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6.5 EXMFYE

Ta=25°C, Vg =3.3V, Vgense = ViN+ - VIN. = OV, Viem = V)n- = 48V (ﬁﬂ:%ﬂﬁ@fﬁb\ﬁﬁo)
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6.5 ESHYIFTE (continued)
TA =25°C, VS =3.3V, VSENSE = V|N+ - V|N- =0V, VCM = VIN- =48V (ﬁ&:éﬂiiﬁ@éﬁb‘l‘ﬁ@)
IRFGA—H 7 A RAME  AREE  BEKE| B
Ta=25°C +0.5 %
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6.5 BRIHI%E (continued)
Ta = 25°C. Vs = 3.3V. Vgense = Vins - Vin. = OV Ve = Vin. = 48V (BHIZ ik 72\ D)
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6.8 FEMTHYE
TA = 25°C\ VVS = 33V\ 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@)

4
— B+
3 — IB-
< 2 B A
@ 1 ~ A
3 o
(2]
% § 1 I~
é —/ \

-3

-4

-200 -160 -120 -80 -40 O 40 80 120 160 2

Differential Input Voltage (mV)

6-14. AWNA 7 ABREEHAHBEDOKMR

00

0.25

0.2

0.15
0.1
0.05

-0.05

-0.1

-0.15

Negative Input Bias Current (nA)
o

-0.2

-0.25

0 10 20 30 40 50 60 70 80 90
Common Mode Voltage (V)

6-15. AN/ 7 AEfE (1B+ £7=(3 1B-) &L RBAEEDREHF

Temperature (°C)

6-18. 7T« 7 lo LIBEDMR

15 15
12.5 < 125
S
= 10 L
2 5
g 7.5 Ug) 7.5
3 s £ 5
» . ) ’
« B = o5 .
m 25 3 o . g
> (2]
3 /
£ o0 8 o} —
2
25 £ -25
-5 -
-50 -25 0 25 50 75 100 125 150 -50 -30 -10 10 30 50 70 90 110 130 150
Temperature (°C) Temperature (°C)
6-16. ANINA 7 RAEiR &L REDBRF 6-17. AANA T AEBREBEDERE, vy bFUY
1.1 750
1
_ 0.9 700
< _ _
T o8 — 3
= 07 €
] | — o 650
5 06 5
o - o
*u:-; 0.5 *g
8 04 g 600
2 K]
3 03 3
0.2 550
0.1
0 500
-50 -25 0 25 50 75 100 125 150

2 2.5 3 3.5 4 4.5 5 55 6
Supply Voltage (V)

6-19. 70T 4 7 lqg LEREEDMR
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6.8 EXAEMFE (continued)

TA = 2500\ VVS = 33V\ VCM = 48V\ VSENSE = 0\ VVBUS = 48V (%ngﬂii\@fib \BE@)

4 20
% 35 % 18
2 =~ 16
S 3 g
5 £ 14
3
% 25 5 12
& - q
5 2 5 0 -
3 15 3 ° a
k= € 6 2
& 1 g
3 o 4
2 o
& 05 g 5
0 0
2 25 3 35 4 45 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 - =
INnuous rite Commanas \ <§L
R | |5 120
< 660 s
< [T T T 3
g Idle SDA, Clocking SCL 7/ (% %0
5 .
O 640 = /
= [
S =
2 / 3 ® /
Q ,/ = ’/
S Y o] /|
S 620 / S g
Py 17}
/5// Q 30 |~
— 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| ~—
fr fra
& 0.9975 5 .. .
k| =
S 0995 2 0.9975
o o
0.9925
0.99 0.995
25 3 35 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

INA228 T 3A 2% 12C FOZ I oA B —T = A ABAEH =T RNV BB AT Tﬁ‘o TDOFNAAAT XY
B, AR, NEHREZRIEL T, VAT DEREE ICHIE 3 DB O B/ BB 21 To /DI LB i, /1, —
X — REEFAELET, 70l I<T L URXIIY, PIEDREEZTLX LT VIR THZENTE, Hfi
TECN) TEMED ATRRICZRV E T, LUV ARZIEHROFEMICOWTIE, 73 ar 7.6 2L TIZEN,

72¥ETOY IR

VS
IN+
i: SCL
IN-
SDA
MUX
A0
VBUS 0—
Al
+]
Oscillator Out-of-range ALERT
Threshold

7.3 FROB
7.31 ZHROSEERIEHEEE

INA228 |3 2.7V~5.5V OEJFE TEMEL T, itk 85V DL —)L FOEBFELERAHETHILNTEET, Bk
IZL IN+ B IN- EZH DM v MEFTOEERE T2 72282V PIELE T, INA228 D AT BRI, )\jj
(DWFH BIEDT NAAOEIREL Vg VL BRI NCEHFFINTWET, ANEL THR—FSNTWBIRFEE

FiPHIL, -0.3V~+85V TI, TD/=8d, ZOT A AXEFHIEMO FRRME ERAIOEH LI i T, W‘E]\jj
iE.kT/\4'X@ PR IX ARSI L TS 72 IR — 7 AIZBE L CRAIICEBIE T2 8 I3b0 ER A, LTS
T AABLEITERELEOF 7RERB IO VEHIRAET B0, T A AHEBEE 5252 813H0 A,

Flo, ZOT AR, Vys BV TRADERELEZIEL . WEROIRE B CIREZRELET, 28 v MNEE
X IN+ B2 IN- BV O THIEL, NAEBIEIXT NAADT TR E UL CIEL T, B G/ S A EED
#iPHIX OV~85V T, BRI GO IR EE#PHIT -40°C~+125°C T,

UrUNEE, ANAEE, BELOMREORIEMIL, X 7-1 1R F X0, WET 1 2D ADC IZZ ELSHTWET,

ADCp ADCn

o 0
_ @ Bus Voltage
Veus EJ—W\,—L—.’ o——9
< QO Shunt Voltage
<>
<r.//._/ N4 @ Internal Temp.
A
Lo
IN+ [} 0 O
—"—— aDC IN+
IN- “o—— fonneie
Vs +——P ADC IN-
—
o—
PTAT Temp.
Sensor —
o0—
% MUX digital
Control

B 71. BEEAARIVF IO
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732 NBBHESLVHET PV

B FEIT Y MEEOWERITFESI, BENEZ RN X — IR EEORERZICFHREINET, B é=xL

It FJIJ[EW)@(Jlbmnfﬁ‘f@&%kﬁ%ﬁ@/\z'ﬂaj:@@' EEIZEESWTEESINE T, SHUNT_CAL LU RAHZ|Zr—RX
WIZEN 0 DA B, =¥ —, FEOHEIZ 0 L TRASNET,

7-2 \ RTINS OEN 1 ITRESNTNDE, B, B, BEOMHEITTITHET, 72720, Fs bz
LTWHEE . ADC D4 HIlEfE] :txﬂE(DTri’Jﬂ:vy“x& RAFSNTODHFERTT, 7XTD ADC DH 7o
%, FTICET RSB, B IREOMIL, BOE LT EBICET 5 E T, s OB L D AZTEINSIVE
T TRTCOYL T AOUER, ﬁi@ﬂ?mézﬂffmﬂ%méh BANFRENDE FRITHIEOH IV PR —R
S, FIDBE AN RIREL D E T,

THRNF—LFEDEIL, TNENDOEWEY AN T LICBFESNE T, ZD720 | INA228 DFELEREIZZ 6T
EHSEE A,

HEI, FE, TRAX—DOHRE IV I T TR TEITEND-O, BHEFESEITB SN EE A,

ADC,
Temperature, Current,

Voltage
Power register |P7 | p2 | p3 | p4 | p5
Q= Q.= Q.= Q.= Q. =
Charge register | irxt | i.xt | i.xt | P.xt | i.xt
E;= E.= E.= E.= E. =
Energy register | pr Xtz | p.. x t.. | p.. xt. | p.. x t.. | p.. xt.
7-2. BH. IXRNF—, REOHEAE
733 ELWNA 7 RER

INA228 1T FEH IR NW AT AL T AERAFRE LT WSO ORENRHVET, INA228 (ZA AT ZAEBFRN
BN T 7T 4T IRBEL Y ¥ M D ARTED T )T T, T 3 ADWE B B BMER SNV E T, EAA T RAEBH OB 1
OOREIX A HET VX T —H BT DRI, AT 4N EER L CEE /A A RETELZILETT, itk
DFIENVEFR B AT T, 7\jj7/f/]/§7@LjJD TREW REEME FLCWELZ, LL, IBAA T RAEFROT-
D AT ANFZEDREE DAL T 13/ NMRICEIZ DIV ET, R ASA T RE R OMOF %, /NS72 BB A IEfE R H
T 512012, K& v MEMUAE I CEXHZE T, v MEPUS KR E 2l AE 5L, 7*“/*‘42!:& sub-mA D#i[H
CHEA EMEICERTH2ZENTEET,

INA228 DA T AEFIE, SN EHN 0 DEXTHR/NERDET, BIBEEIMUIRD DL, v MEHLO M D
ZEEhEE LR I, %@ﬁi%\ X 6-14 | ZRT I, AT AEFRIEINLET,

734 BRBETIVS -4 < ADC

A ADC 1L, v ¥ NEERIET v RVIZBIT DR G M ETRE VR — NI C5 G Sz, |itiE, 847k
MAKRUZ DTNV - 27 < ADC T, HIESNTZ AN K 7-1 1 ORTEBEAT VT T L oY 280U GERIR
S, ADC AN ADET, ADC 7—F 77 F %20 IR EFHSEOERI 7 MNE L., RIFHE/L, BE., BIRE®IC
KT ARELEA 7By MUEZEHRH L TCOET, Bt 7 7T U r—ar Tl VAT LD EMRRE AT Iy
T L VERRAET D OV O T By MELEE MG T A4 7=y N ADC BSHESRESILET,

% A1 ADC ZE#a i [#]1%, ADC_CONFIG L 2% ® VSHCT, VBUSCT. VTCT B v hZ &I, T2 50us~
4.12ms OFIPH TR E FTHETT . SHIT, 1x~1024x DOHi[H TH o 7 N PR EERE D FE2E ST, ADC_CONFIG
LY2AZD AVG By NTEIRTHZENTEET, o7 VR S kL, &7 a 7.3.4.1 THBAL TWOD N
T IR T ANED—IRTT,

INA228 |3, v NEE, NAEE, X AR, £721% ADC_CONFIG L'’ 2% ® MODE by M Ci#RLI-s &2 D
W, ZBOMAGDEERETHIENTEET, ZHUTKD, VY MEED I KT NAEEDHrE BT HE—
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REBIR TXD720 22— —1I/FEDT 7V —a B a3 IO EE AR €T 52 M T E 7, ¥k
DIBRINENTVRWGE . ADC ZBHN5E T 958 BRI MEITR IS T AL U AX TEBNCHEFr S, BHSE TEIZ
FIOHN A B =T 2 A ANEHHAHTZENARETT, vy MEE., NAEBE., IRE AT 02 #iy X
ADC_CONFIG L' U AX T al T AZ 3BT, 50us~4.12ms O CEBIZER ESNET, ﬁxﬁfoﬁ(ﬁ']ﬂi]\
NI =7 v VICEBEND T2, T _TO AT ORERIFII I, £ AT OB LA 87 A1 k> CTit7e
DET, EEHEMERSNTODGA . E LT X2 b —Z IR BMEMRIES IV, By — 7 AT R F)
ETHETHROIRSNET, TXTOENE T T5E, EIREITRIGDOL U AZ TSI, G H LA AEEIS
fwiﬁ“o TNHDMEIE, IRICEBNE T LTHRERNEZHZONHET, T— 2L PRFIBRFSNET, 208
B, TF—ZH DL REOFHELTOIL., IET OB A,

ADC (213, T —REN A - E—F D 2 O ZLEHE—R23%Y, ADC_CONFIG LY 2%®D MODE E v T ES
AVET, BFABLE— R TIL, AR D IOIZ, ADC XA REMBDEHE TV 2SO 2 R L — 7 Cidifie L T
ITWET, NI EHE—RTIX, ﬁﬁﬁi@otéc ADC I A RIEMEAZHL . Z D% MODE By h~DEZIARIZEST
RO T Nay - NN AERSISET ADC (F3 vy M T - E—RIZADET, MODE by e EXiATr L, BifE
H DR AT ZE DG A BT EID ALY TR L £97, T SA AL D ThFe A N T ZEMNATEETHY | etk i1
NI DT — 2 I e E RSN E T2, N A EHROREE DDA #7577 (DIAG_ALRT LY AX D
CNVRF B> R) (I THZENTEET, ZOE YN, TR TOEMEFIENTE T LI RICRESNET,

EHE T2 (CNVRF) 1Z. L FOSMETI/I TSN ET,

+ ADC_CONFIG L VAZ | ZEZiAL (v M Ty - — RS FFZERL)
+ DIAG_ALRT LU AZ & FEAHT

INA228 7/\4’%75>b\ffﬂ7§>0)ﬁiﬁ%°—l\ THEHASNTWAEA. B7iar 732 IZREHSNTWAIIIC, AT UH
Ve D NLER. B BE TRV X—DEE NI TR TEE L CWET, NIF - E—RTliL, T8 AT
R ORIV VAR LW 2 EFEL U AS (ENERGY & CHARGE) 13 HE40Z/20ET, TRAF—LREBORIE
BRI OZERBICHOWT, BEEARENULELINDLT TV r— g OE . T A RIS GRS R Bl AT A
DFREET N —HEE EILLEH]TEXDL), T A ANEG AT — R HTHI0CRETILERHVET,
TRCOFHFEII NI T TT R TEITS I, RIS ELEE A,
VAT LOMDAL R = DRI N LB T TV —ar DEE | INA228 D2 L CONFIG LY 22 D
CONVDLY t“/f\éf7°mﬁ“§:/7‘€‘5:ké:ot0\ 0 (BIEZ2L)~510ms OHFLPH CTIRIET D AIREME A HV F 3, MR
DTTTIILTIT IIFRAEIX 2ms T, ZBHEIEIX, T 74N T 0 ISR ESNE T, BESCEREZZERTHH
E’Tﬁﬁﬂﬂéﬂé%*ﬁ@?‘/\/fxﬁ‘%ﬁif(%éfa/\ BHGRIE |\ Z X TRIE ORI TONE T, BIELERZ T T 56
H%‘FEJ%/\bﬂiéz\%ﬁ BoT TV —ar ORE | AN OBIE LB ORE NI FRRFIZ THNL I, EIEL T
WAEFHIEIZIE 2 DOT A REEH TN TEET, ADC DNEFFEDOR—ZANEMETY ., PNERERERL] &/ ETRE
F'ﬁ@f\~7\0>7 I, BRI OGRS EBICRIMIIT RO TV ZEITHER L TIEEN,

7.341 8L AT >>DTZZN - Z4 N8

ZOFTNRAAL, ADC 117 —Z KL TTF o A—a ET (VEZ) T O T H{THa— R A F )L« T (JLEZRHN
BLTEY, /A RO S ET, TOXN T VAL SESFRM T —4 L — e BRI L T FIiC 1
[RIDZEWA A7V NIZIED LU ET, —F—%, HEHREH Ter %2 50us~4.12ms O CTHHRITERINTE
T, ZOMER T, HAIE S O T AFANEREEIC 1 S HORE /v F BBV ET, ZIUTER U= R 122> Tk
FD. fnoteH = 1/ (2 x Ter) TEHRSNET, ZAUT, FLdSINTWDIDNT, TANE DIy N T R DA r—) 7
NTF =AU —FE BT HZEEFERL TOVET, K 7-3 12, 1.052ms OSBRI N2 EZ DT V2 A
ARLET,
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Gain (dB)

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

AEHARER = 1.052ms, 2T 1 Bl 2

K 7-3. ADC DERELE

7.3.4.2 Z L F > TNGEHBER & FI9E

T NEE ASAEE, JBLE O ADC ZEHEE 1T, 50us~4.12ms O CEBNIERETHIENTEET, Lk 4
TR T IVCRETELILICLY, SESER /A XD LB T BUREARBVENAIREL RV ET, /- ZOTF /AR
12, 1 BIOEENS 1024 [BIOEBRETOT X TCOFEYLRER 27 0l T A RECT, BINLI B O EIT, 77747
BRI _RCORTANNIH—ICHEASNET, £ 7-6 IIR"TdE912, ADC_CONFIG LV AXZIL, VAR —hSNTNAE
ARG &L — R O SBIZFEIZ R N B A2 Efﬁéﬂfb‘i@‘ INA228 @ ADC D5 2h4rfineid, Z5#aefi] 2 K<L,
SEEULOF AR o lick, W ELET, K74 L K75 )\jﬂnm}ww@%ﬁ@ﬂﬁ&ﬂ#?ﬂJ:J?i’ﬂt@%ﬁi? z
DWTORLET,

Conversion Time: 50 ps

Conversion Time: 1.052 ms

50 pV/div

Conversion Time: 4.120 ms
| L L L |

| [ [ [ |

0 2000 4000 6000 8000 10000
Number of Conversions

7-4. ) A X BRI OBIF (T =1)

Conversion Time: 50 ps
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 EHEEBOBIGR (FH4k = 128)

DA ] &P BE AT D LI ORBE X, JIE DA S RIS L £ T, PIUCIZED /A R DR A B E Y MK
(ENOB) OHIIMOFEMIZOWTIE, &7 ay 8.1.3 2B ML TZEN,
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735 v MERRYU D MEE

INA228 T /N A A1, -40°C~+125°C DX A IBEWNE RN FREZ2NEEE B V&2 H 2 CWOET IRE BV ORSEIX
ém/ﬁimr”%ﬁl I 5 T +2°C T3, IREDOMEIL DIETEMP L Y AXNITKEIAS L, TN - A2 X —T = A Z%ffi
THHARDZENTEET,

DT NAAZIE, TR ORIEMZFIH L T v MEFTOIRE 5y a3 28EERHV £, ZORHEIX. CONFIG
LY AZ D TEMPCOMP By MR E T 52 LIk A e TEET, SHUNT_TEMPCO I, i EShs v hOlRE
B E N1 50T TATEHL VAXTY, SHUNT _TEMPCO LV AZ D7 )L A7 — UL 16384ppm/°C T
T, IR +25°C 2R ELL COET, Vv MIRICIEDREREE RS LIET AL, IBEMEIL L1 0k
WZ2R0ET,

Rnowm X (DIETEMP - 25) x SHUNT_TEMPCO
10° (1)

Raos = Rnom +

ZZT
* Rnom 1%, 25°C 128 F5 s MEFLOAFRME (Q) T7,

« DIETEMP % DIETEMP L Y AZNOIRFEDIE T, BA71E °C T,
+ SHUNT_TEMPCO (I3 %> MR, BATIX ppm/°C T,

COBERER AL CIELL I Bs T L3 5L CURRENT LU AX DT — X 134 AR A 5 45 - Llc K-> CETIE
S, BEOBIENIZ/Z2VET, INA228 DX AIBENHHEIZ Il CWAT2d | B OF ML, #5PTE INA228 H3ELGE
AL TWAREICL TRV ET,

*E

B GREMENMOLOEME T THMIC > TV DG, BHR I EIE O R i;éﬁ‘fr@{ FHIEL
IRBAREMENHVFE T, — RN, Y PEIEDOENRRKEW (BFFAD 70% i 225) HE . IBEREOHE
23E (2000ppm/°C %iﬂié) y«?‘/h#&)é%m . =i (100°C 2 2.5) DA, :@ﬂ#ﬁﬁ@ééb&
T, KBRS Y NEED _EIBERPH 73?54:9 {mrf-f‘ﬁizi’m<b7ﬁ/'\7/l\ CEBIDTRENDIRI AL L
TSV IBER LR T5E R Y U NEIEILRDET, T A AT EE M Z IEMEISBILET, kY
YU NEEISELEBOIRE T EA Uk T%ﬂi?ﬂb T NAAISSIRNERZ B LIED E7, Zhud, &R
L7 ADC #iHZELENBZ TN, SN2y v NMEER —TE DO EE T, FHE I EhiEdt
DM UE T 5728 TF,

7.3.6 N =B E RIS

T IRAANERDH A L_X— AL, BIRIZEB WO TAZE 0.5% RiICh ASNTZNE IR OO S E T, BRI
#HELADC BHEDH AL T ) —ATHY, TRAXF =K BEOFE TR OFHNZC SN E T, TUXL T ¥
IS TR K > TR D20 | mREE 7y 728> C, IR E R z}otéﬂ»&ﬁ%%/yv’ﬂ?ﬁ?&@%%
PEDMRFESNE T, EIRFEARE, NI HRATE ADC 1355 300us T 1% AR OBRAELZEEICERELE T, /ayIn%g
ET5HEADC OF —ZH T, B ar 6 IORTERIARS io@@rtﬁ%ﬁfﬂé‘&fwiﬁ

73.7IFT7S5—FERET A MEH

INA228 (21%. 2 B DA—72 Rl A ALERT H AL 2350 | I DB WS B OWEL, TS A RN A - F—R
L AT —R @ﬁﬁf@ﬂ@bﬂ\é&% Z.ADC BANFE T LIl a7 OIERH 72288 TEET, £ 71
(ORI RN E ISR S, RS Z HMED B E O A AL v a VR B 2 D72 NS, ALERT BV %8
LC@amsnEy,

# 7-1. ALERT S2BrDEH AR

DIAG_ALRT LYV RFDAT—ZA-E vk PSRy a/LR . -
2 = . 3
INA228 Z it (RO) LR (RIW) VIREDT 73 NVME
0x8000 h
T MR I R SHNTUL SUVL 2 OHi)
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2 7-1. ALERT 2HF DA (continued)

INA228 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 L YA HOF A I, ALERT BV Ch A STz iz Wr O FEE A B3 5720

LYRAE, R 716 17789 ZMAEER LY. ALERT B0 —E OMEBE DRI IE 228

WCERET,

(2, DA B

o TI—hTvFA3x—T V- ALERT U BRI TSN A ZOMRE
Y OEIIRFFSNET, DIAG_ALRT L AX Dt BIZ& - T, ALERT B2 OREIF) £y S E T, ZoRE
1%, ALATCH By MR E D8I IV AR —T MR ET,

o BHYE(FA R —T L - ADC EHNE TLT, T V4L- 4’/57—7:4775%&771%-“7& DU TEDET P —

rsdEoic

T ALERT VoA R—7 /L ET, ZOHHE

(RSN ET, 20

WZED T RTOZBHRIERZ TS ThE

Z. CNVR B MR ETHZEICINA R—T N0 FE

T, CNVR B> hORREIZEfR7<, CNVRF B> hb i3 iﬁﬁ%?%«x% A ELDZE M FTRE T,

. SEEHATOTT— ML -
DOFSREIC LY &

F—R ek TEET, 7220 M BIZ U BRI DN HT20 72
N ET DEAF—T TN ET,

o TI—Miitk - F A A1E ALERT B O 7 77 4 7 IRIER IS T 52 LN CEE3, ALERT B it —7 > - RlA
VDTS BHUCL S TN T 7T ELERHVET, ALERT NI T 74NV NCT 7747 Low THY,

APOL il %4 FLC7 27+~ High ke

(R CEET,

ADC TSN T —2ELFEHA AL v a VMEZ 52 LA TEET,
PRSA AL v a/V R eI DL XD, ﬁﬁ?—ﬁﬁ f‘oé% (/A RZFRELT, /41“&1@‘3‘555\7
(TEIEL £9°, ZORKRE

J. SLOWALERT t'>

ALERT B2 ClAIEI2 S DIAG_ALRT L AX DA B2 I~ TR A 8E72 Z DOt O 2 Wit 5E

o HBftih——78r— - MATHOF vy MZ XV REi, B

BITBERISNET,

o AEVRFT—HZ - MEMSTAT By MZIWREIL, T3 ADRFEFEMERY L ATY OYRHE
EFICEMEL TWBEE. ZOE Yy MNIFIC

1T,

2o THREIL P AX DA — /R —T 1 — bﬁ%‘éébfc%

EAEALET, 7oA

o THRNF—F—"—T1— - ENERGYOF By MZLVWREN, T —HDEFEIZL>T ENERGY LU AHMNA—N
—7n—IREICETDHEBEMSNET,

. EA—/—71— - CHARGEOF by MZIXOREN, T —FDEFEIZL>T CHARGE L U AX 3 A— /" —T 11—
RRBIET AL mmEnEd,

ADC B2 T A M EIENAH L1

1%, INA228 T /S A AR v MBTEIE (REEDE) A2 b, NAREEA SR, WA b,
a2 T CNDHEXIT, T/ AN ADC BH5E T AU M@ L QA BT,

ALERT v %47 5L ALERT 132 Br@ent hicenEd, X 7-6
B FRAB A RO
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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

INA228 %, SMBus (> % —7 A ZABL N 2C A2 Z—T 2 AADW )T 2 KT AARELTORBIWELE 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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INA228 (3, 3% 7 kL L CEEE—R (1kHz~400kHzZ), 355U A A — R+ E—F (1kHz~2.94MHz) %475
—hLTWET, T—F SANMIT T, g A IBRPNCHERES I, SMBus 3.0 FRE 7 B R /UIZHEWET,

INA228 L5 3 DITIE. mHNIAAL T /XA RN, 2 IRT SAADT KL A NANAE LT, 2 IRT SAADT Ry
YT EATORBENDVET , 2 IRT NAZADT LA SANE, 7 B DT RLA By b BIENGEA HLEZIA LD
A1 EYhOFGHE Y MTHERSH TOET,

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

INA228 DIFEDL Y ALNIT 7R AT HIETID | LI RZDRA L XYM A BEZATD 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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T2ex A T ANARNIT I )BT ARG LU WA RHOET, T —H N ANDZERIZIET 7 Vo5
BEPAERSNDZE, FIEBIIESMCHK T RPN ERESNDZ LI A T ARARALT —ZEE R T TH2Em
HVET, FCL TAENOHD IR LG IDZENLEELNG AL, L UAZ DR AL H 34 N i 1255 T M4 I HY
FH A, ROBZALINMEIZL S TEFINDET, TAAARIL PRI ORA L ZEEAR T 5720 T,

7-7 12, BXABLBNVEDX AL TR ERLET, K 7-8 12, A BVEHEDOX A TR ERLET, ZNHDOXIE, 16
E DL RFN IR T BFRAIRY | BXALE RLTOET, KERASANIOL 22T P BER L E9,

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

1 9 1 9 1 9

SCL l

VAN 0 00w OO OOVOO000000

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

Start By ACK By ACK By
Controller Target Target
M . .
|<— Frame 1 Two-Wire Target Address Byte I Frame 2 Register Pointer Byte —>|

A, 2T NALATRLZSARDOEIL, AO B L A1 BV DR EICEI>TIREVES, £ 7-2 2R TIEEN,
B 7-9. BEMNE LV O RIDRA VIRE
7.5.1.2 EZEPC 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&

INA228 L. SMBus 77 —NMN&t& 7 LRI E THIICHEFENTOET, SMBus 77 —NMNGEIZID, v v7e 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

7.6.1INA228 L X%

# 7-3 12, INA228 LV AZD—Faz R L ET, & 7-3 IR DLW T AFDNEITT X TTRFE A THY, LY AZ
DODNEEELTHLITTEEE A,

£ 7-3.INA228 LR ¥

FRLz &R VIOREL, LVIRF P AX (EVE) ‘I av
Oh CONFIG RERk, 16 FR
1h ADC_CONFIG ADC DFERL 16 R
2h SHUNT_CAL TxUh XY T —Tas 16 R
3h SHUNT_TEMPCO Uy MR 16 R
4h VSHUNT Ty NEE ORI EN 24 R
5h VBUS INAEEE D EAE 24 FR
6h DIETEMP Tl B8 T R 16 R
7h CURRENT ERinak 24 R
8h POWER T DR 24 FR
9h ENERGY TR —DRE R 40 R
Ah  CHARGE FBEORE R 40 R
Bh DIAG_ALRT BWT 77T T—h 16 R
Ch SOVL Ty MEEEAL YT LR 16 FoR
Dh  SUVL YU MEEBEAL v a/LR 16 R
Eh BOVL NZBEFEAL 2L R 16 R
Fh BUVL NAEBEBEAL v a/LR 16 £
10h  TEMP_LIMIT IREEFITR @R AL v a/L R 16 FoR
11h  PWR_LIMIT E IR AL v gL R 16 E N

3Eh  MANUFACTURER_ID A—H— 1D 16 R
3Fh  DEVICE_ID F 342 D 16 For

FD/NESIR BNV EDLINC, BHERE YT IR BAT i B TRILLTWET, £ 7412, 20O®I 3Tk
A BZA TV CWAREERLET,

RT4.INA228 7R - 947 - a—FK

TIEASAT | RE B
G LAAT
R R FAHIL
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R T7-4.INA228 7O £R - 47 - 21— K (continued)

TIERFAT | RE L
EBXABLTAT
w W | #xia%

Ve y N EIET 7 4V ME

-n ‘

Ve g EEET T i

7.6.1.1 #8R% (CONFIG) LR % (7 KL R =0h) [Vt v b =0h]
5 7-5 12, CONFIG L o2& %R LE T,

B R IRV ET,

#FK 7-5. CONFIG L R4 - 74 =)L FDEA

Ewk ZA—/VR BT NN A
15 RST R/W Oh Utvh-Bvh, ZOE YN IZRETHE, T —F Uy hERITY
AT LUy N RAET D,
T R_RTDLYREET 7 3V MEIZI BV 5,
Oh = i@ #h{E
1h = VAT LUy MIEY, LUAXET 74V MEICR ESND
ZOE YNNI T ZITEND,
14 RSTACC R/W Oh BRELY A% ENERGY BXL U CHARGE DNE% 0 12V Evhd5
Oh = @& #h{E
1h = ENERGY LU CHARGE L A% % F 7 4/ MEIZZVT %
13-6 CONVDLY R/W Oh WD ADC EHaDIEIES 2ms ZLIZFRE T 5,
Oh = 0s
1h =2ms
FFh =510ms
5 TEMPCOMP R/W Oh SNERS v NOREREZ A R —T WIZT D
Oh = VY U FNOIREREN T 1 2—7
1h = v U hOIRERIEDSA R —T IV
4 ADCRANGE R/W Oh IN+ & IN- DO TN A — L L D TRIRL T v M5,
0Oh = +163.84mV
1h = +40.96mV
3-0 RESERVED R Oh THIE Fro HAZ 0 FRi AT,

7.6.1.2 ADC #8R% (ADC_CONFIG) L2 X% (7 BV X =1h) [Vt v b =FB68h]
# 7-6 |, ADC_CONFIG LY 2%k LET,

B RIZRV £,
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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)

Evh

TA—IVE

ZAT

UNoAN

%{l

B

2-0

AVG

R/W

Oh

ADC B 7V 7R T NIRRT D, SEEEERE R, T~ TDT
747 ANZHEAINS,

Oh ZifE 2 TV D5 E | FEMNTE T LIRICH IV OAZ B H SIS,
Oh=1

1th=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]

7 7-7 12, SHUNT_CAL L 2% RLET,

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 > MEREMRE (SHUNT_TEMPCO) L2 X4 (7 RV R =3h) [Uty b =0h]
7% 7-8 |2, SHUNT_TEMPCO L VA& ZRLET,

PSR IZRVET,
% 7-8. SHUNT_TEMPCO V2R % - 7 4 —J)V RDFEA
Evh T4—VR BT V&vh Bk
15-14  |RESERVED R Oh T I HIT 0 BT,
13-0 TEMPCO R/W Oh IR E BRI E D7D D> v MO RS, +25°C CTEHEEND,

LU RZDT )b« A — VAEIE 16383ppm/°C,

16 B L U RZDS3fiEREIL 1ppm/°C/LSB L7e5
Oh = Oppm/°C

3FFFh = 16383ppm/°C

7.6.1.5 ¥ > FBEE(E (VSHUNT) L R4 (ZELVR =4h) [Ut Y b =0h]
#7912, VSHUNT L2 &%~ LET,
BENS 22 TR 9,

FR 7-9. VSHUNT LD R4 - 74—V RDFEA

(=7 TA4—IVE AT DRSS B
23-4 VSHUNT R Oh Ty MO W CHIE SN 2B BT, 2 O EE,
TR EL:

ADCRANGE =0 »& %, 312.5nV/LSB
ADCRANGE =1 @ k%, 78.125nV/LSB
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R 7-9. VSHUNT L2 R4 - 7 14 — )L EDOEBA (continued)

Ewh TA—IVE AT UEvh A
3-0 RESERVED R Oh T Fr FAZ 0 T,

7.6.1.6 NABEREE (VBUS) LR (7 KL X =5h) [Utwy b =0h]
3 7-10 12, VBUS L U AZERLET,

WIS RIZRV £,
& 7-10. VBUS LI R4 - 7 1 —)L RO
Eyhk TA4—VR EAT PR A
23-4 VBUS R Oh NABET), 2 OMECT, FITIEDEE 2D,
JE R K 195.3125uV/LSB
3-0 RESERVED R Oh TAHIFE P, AT 0 ZREAAHT,

7.6.1.7 ;BEAIE{E (DIETEMP) L2 X% (7 RLA =6h)[VEv b =0h]
# 7-11 12, DIETEMP L Y AX %Rk LET,

HENS = 2R E,
&z 7-11. DIETEMP L R4 D7 4 —JL FDHEA
Ewh TAL—IVE BT DNZSAN A
15-0 DIETEMP R Oh WNERA A TEEE OWEME, 2 DA%,
IEHEE: 7.8125m°C/LSB

7.6.1.8 EBFDFER (CURRENT) L2 R4 (ZFRLVR=7h)[U+t vy b =0h]
# 7-12 2. CURRENT L U AX AR LET,

BEMS FAZRD ET,
& 7-12. CURRENT VPR % - 7 4 —)b RDFREA
Evhk TA—NER AT PR B
23-4 CURRENT R Oh B I DO FIFAE (7237), 2 OAIHE,
EIZOWTCE, B2 v ay 8.1.2 THBT 5,
3-0 RESERVED R Oh TAHIFE I, HAT 0 BT,

7.6.1.9 ENDER (POWER) L2 R4 (7 RLRX =8h) [U Y Ik =0h]
# 7-13 12, POWER L 22 %" L £ T,

WG R0 £,
#F 7-13.POWER L2 R% - 74 —JL ROEHA
Evh TA4—)LR AT DRz A
23-0 POWER R Oh FHH OB,

HE (T V1),
PR L2, TEOMHE,
EIZOWTHE, 7V ar 8.1.2 T 5,
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7.6.1.10 TRILF—D#ER (ENERGY) L R4 (Z KLZX =9h) [Vt b =0h]

7 7-14 |12, ENERGY LU R &R LET,

WS £ R0 £,
£ 7-14. ENERGY V2R % - 7 4 =)V RDRB
Evh T4—R BT Ueoh i EA
39-0 ENERGY R Oh TRVX—H SO,

HAED NI 2— b, G572 LFE i, IEDTHE,
fEIZOWTIE, 7 ar 8.1.2 Tl T 5,

7.6.1.11 AEDHER (CHARGE) L2 R#% (F KL X =Ah) [U£y bk =0h]

% 7-15 |2, CHARGE L A& % R LF T,

BN 120 ET,
& 7-15.CHARGE V' R%4 « 7 4 =)L FDFiA
Evh T4—R BT UEoh i HA
39-0 |CHARGE R Oh FeW A OFFE, HAED W7 — 1, 2 ORI,

fEIZDWTIE, 7 ar 8.1.2 T4 5,

761122755 8LV 75— b (DIAG_ALRT) LY R#4 (7 KLZX =Bh) [V+y b =0001h]
# 7-16 12, DIAG_ALRT Z/RL ¥,
IS IR0 7,

#& 7-16. DIAG_ALRT L' R¥ - 74—V RDEHHA

Evh

TA—IVE

ZAT

UNoAN

Bl

15

ALATCH

R/W

Oh

T 7=k ToF A R—T ) By MRBEE NI ESIL TS A, 7
ANIBRIVTENDE, TI—h B 757 By NITARVIREEIZY &
rshd,

TI—=hToF A F—T N EhRT T B—RICRESNTODHEA
DIAG_ALRT LU AZ N AHINADET, TT7—h B 777 - B
TANMEGCT VT 47 OEFEMERT 5,

Oh = %

1h = FoFHH

14

CNVR

R/W

Oh

ZOE YN High IZEET AL, BT 77 (€ 1) 37 —RhSh
2EEIZTT—hEURT = END LTSI, B A7 VD358
TLEZEETRT,

Oh = ALERT > OEHHEF 757 % T 2 —T T 5

1h = ALERT BV OLEWAER T T 7 2 A 2 —T VIZT 5D

13

SLOWALERT

R/W

Oh

AF—=7 NDEE, ALERT BEREIZSE THE A DFIMETT I —hEhd,
TIUCKY, EREA 2 HFET ALERT & FBRICIBES LI LN TE
%

Oh = EHLEN TRV (ADC) fEToD ALERT Hrig:
1h = LS 7=fETO ALERT Ll

12

APOL

R/W

Oh

77 —MEPEE Y ME, ALERT B2 O A % E T 5,
Oh =3@% (77747 Low, A =7 - RLA)
1h = [z (77747 High, =7 -FLA)
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% 7-16. DIAG_ALRT L' R4 - 7 4 — )L RO (continued)

Evk | 7g—k BAT UL B
1" ENERGYOF R Oh ZDOE ML, ENERGY LY AZDIREER 7RT,
40 v ENERGY LU AZPA— =T —L7zE . ZOE Y MNE 1
IZeyhEhs,
Oh = i@%;

th=F4—"—=T7n—
ENERGY LV AZ R HMNSNDEIIT SD,

10 CHARGEOF R Oh ZOE Y ME, CHARGE L P 2Z DR EZ R,
40 £ v CHARGE LU AZNA—R—T7u—LI4A, ZOEYME 1
IZevhEns,
Oh = i@ %

th=F—r"—7u—
CHARGE L VAR FiAHENH L7V T END,

9 MATHOF R Oh HIRHAORERDA — =T n—27—(025E, ZOEYNE 1 (T vh
Sha,
BIRBLOENT — IR EHTHL RN DD EZ/RL TS,
Oh =@

1th=F——7n—
DLERZ N AT 50, 7212 RSTACC B YR CT ¥ o b —4& 7T
FTHZEIZLY, FEITIZVT TOMLERHD,

8 RESERVED R Oh TAIE H, WA 0 ZHEAH T

7 TMPOL R/W Oh T E D NR R BRB IR L DAY DAL v a VR EBR DE, ZOE vk
1 izeyhEns,
Oh = @

1h = @A~

ALATCH =1 D4, ZOEYNIZDOL P AZZF R A LIZLW 2T
b,

6 SHNTOL R/W Oh U NEIEDORIEM D v MEBREE IR L AZ DAL L a LR il RE
B25E, ZOEYMNI 1 Iy ERD,

Oh = i@ %

1h = ¥ U NEEBIEA R

ALATCH =1 O34 . ZOE Y MIZDOL AR AR IDH L0707
b,

5 SHNTUL R/W Oh T NEEOMEMN Y Yo MR AL P AX DAL w2 /LRI R %
ThZE, ZoEyME 1 Iy hEND,

Oh = i@%

1h = U U NEEARMW AR

ALATCH =1 O34 . ZOEYNIZDOL P AZZF R A LIZLW 2T
b,

4 BUSOL R/W Oh INREEOREMH ., SAFIRHEL P AZ DAL w2 VR IREB 25
L. ZOEYMI 1 Iy REND,

Oh = i@

1h = /2[R A~ b

ALATCH =1 O34 ZOE Y MIZDOL AR AL ID L0707
b,

3 BUSUL RIW oh NABEDOREMEA . S RBIRASEL A% DAL 2L R RE T
Bl ZOE YNNI 1 ITEvhENS,

Oh =@

1h = /A FRAT# A~ b

ALATCH =1 D4, ZOEYNIZDOL P AZZF R A LIZLW 2T
b,
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2

% 7-16. DIAG_ALRT L' R4 - 7 4 — )L RO (continued)

Evh

TA—IVE

ZAT

UNoAN

Wt

2

POL

R/W

Oh

BAHOREMBNESHIRL P AZ DAL v a RlREBLLHE, ZOE
M 1T ESND,
Oh = %

= FE BRI A~ b
ALATCH =1 DA 2OV YNIZOL VARF EFHHRIDHZ LD 7T
s,

CNVRF

R/wW

Oh

BN T T 5L, ZOEYMNT 1 Iy hEn5,

Oh = i@%

1h = BHp»5E T

ALATCH =1 DA ZOEYMIZDOL I RZ T2 )5, LR
HERERIETHIETIITEND,

MEMSTAT

R/W

1h

FIAADN LD AEYZEM CF w74 b 2T— RIS NS L, ZDE
vME 0 2y h&End,
Oh = AEY-Fxy /P LT —

= WH B

76113 v MABERV Y 3J)VE (SOVL) L2 R4S (7 RLVR =Ch) [Vt Yy b =7FFFh]

ZDLTPARZBADENATIZSNDE, v NEIEDORIEM OV FFizz

DT T —LHBMEFLFT, “/k‘/%fm‘f&aﬁfxv/

YalRBIOEEEAL v a/LR] i%\m*a‘%ﬁﬂﬁ“éiﬁ/\i 2 DOEDOKRENT (DEVADED/NSNT) ITiH
ALY gV RERET DL ENHVET, & 7-17 |

B RICRV ET,

CSOVL Lor&ERLUET,

FT717.SOVL LR « 74— RDEEA

Evh

TA4—IVE

LA

DUNAAN

A

15-0

SOVL

R/W

7FFFh

X UNHELE (BEIRE) 2R LT 570, AT D7 DAL
v AVRERET D, 2 OHfiE, Z#iR%: ADCRANGE = 0 DLX,
5uV/LSB

ADCRANGE =1 &% 1.25uV/LSB

76114 v MEEEAL Y 3JVE (SUVL) L2 R4 (7 KELA =Dh) [Vt v b =8000h]
# 7-18 12, SUVL L VRZEZ R LET,
W F 2RV ET,

FT7-18.SUVL L RY + 74 —)L RDERER

Evh

TAL—/VK

BAF

UMOAN

Wi

15-0

SUVL

R/W

8000h

Ty MREE (IRERE) 20 3572012, [HA IR 57 DAL
YV AVRERTET Do 2 DMEE, 2 Hif%%: ADCRANGE =0 D&%,
5uV/LSB

ADCRANGE =1 ®tx 1.25uV/LSB

76115 NBEEA VY 3JV R (BOVL) L2 R4 (7 RUR =Eh) [V Y b =7FFFh]
#7192, BOVL LY A& % RUET,
WS =V ET,

& 7-19.BOVL VP R% - 7 4 =)L RDOFA

Eyh T4—IVE HAT Vv h Bk
15 RESERVED R Oh FHIFE T, FT 0 B FEAA T,
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& 719.BOVL L2 R4 - 7 4 —)L EOFBEA (continued)
=7} TA4—/VR AT PRZSAN A
140 [BOVL RIW 7FFFh NABEE GBBIERG) 2RI T D010, B8 it 570 DALy

AV REBRIET Do FFa7aLERGL, IEDED 7, BRI
3.125mV/LSB

76116 NREEEAL v 3JVE (BUVL) ULPRY (ZFRLVA=Fh)[V+ty bk =0h]
# 7-20 12 BUVL L o2& %Rk L9,

HENS =12 R0 E,
#F 7-20.BUVL L R¥ - 74 =)V RO
Eok  |[Tq—nk ZAS Ytk B
15 RESERVED R Oh THIGE o T 0 e AT,
14-0  |BUVL RIW Oh NAURTEIE (R 2 572010 % i 2720 DALy
CAARERET D, GERLEL. EOMO MR, IR
3.125mV/LSB

7.6.1.17 BEHREBBAL v > 3V B (TEMP_LIMIT) LY R4 (7 KLR =10h) [U+£ v bk = TFFFh]
2 7-21 12, TEMP_LIMIT LY A2 &3 LET,

WS RITRVET,
R 7-21. TEMP_LIMIT LY R% - 74—V RDOFHHA
Evh T4—VR BT NN i EA
15-0  |TOL RIW 7FFFh REHEO R B2 27010, % T 57200 DAL v = LR

B TET Do 2 DAEAE,
ZDT 4= RIZASNENTZAEIL DIETEMP L AZ Ol & BB S
AU IR E IR N E O Z W5, A HifR%EL:7.8125m°C/LSB

7.6.1.18 BEAFIREBBER L v 3)V K (PWR_LIMIT) L R4 (7 KLU R =11h) [U+E Y b = FFFFh]
# 7-22 12, PWR_LIMIT LY A& %R LET,

RN 2RV E9,
F 7-22. PWR_LIMIT LY R% - 74 —)V RDFEA
vk TA4—ILR EATS Viok A
150  |POL RIW FFFFh B HHIBBON EF AR T 57017, % i 7D AL v a

NRERET B, 5372 LRFL, EOMDH,
ZOTA—ARIZANSNIAEE POWER L UAXOELE RS,
BRI L5 2 KN, AR K256 x %) LSB

7.6.1.19 A—}— ID (MANUFACTURER_ID) L' ¥R % (7 KL X =3Eh) [Ut v b = 5449h]
% 7-23 12, MANUFACTURER_ID L Y2 %# %=L £,

BRI R £,
£ 7-23. MANUFACTURER_ID L' R4 - 7 4 — )L RDEE
Evh T4—LR BT V&vhk A
15-0 MANFID R 5449h Tl % ASCIl 2—R Cat A =7,
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7.6.1.20 /4 R ID (DEVICE_ID) L ¥ 2% (7 KL R =3Fh) [Vt v b =2281h]

7% 7-24 |\Z, DEVICE_ID V¥ RAZ % RLET,

WS £ R0 £,
&K 7-24.DEVICE_ID VL R% - 7 4 —J)V RDFHEA
Evh T4—R BT Ueoh i EA
15-4 DIEID R 228h TR RIRRIE Y kA D,
3-0 REV_ID R 1h FRAZDYE Y3 D,
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87 V=g RE

&
LT DT 7V r—a G, Tl @@%uﬁ:ﬁﬁ% Z aiﬂé%@f 372K Tl TIEE DO EMEMEEITE 2L
TRAEWVZLER A, 2 D B BT T 58— E OB G HEIC OV T, BERROBETHIWTL T 72 el

ROET, BEARITE T OREFEL %*ﬁuﬁb*fzbﬁ“é\_kf AT AOWRBEE HERB T DM E DR HE T,

817V — 358
8.1.1 FINA ADBIESEE & S REE

INA228 7 /AR, ¥ MEEOHIEIZ 2 DO AJJFiFHZ R —RL TOET, IN+ B2 IN- BV O TR — RS
NWTWDTNVAT— )LD ZEE A TIIX CONFIG LU AZ D ADCRANGE B> MIGST T, £163.84mV F7-1% +40.96mV
DOUVT NNV ET, NRBEDOHIEMEOFPHIT OV~85V T, WX ARE B Y O#iH L, -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) 312.5nV/LSB
VbR +40.96mV (ADCRANGE = 1) 78.125nV/LSB
NAEE ovV~85V 195.3125uV/LSB
L -40°C~+125°C 7.8125m°C/LSB

FIRAAD Y NEE ASREE . IBEORIEEIL, ZhZ21 VSHUNT, VBUS. DIETEMP L AXZ G AEHZ &
MATEETY, VSHUNT Lo 2L VBUS LI AXZ DTV 711E, 20 B T, v MNEEOBIEMEIZ, AT A
(Dﬂ)Uilﬁ EHIZ LY EOEIZHADEIZHRVET, 20720 VSHUNT OF —ZfEIL, EOEIZHLADEIZT ALY

HETY, VBUS OF —XEILHICIEDETY, /17 —ZIid, 7 VXVIEIZENEND GFREET A X T 52 kI
J:D BIEICEELEHTHZENTEET, DIETEMP L AZOFT U2V H 71X 16 BT, EFERO4SHEEE S A X2
FAHZEIZED, CITEBEAMR T HIENTEET, 2O EIL, EOEICHADMEIZHRDET,

IBIT, BZvay 812 IURT I, ZOT ARARFHEINZERET X7 T, BHEVYINT, BEELZ—0L T,
I*/vﬂv HVa— /LT %%uﬁ%iikr%{ﬁzm\iﬂ“

INA228 7 /A AINEFEE T T BAL THEA T 5121E, SHUNT_CAL L P AX|Z—E DB EZ EE AT M BN
HOVET, ZOMEIX, TV —var CEASND E@mkct@‘A?/Mfﬁ?“@iﬁméﬂtﬂfﬂﬁ ZEoTRARVET,
SHUNT_CAL Lo A& %, K 2 [ZESWTEHR S ET, CURRENT_LSB (X, BEIEN T > 7 B TN SIS
CURRENT LY A% ?D LSB D AT 7 + B A X4, CURRENT_LSB Ofiix, & 3 _/Tﬂ”ﬂzjt*ﬁmsam IZHSNWT
Y, CURRENT L UAX Doy fRfex HH2EF L £7, CURRENT_LSB DfEZ /NI THZEIC IERE IR L
7e0FETA, —EHIIZ, CURRENT_LSB (1T REWEBLZDE (72721 8x KO RELIZRNILE) %Ji%?)i'bf CURRENT
DEHEHRILET,
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Rspunt Hs IN+ B2 2 IN- BV O£ B E A A4 DS A7l b BN o kO H ¢ 3, ADCRANGE = 0
D, 3K 2 2 AL ET, ADCRANGE = 1 04 SHUNT_CAL OfElE 4 (50T 20 E BV ET,

SHUNT_CAL = 13107.2 x 10° x CURRENT_LSB x Rshunt (2)
ZZT

+ 13107.2 x 108 |%, A7 —U 7 Z i UNHERF 272012 A S A N ER E Sl T,
« ADCRANGE =1 ®#;4 . SHUNT_CAL Dl 4 (22T 50BN HVE T,

Maximum Expected Current

CURRENT_LSB =
219
@)

EBItIL. SHUNT_CAL 1//257( Tfézh%’ﬂ CHSE U NEEORIEMICHE > CRAE S LET, SHUNT_CAL
LORAZZa—RENAHEN 0 D84 . CURRENT LU AZ |2 Lo ClREENAETED 0 12720 E T,

FHRAEZ L T SHUNT_CAL L2 &7 a3 7458, CURRENT L AZ BB ORI EMEZ T 2~ 7 HifiL
THHPWMHZENTEET, F&#EIL CURRENT_LSB TR —Ur 7 &N, UL TFD X4 TEHESNET,

Current [A] = CURRENT_LSB x CURRENT (4)
ZZT
* CURRENT i%, CURRENT L AL Fi A B0 E T4
EMEIL, POWER L2205 24 © bOEEL TRE# M0 AT 5 i L T, Uy MRALICE#H§ 22 L3 TF

\i—a—(}
Power [W] = 3.2 x CURRENT_LSB x POWER (5)
ZZT

+ POWER /%, POWER L AZ L0 FH A BVETT,
« CURRENT_LSB i, : 3 TEHRINDHIOIT, EiiFtH O LSB A AT,

TRV —EIL, ENERGY LY RZ5 40 B bR B UAHEL TRt A D ZENTE | BfIE Y2 — T, Ya—
JVHALO TR — 1L, LT K 6 2L TEBRLET,

Energy [J] = 16 x 3.2 x CURRENT_LSB x ENERGY ©)
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FEFEMIL. CHARGE L2405 40 v b 2 O L L CTHEARVET, BALZZ—r T3, 7—rrBLO T
EER [ ‘i\ IR A7 2 U TEBRLET,

Charge [C] = CURRENT_LSB x CHARGE @)

T
« CHARGE (%, CHARGE L ¥ 2% b0 35 BT,
+ CURRENT_LSB (%, 2 3 TSN TWAIDIC, EtiHHE D LSB A AT,

A —/_3—7r—FX, ENERGY L' A% & CHARGE LA & da—/vA4— N—1L, 0 BEMGLET, CONFIG L&
40 RSTACC 'Y N ETHZELIZEY LY AZDOEIZN O THY Y M HZENTEET,

DO EFH T AR EFNONWTIL, BZvar 8.2.2 B8R TLIZEN,
8.1.3 ADC HHDF—% - V= &/ A1 XikE

INA228 D /A XMEREL A &N 4y fiRAEIL . ADC ZEHAIFIC L > TRV ET, /2. ZOTFT SARTT VXL b PR
—hLTRY, TV JARXDIRIRN AN S E T, ADC BHIFR L7 — 2 PR LA I CE A MR MEIZID | 5 5% HE
Tresm B, /N DOF T BV R TCREDE AT I LU VR ERLET KIEB LI BITA /A RO T a7y AL
WX, EI 18 /42“if:ainw4b-/4’xﬂ%ﬁkéﬁm5/sz JAZPHILEI2 > TWET, INA228 D ADC DAY
fiFReld, 22 R, FEE LI 28 CTh ETEET,

#8212, THAATHR—ISNDH N T —HF - L—NEBGEEZ R UET, b mnf 72 A Hk E 1L 50us T, fZHE
W;wa DIFRAEIL, T SAADRE T — X FESNTHZIE v M (ENOB) LLTHESLET, ENOB (/44X
DE =7« — = EICFE DWW TR B SN0 . A XD R Z EBICANDZENTEET,

X 8-2. INA228 / 1 X¥5¢

ADC Z#R5H] [ps] e el WAV 7 /VHIR [ms] (i:fé;?im\f)NOB (ﬂi&?&mV)ENOB
4d (ADCRANGE = 0) (ADCRANGE = 1)
50 0.05 124 10.4
84 0.084 12.6 10.4
150 0.15 13.3 11.4
280 0.28 13.8 11.8
540 ! 0.54 14.2 12.4
1052 1.052 14.5 12.6
2074 2.074 15.3 13.3
4120 4.12 16.0 13.8
50 0.2 13.1 1.4
84 0.336 13.9 11.8
150 0.6 14.3 12.2
280 1.12 14.9 12.8
540 N 2.16 151 13.0
1052 4.208 15.8 13.8
2074 8.296 16.1 14.3
4120 16.48 16.5 14.4
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# 8-2. INA228 / A X4t (continued)

ADC Zstarsh [us) | TP TAERIIIST g o e (ms] éﬁsﬁm\zNOB (/izé‘.?ngV)ENOB
M (ADCRANGE = 0) (ADCRANGE = 1)
50 0.8 13.9 12.3
84 1.344 14.7 12.9
150 2.4 15.1 13.0
280 4.48 15.8 13.7
540 16 8.64 16.3 14.3
1052 16.832 16.5 14.6
2074 33.184 171 15.3
4120 65.92 17.7 15.9
50 3.2 15.0 13.3
84 5.376 15.9 13.8
150 9.6 16.4 14.4
280 64 17.92 16.9 14.5
540 34.56 17.7 15.3
1052 67.328 17.7 15.9
2074 132.736 18.1 16.3
4120 263.68 18.7 16.5
50 6.4 15.5 13.4
84 10.752 16.3 14.3
150 19.2 16.9 14.7
280 35.84 171 15.2
540 128 69.12 18.1 15.9
1052 134.656 18.1 16.4
2074 265.472 18.7 16.9
4120 527.36 19.7 171
50 12.8 15.5 14.4
84 21.504 16.7 14.7
150 38.4 17.4 15.3
280 71.68 17.7 15.7
540 256 138.24 18.7 16.1
1052 269.312 18.7 16.7
2074 530.944 19.7 17.4
4120 1054.72 19.7 17.7
50 25.6 16.7 14.3
84 43 17.4 15.4
150 76.8 17.7 15.5
280 512 143.36 18.7 16.3
540 276.48 18.7 16.5
1052 538.624 19.7 17.4
2074 1061.888 19.7 17.7
4120 2109.44 19.7 18.7

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA228

Submit Document Feedback

35


https://www.tij.co.jp
https://www.ti.com/product/ja-jp/ina228?qgpn=ina228
https://www.tij.co.jp/jp/lit/pdf/JAJSKZ6
https://www.ti.com/feedbackform/techdocfeedback?litnum=JAJSKZ6A&partnum=INA228
https://www.ti.com/product/ja-jp/ina228?qgpn=ina228

13 TEXAS

INA228 INSTRUMENTS
JAJSKZ6A — JANUARY 2021 — REVISED MAY 2022 www.tij.co.jp
# 8-2. INA228 / A X4t (continued)

N 5 S JAAX7Y— ENOB JARX7Y)— ENOB
ADC Z#F5H] [ps] i q}/wifﬁm 7 WA 7 A B [ms] (+163.84mV) (+40.96mV)
1 (ADCRANGE = 0) (ADCRANGE = 1)
50 51.2 17.1 15.0
84 86.016 17.7 15.9
150 153.6 18.1 16.0
280 286.72 18.7 16.9
1024
540 552.96 19.7 17.1
1052 1077.248 19.7 17.7
2074 2123.776 19.7 18.1
4120 4218.88 20 18.7

814 ANT7 45V VI ICHT RRFEIER

CHETIZHHALELIC, INA228 (T /AR T ANAV T OEOA T ar Bt Ty, =2 —%—
ADC_CONFIG LV AZ CAMRIERE] & R OE A H BN R D2 L8 Ta 4, BRI v NEIEENREE
OPENZKI L TEBNZERE CEDHT2D | BIRASADEAIC IS IT AR M ELES,

Wik ADC I XN /A ABREREEEZ KBLL CUOVET A, o7V 7 L— Nl 1320 CR AT 51
I THEENE XD AREMERHVET, ZNHDIEH1E IMHz L ETHAT-D | TRAAD ASIFZTANHE) T %
MATHILETEHTHIENTRETT, EEIE A2 T ANEZ) 75282 X0, HEME ORI RIT L2 5 x5
W2, T4 EIEOIRWESIRT A T 2N TEET, B ORREGH-DITIE, FIREZRIRY /N O BT
(FEAET 100Q LA T) &8 T30 7 -ar TP EERL CIANEZY T E2TWET, 2035 o OHERE L, 0.1uF~
1UF TF, ¥ 8-1 12, ATNTTANEEBINLIZT SAAZRLET,

TIRAAZANINZHI LT, SHICBARPREL BB LET, 7 A AATTDORAZEL, IN+ B2 L IN- B Ol T £40V
DEFERDIINTHHESN TOET, KREREFHTFVA T, VY bOARHTT T RIZERE T2 MR HY E
T, ZOEBEOARUIREAELZSGA . Vv M I CEIREEN 7 VICHINS D A REMERHV ET (2721, EIRE
=T —RAF a2 T BV R =R TWDEGHITIRD), 770 R~D & ERETHE FEMEF Y7\ 7 h35
HELT, T/ AD 40V OZEH), F7-1% 85V DOIAfREx e KEM 25 FREMENHV ET, FE x>/ v /BT
i, PR RE R AFa T o LB S DY = — RGEEIL T A 2 (—f%1Z TRANSZORB LU VET)
o TR SN E T, Bt Vo 7 HBIEERNBIBR T, TOMRICRETIBILENE TH72DI1Z
ERAEIND FRRMERY ¥ MNERIZDOWTIE, TERY v NGO PEEL M | DY T 7L ARG 2SR TIES
AN

2 RO FAFET BN, REED =RV — R FCEM T BT TV —a Tk, ANICxILTE
JEOEFEZ: dV/dt ZSEIIMSNDZEIZED A4 — S =AM RIREED R AT D AMREME R HV ET, ZOA XU b Ee
JRIRNZ . B0 T, ZORBIT, REDEREZMEDT AT ADT /AAAT, @72 dV/dt (I2&->T ESD {i#
DPMEBY T DA REE N HHZETT, TAADF{E AT LESNC 10Q HKPiA BT 5L T, 2o dV/dt EED i K 40V
DT ISAADZEBEIEERIK T DATNI A RESNDIEN | TAMIE S CGREF S E T, ZNHOIRFTA FlHiE
AVCWDHIFIN TRIRT HZLITED | K E~O A i/ NRICIIR 52 LB TEET,
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Load Vs = 2.7V- 5.5V
Supply

RFILTER

CF\LTER
0.1pF to 1uF

E81. AhZ4)HVUT

REILTER (T, 100Q 2 DT L7 TLIES W, FAVRRZENME T L, JEEARED M ELET,
82R&‘MET IV —ay

INA228 DA 7ty NER & AT AT AETRDMENZ0 | B AR IA WP CIEfE BT hoencaEd, Btk
B RBE CIEMEICES A%, fE SR OB AEBEN R KA Z A ) B (Lo EISU T, £163.84mV

F721T £40.96mV DOWVFILDY) OITEUEIZRD I, T MEFLOMEZERIRL ET, M 8-2 12, FERMAERKICIITS
BIEROTOOE L RUET,

Vg =2.7V-5.5V

[] VS
VBUS

48V

BATT IN+
. IN- To
P MCU
P [1 GND
P il

LOAD
* [2C ADDR: 0x40
CHARGER

W GND

8-2.INA228 FRREIE>> > 5 - 7TV -3 H
8.2.1 BRFEH
INA228 |3, Bt v 7 BT (Rspunt) ZEROEBIETHEE 2O ETIELEAZRELET, T, 20T
PNARI AN AEBREELHEL T FYV T —2a BB HEFHELET, SBIZ, 77— MEREEH 2 TRY, =—W
—EFRDARMEBUE RIS ETHINCT IT—h o a7 al I 0T 5L A[RETT,
8-2 | IR DR EF A 3 8-3 IIRLET,
K 8-3. BRET/NSA—%

i TEDBI
EFAE (Vs) -
ASZEPL— (Vem) -
ANABPEL— )V OMTEET A /V R ALy a2V R =
SRR -
WERT AL ALyl R (Iyax) -
ADC FEPHDEIR (Vsense MAX) e
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& 8-3. BFt/S5 A —4 (continued)

BELATA—F e
L 25°C
Fe BRI ] 1 HREH
8.2.2 Rl /S RRETFIR

8.2.2.1 > > MR DER

7 8-3 DIEAMHIL T, v MEFIOF AT, RS2 BIT DR KIE (Iuax) LIEIRL7- ADC #iH O 5 KFFA 5
H 't (Vsense_max) ¢ WZESWCEHASNET, R RERTEMET D56, ZBANELIET NAAORK KT VAT
— /L VSENSE MAX ZHEZ DT E if%i’d’/\/o ZITEDINTNDEEF T A—2IT 8 ZFEH DL, Rgpunt P
BRMEIE 16.38mQ EHH SN FET, BHEN BRI /NS, Beb EUEITRVRBUEIE 16.2mQ TY . Repunt
&L KRB SRIFIZB VT, 20O M CIHE SIVHE 2L DB /1S ETT,

Vsense max
Imax 8)

8.2.2.2 /N1 X D&

INA228 %2717 T Wt DD AT 71, T34 AL ADC HERL P AX Z ISR ETHIE T, D EFRHRA
RElZ, CONFIG L' vA% L ADC_CONFIG LV AX X, TNZEN £ 7-5 & £ 7-6 [T L5y MEIZERESE
o ZDT T FIVIDIRT —F I NRBETIL, T /3 A1 £163.84mV O#H CHRIESNA IR EESI, /ﬂf/l\fﬁf
PNAEE R & E—R T ADC Nﬁ&bﬁ“ T T ANV INT =7 TGN B Al T2 L TR

Vg DEIRY AV AR MEIC, TNBDTF AAZEZELLRETHLERHVET,

8223+ M- FHUTL—>3>2 - LPAZDTOTSA

XU XY T L —ar L URHFE TN ANEIRIZIE SO THRERZBEYNCE I TEX DI, & Vg OEIREEA
BHCIEREIC T 0 TSN MERHVET, ZOL P AXZWMUNRET DL, £33 2EHL T, FEHED LSB fif
ZHELET, ZORITHR KA EERR 10A 24 T HE, LSB 1 X% 19.0735pA (2720 E4, CURRENT _LSB &
U MEFUCH L CEIRLZEIZ X2 oXE Y TUIDDE, T r b Fyr )T —ar LU AZDORENTL 4050d
(FD2h) IZ7e0E T, v hF )T L —al L VA REO ML R E T D&, B SGERILTT T 0 12k
DET,

8224 BEDZA/NP - XL w3/l FORE

THIR AL T aVRERET DT, BIEEDON Y« ALy a/VRERET DT AN LU AXZ T v T L ET, W
“J‘ FENTWABT AV L VRS R 7 T-1 IRLET, AV MIRBL VA OEZT 16 BN THDIH, TNHDLY

TR D58 LSB YA R T, NABILELEIRO RVEOFFEICHEHSNDS%IET 5 20 Ewvh LSB kbt 16 fF Rk
<7‘£D§ETO

WERAL v a/VREFRET DI, Uy MBEIEHIRL VA% (SOVL) 270/ I AL Ed, ZOLI AT 0r T A
THVEOHHETLIL, WMEBEIRAL v a/ LRIy MEFIEZRE LTGRO FET, ZOFI T, BEBEMAL v a/LR I
10A T, BB AHPIOMHEIT 16.2mQ D=8 v MEEFIBRIL 162mV 127204, v MBERIREFHE L
%It ¥ MELEHIBRE S v FEIED LSB A X TRREL T, Y MBELH|IBL P AXOEERD FI,

ZOFITIE, Y MEEIEHIFRL VA4 OfEl: 162mV/(312.5nV x 16) = 32400d (7E90h) L7200 %,

NREIEDBEL 7NN ALy aVRERET HITIE, S ABELEHIRL P24 (BOVL) 270/ I AL ET, ZOf
T, BEOBEEAL Y a/LRE 52V T, ZOLPRZIC Tl I AT ANEOHLETEIL. BEAL v a/LRE
JE#A NREIETZ 4/ MIBRD LSB fif 3.125mV CTRELET, 2O # Tk, BOVL L 2% 0 B HE {11, 52V/

(195.3125uV x 16) = 16640d (4100h) 2720 £,

B LREZHZETHHE. HIRL AT Efocfﬁ@?r%c:{%m S5 LSB YA X1, TE 11 LSB @ 256 #2720
F9, ZHUT BAL P AZDOEEN 24 €y T BT 4/VMIHBRL Y2408 16 B R THhHT-0 T,

RsHunt <
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7T —hMlIRL AL THENS IV DAEIE, Vs B ATV AT T 74V MEICE Y S, A RHIIEN SO
(R0 T LT OMERDVET,

8.2.2.5 RYEDFHE

RIA—ZEIL, ROfEEE LSB DEOFHE TROET, D £ 8-4 1T, £ 8-3 (TR TR EMHZRHRE L= Lz
DT TV r—a BB A REVEE RLUET,

x 8-4. RYENDHE

INTA—F ROME LSB DOf FHERR
SRUMEE (V) 311040d 312.5nV/LSB 0.0972V
EE (A) 314572d 10A/219 = 19.073486pA/LSB B6A

NAEE (V) 245760d 195.3125uV/LSB 48V
W) 4718604d i LSB x 3.2 = 61.035156W/LSB 288W
TRAE— (J) 1061683200d %77 LSB x 16 = 976.5625uJ/LSB 1036800J

7% (C) 1132462080d & LSB = 19.073486uC/LSB 21600C
IR (°C) 3200d 7.8125m°C/LSB 25°C

v NEE. BT NAEE (EOEDOR), FiE, isotmﬁrﬁ@)%bﬁai\ 2 DB ATRISINTOET, 2 OFff
B TIE, A TVOADEITERVMED K EATE YIS 112720 FE4, ZRODEIE, HROICT X TOE v MM KEEL, 1
ZRUT, R AT UEICTHZEICE-T 10 #EEICER T HZ LN TEET, RIT, ZOMEICADFF 5 A FHT T,
10 EHIC BT DM ERHVET, 72213, v MEEOHIE A 1011 0100 0001 0000 0000 72+ L %9, MSB
N 72DT, ZHUTADETT, By KERL T 1 28 3L, 355 %12 0100 1011 1111 0000 0000 (311040d) (2
R0FET, 2L, T 84 DU NEEOHINS 97.2mV OFEELAHEBERICHYFET, EVEIZTADETE~7=7=0, v
YU NEEORIEMEIX -97.2mV T,

8237V — g iR

X 8-3 LN X 8-4 1T, NAEEE T A/VMI%FT 5 ALERT BV D& 2R LE T, 22Tk, B HBERH 50us, F¥)
B 1, NADH DRI T SLOWALERT B v b 0 ICRELTWET, ZHL7mAa—F 2 avh T, ALERT F
¥RV TORHGNEIIA R —T N2 TR, SO T AN AR IR LTS E DS ESE T 7 —NEEERLT
WET, AR KRENGE | ¥ 8-3 1”7 X512, ALERT it 1% ADC & Tﬁ&@ 14 OFEEE /0 ET, HIFRAL
o VRAEIE L TOB BRI O 7 /L MREETIE. X 8-4 127 T 1912, ALERT EU OIS RRIEK 0.5~1.5 D2 H#
FAINVTCEBTHAREENRHVET, 7T —MNEEDOEEIL, FMBDOT A /LR A RURHRNERD ADC 28 #a B i & [F1 1]
LCWRWWeoIZEZVET, F7o, ADC 1345 R 2T T 572D EICT o TV T %7 TS 0 hDihED
T AR A RO JSERRNT RESNIZ T AV ALy a LR IEVMEDS IR EDL 7 4L R A XU LG LS AR £
T TIT—bDEAIL T % T RTHI LT LN D, T NDXAI T REERT SV r—a Tlid, NAEERT
VNEEDHDERIZONWTIX, 77— NE % ADC ZBHEFH D 1.5 L ETHLENHYET,
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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 ©
|
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9 BRICEY 2#REE

ZDOT NAZAD A AIEEIE, ZOEIREL Vs ZB 2 A RIFEELEDOE 2 IEMHEICHE CEXET, 72&201%., B 1 Vs
(2 5V OFBEEZHNTEET N, BHRSROAmEREL (FMAEL) Tk 85V FTARETT, ZOT AR
BB ASILTWOENEINTER L, OV~85V DT R TO#IP T AN FEF IR A2 TEET, ?“/Wx
4\®%%@%§Kéhf77?47&&%ﬁwGNDEyﬁﬂWﬁﬂé?7@7~vayﬁﬁﬁf<ﬁéwo

MILIL IR ASA SR 2 T T T AAAO BRI L7 TR I TEAETIE ST CRELET, ZOEF A
AT oY OB 0.1uF T, JARXDZ N, FT@EAL Y —X L AQBREEH 3567 7V r—rarii,
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
DMNDA L —F L Aa BN DL, PEMIZKRERRRAENECET, B ASA /SR a7 X, Bl -&7 708
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—("‘;
] i
2 Supply bypass
Y ! scL VS :
_» Via to Ground Plane
O Via to Power Plane
(1) ARFEAFHREDOD, VBUS B2 AR ~DOHHEEE B LT,
(2) REERAOLGAITA—T L OFEITTEET,
10-1. INA228 L4 7D kI
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M TINARABELVORF A POYR=-F

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,
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PACKAGING INFORMATION

Orderable part number Status  Material type Package | Pins Package qty | Carrier RoOHS Lead finish/ MSL rating/ Op temp (°C) Part marking
@ @ ® Ball material Peak reflow ©)
@ ©)
INA228AIDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 228l
INA228AIDGSR.A Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 228l
INA228AIDGST Last Production VSSOP (DGS) | 10 250 | SMALL T&R Yes SN Level-2-260C-1 YEAR -40 to 125 228l
Time Buy

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

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

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

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

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

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

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

Important Information and Disclaimer:The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and continues to take reasonable steps to provide representative
and accurate information but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals. Tl and Tl suppliers consider certain information to be proprietary, and thus CAS numbers
and other limited information may not be available for release.

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

OTHER QUALIFIED VERSIONS OF INA228 :
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https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
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o Automotive : INA228-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 |4 P1—»]
Leg R g R A T
o| |e e Bo W
Rl |
L & 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
| [ 1
_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
[ .4 A |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins | SPQ Reel Reel AO BO KO P1 W Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
INA228AIDGSR VSSOP | DGS 10 2500 330.0 12.4 525 | 335 | 1.25 8.0 12.0 Q1
INA228AIDGST VSSOP | DGS 10 250 330.0 12.4 525 | 3.35 | 1.25 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)
INA228AIDGSR VSSOP DGS 10 2500 366.0 364.0 50.0
INA228AIDGST 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.

Texas
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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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