT AEFIMENZENS, JYRE

. = (2 S e NP
2.94MHz Sk VO A== AR B TR i AIRHA M TR pA ORI CER

AT RL A

. s 2
. 2.7V~55V B CHIE: EERETIET
— EHERETE G 640pA (EEYE(E) ZDT RARTIL, 50us 75 4.12ms £TO ADC £ i
— Sy NIRRT BUA (oK) R 28R TE, 1x 22D 1024 ETOY 7 VB A
N 1HZET MET —F D /AR EELITHL T ZENTEE
277V —2ar +.
¢ DC/DC mi/_R—g— L N — e (R f— BRBERO
© ERAAYTY— 7 HBEES Ror—y A A (LF)
* ’\?”'ZL”’\”%’”**Z‘% (PoE) INA238 VSSOP (10) 3.00mm x 3.00mm
o EfEHERR
o IUHA—TTFTAReH—— (1) RBESHLTVDTRTONRNYT—VIZHONTUL, 74— D
KBANCHD 0 —V AT a A ONTORHRE B L L2
W,

VS

IN+ L scL
- SDA
16 Bit T
MUX 10 B I
VBUS N
b
+
Out-of-range 0 ALERT
Threshold
GND
70y o #MgR

FLERRO TIEG IO W TOFHRATIRUZZOEENT, 8O ELHERE 2 B TEEHICIRIEL T 0T, #4248 T 21IERe35ER O S8 i ML,
www.ti.com CTHITETE, ZONENH BTSN ET, TI TIEFROEMMEIS IO AP O EL UT—UIRGEV oL EE A, EBRORG2E ORI, 247
BB DS FER A TS RLIESWET IO BB WL ET,

English Data Sheet: SLYS025


https://www.ti.com/solution/automotive-dc-dc-converter
https://www.ti.com/solution/hev-ev-inverter-motor-control
https://www.ti.com/solution/energy-storage-battery-packs-with-bms
https://www.ti.com/power-management/power-over-ethernet-poe/overview.html
https://www.ti.com/applications/communications-equipment/overview.html
https://www.ti.com/solution/rack-server
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.ti.com/product/ja-jp/INA238?dcmp=dsproject&hqs=#order-quality
https://www.ti.com/product/ja-jp/INA238?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com/product/ja-jp/INA238?dcmp=dsproject&hqs=#design-development
https://www.ti.com/product/ja-jp/INA238?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLYS025

I3 TEXAS
INA238 INSTRUMENTS
JAJSLA0A — JANUARY 2021 — REVISED MAY 2022 www.tij.co.jp
B R
I =R 1 7.4 T ISAADFERET =R oo 17
2 T T U B e 1 T8 T O T e 17
B A et 1 VA Ry e o A 20
AEBGETIBIE ..o 2 BTV alEER e, 29
S ARERREBEBE ..o 3 I ) e N - S 29
B A e 3 8.2 AT TV —2/3 i, 33
6.1 T R TE T et 3 9 EBIRICEE T DM REETE e 37
B.2 ESD TR et 4 TO L AT B e 37
6.3 HELEENMELSRIT oo 4 104 VAT IRDTTART AL oo, 37
6.4 BT BT D E TR e, 4 102 AT M e 37
8.5 FERIIEFME .o 5 1M1 TARALRBIORF2ARDTR =B 38
6.6 FZAZIL T B (12C).eieeeeeeee e 7 11.1 Receiving Notification of Documentation Updates.. 38
8.7 HAZL T T oot 7 112 TR =R e UY =R e 38
6.8 FEHERYRFME ..o 8 LRI S 38
T BB oo 12 11.4 Electrostatic Discharge Caution.............................. 38
TA BB et 12 11.5 GIOSSANY ..., 38
T2 HEHET T T [ oeeeeoeeeeeeeeeeeeeeeeeeeeee e eeere 12 N2A0=00 80—V BEOES R oo 38
T3 EFEDTI oo 12
4 RETRE
BRFE S RKEORFIILGTERL COET, ZOUGTEIEIZFFERICHEC TET,
Changes from Revision * (January 2021) to Revision A (May 2022) Page
I & N OE N N e L <l < ST 1
o FFaAUNMIFHEHIN TODKEHR DT R TE, T —Z = =BT DI T i, 1
o TERARHEIR T, BIRBRELDNRTA—FLE v b A7y NEELEIREDBIRIZEE (e 5
o EIRICKTT 5 Vgus 47 B MNEJEDEEAEEZ [EE SKUAVRFE ) FRITIBIN (v 5
« ADC DAEHELRHARFHEII L TL VAL + 74— /L RFRTE AT o woviivieiiiteee e 5
o I¥UhFYUT L —ar (SHUNT _CAL) LU AZ D 14-0 B 4% CURRLSB 705 SHUNT_CAL (24 ......20
o T /3AZID (DEVICE_ID) L' A DU MEAZE T .ottt eae e ete e e e eteeeeeees 20
e TOL ® 15-4 B hDUT Y MEZE TFFON 255 TFFN IZZE T e 20
o Z A DD TEFEAZE T ettt ettt ettt n e 29
2 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA238


https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

13 TEXAS

INSTRUMENTS

www.tij.co.jp

INA238
JAJSLA0A — JANUARY 2021 — REVISED MAY 2022

5 BBk L HRE

e p\
O

(I 10 [ ] e+
(I o [ ™
] s s |_] vsus
] 4 7] onp
Cls 6 |_] vs

. y,

Not to scale

5-1.DGS /Sw4 — 10 E VSSOP LHE

& 5-1. £ HEE

vy s it B

1 A1 FUHIVAT) I2C 7KL A-E>, GND, SCL, SDA, £721% VS Ic## 45,

2 A0 FUHIVAS) I2C 7KL A-E>, GND, SCL, SDA, %7213 VS IcH## 45,

3 ALERT FUVH T F =T R A DT T—MTIT, T 7AVNRIEIET 7747 Low,

4 SDA FUENANAMS | A =T R A MIT 12C F—4,

5 SCL FIOHNAT 12C 7vay 7 A1,

6 vs i R, 2.7V~5.5V.

7 GND TIUR 77K,

8 VBUS VavR=2 N INREEANT),

. N oy |TAANDEI, FIRMT 7~ OB, e A ERO AR T . IR 7Y
—rar AL, B REIIO 7 T M HERE T 5,

10 IN+ Ty A ?\{‘\/fx’\@ﬂf/\)}o I‘ABEfRU’/?fU?*—“/E!:/@%/a\Zi\ TUREHOERANCHSE T 5, LR 7Y
—arOgETE, B AEBIO AR HSE T 5,

6 {1

6.1 R KEE

B Ui COBMEIREERIIAN (FrCiiik g BRY)

w/ME > FN Hfr
Vs IR EE 6 v
Vige. Vi, @ ZH) (Ving) - (Vi) -40 40 \Y
R4 -0.3 85 \Y,
Vveus -0.3 85 \Y%
VALERT ALERT -0.3 Vg +0.3 \%
Vio SDA. SCL 0.3 6 Vv
In HELDATIE 5 mA
lout TN E 10 mA
Ty BRI 150 °C
Tsig TRAFIR L -65 150 °C
(1) TSR RER RSN LIRD AN ARSI TdG G T /8 A ARG 3 R T D FTREME R DD £, ZAUTARL AD ERE D

FHTOWTRLTHY, 20T —Z 2 — O THEREM RS IR SN A 2 DIRE CARR N E R ICIIET 52 LAt IR H 0TI
BDYVER Ao MR ER OREBICR R HIECE ARG OFEHIEIEBE 52 52 ERHVET,

@

VIN+ & VIN- [ZZ1Z 4 IN+ B L IN- BV DOEETT,

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

Product Folder Links: INA238

3


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

13 TEXAS

INA238 INSTRUMENTS
JAJSL40A — JANUARY 2021 — REVISED MAY 2022 WWWthCij
6.2 ESD &%
i BAfL

IEE 71 (HBM), ANSVESDA/JEDEC JS-001 ML, 4 ~<ToE> | oo

(1) -
v BEAAE — \ \ v

(ESD) | RS Fili7 /3 %+ 7 /1 (CDM), JEDEC fitfs JESD22-C101 il &~ | o
RTOEL) *

(1) JEDEC ®R¥F =4k JEP155 (2, 500V HBM CiIAEHED ESD il 7 mE A T e MIEN R THLHEBESILTVET,
(2) JEDEC ®ORF =4k JEP157 (2, 250V CDM TIIEHED ESD filffl 7' m A TR RS N r R Th LR ESN TWVET,

6.3 HRENERMF
A H S COBEIREE R (RIS FRil o720 FRY)

B/ME AFHME BR|  Bfr

Vem [FIFHA 3 -0.3 85 \Y
Vs ) TR IR T A D 2.7 55 v
Ta JE B ¥ -40 125 °C
6.4 #ICBT 515

INA238

T A na() DGS (VSSOP) BT

10
Resa PEA DA BH £ TORMEHL 177.6 °CIW
ReJcitop) BEA S — R (L3) ETOEMEHT 66.4 °CIW
Ress BEA DD IR ETOEMEHT 99.5 °CIW
Wt PERTND EEE CORRERTAf ST A—5 9.7 °CIW
Y8 A NG HAR FECORMFAL T A—F 97.6 °C/W
ReJc(bot) RTINS —2 (Ei) £TOREHT N/A °C/W

(1) FERBIOEFOBGHALFEEDFEMIZ OV TIL, [EEABLIWNIC R — Y ORGHIIIERE]T 7V r—ar - LR — M IR TLIEEN,

4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA238


http://www.ti.com/lit/SPRA953
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

i3 TEXAS

INSTRUMENTS INA238
www.tij.co.jp JAJSL40A — JANUARY 2021 — REVISED MAY 2022
5 ERAIE
Ta =25°C, Vg = 3.3V, Vgense = Vine - Vin- = OV, Vem = V. = 48V (FRIZFEIR D72 VRD)
R FANEAE EZE LR
AT
Vem mEERNTAL i Ta =-40°C~+125°C -0.3 85| V
Vveus | /SAEEEAJIHiGH 0 85 \%
CMRR [RIFHBR -0.3V < Vgp < 85V, Tp =-40°C~+125°C 140 160 dB
Ta = -40°C~+125°C, ADCRANGE =0 -163.84 163.84| mV
Voire S NEEA S
Ta = -40°C~+125°C, ADCRANGE = 1 -40.96 40.96| mv
v Vem = 48V 1.5 5 uv
o v AT Vew = OV 15 5 pv
dVoe/dT [ yih- A7 By MEBERYZH Ta = -40°C~+125°C +2 +20| nvrC
PSRR |v -y b A7y NBIELEREDOMGE  |Vs=2.7V~55V, Ta =-40°C~+125°C +0.1 1| uvv
Vos_bus | VBus A7 v hEE Vgus = 20mV +1 5| mv
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6.5 BRI (continued)
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6.8 EHEAEE

TA =25°C, VVS =3.3V, VCM =48V, VSENSE =0, VVBUS =48V (%Llﬁﬂﬁ@iib \BE@)
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6.8 EXAEMFE (continued)

TA =25°C, VVS =3.3V, VCM =48V, VSENSE =0, VVBUS =48V (%LZ%Eii\@fib \BE@)
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6.8 EXAEMFE (continued)

TA =25°C, VVS =3.3V, VCM =48V, VSENSE =0, VVBUS =48V (%LZ%Eii\@fib \BE@)
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3 s £ 5
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25 3 o . 0
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£ o0 8 o} —
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1.1 750
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5 | — & 650
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o - o
*u:-; 0.5 *g
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9 o
8 0.3 é
0.2 550
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0 500
-50 -25 0 25 50 75 100 125 150 2 25 3 35 4 4.5 5 55 6
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6.8 EXAEMFE (continued)

TA =25°C, VVS =3.3V, VCM =48V, VSENSE =0, VVBUS =48V (%LZ%Eii\@fib \BE@)

4 20
% 35 % 18
= = 16
S 3 g
S £ 14
3
% 25 5 12
& - q
5 2 5 0 -
3 15 3 ° a
€ € 6 2
& 1 g
3 o 4
2 o
& 05 g 5
0 0
2 25 3 35 4 4.5 5 55 6 50 25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
6-20. v v hFY Y I LBFEEDBF 6-21. vy hFY Y g LIBEDMIE
1
680 M T T 1T T T 1T %0
Continuous 12C Write C ds - =
Inuou Ite Commands \ <§L
R | |5 120
= 660 s
I IR 3
5 Idle SDA, Clocking SCL W/ (% %0
5 )
O 640 =
5 £ 60
2 3 /
Q ,/ = ’/
S Y o] /|
S 620 / S g
Py 17}
/5// o 30 1
— 8 L
600 0
1 10 100 1000 3000 1 10 100 1000 3000
Frequency (kHz) Frequency (kHz)
6-22. 70T 147 g £V 0y U BiEBOBER 6-23. vy bYUY 1o &0y I BBEBOBFR
1.01 1.005
1.0075
N N
I 1.005 I 1.0025
2 =
g 1.0025 3
C C
[ [
3 3
g 1 g 1| ~—
fra T
& 0.9975 5 .. .
2 2
S 0995 2 0.9975
o o
0.9925
0.99 0.995
25 3 3.5 4 45 5 55 50  -25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
6-24. NEBI Ay U AEHKR L BROKMR 6-25. Ao O v o Mk L REDORRF
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7 SR BH

71 HE

INA238 T A AL, 12C TN oA B—T 2 A AT R T T O HIVBIRE AT T Tﬁ‘o ZDOFRAAE, v
NEJE, NAEE, WEBEEZHEL T, VAT A& E ICHE 2B O IEME/ 2 I 21 TO 7= DI LB dE i, B8/ &5t
BHLFES, Tl I<=T N L IPRAFZID  MEDKEEZTL XL T WHER T2 LN TE . B EC ) TEEL 7]
EIC720ET, LA EROFERNIZ OV, B/ ar 7.6 23R TSN,

7280V IR
VS
IN+ i: SCL
IN-
SDA
MUX A0
VBUS 00— Al
£
Out-of-range ALERT
Threshold
GND
73%5@%%

7.31 ZHROETEREEEE

INA238 % 2.7V~5.5V OEJE TEWEL 725, fix K 85V DL —/L EOEELEIRANE T HIENTEET, &Hit
L IN+ B8 IN- EATH NS v o MEFLOEERE T2l 228X HEL ET, INA238 D AT BIE. AT)
DFEFAELENT SAADBIREE Vg JVHE<RDINTHFFESNTWET, AN THR—FSNTWDFEAEED
'“I . -0.3V~+85V T¥, ZD7sd, ZOT A ATEIRIEMD TR & LR OLHHICH Fl T, FFHAL

Ik’f/\%%@ IR BRI L AV L TDTe8) | B — 7 RIZBE L TR B BT 2281300 EE A, LIzhio
“C NABIETERELEDOA 7R B LA VRHIRAET D720, TAARAHEE 52D ETHVEE A,

Fo. ZOTRAAIL, Vpys BV T/ RADE {Iﬁ mIEZHEL, WEORE B CIREZHELET, Z8 v ME
1L IN+ B2 L IN- B O TRIEL NABEILT SAADT T REFEECLU CTHIEL £, B8 E/mD 3 E a)
#iPHIZ OV~85V T, %?Eﬂ%@iﬁfﬁ*azi -40°C~+125°C T,

XU NEE . ASRAEE ., BEOYREORIEMIL., X 7-1 IR T I, NET 120 ADC IZZ BN TOET,

ADCp ADCn
o O
@ Bus Voltage

QO Shunt Voltage

Vsus EJ—‘VV\I—'L_—.
<
P

‘;

—
°—+¢
"o—1

IN+ I—:/c
IN- “o—
/._

—

@ Internal Temp.

[

N—— ADC_IN+

[0

Vs +——P ADC IN-

PTAT Temp.
Sensor
o——
MUX digital
Control

71. BEEANRIVF I LY
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732 BHOFE

BREBNOFEIL. K 7-2 IR T I, Vv MEBELARREBEOHIER AT ET, B, BiEOBROFHE

il R LI DN AEEE O EEL ﬁﬁowf.ﬁr AEZALET, SHUNT_CAL LI AZ | —RELAMED 0 DS, @S

LEMES 012720 FET, BIRIELEEIT P RIAR ARSI CEEUED 1 IZRIESHTWRWERD), D 2
LVURZHEINSNE T, TRTORES TN O% T, FricllitishicBRiE LB EIX, T X ToY T Aol
LTINS T HET, OB VRS BISET, T COFL ZABBIESIL, MI5T2E L E O
BT T T8, ZNHDZENRTA—ZDOBREHTZNENDOH LV AZZn— &, £I0bai A3 ATREL 72
VET, INBDFREII N7 7T RTHEITSNDT0D, R 2 RITITB IS EE A,

Current Limit Detect Following Bus and Power Limit Detect
Every Shunt Voltage Conversion Following Every Bus Voltage Conversion

P . Vo
UMUMLIHLILIILILIILIUMUMUMUMUMUMUMUMUMUMUM
e G e G e i I I G R L

| Power Average |

| Bus Voltage Average |

| Shunt Voltage Average |

7-2. EhOHEFR

733 EVWNATRER

INA238 (ZFEF IRV AT AA T ZAERZ R EL TR, WSOMOFENHYFET, INA238 [T AT AT ZAEHR N
RW=td, T T 47T RIEL L Yy M ARIEDE 7 C, T A ZADEEEIRMMEBES N ET, RS T REROHD 1
DORRILAFHET VN T =BT HEN, AN TANZEHER L CRJEKR /AR ERETEHIETT, XK
@?V&/v%ﬁ.—it/z T 7T, J\jj74/1/5'0>ﬁbu PED R EME L TCWEL, LU ARAAT AE R DT
D, ATTTANZICEDREE DOIR T I E /DRI AN E T, IBRAA T REROMOF]SRIE, ISR 2 R TR H
BT, REL2U v MEEFHTEAZLETT, vy MEBUICKREREEEH 5L, 7‘\\/‘\/1’251 sub-mA DO#iFH
CHEAE EMICEMRTAZENTEET,

INA238 D AT AEFRIL MHSNTZEBRN 0 DEEITHR/NERVET, BIRNEIMLIED DL, v MEFLO D
ZEEEEME TN, ZORE., X 6-14 (TR TINT, AT RAEBRIEINLET,

734 BRBETIVS -7 ADC

AT ADC 1%, Vv MNEERIE T v RS BIT DR mERE TR — N oI0Z5 Gt Sz, mitee, K47ty
MAERUVZ DT X - 7~ ADC T, IS AN, K 7-1 _/T’s“*aéf)\jjvzl/?w/%f%fxﬁabfﬁﬁﬁ
S, ADC AJJIZADET, ADC 7—F 77 F ¥ 230 {REFH2ROMERY 7 NIE L, RFEEE, IRE, ERAENIC
STALEELEA 7By MIEEFEHL CWET, EfRtr v 7TV r—2ar Tk, VAT LADOERRE ATy
T LUk KRIET S OV i DA 7 By MEEE MG T A4 7'y s ADC B3HERESILET,

INA238 %, v v NEE, NAEITE. X AIRE ., 7213 ADC_CONFIG L' A% MODE By N CEBIRL7-REITH-S
W, ZLOFA GO ERIETHIENTEET, Z4UTLD, /ﬂ?/hfﬁﬂ)if if_ INRBIEDOHE WS HE—
RERINTEDLI0, 22— —IIFFEDT TV — T a B afiile T IO IS RE 23 E 32N TEET, ML
DNEIRENTUVRWEES . ADC BHAN5E T4 5L S~ E] iﬂfﬁ“évv“x&ﬂlﬂ%u TR, R HASE T IRFIC
FOHN A B —T 2 A ANSEHFHTZENARETT, /ﬂ?/bfﬁt\ PNAEE IBE NSO
ADC_CONFIG LU RETT T T AZINTAEIZIL U T, 50us~4.12ms O#FFH CREDNZER E SN ET, B2 H) iE]\
NI = X MBS INDTZ0 T _TD AN S ORISR, %\7\#3ODBE@H#F’EJ&QAJ@)UJ%U:&O{%&
Diﬁ“ SEHHEMER SNV TODIEA . SEEHET 2 AL — X RMESMRAFS I, 28— A EE b O [EER I 2
ETHECTHIEINET, TXTOFEERE T 758, SEMZEIEIXIG DL UAX TR, miH LA AFEIC
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RYET, TNOOMIE, RICEBDETE T LTRRNDEFEESBMAONLET, 7T —FHNLVAZICRFFSNE S, 2085
BT ANV PRI OFEAHIOIT, BER OLEHITITHEL EE A,

ADC (Zi%, HfET—RENF - E—FD 2 FFHOEHE—R 03BV, ADC_CONFIG L' A% ? MODE B M TR ES
AVET, HH AT —RTIL, AR DX, ADC 1A TTHIEMEOZEHE H LT AL O T Fi % R L — 7" G LT
ITWET, NI ERE—R T, AR DO ESIZ ADC IZFATTHIEEEZZESL | D% MODE By hA~DEZIALIZL ST
BIDL TN ay b NI NAERSIDET ADC (Z2 vy M T - E—RIZADVET, MODE b haEXATe L BifE
RO R AT B A BT EN A BB AD, FIGEILE3, T AR TN D THFEAHTZENARETHY, ;&I Th
NI DT — I FFRFFINF T8, NIH BB O b DLt~ 77 (DIAG_ALRT LY AX D
CNVRF EYMN) IMEHTAIENTEET, ZOE VNI, T X TOEBRE LN TE T LRI ESNET,

EWUENK~Z7 (CNVRF) 11, LA FOL&ECcrI7asn£d,

« ADC_CONFIG LY AZ|Z#HEZiATe (L vy Ty - B —RRPUREZFRS)
« DIAG_ALRT L2 & & F A4

INA238 F A R TINT NN BT —RTHEHAESNE TN, EHOTOHL DN By 7.3.2 HTRAE
NWTCNWBINNT, NI T IR CEREEBEIIOMEEZEFE L CNET, T X TCOHEII NI T IR TEITESN., EBH
BRI EF S LERE A,

VAT ADMD AL R — RN DRI N LB T PV —ar DB4A . INA238 DOZEH#HEEH 1L CONFIG LY A% D
CONVDLY B wha7ur T30 745281250, 0 (BAE/RL)~510ms DOFPH CERIET D ATREME A HY F4, BB
DT BT FILTIZRBT D EREIX 2ms T, BHLEIEIX, 77 4/VRT 0 ITRESNET, %J‘Jﬁoﬁémfﬁ“ﬁ#é H
EI’JT{%H% SNDINRDOT NAADEE D D6 BRI L > THIE ORI o ET, EEEEREHE T D5

H%%Fﬁ%/\zbﬁéz ENHDHT )/7~/a/0>iz%{:\ RO EIE LB IEOME HIEIZ IR Jﬂb:héi? IEBIEL T
WAEMEIZIE 2 D OT NSAREMHTHZENTEET, ADC OWNERRFRE O — X3 IEHETD WﬁBH%F'%%ABB#
F”ﬁ@f\—X@T 2K, BERE OB E LB IZFE T DN TSI EB L TLEEN,

7.341 BELAT>2DTZZN « Z4 /N8

ZOFARAZT, ADC H 1T —ZICH L TT I A—=2ar TNV T DO ST ELTIR— 3 A T H )L« T L E DN
BLTEY, ARSI B ET, TIOZN T NZL SES8FRHNTF—4 L — e BRI L T, Fi2 1
BIDOZEWA A7V NIZINEDIIZLET, 22— —%, HEHFEE Tor 2 50us~4.12ms O] THARICERINTE
T, ZORER TIE, HME B DO FAXANE I 1 S HORIE /> F NN FE T, ZHUTIRIRN U= B 2> T
ELUN fNOTCH =1 /(2 X TCT) TIiE éhijﬂo ZiE, uaﬁéﬂ’(l/ \ZDJZQQ N 7/(/1/&@7‘\7/]\2]_7}—“&%(@2’7 N7
DT —HZH AL =Rl THZLEERL TWET, X 7-3 12, 1.052ms DA NERINSNIZEE DT 4NV H A
ZRLET,

Gain (dB)

1 10 100 1k 10k 100k
Frequency (Hz)

Goot

ZEHAIRETE] = 1.052ms, Z5HiE 1 [RlD 7

7-3. ADC D EREILE

7.3.4.2 Z L F > TN G ERER L FI9E

Ty NEE ASAEE ., JBE O ADC ZEHEER 1T, 50us~4.12ms O CEBNIERETHIENTEET, LHalkR %
TURTT K E TEHLZLIZEY | SESFR/ARXDL VRS TH R ERENENRATRELRV E T, o, ZOT /AR
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X, 1 BIOEH)S 1024 [BIOEEETOT R TOVEYLRE 27 s T A/ GETT, BIRLI BB ORI, 77747
2T RTOREAINE—IZHEA S ET, & 7-6 12778912, ADC_CONFIG LI AFITIE, AR —hEHTWDHZE
Al ST — R OSBIZEEIZR N B A mﬁtéﬂﬂ\iﬁ“ INA238 ™ ADC DA zhsrfiineid, Az £<L,
SEEHE OB Zacd, 1 ELET, K 7-4 & K 7-5 12, ANEEN—TE @%E\@W?ﬁﬂ%ﬁﬁﬁ&#ﬁi’ﬂt@%ﬁ@
DUVWTRLET,

Conversion Time: 50 us

IR SR 1 WU AL Al
L A A

Conversion Time: 1.052 ms

50 pV/div

Conversion Time: 4.120 ms
PP PSRV PP PP NPT P NPT PP P
T ! .n‘u ‘...r.. .‘..‘.. T +1h

0 2000 4000 6000 8000 10000
Number of Conversions

B 7-4. ) 4 X LZEHRRE DB (F51E = 1)

Conversion Time: 50 us

2
2
Z Conversion Time: 1.052 ms
0
o

Conversion Time: 4.120 ms

0 2000 4000 6000 8000 10000

Number of Conversions

B 7-5. / 4 XL EWEEB ORIk (FH4k = 128)

AR ) &S 2ATO BRI DR E VL E DA 3 fRe I B L £3, I I D /A X DR A 2 ey MK
(ENOB) ORI DZEMIZ ST, "Z?/a/ 8.1.3 B ML TS,

7.3.5 NS BERIRES

TINAANERDZ A LA_R—A L, BIRIZBUWVTAZE 0.5% AN LSRR OGS E T, SR ERIE

#2313, ADC ﬁ?ﬁ@&%“/ﬁ-y—XéhiTo FIUHI T VB BN TERIFRIIC L > T RARA-D | BRE s/ ay 71

Lo T IREHIPFASIRICOID 7 AN ZIEL )T EEB O —BYEDRFESIVET, EBIREARE, N iR#E ADC
13#9 300us T 1% Al DR EVEICBIELET, 7av I/ BNEETHE, ADC OF —X %, 87 ar 6 1ITRT

ERBREL BOD B E 720 £,

736 TIFT7S5—RERE7 A MRE

INA238 21X, Z HRIDA—7"2 - R A ALERT HAE U RHY | EEOBZWHE R OMEIRC, T/ SA AN < —R
&E%ﬁ%?ﬁ% ROW ;T TEIEL TWDHEXIZ, ADC ZHAN5E T LT Zea R I eIl TEEd, £ 7-1
(ORI EMICER S, SN E BEE ORI AL vV R A 2 DTN ALERT B i H
LClmSnET,

3R 7-1. ALERT ZHiD5HER

DIAG_ALRT L PRFDAT—HFR-Evk | #ENAL Y 2/ 5 =
2 = s S
INA238 2T (RO) LUR (RIW) LIREDT 73NV ME
0x8000 h
T MK il R SHNTUL SUVL 2 D)
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2 7-1. ALERT 2HF DA (continued)

INA238 257 DIAG_ALRT vv‘ég)@xi»—ax "evh ﬁ%@i‘;’éﬁ;’" LYREDT 73V ME
S MBI IR SHNTOL e (OZXZ)F*;;;
ST B BUSOL BOVL @ @%ﬁio‘é)gFEF';)?ﬁmif)
AR AEIE BUSUL BUVL @ @%ﬁ%ﬁﬁ%ﬁ@ﬁ)
L TMPOL TEMP_LIMIT @ @%ﬂ@ogﬁliFIEE)?ﬁmyf)
) POL PWR_LIMIT fzxg%;;;)

DIAG_ALRT LY RSO HE 2O EIL, ALERT B2 ThUH Sz 2 Wr o fEdE 24+ 570 1 S E S, 2o
LUAZE, R T3 IR T IO, ZOMOBEZ K2 517 L 720 ALERT &' O —EOMEEDORERKICHEH 32528
WCTEET,

o TI—hTFvF - A3x—T /L - ALERT VU NN AT ENTZHE . ZOMEIZEY, T R_RTOZMIRENZI TSN ThE
COMEIFREFESIVET, DIAG_ALRT LU AXOFHAEIZE > T, ALERT BV DIREEITY o hSvEd, ZOBEEE
1%, ALATCH B v bR ET A2 LA R—T N0 ET,

o BHEEA R —T L - ADC ZBHNFZE T LT, TIOZN A B—T 2 A ZNS A R A M A CTEHET H—
FENBHEHZ, ALERT BV A 2 —T ML ET, ZOMREIZ, CNVR B N ET HIEICIVA R —T 720 F
9, CNVR B v hDORREIZEFR72<, CNVRF B Y R BITEHSE T AUy FEAEDZEN A BETT,

o SEHHIITOT T —hbE - ADC CHRSNIZ YT — X2 EEREPHINAL v a VR EE T 52N TEEd, &
DOEREIZED | FEPHAMNAL L a/L REWIRT 5L X, N T — 2D BEBIZ AR EFREL T, JARXIZRIK T 5387
F—heBhIETEE T, 2770 RIS E R NS D72 BBl £3, ZOMREIX, SLOWALERT By
MR ETDHEAR—T IWZIRDET,

o TTI—MBME - TNAAX ALERT B> D7 77 4 7 RBER RS EHZ N TEE T, ALERT B 34— KL A
VIO RIS E S TN T T T AMENRHYET, ALERT E NI T 74V N TT 7747 Low THY,
APOL I 2L CT7 7747 High #EGEICHE R CE £,

ALERT BV GiliAISNZ2\0 A DIAG_ALRT L VA Dt A B0 L TR AT REZ2 2 Ot O 2 Wik RE -

o BUfiA—/3—7m— - MATHOF £y MC R RS, ST Lo TRIIL RS DA — /A= T m— 3 e A LT 4
ElommsnEd,

o AEV AT —HA - MEMSTAT B Y MZEDREI, TANAADRSEFENER 2 ARVOIRREA L E97, T3/ AN
IEFICEEL CWAEE, ZOE Y NIFIZ 1 T,

ADC ZH58 T AU RSB AISILA LT ALERT B 24f k5L, ALERT ©13% Higi@ A 1270 E4, X 7-6

1%, INA238 T /A AR v MR (REEDT) A b NAREEA RN, A~ h B R A S D

AT CQNDEEIT, T/NAAD ADC BHaTE T AU R BHIL CODHIC,
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'S , |
Shunt Voltage | / Shunt Over Voltage Threshold i -
“~ 1 !
Bus Voltage |«g N “ N\ »
9% |- N— ! Bus Under Voltage Threshold | gl
P !
- f— P
T Over Temp Threshold !
Temperature i
-~
! -
Power < i Power Over Limit Threshold =
ALERT
(ALATCH = 0) | | | |
(APOL = 0) ‘ : ‘ ‘ 1
(CNVR = 1) BUV  BUV SOV SOV sov BUV BUV
SET CLEAR SET & CLEAR & &
- No diag. error - BUV oT oT
Conversion Complete SET SET &
Reported oP
SET

7-6. R)IVFT7 57— PO

7.4 FINA ZADEEEE— R
741 vy YOV - E—R

2 SOEHE—R (GEHERB LN D) ITIZ T, ZOF A AT vy b7 - —R23%Y) (ADC_CONFIG LA
@ MODE b NC#IR), L RFERA SuA RIEITIKHL , T NAAATI~OEWAEA 71T, TS ABMEH ST
W NWEEDBJERL AL ~OEBLRIE L FT, TAAAADL I AZDEXALLLFTHTIL, T/AA AR p o T -
E—RDOLX|ZAIREICRNE T, T A AL MO N A B O a~ R G A DI~ REZ 5T 5F T, vy by
V= REMGELET,

YR =R L, TS RAIEREFIT T DD B EITHZENTEET, BB NI TIN5 E, ADC i
WAL ET, BBRNE T TDE. THAAAF vy M T ARREICEV E T,

XN BRITIET VT4 T IRBEAATHEIN TOET, ¥ 6-23 ITRTX5C, 77547 - ruvlbF—2D
TITAET AT AN AR OB E L CIEE BRI ML £,

T42N9—F> - Uty b

Vg 28 1.26V (FEHEAE) LR £ TR T 458, NU—F > Ukyh (POR) IIT7H—h&H, ZDEET X TOLIRENT
T ANMEIZYEYREIVET, CONFIG LU AX D RST BN ETHE, T AADOV vy b FEICRMGT HZEMNT
EFET, RNU—T T L VREDT 7 HVMEIL, KL VAXOFHDOY 2y MINCFRREIN TOET, KL UAXOFH A~
DI, ®Z7var 7.6 B TLIEE N,

7.57AQ55204
75ARCUZN A F—T AR

INA238 %, SMBus (> % —7xAZABL N 2C A2 Z—T A ADW )T 2 RTFAARELTORBIWELE T, /SA~D
Pt A—7" Rl A2 ® SDA & SCL 71 %St LTIThivET, SDA & SCL BT, A A7l 7 42 s 23
R NITERNBL, ASJARSATENS R J A XD B F/INBIZIHZAE T, ZOT RAA I, T4 0 FANZANRA
T 7 4N H WL COET R, WHIRL AT UNREILLY, BIETAL ~D ATV T DEEER/NBIZHZ D,
NTEET, ZO/ARL, 2 ODBIETALEOREM I TV T DIE By P hb3 4T 20, £ITT AT LANITE
TETDMDAA ST LT JAR ) —AMBFEELET, 1@H . 7V Ml FER (PCB) OV AYRITr T REWFIZ
IRE = Tl B8 WIETA DTy TV T DEBENMERESNE T, BETA N — IV RE2MTHZ8Icdn, B
EL7RWI AR T TV TRT XN N0 TAANIFEAEL T, AF—ha<w  RRAMN T < U RG-S THEIRS D A]
REMEZ L E57,
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INA238 13, 3% 7 ha L L CEEE—R (1kHz~400kHzZ), 351U A AL — R+ E—F (1kHz~2.94MHz) %475
—hLTWET, T—F SANMIT T, g A IBRPNCHERES I, SMBus 3.0 FRE 7 B R /UIZHEWET,

INA238 LIB{ETDITIE. NI ALL < T SA AW 2 IRT ISRAADT R A RANAFE AL T, 2 IRT /SIAADT KLy
VI EATOMENRHDET, 2 IRT SAADT RV A SANE, 7 EVRDOTRLVA-EwhE BIENRTIAHLNESAL)NE
KT 1 EYROHRE Yy CRERSILTOET,

ZOTNRARZIE A0 &A1 D 2 DDOTRLAELRHNET, £ 7-2 12, 16 HOREARERETRLADE -y
T L _NVEIRLET, TR, TRTOARBEIZBITD A0 E A1 OREEY VT LUET, A F—T
A A TCOBENRRAT LI B /@«H( EXMENTLF9, SDA L% AQ £77) i A’I \ZBEE L CT /N AT KL A%

RIET D86, 12C TRLAD MSB R T SA R T Ry o T EATHTZDIT, EHIT 100ns D7AR— /L REEH#
VBT,
K712 TRVR-EVE2RTFNAR T ELVR
A1 A0 2 RFENNARTRL A
GND GND 1000000
GND Vs 1000001
GND SDA 1000010
GND SCL 1000011
VS GND 1000100
VS VS 1000101
VS SDA 1000110
VS SCL 1000111
SDA GND 1001000
SDA VS 1001001
SDA SDA 1001010
SDA SCL 1001011
SCL GND 1001100
SCL VS 1001101
SCL SDA 1001110
SCL SCL 1001111

7.5111PC 2 UFN + £ 28— 1A REEFH L /EEXFAARLGARY

INA238 DFFEDL Y ALIIT 7R AT HIETID | LR DRA L XYM A BEZAD I ENTEES, LIURZ,
BLOKHEDOT R AD—FEIZOWTIL, B73ar 7.6 ZZRLUTTIEEWN, LY AZDRALZDME (K 7-9 5 H)
1. RIW B h28 Low 127285 TUNB 2 IRTFASA Z T RL 2« A DRI EESNBRAI DAL TE, F A A~ EX
ABENMEZATHTZ NS, LY AZDRA L AR E T HENLETT,

LU AL NDEZIAIT, A T A AL S TEESND A DO ASANPSBASIE T, ZONSANET 2 IRT /SA A
TRLZ T, RIW EvhE Low TT, HNRT L REZETHE, TAALRIT 7 VoV B L2 LET, A TR, R
WL TEEENDRDNAA ML, TV BASNAL PRI DT RLATT, ZOL I ZAEZOT RLAEICED | LY REDRA
VAT BHIONELT NSAR VLD ARCEHSNET, IRD 2 SANE, LUAIDRAL RS TU P AR T RLAICE
éﬁi\iﬂiﬁ“ TNARAL, T —H NANEZAETDHONT 7 Vo VIS L ET, BIASM F70138& TR ERS
NAZLIZID A T HRA AL T —H B EEK T THZERHYET,

T RAANGF AV EITIEAE | EZALEMEIZL > TP RAZDORA L AR TFESIVTCNWD B OfEIZ L~ T, St H
VENERH ST IRAL A PRI ESIVET, mu?fEW%M’EODI//x&@T/f/&’%ﬁETé 1 L RZDRALHIT
FLOMVEZ ZBXADVLERHVET, ZOEZALEZITIICIE, 2 IRT /SA AT RL A A RIW Evh Low TH]IT
L W TCL U REDRAL A NA N EELET, JEjJW)T‘“‘? ITMESHDET A, RIZ, AT AR LB MES %
AL, 2 IRTFRAAIZ RIW B b High T7RL R A MREL T, st la< R fzﬁéﬁbiﬁ“ WDSANE 2 K
FTHRARZESTEEEN, LURZDRA L ZTIRESNDL VAL D EALASANTT, ZOSANMIFNT, AT
INAANST 7 IV PIREDRHOET, WRIT, 2 IRT NAR I T AA N EFLET, 2 HFHOT —Z - A fFL
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TelE AT NARIT I IV VBTGB E L WGERHVET, 7T —F A DOZERIZIET 7 /)0 Vh
BPERRSNDZE FIITBRAASRMAOM T RN ERSNDZ LTI A - T ARARTT =2 RE T THIEN
HVET, AL T AZNBBDIRLFGEARDZENEELNG B 1T, LU AZDIRA 5 3 M ik 7 T2 0813 HY
FHA, ROFBZRALIWEIZI S TERISNDLET, T ARV DRI DRA L SHEERFFT D720 TT,

7-7 12, FEFZRABIWEDO XA 72 R L ET, M 7-8 (2, GEARVENEDZAIL 7 M A/RLET, ZIHDXIT, 16
E VDL DA T HHi AR | FHEIAHERLTOET,

LOAADISANL, eI EALSA R, IR ASA DIBIIE G S E T,

1 9 1 9 1 9 1 9
SCL
| A Y A A O A A |
| [ [ LIy e Ay A Ay O B B
SAVANRRYD 00 AN O 00,00 00w TS DT VO OAWE 0000000\
Start By ACK By ACK By ACK By ACK By Stop By
Controller Target Target Target Target Controller

|-— Frame 1 Two-Wire Target Address Byte —.l-— Frame 2 Register Pointer Byte ——|<7 Frame 3 Data MSByte ——|<— Frame 4 Data LSByte 4—|
A 2T NRAATRLUARAIDOMEIL, AO BV L A1 BV DORREICE > TREVES, £ 7-2 2L TLIEEN,
B. ZOTFNAAX, /A FyhexT—-F v/ (PEC) T R—FLTELT, 7av 7 - AR v F ITBELER A,

7-7. 7— REZAHERDIL IV IH

AVANS'0'0 0 aWE e @0 000 o Ve 00000008

Start By ACK By From ACK By From No Ack By ® Stop
Controller Target Target Controller Target Controller

@] @
l—— Frame 1 Two-Wire Target Address Byte o ——|—7 Frame 2 Data MSByte I Frame 3 Data LSByte 4—|

A 2T IAATRLAASAIOMEIL, AO B2 E A1 ELCOREICE > TREVET, £ 7-2 2SR TWLIEEN,

B. #ABOT —HF, mBEOL AL DRA AN EDSIIFLET, LWL DAL E TR BB MLENDH DAL, L UAXDRA L HEHEHLTL
I, B 7-9 B RLTIZEN,

C. AT AAANLD ACK bikfESnEd,

D. IZOFNSARL, Sy T—F oy (PEC) 1T HE—FLTELT, 7uy7 AR v FITBIELEH A,

7-8. 7J— RHABMYERDY LIV IH

1 9 1 9

| [ [ [ [ I [ | [ [ [ [ R A | [ (| | B |

| [ [ | |

| [ [ | |
1 0

[ [ O T O R I I T T T T O Y O R A A
I [ [ O I O I L A Sy S ey S B
.00 NANOOO0O OGNV
Start By ACK By ACK By
Controller Target Target

|—— Frame 1 Two-Wire Target Address Byte i Frame 2 Register Pointer Byte —>|
A 2T AR TRLZ A RDfEIL, AD B2 E Al BV DR EICL>TIREVET, # 7-2 2L TIZEN,
B 7-9. RENIEV PRI DRA VI BRE
7.5.1.2 HEPC E—F

IRAMTARNDEXIE, SDA TA2L SCL AL Dli 537 VT w7 HTICE > T High I/ VSN ET, AL T3
AlX, BAIZE (HS) A1+ T /34 A« 2—K 00001XXX Z 3 T2 072 VT b« SARPMFN TS BB S 2 ARk L
F4, ZOKXIEIL, 400kHz DL FOEE(, BT —N (400kHz) 7213 T —K (100kHz) (F/S) THer SN ET, 7
AR HS A+ T ARA A a—RITSELFEAN, ZOa—RERBiFH L, ZTOWNET V2 &YV %2 T, 2.94MHz
TOEEZYR— L ET,
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WNZ, A2 T RARIIESND A SIF 2 AR L E T (KB ORGSO XA 7B ERIC T, ZOK
BORMEIEDO% ., 7abh=2/UiX FIS —RERUTT A, FFRIRESEHE TR K 2.94MHz 12720 EF, N A% HS £—
RCHEFF 21203, #& TR 2R 3200010, KEOBWBSREZEHALET, & TREICED HS =—RIEIHK TL,
T IRAADWNE T 4 VA 5T XYL FIS E—R&EVR—rLET,

7.5.1.3 SMBus D7 > — P&

INA238 i%. SMBus 77 —NMN&& 7 LRI E THIICHEFENTOET, SMBus 77 —NMNGEIZID, v vie 2
WIRTIRAAD T AN TIERCGRINTAZENTEE T, TT—INBAETIHE, A T RARTFAIY | EEIARE
vh High 128y LT, 77 —MNEGEE 2 IRT SAADOT RLA (0001 100) ISEFELET, ZOTT—MNEEDO%, 75
—he AT D 2 RTANAAL, TIT—NEEDZEE, TDOT RV ABNAZEETHI LI - THEZHBILET,

2C DY = 3T/ ea— )L EFIRRIC, 7T —MEICEY, SESERER DAL —7 « F RS AE R T 774723528
MTEET, 1 DL EDORAL =T RIREERR TG A NA T —E - —ar b— L EAShES, AT /3 1A
T 7 VP E AR FARLART —E R — 2 O E T I —h T4 % Low (IR LEET £,

76 LSRY v

7.6.1INA238 L X%

# 7-3 12, INA238 LV AZD—Faz R LET, & 7-3 IOV T AF DB ITT X TTRFE A THY, LY AZ
DODNEEELTHLITTEEE A,

& 7-3.INA238 LR ¥

TRLZ  IEFR LIREL, LIRF P AX (EVT) ®rav
Oh  CONFIG Mk 16 FoR
1h  ADC_CONFIG ADC D 16 o
2h  SHUNT_CAL DR e S A P N 16 FoR
4h VSHUNT v NEIEDOREM 16 FR
5h VBUS PRAFESEOREE 16 FoR
6h  DIETEMP L JEE I f 16 FoR
7h  CURRENT B ORE R 16 o
8h  POWER B ORER 24 FoR
Bh  DIAG_ALRT BWTT7 LT T—] 16 FoR
Ch SOVL Ty MBEBIEAL AR 16 FoR
Dh  SUVL Sy MEEBEAL v /LR 16 FoR
Eh  BOVL SNABEIEAL w2V R 16 FoR
Fh  BUVL INAEEEAL v a/LR 16 FoR
10h  TEMP_LIMIT YR BE I SRR AL S a L R 16 FoR
Th  PWR_LIMIT EHIREE AL v 2R 16 R

3Eh  MANUFACTURER_ID A—H— ID 16 FoR
3Fh  DEVICE_ID F A D 16 R

FOINER BN ED I, B E Y T VB R BAT T S TELRLTWET, £ 7412, 208 a0 TF 7k
ABAF VAL TWARILERLUET,

RT74.INA238 7R - 947 -a—F

TIEASAT | RE X
FARHLIAT

R R AL
EBXABBAT

w W |28
VeyhNEIET 7 4V Ml
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R T7-4.INA238 7€ R - 47 - 21— K (continued)

TIBREFAT

KL

Wt

-n

Uy MEDEFIET 7 4/VME

7.6.1.1 ¥R (CONFIG) LR % (7 EL X =0h) [Vt v b =0h]
% 7-512, CONFIG LA &R LET,
BERE RIZ RV ET,

#FK 7-5.CONFIG L R% - 74 =)L EDEA

Evh

TA—IVE

AT

ViEvh

B

15

RST

R/W

Oh

UEvh-Ewh, ZOEY N IR ETHE, ST —F Uy heFELy
AT KUy NRRAET D,
TRCDOLIPAZZT 7 H )V MEIZ By 5,

Oh = @k #hE

1h = VAT LUy M) LORFET 74V MEIZR ESND
ZOEyNIRAT 2T END,

14

RESERVED

R/W

Oh

THRIBE T, W 0 Z T H T,

13-6

CONVDLY

R/W

Oh

WD ADC ZEHDIEIE A 2ms ZEIZFRE T D,
Oh =0s

1h =2ms

FFh =510ms

RESERVED

R/W

Oh

TFHRIFE 7, W 0 ZFEAH T,

ADCRANGE

R/wW

Oh

IN+ & IN- DO T N A — )L L D TRIRL T v b5,
Oh = +163.84mV
1h = +40.96mV

3-0

RESERVED

Oh

THRIFE 7, W 0 ZFErH T,

7.6.1.2 ADC #FX (ADC_CONFIG) L PR % (7 RL R =1h) [U+t v b = FB68h]
# 7-6 12, ADC_CONFIG L Y AZ & RLET,
W 22 IR ET,
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& 7-6. ADC_CONFIG VP R¥ - 74—V RDEEHA

=54 TAL—/VK AT UNoAN A
15-12 MODE R/W Fh 2—H—(%, MODE v MZLoT, NRAELE., Vv MEFE., IBENEIC
RUCHHEE—RETAINI T B —RERETDHIENTED,
Oh=yybhsyyw
1h = N H RREE, o7 avh
2h = R -2 MEIE, o7 -ayh
3h = Mo MEERBLOASREE, V7N -vayh
4h = NFWRE, o7V -ayh
5h = NUFIRERB L OUSREE, ok vavh
6h = NUFTIRERB LY MEIE, o v-vavh
7h = NI - SREE, vy MEEBIORE, v vavh
8h = vyhaow
9h = N ABED I
Ah = 385 v NEED 7
Bh = il v M LUV S AL
Ch = e D 7
Dh = Hifse/ S AEE B L OVRE
Eh = MR S L O v MEE
Fh = #ifi SAEBIE, VY MEERBIONRE
11-9 VBUSCT R/W Sh SR EDW E DI HRF AR E T 5,
Oh = 50us
1h = 84pus
2h = 150ps
3h = 280us
4h = 540us
5h = 1052ps
6h = 2074ps
7h = 4120ps
8-6 VSHCT R/W 5h x U NEEDREMOZE M Z R E T D,
Oh =50us
1h = 84us
2h = 150ps
3h = 280us
4h = 540us
5h = 1052ps
6h = 2074ps
7h = 4120us
5-3 VTCT R/W Sh IR DR EME DL E R E T D,
Oh = 50ps
1h = 84ps
2h = 150ps
3h =280us
4h = 540ps
5h = 1052ps
6h = 2074ps
7h = 4120us
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2 7-6. ADC_CONFIG L' P R4 - 7 4 —)L RO (continued)
[=P2 N TA4—/VR AT PRZSAN #.EA
2-0 AVG R/W Oh ADC Ho 7V B AT M-I 5, SEEMEE L, T CDT
IT 4T AINTHEAEND,
Oh ZHBZ TWDEE | SEEUEME T LRI L P AZ N ED,
Oh=1
1h=4
2h =16
3h =64
4h =128
5h = 256
6h =512
7h =1024

7613 ¥ b Fv¥UTL—>3 2 (SHUNT CAL) LR (ZF KLZX =2h)[VEv b =1000h]
2 7-7 12 SHUNT_CAL L ¥ 2& %=L ET,

NS =12 R E,
& 7-7.SHUNT_CAL LR - 74 —)V EDEER
Eok  |[Tq—nk ZAS Ytk B
15 RESERVED R Oh T I Fro FAT 0 e,
14-0 SHUNT_CAL R/W 1000h ZOLVRZE, BIEOFEICH TS v MR E T A e KA

T AT BALTT AR5,
F7-. CURRENT L Y RZ DAY iRfed, 3 &35,
1%, 7 ar 8.1.2 ISV TH TSNS,

7.6.1.4 v > FEEAEE (VSHUNT) L R4 (ZRLR =4h) [Ut Y b =0h]
% 7-8 12, VSHUNT L2 &% R LET,

WS 2RV £,
#FK 7-8. VSHUNT LD R4 - 74—V RDEHEA
Evh T4—VR BT NN i EA
15-0  |VSHUNT R oh v MU A ORI E SN EBEIL, 2 OMEE,

TEHREL
ADCRANGE =0 ®& %, 5uV/ILSB
ADCRANGE =1 k%, 1.25uV/LSB

7.6.1.5 XRAEBEREE (VBUS) L RF (7 RV R =5h) [Vt v k =0h]
#7912, VBUS L U—ZZ R LET,

BEIE R IZRVET,
&RT79.VBUS LPR¥ - 74— )V ROFMA
=52y TA—IR BAT ek A
15-0 VBUS R Oh INAEEH T, 2 OFIFCT, WITIEOME LD,
R 3.125mV/ILSB
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7.6.1.6 ;RERAIE(HE (DIETEMP) L X% (F RL X =6h)[VUEY b =0h]
# 7-10 |2, DIETEMP L U AX % LET,

B IRV ET,
&+ 7-10. DIETEMP L2 RH DT 4 —)b ROFHA
Eyh TA4—IVE FAT V& h Gk
15-4  |DIETEMP R Oh IS AR DRE N, 2 ORI,
A% - 125m°C/LSB
3-0  |RESERVED R oh TFAIW o BT 0 HFHHT

7.6.1.7 EFDER (CURRENT) L2 R4 (ZF RV R =7h) [Uty k =0h]
7% 7-11 12, CURRENT L2224 Rk L £ 7,

HEWS £ R0 £,
#= 7-11. CURRENT L2 R % - 7 4 =)L RDELEA
Ewh T4—LR BT UEvk A
15-0 CURRENT R Oh B ST OF R (7 7), 2 OFELHE,
fEIZOWTIE, BEZar 8.1.2 T4,

7.6.1.8 BHDHER (POWER) VR4 (ZF RLX =8h) [Uty I =0h]
3 7-12 12, POWER L V22 %7~ LET,

WS £ R0 £,
K 7-12. POWER L2 R% - 74 =)L FDEHA
Evh TA4—ILR ZATS PRZSAN A
23-0 POWER R Oh EHH O R,

HE (Vo h),
P E7e LK, IEDFH,
fEIZDWTIE, B2 ar 8.1.2 THilT 5,

76192755 6LU75— b (DIAG_ALRT) LY R4 (Z KLX =Bh)[Utw b =0001h]
# 7-13 1. DIAG_ALRT # 7L ¥,

B FRIZRVET,
F 7-13.DIAG_ALRT P R4 - 74 —)L RDEEA
Evh TA—ILR ZATS Vivh FEA

15 ALATCH R/W Oh T T =k TyF AR =T B IRFRE—RICRESNTWESEE, 7
FNIBRIVTENDE, TT—h B 757 EyMNITARNVIRIEIZ) 2y
rEha,
TI—hToF A R—T N BV NRTY T« B—RIZEESILTNODIGEE
DIAG_ALRT LU AX MHAHENLET, 7I—h 7T 7 By NE
THNMELT 7T 47 DEFEHFFT D,
Oh = %
1h =Ty FFH

14 CNVR R/W Oh OBy High IZ3GET 58, ZBHYE 772 (C v b 1) BT —bhSh
1ZLELT T — b EV T Y hEND IR S I, R Y AT L2358
TLIEZEERT,
Oh = ALERT > OB 777 % T 42— T 2T 5
1h = ALERT ©> OE NG 7 57 A X —T VT D
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% 7-13. DIAG_ALRT VP R4 - 7 4 — )L RO (continued)

Eyh TA4—IVR AT V&vh A

13 SLOWALERT R/W Oh AFx—T NDEE, ALERT #EEIZ5E TH A OB TT I —hand,
ZHUCED, EHEAEBEZ HET ALERT 2B IES A ZEN T
Do
Oh = LS TR (ADC) 5T ALERT ki
1h = SEEYLS N ETD ALERT g

12 APOL R/W Oh 77— Mt v M, ALERT ©r DRt A7 E 15,
Oh = il@% (77747 Low, A —7">+KLAV)
1h = s (77747 High, A —7" - RLAY)

11-10 RESERVED R Oh THIFE T HAZ 0 HFEIAT,

9 MATHOF R Oh BRHAE O ENA — N —Ta—xT— |25, ZOEYNE 1 IEYh
b,
BIRBLOBN T — PR THD ATREMEN DD L ERL TS,
Oh =@
1h=F4—"—Tnm—
{LOLEWE N B0, L FBTIYT T HUERDD,

8 RESERVED R Oh FHRIFE -, TIT 0 AT,

7 TMPOL R/W Oh TR EE AR IRABIEL P AX DAL v a VR EBZDE, ZOE vk
31 iy bEhd,
Oh = i@
1h = @A~ b
ALATCH =1 O34 . ZOEYNIZDL P AZZFHR A LIZLW 2T
b,

6 SHNTOL R/W Oh U NEIEOBIE Y o MEBRABIRL AKX DAL v a2 L Rl R%
Bz5E, ZOEYMNI 1 Iy END,
Oh = %
1h = Sy U MNEE IR~ b
ALATCH =1 D34 . ZOE Y MIZDOL AR EFHLID L0707
Ina,

5 SHNTUL RIW Oh T MEEORIEEN Y v MlRARTEL CAZ DAL v 2/ LRl R %
Th%E, Zov v 1 Iy hEnD,
Oh = i@%
1h = v MEEARGA N h
ALATCH =1 O¥ia . ZOEYNIZDL P AE EFHHBBMOHZ L LW T
Iha,

4 BUSOL R/W Oh PNAEFEDHIEMD, SR 22D AL w2V RIR A # 2 2
L. ZOE YNNI 1 ITkyRERD,
Oh = %
1h = /2[R A~ b
ALATCH =1 D34 . ZOE Y MIZDL AR EFHLEA LIV 70T
s,

3 BUSUL R/W Oh NABIEOREMEDS, SAFIRARGEL P AX DAL v 2/ LR HlRE T 8]
B, ZOEYNMI 1 ITEvhENS,
Oh =il
1h = /Sl RA A 2
ALATCH =1 O¥i& . ZOEYNIZDOL P AE EFHHBBOHZ L LW 7T
Iha,

2 POL R/W Oh BHOUFEMENEBNHIRL PAZ DAL v aV RiilRE# 2 58, 2O
v MNT IR ESND,
Oh = %
1h = & /IR A b
ALATCH =1 D34 . ZOE Y MIZDOL AR E LD L0707
s,
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% 7-13. DIAG_ALRT VP R4 - 7 4 — )L RO (continued)

=7} TA4—/VR AT UEvh A

1 CNVRF R/W Oh BHINTE T 5L, ZOEYME 1 Iy bED,
Oh = i@%H
1h = BHR5ET
ALATCH =1 O34, ZOEYMIZDOL U AF 5~ 30>, HFrLWRY

HEREBRIETHIETIITEND,

0 MEMSTAT R/W 1h FNRAADN) LDOAEVZEM TF 27 b 2T =R HENSE, ZOE
v ME 0 IZEyhEnD,
Oh = A&V - F /W hexT—

= WEEE

7.6.1.10 v > MBEEAL Y 3J)L K (SOVL) LY R4 (7 RKLVAR =Ch) [Vt b = TFFFh]

ZOLVAZIZADENANTIZSNDE, vy MEIEDORIEE OV FRiZ

ZDOTT—LIMEBILET, Vv MOIKELEAL Y

AR BLOMREEAL Y a/L R ﬁ@ﬁ%ﬁiﬂﬂﬁ‘éf'ﬂ/\ L. 2 DDEORKENTT (DEVEDHED /NN IZiEE
EAL v alV RERETHNENHVET, £ 7-14 |

HERE RIZRVET,

.SOVL LY REERLET,

K 7-14.SOVL LR - 74 =)L RO

Evh

TA4—IVE

ZAT

NN

Bl

15-0

SOVL

R/W

7FFFh

Ty MNEEE GRERE) AR T A7, HE R A7 DAL
VY ANRERET D, 2 ORIEE, Z54#4%4: ADCRANGE =0 OrX,
5uV/LSB

ADCRANGE =1 ®&_ 1.25uV/LSB

76111 v MEEERL Y 3JLR (SUVL) L R4 (7 KLR =Dh) [U+ty b =8000h]
SUVL L U AX %R LET,
W R0 £,

%= 7-15 12,

FT715.SUVL L RE + 7 4 —)V RDERER

Evh

TA4—IVE

LA

Uk

A

15-0

SUVL

R/wW

8000h

T U MEEE (IKETIRE) 2 H 327201 fEZ iR 272D DAL
v aVREHRET D, 2 OHiEE, Z#i1f%%5: ADCRANGE =0 DLx,
5uV/ILSB

ADCRANGE =1 ®k% . 1.25uV/LSB

76112 NBEEALV Yy 3L KR (BOVL) LPR% (7 RLUR =Eh)[U+tY b =7FFFh]
# 7-16 12, BOVL L V225 RLET,
HENE #1205,

F716.BOVL L RY « 74—V RDEHHA

Evk TA—IVR BATS DR A
15 RESERVED R Oh FTRIGE I, HAZ 0 ZFAr T,
14-0 BOVL R/W 7FFFh NZEEIE GRETAGE) 23572012, [EE T 5720 DAL v

VAL RERET D, 7KL, IEDMED T, ZEHREL:
3.125mV/LSB
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76113 NREEFERA VY3V R (BUVL) VPR (FRLVR=Fh)[U£y b =0h]
# 7-17 12, BUVL LY A Z %2R LE T,

WS £ R0 £,
FT7-17.BUVL LPRHE - 74 =)L ROEEEA
Evh T4—R BT Ueoh i EA
15 RESERVED R Oh FHIFE o T 0 Zedr T,
14-0 BUVL R/W Oh NAKETE (IREERE) 2T 5712 BT 272D DAL »

TANRERET D, Fio7aLEKAL, IEDHED I, ZEHAREL:

3.125mV/LSB

7.6.1.14 REFIREBBER L v 3)V R (TEMP_LIMIT) L2 R4 (7 KL R =10h) [V v b = 7TFFFh]

# 7-18 12, TEMP_LIMIT LY 24 Z R/ L £,

RIS £ R0 £,
&R 7-18. TEMP_LIMIT LY R% - 74 =)V KDOFHEA

Evk TA4—IVR EAT PASAN A

15-4 TOL R/wW 7FFh REBIRONEMZ 957201, EHE LT D720 DAL v a/LR
TR ET D, 2 DMK,
ZOT4—NARIZAFENTEIL DIETEMP LY A2 DL EHE S
Ly IR EED £ 9755 FIT %, 2R %: 125m°C/LSB

3-0 RESERVED R 0 THRIGE A+, W 0 i T,

7.6.1.15 BEHFREBEAL v 3J)V K (PWR_LIMIT) LY R4 (7 KLVR =11h) [V v b = FFFFh]

& 7-19 12, PWR_LIMIT LY AZZRLET,

B R ICRD £,
£ 7-19. PWR_LIMIT L2 R4 - 7 4 —)V ROHEA
Evh TA4—ILR BAT RN FEA
150  |POL R/W FFFFh EHHIRBEBON E AR T 572017, % e 720D AL v a

WRERET D, FF57e LKL, EDHED I,
ZDOT4—NRIZANESNIAEIL POWER L P AZ DL EE ST,
B BERIENE DD T I D, A7 256 x &) LSB

7.6.1.16 A—#— ID (MANUFACTURERL_ID) V2R % (7 KL X =3Eh) [Ut v | =5449h]

#< 7-20 |2, MANUFACTURER_ID LY 2Z % 7R LE T,

W 2RV £,
% 7-20. MANUFACTURER_ID L2 R4 - 7 4 — )L RDEHEA
Evh T4—R BT NN i BA
15-0 MANFID R 5449h Tl % ASCIl 2a—R C#t A =9,

7.6.1.17 7/X4 R ID (DEVICE_ID) L ¥R % (7 KL R = 3Fh) [Ut v b =2381h]

# 7-21 12, DEVICE_ID L VA2 &R LE T,

WS R RV E T,
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& 7-21.DEVICE_ID VL' R% - 7 14 —J)V RDFEA

Evk TA4—VR AT DRSS #.EA
15-4 DIEID R 238h T AR MR AN T D,
3-0 REV_ID R 1h FRAZADYE V3 D,
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87 V=g RE

T
LFoT7 7V r—ar it TI OB AERRICE LD T, TI TIEZED EMMEFRITmets

TRAEVZLE A, fll 2 O BB 2 - OBEEMEIC DN TR, BERROEETHMTL TV e72<Zeic
ROET, BERITE T ORGIFEELEMFAEL T AN 528 T, VAT LOKBELHER T DL ERHVET,

817V — 358
8.1.1 FINA ADBIESEE & S REE

INA238 7 /AR, U MEEOHIEIZ 2 DO AJJFiFHZ R —RLTOET, IN+ B2 IN- VO TR —RS
NWTWDTNVAT— )LD ZEE A TIIX CONFIG LU AZ D ADCRANGE B> MIGST T, £163.84mV F7-1% +40.96mV
DWF NNV ET, N RF F@{EUETEOD HPH L OV~85V T, WX AR Y o3, -256°C~+256°C
WCHERRSNET A, o —I2k > T -40°C~125°C (T REET,

# 8-1 |2, Vv MEE NRBE, BEOT LA —VIEREE, FNEFNDAT YT P A R RmLET,
#£ 8-1. ADC D7 I RT—)Li#E

NTA—H T IVAT— )V SyfiERe
+163.84mV (ADCRANGE = 0) 5uV/LSB
VbR +40.96mV (ADCRANGE = 1) 1.25uV/LSB
ISR ov~85Vv 3.125mV/LSB
L -40°C~+125°C 125m°C/LSB

FIRAAD Y NEE ASREE . IBEORIEEIL, ZhZ21 VSHUNT, VBUS. DIETEMP L AXZ G AEHZ &
MATEETY, VSHUNT Lo 2L VBUS LI AXZ DTV T11E, 16 BT, v MNEEOBIEMEIX. AT A
(Dﬂ)Uilﬁ EHIZ LY EOEIZHADEIZHRVET, 20720 VSHUNT OF —ZfEIL, EOEIZHLADEIZT ALY

BETY, VBUS OF —XEITFICIEDOETT, BT —Hi%, T VXNMVEIZENENDOGIREEF A X BT HZ LI
J:D BEICEELEHTHZENTEET, DIETEMP L AZOFT U2V 11X 12 BT, EEROSHEEE S A X2
FAHZEIZED, CITEBEAMR T HIENTEET, 2O EIL, EOEICHADMEIZHRDET,

IBIT, BIvay 812 IURT I, ZOT AARAFHESNZERET X7 T, &HE Ty NCiEm 4 58k
zm\iﬁ“

812 EMBLUVBHDHE

INA238 7 /A ANEIAEZ T >~ 7 BAL THEFNT5121E, SHUNT_CAL L VAKX —E DI HfE %2 EZIA T ML B
HOET, ZOMEIX, TV —ar THEASNS E@mhtv‘/%/MJEE?“@ZEIJEéWiWME ZEoTHRRYES,
SHUNT_CAL L o2& %, 1 ITHASWTEHE S ET, CURRENT_LSB (3, BHMEN T 2 ~7 HAL THRASI D
CURRENT LY A%Z?D LSB D AT w7 +H A X4, CURRENT_LSB Offiix, K 2 _/Tﬂ”ﬂzjt*ﬁmsam 123N T
Y. CURRENT LU AX Do iR E 2 E L £3, CURRENT _LSB OffiZfi/MIT 5281 IMRRE TR L
0 ET N, —IYIZ, CURRENT_LSB (ZIZ KEWEBIZDE (72720, 8x KO K&z d) 75:;3%#){'1,( CURRENT
DEMAETFILET,
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RSHUNT IEL IN+ 2L IN- B O 2B B2 A LS L7201 b DM v o hoEFLE T3, ADCRANGE = 0
A, N1 2L ET, ADCRANGE = 1 DA . SHUNT_CAL Ol 4 (512 20 ERHVET,

SHUNT _CAL = 819.2 x 10° x CURRENT _LSB x Rsnunt 1)

T
o 819.2 x 108 X, A —V 7 &N HERF 9~ D7D SN D NERE & T,
« ADCRANGE =1 ®#;4 . SHUNT_CAL Dl 4 (22T 50BN HVE T,

Maximum Expected Current
215 (2)

Current_LSB =

BEHEIE. SHUNT_CAL L U RF CRHRESNDEIZEESE, Vv MEEDOHIEEIZHE > TEHESINET, SHUNT_CAL
L OARIZE—RENAIED 0 D4 . CURRENT LY A2 C L CHASNAETRES 0 1220 FT,

FHEMAEM AL TSHUNT CAL Ly AX A&7 s 7307458, CURRENT L Y AZ S &R OB E R Z T L~ T AL
THHBMDZENTEET, B EIL CURRENT _LSB TR —Ur 7 &N, L TFo X 3 TetEENET,

Current [A] = CURRENT_LSB x CURRENT 3)

ZZT
+ CURRENT /%, CURRENT LT AL HiE A B0 fE T4

BMEIL. POWER L2205 24 By MOEEL THEA MY LT D 4 ZEML T, Uy MEALICEH 5T LATE
7,

Power [W] = 0.2 x CURRENT_LSB x POWER (4)

ZZT
« POWER 1. POWER L U AZ 5D 5L BVE T,
+ CURRENT_LSB %, {2 TEHZEINDIHIC, BIFHHED LSB A AT,

IO EFEHTAHREFNZDONWTIL, BI/var 8.2.2 L TLTZEW,
8.1.3 ADC tHDF—% - L— b &/ A1 XEkE

INA238 D /A XMEREL A W4 fRAEIL . ADC EHAIFIC L > TRV ET, o, ZOT RS RTT VXS b PR
—RhLTEY, TV JAXOEPRUAENL D ET, ADC ZEHRFH &7 —Z R b AR TEDFMRMEIC LY | (5 Bt
HHenmEL, RO T BN CREDOZ AT IV Lo UEERLET, REBLICBITA /A XD T a7 AL
=l Vi /4x‘if:zinw%-Mxﬂ%rﬂzé:hé/XTA JARNHFILEZR>TUOET, INA238 D ADC DA N4
fFEREIX, 2l A R L, SHEHEE O 28T L T&EET,

# 8212, THRAATHR—bESNDIH T —H L —MNEREE R LE T, ich e B HF% T 50us T, i
Eﬁf;wa DEREEL, T A ZDRNET — 2T HESNTHELIE v ML (ENOB) L THEENET, ENOB 13 /(X
DE—7 ) — B I EI IS THEINDTZD , A RO EEREEZEBIZANDLZENTEET,
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% 8-2. INA238 / A X45¢

ADC ZsEsl [us) | T7T YT T 88 [ms) é?é‘s?im\f,”“ {:K«.QW)ENOB
4! (ADCRANGE = 0) (ADCRANGE = 1)
50 0.05 12.5 9.9
84 0.084 12.7 10.5
150 0.15 13.4 11.4
280 0.28 13.7 12.2
540 ! 0.54 141 12.4
1052 1.052 141 12.7
2074 2.074 15.7 13.1
4120 412 15.7 13.4
50 0.2 12.7 10.6
84 0.336 13.7 1.4
150 0.6 14 1 12.2
280 112 14.7 12.7
540 4 2.16 15.7 13.4
1052 4.208 15.7 141
2074 8.296 15.7 14.7
4120 16.48 15.7 14.7
50 0.8 13.7 11.5
84 1.344 15.7 12.7
150 2.4 15.7 13.4
280 4.48 15.7 13.7
540 16 8.64 15.7 141
1052 16.832 15.7 14.7
2074 33.184 15.7 15.7
4120 65.92 16.0 15.7
50 3.2 15.7 12.5
84 5.376 15.7 13.7
150 9.6 15.7 14.7
280 17.92 15.7 14.7
540 64 34.56 16.0 147
1052 67.328 16.0 15.7
2074 132.736 16.0 15.7
4120 263.68 16.0 15.7
50 6.4 15.7 13.1
84 10.752 15.7 141
150 19.2 15.7 14.7
280 35.84 16.0 15.7
540 128 69.12 16.0 15.7
1052 134.656 16.0 15.7
2074 265.472 16.0 15.7
4120 527.36 16.0 16.0
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# 8-2. INA238 / A X4t (continued)
ADC Zsarsh [us] | 1077 ‘;ﬁﬂ’m 7 97 mm (ms) éﬁiﬁmﬁm (/:IigyegnwENOB
(ADCRANGE = 0) (ADCRANGE = 1)
50 12.8 15.7 13.7
84 21.504 15.7 14.7
150 38.4 15.7 15.7
280 71.68 16.0 15.7
540 256 138.24 16.0 15.7
1052 269.312 16.0 16.0
2074 530.944 16.0 16.0
4120 1054.72 16.0 16.0
50 25.6 15.7 14.1
84 43 16.0 15.7
150 76.8 16.0 15.7
280 512 143.36 16.0 15.7
540 276.48 16.0 15.7
1052 538.624 16.0 16.0
2074 1061.888 16.0 16.0
4120 2109.44 16.0 16.0
50 51.2 15.7 14.7
84 86.016 15.7 15.7
150 153.6 16.0 16.0
280 286.72 16.0 16.0
540 1024 552.96 16.0 16.0
1052 1077.248 16.0 16.0
2074 2123.776 16.0 16.0
4120 4218.88 16.0 16.0

814 ANT7 45V VI ICHT RRFEIER

CHETIZHHILZEDIT, INA238 (ZIZ /AR TANEV T OEEOA T var Bfgfhainn Tk, 2 — % —ix
ADC_CONFIG L A& TAHUR I & B OEA RN BN T D2 LN TEET, BHRFRITS v MEEE S ZAEE
DOREMEN L TREBNIERE TE DT BRSNS ADBERITIS T 27k p3 m ELET,

Wik ADC I XA /A ABREREEEZ KBLL CUOVET A, o7V 7 L — Nl 1320 CRAT 51
I THEENE XD AREMERHVET, ZNHDIEH1E IMHz L ETHAT-D | TRAAD ASIFZ T 4NN T %
MATHILETEHTHIENTRETT, EEE A2 T ANEZ) 75282 X0 AEME ORI RIT L2 5%
W2, T4 E EIEOIRWESRT A T 52N TEET, B ORREGHTDITIE, "TREZRIRY i/ N O BT
(FEAET 100Q LA T) £ T30 7 -ar TP 2L CIANEZY T E2{TWET, 20305 o OHERE L, 0.1uF~
1UF TF, ¥ 8-1 12, ATNTTANEEBINLIZT SAAZRLET,

TARAAANINTR LTI, SHITBARIRELEELET, T3 AATIOAZEZ, IN+ B2 & IN- BV DR T +40V
DEFERDIINTHHESN TOET, REREFHTFVA T, VY bOARTT T RIZE/E T2 N HY E
T, ZOEBEOARUIREAELZSGA . Vv M I CEIREE N 7 VICHINIS A A REMERHV ET (2721, EIRE
I TN —RIFa T U B R =R CODEGAIZIRD), 7T R ~DEEEIRET DL, FFEM X707 535
HELT, T/ AD 40V OZEH), F7-21% 85V DIafREx e KEM 25 FIREMENHV ET, FHE x>/ v/ BT
A f;zz/vae~1%f:r/7/#a#ﬂzf/\zoﬁf_/:ﬁ%ﬂﬁzﬁ%m7/\4x( %= TRANSZORB kbw\i?“)
WX ThaiE Iclf S E ., BB o 7P A BRSEIB L&, ZOMMIZEAETHBEEZE T 5720
ERAIND FRRMIEGY v MNERIZ DWW TIE, TERY v MG D1 F*J{Eﬁwam@)77V/qu+%7%ﬂﬁbf<té
1,\
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VRO T RIEIEFNS , KA B O TRV — R AF LB T RN T TV —a T ADICKILCHE
JEDERIZ: dVIdt SEIINSNDZEIZED . ADA =S —=ZA ZAREN AT D ATREME DV E T, ZOA RO ER
JRRIE, B2 EHE C, ORI, REOERZIE LI AT LOT A ZT, #F7Z2 dV/dt (2L->T ESD fRi#
PEEN T2 FREMED DD ZETT, 7L ADOK AT LEFNC 10Q HEHZBIMTHILT, 20 dV/dt FEEOfK 40V
DT SAADZEBEEERIIKTDATNI RSN L LD, TANII > TGEEN £, ZhHOEHTATLIRS
WCOLHFEPAN TEIRT DI LICLY | HE OB L Ry MRICIX 2T E B TEET,

Load Vg =2.7V-5.5V
Supply

RriLter

CF\LTEH
0.1uF to 1pF

H81.ANT4NSV YT

RriLTER (24 100Q ZHE X DMEIIFEH LW TIEEWN, F AU BREMETL, FEEMEN A ELET,

82REJEMAET V-3

INA238 DA 7 hNEEEATINAT ABEFEAMEN 0 | BB A8 A OFIPH CIEfICER 752N T Ed, s
0 FRHE CIEMEIZBE AL 32121, B R OB AEBIEN R KGR A A ) EIE#PH (PO EITGC T, £163.84mV
F721% £#40.96mV DOWEIN) OITEMEICR DI, Vv MEFIOMARIRL £4, X 8-2 (2. FIRMKERKIZHITS
EMER OO DRI ZRLUET,

Vs =2.7V-5.5V

1 Vs
VBUS

48V

BATT IN+
- IN-
i il
I [1 GND
i il
T LOAD,

* [’C ADDR: 0x40
CHARGER
GND

8-2.INA238 TRREIE> > & - 7TV —aVH

8.2.1 Bt EH

INA238 (%, itz v 7T (Repunt) Z B EIE T HEE, TOMNGICHEETDBELIELET, o, 207
NARIANZBRELELIEL T, TV T —rarlfOENEZFELET, SHIZ, 77— MEREZHZ TRV, 2—V
—IEEDAN MBI BN CE T HINCT T — BT ml I LT 52 LB AT,

8-2 (TR B DOR%FH % £ 8-3 ITRLE T,
#+z 8-3. REI/XSA—%

WEH TG A—H fEDH]
IR (Vs) 5V
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& 8-3. BFt/S5 A —4 (continued)

RETA—F TEDFI
NAEJRL—V (Vem) 48V
ANABEIRL— VDB ET 4V ALy va/L R 52V
I E 6A
BEFT AR ALy aLR (Iyax) 10A
ADC #iFHDEIR (Vsense max) +163.84mV
ThLEE 25°C
8.2.2 F¥Hli/zRxATF IR

8.2.2.1 > > MR DER

# 8-3 DEAEHL T, v MEFLO F R, RS2 EIR O R KM (Iuax) LEIRU7- ADC #ilH O F KEFA R
H B £ (Vsense_max) ¢ WZEESWCEHESNE T, IR KERCTEIMET D56 ZIANELILT NAADR KT VAT
— /L i VSENSE MAX ZHEZ AT E if%i’é‘/\/o ZITEDLIN TN T A—2IC 5 ZFEHTHE, Rgpunt @
RMEIE 16.38mQ CEHEET, B Sz KIELY /NS, Beb ISV RPUEIL 16.2mQ TJ ., Rgnunt
1, BRARSRIFICIRN T, ZORBIO M TIHESNDE LT LI ALETT,

VsenseE mAx
Imax (5)

8.2.2.2 /Y1 X D&

INA238 27T LT B HIDAT v 1L, T /34 AL ADC #aklL P AZZWMUNCRETHIETT, D EFREKEA
FFiZ, CONFIG L' A%t ADC_CONFIG LU AL, FNE4L 3 7-5 & £ 7-6 IR T IO By MEICRESNE
T ZOF T HIVDNT —F L RBETIL ., T /31 A1L £163.84mV O#FH CHIESNAINTEESN ., v NEJE.
INAFEE ., IREZ T —R T ADC ZHLET, T 74N DT —T o P RN B2 TR WA
Vs OBV AT - ARUMEIZ, TNHDT NAAZ IELKEET DL ERHYET,

8223 >+ > P F¥UTL—23> LZXZDTOTFA

xR F XU T L —ar L URZE, T ANBEIRICE SO TR R A B Y@ TEHI0IT, & VS DEPHEN
FRICIERRIC T B T ASNAMLENHVET, ZOLUAZEMYNERETHIIE, £ N2 2FEHL T, &R LSB &
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* 8-4. RYEDHERE

INTA—F ROE LSB DOff FHRERSR
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?‘ T I = DEAIL T H TR HZENTHE NN T I —hDEAI S INEE T TV —ar Tl NABEERT v
VNEBIEDIHDERIZHOWTIL, 7T —MiE A ADC ZEHalEED 1.5 (FLRETHLENHYET,

Copyright © 2022 Texas Instruments Incorporated Submit Document Feedback

Product Folder Links: INA238

35


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

% TEXAS
INSTRUMENTS

INA238

www.tij.co.jp

JAJSL40A — JANUARY 2021 — REVISED MAY 2022

U
: A {
: I3 N
m N == =
L - >t a-Ee——--- ._._l._.m-k_l
: b Ml =—————; =
P R s == B PN RN
N PlE=— SN
i £l = z Ro_/
> ' A 0 [aN)
||||||| ”._.nrqupuuuuu Wum ._||.m||.|".||.” = ﬁ s/
: : ] : = HE b
........ T i bt B EEEE R Ko m
I I A 12
s o
! : : |
et e S --pi--- P at o N
: : : N
(NP TAD TRIAD i
abejjoA sng 1431V co
|
| U
Bk P : I
R P W
Bt BER S EE ehh St bt Ry o
I P N
R DU SN TR DUNR SO R SR =
Al e e A B A | m—~
N i
3 IR R A
.. I BRI = B
I EE g I ==——=— 2l a D/
VO lio | PR =
|||||||||||| NG R - ERC I o
HII  FIEASN
== N\
““““ R ]
- iSiEl e EW
........ CLEHE e we
I 2 E
U .
P : oo |
IR NN | R A T R S N
N
P/ AD WP /AR *?
abeyjjon sng IRER ©
|

Copyright © 2022 Texas Instruments Incorporated

Submit Document Feedback

36

Product Folder Links: INA238


https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

i3 TEXAS

INSTRUMENTS INA238
www.tij.co.jp JAJSLA0A — JANUARY 2021 — REVISED MAY 2022
9 BRICEY 2#REE

ZDOT NAZAD A AIEEIE, ZOEIREL Vs ZB 2 A RIFEELEDOE 2 IEMHEICHE CEXET, 72&201%., B 1 Vs
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BIRD JARERRET DD, THy TV T a7 o OBIMBRNELRDZENHET,

101479k
101 L7 DHA RS A

FNVE G, 0T 4 BEER AL T AE Y (IN+ & IN-) 2o o Z B L £, 28Iz
ANV HOERE 2 TRIDOA e — X R T 2R TN ATRE T, — KAV, it v 7ROl
BN HDHE, AE L ORNBIMOEHBAELET, B 7 ?E&{F"O)?R]fh{ﬁi):}li,% ARV KD
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Ui I CEDIET D CRUE L E7,

10.2 LA€7 MMl

— [ |~ IN+
Sense/Shunt
oy AQ IN= Resistor
(1)
m_[[ ALERT VBUS "
Alert output ——
2 ¢ SDA GND l—("‘;
L i
2 Supply bypass
Y ! scL VS :
interface m_EI: capacitor
_» Via to Ground Plane
O Via to Power Plane
(1) BfrEFHE DD, VBUS BEU A ~OUHEE LT L ET,
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11.1 Receiving Notification of Documentation Updates

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

M2YR=p-VY—-2R

TI E2E™ SR —b 74 —FAlE, TP =T BREEE B ORIV LR T Db Mo 23— Bl h o [E 2
BAZLNTERGFT T, BEOEAEZMRBZ LI ME OEME L0 TAIL T, e CHEAR KT TEIC BT
LN TEET,

Vo8N TWAar 7 oyid, S 2 EE ICLY ., BURoFERESN 2L DT, 2oL Tl ORE2#Ek 458
DOTITRL HFTLS Tl O BEZ KL DO TIIHOER A, TI DFEHASEZHRBL TSN,

11.3 HHE

TI E2E™ is a trademark of Texas Instruments.
TRTOBEEIL, ENENOHAE IRELET,
11.4 Electrostatic Discharge Caution

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

“ \ 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.

11.5 Glossary

Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

122 A (A, Ryo—2, BLUVFEXER

DI D == IZiE AT =L, Ao — BEOE ST 2N RS TOET, ZoBHIT, I5ED0F A
R TIRES TV AR BT DT — 2 T, Z0OF —ZI P EREESNAIERHY, R a A MKETSNAEA
BHET, KF—22— D7 TP A SN TOBE AT, FEAMOBIZ B E,

38 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA238


https://www.ti.com
https://e2e.ti.com
https://www.ti.com/corp/docs/legal/termsofuse.shtml
https://www.ti.com/lit/pdf/SLYZ022
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238
https://www.tij.co.jp/jp/lit/pdf/JAJSL40
https://www.tij.co.jp
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSL40A&partnum=INA238
https://www.ti.com/product/ja-jp/ina238?qgpn=ina238

i3 TEXAS PACKAGE OPTION ADDENDUM
INSTRUMENTS

www.ti.com 1-Oct-2021

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 ®3) (4/5)
(6)
INA238AIDGSR ACTIVE VSSOP DGS 10 2500 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 238l
INA238AIDGST ACTIVE VSSOP DGS 10 250 RoHS & Green SN Level-2-260C-1 YEAR  -40to 125 238l

® 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.

@ 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.

© ead 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 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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OTHER QUALIFIED VERSIONS OF INA238 :

o Automotive : INA238-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
4 |+ KO [¢—P1—
LR ey R g T
o| |e e 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 OO 0O 0O 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)
INA238AIDGSR VSSOP | DGS 10 2500 330.0 12.4 5.3 3.4 14 8.0 12.0 Q1
INA238AIDGST VSSOP | DGS 10 250 330.0 12.4 5.3 3.4 14 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)
INA238AIDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA238AIDGST VSSOP DGS 10 250 366.0 364.0 50.0
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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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