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6.5 ES4¥: (continued)
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6.5 ES4¥: (continued)
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6.8 LA (continued)
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6.8 LA (continued)
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6.8 LA (continued)
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§ Idle SDA, Clocking SCL 7/ (_,g) 90
S .
O 640 =
% £ 60
2 3 4
Q2 / = /
=] // S Py
S 620 / ol d
A @D
//// @ 30 —
== 3 L —
600 0
1 10 100 1000 3000 1 10 100 1000 3000
Frequency (kHz) Frequency (kHz)
K 6-22. TF g SWSHRERIKIRR 6-23. XWT g ST R
1.01 1.005
1.0075
N N
I 1.005 I 1.0025
= =
3 1.0025 )
C C
[ (3]
=} 3
g 1 g 1| —
w w
5 09975 5 T~ -..
s =
2 0995 2 0.9975
o o
0.9925
0.99 0.995
2.5 3 3.5 4 4.5 5 55 -50 -25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
B 6-24. PIESHT ST 5 B IRIAI IR R B 6-25. PYERET SR SR E KRR
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7 VE4N
7.1 R

INA228 52—k AA 12C Bt LBy RO SR . EE 0 E . S A A B, RIS ot
FALKE AR RGO H AT HE R ST R AR Tha . MREAI AT . P AR Ar A2 d v HEAT RAGHCE , M R
EAE L DL CESE B R IBAT . AR A EE | ST 7.6.

7.2 TEe T HER
VHS
IN+
i: 0 SCL
IN-
0 SDA
MUX
0 A0
VBUS 01—
0 A1l
£
Out-of-range 0 ALERT
Threshold
GED
7.3 Rt

7.3.1 2R ENETRE

INA228 fii ff] 2.7V & 5.5V HLJE TAE | {HA] LI E Sk 85V [ HE R b e JE AT . FE IR 2B #E IN+ AT IN -
| JE Ak JBE I 4B 43 FE EL 25 T i 1 R PR A5 ) . INA228 11 N 2% 13 1T A i N LA FE e 1T DA v T Bk R R R
Vgo BN I IR ETEE A - 0.3V & +85V | iXf8i431% a8 4k A 5 1 2w MU AN N e s ol & . JLdsidg A
0 B AT 28 44 L YR R TR EL AR ST, N 75 % 115 FE LRI DRt | R02R BT 5 F YR RS ) 76 5 7 9% A B A7 AE
MASIR A

Za MR Veys 51N RS &R | JFIEL S s AR AR A I R L . 2 i U AE IN+ AT IN - 5]
JEZ TR AT I, T A P s DA A St g B EAT DI . BN B ) B G VB R T LA OV 22 85V, T e M 1
I EEJE IR LA -40°C £ +125°C.

SRR A R R R IR A A A B 2 B S T B S ADC i 7-1 BT

ADCp ADCn
o 0
@ Bus Voltage

Vs +——® ADC_IN-

PTAT Temp.
Sensor
o—
MUX digital
Control

B 71. mIEWA S BE A

VBusEJ—’VW—L—.//.—-
2 Q Shunt Voltage
<>
9 —
4 o———4 @ Internal Temp.
‘;
-
IN+ CF oo,
—T]— Apc N+
IN- — AN To ADC Input
/._
—

7.3.2 AR5 %

FEL VAL FEL AT AE U 20 R S T AR, T DDA R REAE DI B B A S TR TSR RE A TH SR T AT R
SR HT I S 2 R A . W RNk B SHUNT_CAL S 7850 AT | T e BB AN sl (D RS A E
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PP R E Y 1 I i RAR A R S | W 7-2 B, SR, 4BEPRE e |
A ADC I #R AR5 f7 R AR P Y T S5 (7 B b, 76484 ADC BEAZ G | #iit Gt s
Wi LR FIELIE (L0 B S SR T IO B30 o h | ELFIIATI B P R . MR FFE AR | HisE
TRGRE | RN | AL BB SR AR A | AR 7 T b

FLRE LA (A ARIR o L T | INA228 (850 50 R /R ) i
T RN TSR T | A R ).

ADC,
Temperature, Current,
Voltage
Power register |P7 | p2 | p3 | p4 | p5
Q= Q.= Q.= Q.= Q.=
Charge register | irxt | i.xt | i.xt | i.xt | i xt
Ej= E.= E.= E.= E. =
Energy register | p1 Xt | p.. xt. | p.. xt. | p.. xt. | p..xt.

B 7-2. i, A EEATHETR

7.3.3 & IR E B

INA228 FLAT A6 G O (R L , DR 0E T JLAMOE% . INA228 (0 RGAHI A (5 L s vl G 8 22 LA
AR TR, GBI 7 — MRIIL | & RVFLE (5 5 B M B8 2 T P A8 R 5 0
AT AEREE T IO B, S A 2R A LA FE (RO . JRTH , 1l 17 AE G (R L P
P A 8 S BRI B 25 O AR RE . G0 BL AT 53— 95 A2 5 0PSB K10 3 0 s L B R
LN P SE K0 3 L 28 P R 5 0 2 5296 Y 0 P

SRR EN | INA228 ORI R . B BT A | S)E B3 LI IR RS | AT
Sl B RN | 0K 6-14 R

7.3.4 5F5E A-= ADC

ZHEME ADC 2 —aEthRe . IR E ., RREE A-2 ADC , B &SR/ it B He & 0d T8 R X ) fe it . ml i
HEHE A ADC S I S N 2 i R R A R IEFE A, WA 7-1 Pras . ADC 2844 ] SEEL IR IR 5 I &
{6, JFRIAES R ey IR R Y5 R T Ve P S — SO R TR L R I AR R B R, SR R AR R T
J& ADC LURALE OV IR i , M KR I K R GEHAH HI s E -

AN NI ADC B4 itt 18] 7] 4353 1 75 47 %8 ADC_CONFIG ] VSHCT. VBUSCT Hil VTCT A r e ® | HAl
/T 50us F| 4.12ms MV A . AL, BT Ix B 1024x VO A KR AP R AL, R blm it
ADC_CONFIG Zif7#sHif) AVG Ak £t Thfe . RAEFE By (B A A THR 2T 7.3.4.1 rp ik £ il Ul - DB Uk
AR

INA228 ] L4 ADC_CONFIG 2377 2%t i) it MODE 37 ¥ B e I &7 i FEL IS « s 2 B A RS A 3, 8 G v )
fERA G, Xalmid g Bp o DUE R o3 r R BOR 2R fL T, AT EE— 2 S0 P G B 4% Th RE SR R 5 2 1
MHER . MARERPIETHE , ADC B e ili)a |, #0575 HAH B K 25 A7 s S B8 | IR SSfE 7R 4%
P b AR AT B R R . AR R . 2R R R A N IR B st () E 50pus B 4.12ms Z AL R E. B
PRI e F7E ADC_CONFIG 75 A7 2% H gmFEAIME - Jet FH B0 & 4 N\ 4% 0 e 2 e, DR I 2 96 B 8 i N 1) e A ) B ok
FEAN N B A0 [R) R0 3 A N B . 28 F P ISR, A R RS JE A e P S R g b, IR B
WA S EEPAT , HEERPMENEE NI TETE FYMETTE S RE | & AE A N I 25 A7 g Thodk AT o
o, ST X EE R SER M A s , BRI N AN e e s s e g TR . 7EIX
FhIEOLR |, X ECHE i 2 A7 2% AR U & 52 M IR E 3R AT P 1 5 46

ADC A FifpiL iz (18 Mfii ) ,  ADC_CONFIG 77 /7% 1) MODE 1% & . 7EiE4#Hii=UT , ADC
R SR NN A, JFETCIRIAIA SRt A5 A7 3, W Bk o AR A F 4R |, ADC K dn b ik e it
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AR , 2 /5 ADC FHEAKITHS , B #1EIE 5 A MODE LA 35—/ Hufih R . 5 A MODE firkg il i
ST B AE A AT MR PSR OE SR M. SR PT W SISO B8 , JF ELOR 1 EVREE SO BUR 09T, (LA T
B AR (DIAG_ALRT #1238 il CNVRF £ ) LB MR #e e, WAL 1E BT A7 BRI T R S5
B

AEBLFRAIL T MR i 447 2 (CNVRF)

5\ ADC_CONFIG #Fffas (EFRBIEABRS ) 5 o
* U DIAG_ALRT Zrf74%

2 INA228 23 FH FAT— i), BRET 5 R SRR, TR, B e (fEEEe ) , Wi 7.3.2
Frid. ERRBERT , BREES (ENERGY Al CHARGE ) T4k , Bl ik IR EE 2 i (s 1] o % 75 Bt
FEL A8 AR fur D 2 R AR ()b AT SC B S T R, Db 00K A A TC B O A A R S e 4 i X, RN R ARG R AW e
B, HFHAT DR R H T A RS RE N L SE R G KR . FTE THEERE S QAT |, A St ]

XS &G b Hf o tE RS R, AT LB E 0 ( BIEIR ) B 510ms G A X CONFIG #7178 i
CONVDLY 7347 gmFE R IEIR INA228 H4h . XT3 sE iR BT 9mFE R 0 HE R N 2ms. BRIANE LT |, e st E
N 0o MEAFMREAH T RS R IR, FE e B T3 T R F 2D . 75 75 B R I 34T H A e N )
N ATAEIR A A G E A B, DA AR e T R A I K BRI AT . 3 0AE , B ADC P BRI
FERETAN , PO FERAN SN R AN UG Ky 5 B0E 55 B 18] R RS 5] 25 e 2k .

7.3.4.1 [RALBE FIENE 75

s FE R T — MBS I A%, 'EXF ADC By B AT U8, |, XA Bh TR . 280 IE D g AR 4
AN R B R 5 BT, IR TR — NG I B R IR R AS o B P AT DA R S bk AN (R 1) R R 5 (]
Bt Ter (M 50us 2 4.12ms ) « fEIXMECE T |, 28— MRMER I HBER HAE S R EYRIUR A | 200K AT
LA T B, 358 XN fnoten= 17 (2 x Tor)e X7 M IR 38 A8 AT 0K 12 BT 1 B30 i HH o R g b ) AR
fho [ 7-3 Bon T RS 1.052ms 45 15 7] B IS I8 U B i Y

0 *W
-10

Gain (dB)

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

AR E] = 1.052ms |, Y A —#

& 7-3. ADC S5

7.3.4.2 RIZHIFE BT F] T LI(E o 5

PR R AR LX) ADC B i (A P AR A7 i BN 50 s B 4.12ms 2 [A]. Fe i (8] ) R 35 1% fo VFAE & Fb
W P PR R AT RS 3R AT o AR IFIE SO VF AT SRR 10 T S TSI () SR i ELE 1) 1024 ez [A) . i
e A T SR SIS ] T P A R 2N . 3% 7-6 2R ) ADC_CONFIG #fras i fit 1 R SCFF i)
P (B AP ) o RO BE 2 VARG B . JE I e e R A0 H0R , W LR INA228 ) ADC A 207>
e TR KIE 7-4 A 7-5 BERT T S R AP (R T SHE E S G S KR .
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Conversion Time: 50 us
2
§ Conversion Time: 1.052 ms
o
0
Conversion Time: 4.120 ms
| L L L |
[ [ [ [ ]
0 2000 4000 6000 8000 10000

Number of Conversions

Bl 7-4. 75 SHAERIFRR (FIMETHE =1)

Conversion Time: 50 pus
=2
2
= Conversion Time: 1.052 ms
0 | | | | |
) | N
Conversion Time: 4.120 ms
0 2000 4000 6000 8000 10000

Number of Conversions
B 7-5. BpE SEBA R FRR (FHEITE =128)
IS ) AT 240 B YR B ) % B 2 M A RPN A o G S P YR B ] a2 g 7 RN 4 A5 2502 %0 (ENOB)
KB ZEER |, 15507 8.1.3,
7.3.5 43 HE PHAS R A M
INA228 Ze b5 — N N ERIRJE L KA |, ATIE - 40°C & +125°C [t ia s . IR AR eSS fr A TR IR Ja A
HIkSRE N £2°C. L EAEiE7E DIETEMP 27f72erh | Tt B4 T
%A E GRS ) FH IR, 00 SR kM2 43t HL BEL 23 BE TR A8 4k . FIIE L CONFIG 4728 1% B TEMPCOMP £k )5
Fkshae , i SHUNT_TEMPCO & — A ar {7y , Al ik xf e 47 9 F2 DL N BT 2 308 2% 10 3L 7 &R 50
SHUNT_TEMPCO % {7 #% [ EF2{E N 16384ppm/°C. E#MELL +25°C NHEEHE. EH BE e A ERE
A, MBS RERC 1
Rnom X (DIETEMP - 25) x SHUNT_TEMPCO
10° (1)

Raoy = Rnom +

Horp

* Ryowm 7& 25°C I IARFR I LR | PR A KK .

* DIETEMP 2 DIETEMP Zf7as iR EE | #47h °C.

* SHUNT_TEMPCO /&4t 28l 2480 , AN ppm/°C.

23 I Th e IE A e HEAT g RER | R AR 420 IR R AR IE CURRENT a7 2e Ul |, B HA N TR
FE BRI AME A R Bk T F B 2R AT INA228 [ S FE R |, N INA228 [t A i B T M 3% .
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&1

5 WRAER LSRR A AR AN | THEAT A R RS R T R AR T LR . XA DL R K A
VRS (> RN 70% ) . Ui gL R EER S (> 2000ppm/°C) MR (>100°C)
HITEOL T o 25 8 E F LY il B R B B 1, Bei , FEBURIRE T , RS . AR
FETFRT , SRR iR S 1EE IR, BRI RO o I8 B R 7 it L I e i B AR T e
I, SER TR AT o X2 RO T A5 (A 2 DR R S0 v e 00 38 0 7037 Fi I P Pl
L 1 ik ADC Y TR PR EFE E

7.3.6 ERBE IR o

PAE I RS Bl — AN EBIR T ARt | SR RE IR FMBEEMT 0.5% ME%E. FEHRG%Z ADC HEH )
BHERE I T 5 A AT EE A A A TR . B e B e B [ bt [A) AR AL AR AL 5 DRIE  RE R P B e T A R
JE AR N A AR AE B ANR VLR R — 8. L5, WERE 2 ADC K475 300us 4 ftiaE] <1%
FriREfErt. —BReiaE , ADC Buikf B s a 2115 6 s At i s Sk .

7.3.7 2R Wt AT B A

INA228 f4F— ANl A TR ALERT fay it 510, SEolBmT 4R 2 N2 W, B SRR il A AE SR B0
IBATI , AT 485 ADC #e#isg . R 7-1 sl 2 sz 2URr sk inds N B2 I i ey (0 o OG 1 Ve
A, stoxiid ALERT 51 BHR &5 X 2512 W7 .

% 7-1. ALERT £ K3 Hd

INA228 27 DIAG_ALRT #H7#H FAREAL (RO) ﬁﬂjﬁi‘iﬁ'ﬁ%ﬁﬁ FAAAME
. ! 0x8000 h
AR R4 SHNTUL SUVL (A )
75 ! OX7FFF h
Sy I B SHNTOL SOvL = TE N
OX7FFF h
BEHERT LR BUSOL BOVL ( kMG | AR IE
18)
0x0000 h
MEHERT TR BUSUL BUVL ( ZHEHIAME |, APRIE
#)
OXFFFF h
AT ER TMPOL TEMP_LIMIT ( kAT, PR IE
1#)
N OX7FFF h
R T LR POL PWR_LIMIT ( M )

H DIAG_ALRT /88 H THaE A2 % 7 ALERT 5. 22 F £ 7-16 Fin , i FH T Wi HofthAe 56

CWIFECE — 2 ALERT 5] IZhRE

o EIRPUEERE — WIRAMA T ALERT S, BIEAERTA 2 W 5 MR iSRRG LD REUIR R IL SRR (. 12
HU DIAG_ALRT arfr#s#4 £ 47 ALERT SIBIFRGS . JEId 5 E ALATCH £i2/5 H L ohfg.
o FeHigEfiiae — 25 ADC Bedfe o al HLa H (E sl 48 rE I Sy DS i ALERT S BIE AL, 7] LU

' E CNVR AL/ H L Ihfe .

WAy LLEIE CNVRF {73 e i3, mie CNVR £ i B wif

o PR R ER AL - ARV HVEE BUE S ADC AR RE B E AT L. 2 5 G R E LA

I, XA BT A I ot — P T R

—SEMIRFTE], 2RI . AT LGB i E SLOWALERT £ )5 LI fE -

o ERARME — SRVRERE SR ALERT SIS SIIRES -

DU HWE S R B R B R . (H2 , TP EETH R R AL,

THIER , ALERT S J2 NI F bt , 20 i &%

Edre BRAEOLT , ALERT 5] BIAL TR AP RCIRES |, mT LA T APOL 2l (00K I e B 0 SE B i v T R

2
Aeo

ALERT 5| IR R 510 7] @1 3.5 DIAG_ALRT 27728 3K 75 1 HAh iz W T B
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« Herimt — th MATHOF f7Ros , SEORIZ S G 8oy a7 it 4 it o

© fEEEPIRE — i MEMSTAT fifi7R , WisaefhE 2 R MR AAH S ST IR . 88 PF IR BT | 201N
IRESTEH “17

« HIAEEEH — H ENERGYOF 7 3£7R , X ENERGY a7 Hi T Hds R AR A B AR N 4R 2 o

« Hifirii it — B CHARGEOF fi&sx , 4 CHARGE 77 #7245 i T #icdis AR ik 23 ARSI R

2 ALERT 5| e & vk 5 ADC ¥ # 58 i AF i), ALERT g1 ol F R S it o &1 7-6 o 17— onfil

Hrp g ADC $eHise R, 1 INA228 332 8| piid I (10 ) SF . BERRIEFHF. R EFNmE T
D R RN .

PN

\L

Shunt Voltage / Shunt Over Voltage Threshold T~
-~
Bus Voltage [g N |V A\ >
9 D N— ! Bus Under Voltage Threshold | -
V'S !
< ! >
Over Temp Threshold !
Temperature |
V' S
U [
Power < I Power Over Limit Threshold gl
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 OoP
SET
& 7-6. ZERALE
=%
7.4 SETHRAES
7.4.1 KRB

B 7N (BRI ) 2 Ak, BEERAFIEE — AN et (@il ADC_CONFIG 75174 1 1 MODE 17 i%
), KRS B R SpA DU, R PEE N SRS N Sm B HEIR , IXFRELI D T 2 AR iR H R
AR . AR AL TR R, WA ARSI A A7 A7 A8 o SRR ERTE Wit | ELBNRE] B — A&
M A BUE SR M 4

WA T |, AT AR 8 0E AT RE e . A fil R BE BN | ADC KT a5 ; #e¥se s, S0 S B3 [ 381 56
B, RBER A AT AE TRSEE RELIRE . AT TR I I b A BOE I 36 b A 28 50 3 1 18 i iy 8
T FLEFE |, Wil 6-23 Fiw.

7.4.2 FEEA

X Vg BEEMKT 1.26V (7)) B, i arfras BAON BN , BER E AL S A (POR). w] LB 7E
CONFIG #ff#s i B RST ARG FaNa 00, BN LB EFAEE R REBN T AR EALS . 51
AT AR IR BT 7.6 Fiow

7.5 w2

7.5.1 12C $1T80

INA228 £ SMBus Al 12C #£111_EIAAE Nk Bh 814217 . 1B T SDA 1 SCL £k sl 3 s 2k 1fi% 482 . SDA

SCL 51 BRFAT (1452 i e B 310t 3 45 AR It 3 A i o 4 T R OR 2 i N DR i MR 75 PR RO o RV L s 0
AN hRESE MBI EUT /O LR, (HRAE 24 1A R B A Bl T SRR B> ik GBS 2B s . XA
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SN F R 75 AT e I 2 G5 2 B AR B 2 1) 1 B AR 5 15 5 T B M A Y BAE R G AT R e s ™ A . AR —
AN B AR (PCB) L1 2 2 18] b5 4 Ml s - BEG P o A 0030 5 e ko2 S0 135 2 B 1) PO AR 5 RS o o A5 R B e i v
AT FE MR RS G AT 1O ZRE I RTRERE | T 25 R P A 1 AT RE A R IR N TR B L A &

INA228 7 FrEr s g i =, ( 1kHz % 400kHz ) Fldfist ( 1kHz 2 2.94MHz ) (LSl X1 Frf £l 7
A, AR T, FHEAS SMBus 3.0 &L

NT 5 INA228 HEATIEAS |, T8 A Sl it AN B RS F k7 Ok SR AR Bh B F I ek . S Bh B R
ARG 7 AHBELL AT 1 AT RAL |, XA T A2 B AT L BUE 2 BN RAE .

ZasF BA A HAESA 0 A0 AT AT, 3R 7-2 B 7 16 A ATREHHE AR — NI 5] Z AR B . AR
SIS EXSSI A0 A A PR HEAT RFE . A28 1 R AEAR M B 2 AT E 5 IRZS . 4% SDA 5l &L E
A0 = A1 DU B as bk |, 12C Hihtf) MSB 75 Z 451K 100ns CRAFITE] , DUR R &30 T4k IR

R 7-2. Bk 5| AT B A b

A1 A0 HHBhAR itk
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

7.5.1.1 #FL PC B{rE#OBGAFIER

B INA228 EHRFE & A7 s BUTEAT 5 ONE K IME Al SCIRS X A7 A7 2 (U7 ] o A7 9G35 A7 e RO Mt ik (1) 52 8 81
R, WSHT 7.6, WAAMREHIE (WK 7-9 Fos ) 24 RIW AR T (5 Bh 83 F bk 5275 2 )5 Bt dm i 5
AT BRI S AR - D AR R E

NGB E BRI — AT MR XA B AL | b RIW RO . AR5, 8
PERAARCE] — DA Rtk . E SRR — DR E ) W A3 A AR A hE . e 9y A7 A5 M AEDR B A7 S 4R BT
SOBTONAR A PR KA B SR 2 A A . NS N AR AR A IR B AT S A A A . SRR A Bt
T T AT O R AR BT AR B 1B S AR OR 4 1 i AR A

MASPFEEHUN |, HNBRAEAE AR AE AP A2 2R HR B P (K 05— BB 52 8 DL U A U 18] R AZ B U — D A7 88 . O TR
AT AR AR SOV AT I GRAE | UIHE AP AR R SN . IS AN BRI K Al B A
FA(HA, RIW GRS ) R RS A as R T AORSEII . EmBNEE. )5, RS ERITHFME
I Gl Bh A F p k= (o RIW A& ), BUHOR B 3 itan &« ABha s T — >y, A7
TR A AR TR R A AR R S AT T o XA TR IR AR B SRR A IR B 2 R Ik
AREAT . FRETRES (BATREAR S ) BRI AN 71 o 35 B8 T 38 o AE B USUE  H  2 JE AE R
A, B AT IR A S R Bl AR . R E N F AR AR AT R R AU AR WAL —ER
BT RET T SLEMPR ORAF AT A SRR BT I0E , ERNZEH T — DN EANRAEI
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K 7-7 Bon T ENRIER B B 7-8 B 1S BERIER A IR EOR TIEBUE A 16 LA frasiid . A
A B A AT AR AT 9 5 AL

HRRENF RIS ENTY | 2R IE T

1 9 1 9 1 9 1 9

- XA s XA OO XA

Start By ACK By ACK By ACK By ACK By Stop By
Controller Target Target Target Target Controller
[l
|—— Frame 1 Two-Wire Target Address Byte —.|<— Frame 2 Register Pointer Byte —-l-i Frame 3 Data MSByte ——l— Frame 4 Data LSByte 4—|

A, ilrE AO R A1 SRR BEE AT R E A B SR AL T B . E SR T-2.
B. LSS SR ARG A (PEC) , AHATIN B /R .

B 7-7. EATFHANEFE

VAN 0 00w SO OOVOOO00000

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—|

I A0 AT AT G| I B E AT E B AR R TR E. S R T2,

MZFAF IR I B Ja fr BT AR S U . SR E— A A7 8%, AU A REr . W2 7-9
R DA A A% ACK

PR A SRR (AR R A 2 (PEC) , tBATATIN B9 & .

Bl 7-8. A 7

1 9 1 9

ocow>

N /NLBOOR_HOOBCOOR_/A

Start By ACK By ACK By
Controller Target Target

M . .
|<— Frame 1 Two-Wire Target Address Byte I Frame 2 Register Pointer Byte 4>|

A RS A0 T AT ST L ST A B B e WS T2,
Bl 7-9. LB A7 SRR AT BUE

7.5.1.2 FiF PC
B! é%”ﬁrﬂﬁf SDA A SCL £k #Bbk b i PHF 2 S o EBFE R — NP, S 2 —NE R B AT
o, Hh e g (HS) E24ERAS 00001XXX. ZAEfHEAN G T 400kHz fHE (400kHZ) #E=0AFR#E (100kHZ)

(F/S) ff;ﬁ‘tbﬁ o ZAREAXT HS @S ARSI AT BN, (R B 2 TR 0 B AR I D) 45 L P9 S D8 i 4% DA S HF
2.94MHz 217

Wa , ERMERERRITRFM ( EERITGEFARA SITHRA MR ) o AXDMERRIFRFMFZ
JG , S FIS B —8, BRAERVFIIAE IR E b 2.94 MHz. AEAERE IR0 | 238 B2 IR 4A &K
HERORFFE HS B3 (IR AR FEE R HS B U) s R B0 T DI & LASCRF F/S R
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7.5.1.3 SMBus Z#R iy

INA228 #it iR SMBus 2 i B Hi kil . SMBus 22 i % 4 fi] B 1) % By 2% 40 12 e st i s e

Ao BRI

W, F RS E ] DA R i 5 Gl Bh a4 i ik (0001 100) (/B NALBEN T ) o RN 2 5 | A
JIEE AR ) Bl B 2 A A 2 T A A R e B AR e 2k b R R L SR PR IR & .

B N BERS [ I IEOF T LA R MBS | X — A5 12C WA AL R E T g B AT, R
2R FH S 2R SR e s BRI AT R N o FE AP I B AN S AR RN, FE SRR A A BT S Ak S

RERHE PR FF IR AT

7.6 T IFEREL
7.6.1 INA228 #Hi75:

R T-3 51T INA228 wffrds. & 7-3 HRFIH (P A A A7 s b BARSAL  OR B A7 ik 50, OF BN B 03 47

I
% 7-3. INA228 Hf758
Wi EFREEE FEBRLWK FIEBEAAN (£r) e
Oh CONFIG fic & 16 L2
1h ADC_CONFIG ADC fig & 16 L2
2h SHUNT_CAL S e 16 3|
3h SHUNT_TEMPCO ATRIRE 250 16 4 3|
4h VSHUNT A3V HE R N 24 L
5h  VBUS L 24 5
6h DIETEMP TR 16 3
7h CURRENT FE IR 45 R 24 L2
8h POWER TR EER 24 L]
9h ENERGY L RE LS R 40 L]
Ah CHARGE Hi a7 45 40 L2
Bh DIAG_ALRT P Whs SRR 16 2]l
Ch SOVL it s A 16 3
Dh  SUVL SRR B 16 5
Eh  BOVL 25 R B 16 5
Fh  BUVL B B 16 51
10h  TEMP_LIMIT R T LR 16 |
11h  PWR_LIMIT & e T E IR RE 16 |
3Eh MANUFACTURER_ID filli& g 1D 16 3|
3Fh DEVICE_ID 2844 1D 16 L2

SR Y7 1] 2T 22 1 i Al @ RN R BTT . R 7-4 BoR T RT3 vh g e SRR AR

% 7-4. INA228 5 [ K BIARES

WR%E R |35

A

R R ER

HARA

w W EX

SRR A

-n | EE e
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7.6.1.1 Bt B (CONFIG) %774 ( Hulk = Oh ) [EAL = Oh]
CONFIG 277 484 7-5 Fion.
Y IS

# 7-5. CONFIG F 7 aFB i
AL FB vl Hhr i
15 |RST RIW Oh SRR, AFEBIREN “17 LA LB IR R AL
BT a7 as B ALNERME
Oh = IE% 11T
1h = RGENKG AR ENRIME
A2 B IR .
14 RSTACC R/W Oh i 2R 2 ENERGY 1 CHARGE HINAEHE AN 0
Oh = IEH 1847
1h = ¥ Energy f Charge 7717 2% i B A BRI
13-6 CONVDLY RIW Oh PL 2ms f25K B B YI4G ADC F545 1 SEIR
Oh = 0s
1h =2ms
FFh = 510ms
5 TEMPCOMP R/W Oh Jit P AR 2 I o (PR R
Oh = 24 43yt s P kM
1h = J& o e s ki
4 ADCRANGE RIW oh IN+ 1IN = 22 [8] PR 4037030 o P V0 R e
Oh = £163.84mV
1h = + 40.96mV

3-0 151 R Oh Y. IRZ2N 0.

7.6.1.2 ADC it & (ADC_CONFIG) #7738 ( Huht =1h ) [EfL = FB68h]
ADC_CONFIG Zif7-# s 7-6 fiin.
IR B YK

% 7-6. ADC_CONFIG ZFARF B0
R FB S gh BB
15-12  |MODE RIW Fh Fif 0T DB SR B« 433 FLJE BRELRE DAL | %8 MODE £z LA ji Fi
S S A R
Oh = CIT
1h = fil R ML HUR | Spp
2h = RSN HLE | Bl
3h = fil RS> F R R LR U | B
4h = iR IRRE | Bk
5h = il & AT LR U | B
6h = fil IR R FHLE |, b
7h= R MR SRR |
8h = Sl
Oh = (Y FELE A LE T
Ah = {8 5553 R
Bh = M4 4N S 2k L R
Ch = {3 4L
Dh = 45 24 45 B JE R
Eh = 3 435 Rl 437 R
Fh = 408 4R 4037 R AR

22 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA228


https://www.ti.com.cn/product/cn/ina228?qgpn=ina228
https://www.ti.com.cn/cn/lit/pdf/ZHCSN47
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSN47A&partnum=INA228
https://www.ti.com.cn/product/cn/ina228?qgpn=ina228

13 TEXAS
INSTRUMENTS INA228
www.ti.com.cn ZHCSN47A - JANUARY 2021 - REVISED MAY 2022

# 7-6. ADC_CONFIG F73FB i (continued)
fr FB b il B L]
11-9 VBUSCT R/W 5h T B A 2 L U P A A T
Oh = 50us
1h = 84us
2h = 150ps
3h =280us
4h = 540ps
5h = 1052us
6h = 2074ps
7h = 4120us
8-6 VSHCT R/W 5h W S LU I T )
Oh = 50us
1h = 84pus
2h = 150ps
3h = 280us
4h = 540us
5h = 1052ps
6h = 2074ps
7h = 4120ps
5-3 VTCT RIW Sh P U P (R AR ]
Oh = 50us
1h = 84ps
2h = 150pus
3h =280us
4h = 540us
5h = 1052ps
6h = 2074ps
7h = 4120us
2-0 AVG R/W Oh ieFE ADC # P38 PME TS S T A A R
2 >0h I, KEEFIME TH R 58 BT S8 H 3 A7 4
Oh=1
1th=4
2h =16
3h =64
4h =128
5h = 256
6h =512
7h =1024

7.6.1.3 i HE (SHUNT_CAL) F /7% ( H#ulik = 2h ) [EAL = 1000h]
SHUNT_CAL Ziff#s sk 7-7 s

REIFC R,
% 7-7. SHUNT_CAL H78 7B itH
A FB eyl LA Tt B
15 TR R Oh Y. IRZ2N 0,
14-0 SHUNT_CAL R/W 1000h AL R NBAF IR — AN B, R PR RRE (=R ) 1
3 LR
XA AFAERSIE R E CURRENT A AE 880 HEK .
W 8.1.2 THMATHE.
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7.6.1.4 4} iR B 2 (SHUNT_TEMPCO) 7252 ( #uidk = 3h ) [EL = 0h]
SHUNT_TEMPCO #Zi {7283 7-8 s,

A EIENI NS
% 7-8. SHUNT_TEMPCO #7587 Bt i B9
R FB KA Shr ]
15-14 | g5 R Oh TR . RN 0,
130 | TEMPCO RIW oh Sy P TR R RS IE HOTELE R, LA +25°C NSEAEHAT I

AATAE B AR ME Y 16383ppm/C.

16 L7 fEasit it 1ppm/'CILSB M7 #
Oh = Oppm/°C

3FFFh = 16383ppm/°C

7.6.1.5 SR LRI E (VSHUNT) %474 ( #ulk = 4h ) [E4L = Oh]
VSHUNT aif7 #4513 7-9 fiam.

REIRC R R,
£ 7-9. VSHUNT &8 B i i

R FB KA Shr ]

234 |VSHUNT R oh ST IR 25y R . BRI
PR T
312.5nV/LSB ( ADCRANGE =0 i} )
78.125nV/LSB ( ADCRANGE =1 I} )

30 |fE R oh B, BGEN 0.

7.6.1.6 B HENIR (VBUS) F 7788 ( Hutk = 5h ) [R4L = 0h]
VBUS #F A7 a1 7-10 Fis.

S QI S NS
% 7-10. VBUS F 778 7B
A FB& -yl LA it
23-4 VBUS R Oh MR RS . RERIAMY | HAGZORIE.
AT : 195.3125uV/LSB
3-0 e R Oh . GRE&EN 0,

7.6.1.7 {BE M E (DIETEMP) #1738 ( #ulk = 6h ) [EfL = 0h]
DIETEMP Zf A7 &0 7-11 Fis.

A EIEEI M S8
% 7-11. DIETEMP 7282 B Ui BH
e FR HH =10; L
150  |DIETEMP R oh A S P LRI . MR 4
AR T 1 7.8125m°C/LSB

7.6.1.8 Hifi%5 B (CURRENT) 27 778% ( #usik = 7h ) [S 4L = Oh]
CURRENT Z #2800k 7-12 FizR.
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A EIEE NS

# 7-12. CURRENT Z R 2B
r FB R St P8
23-4  |CURRENT R oh TR R (AR ) . RN .
4 8.1.2 FHIE B
30 |mE R oh 7B, BRAEN 0.

7.6.1.9 TiE L F (POWER) F/74 ( Huik = 8h ) [BAL = Oh]
POWER #7813 7-13 fiin.

R AR,
% 7-13. POWER &7 F B B
A FB e vl Az Ll
23-0 POWER R Oh THES HITh R .

e (BN ECRR ) o
KRR, 1IE{H.
W 8.1.2 THIMEB .

7.6.1.10 HAEZ R (ENERGY) 7788 ( #iik = 9h ) [EfL = 0h]
ENERGY 278513 7-14 fin.

REIENCBR,
% 7-14. ENERGY &8
A FB A Bt UL
39-0 ENERGY R Oh THELAS I RS

A AEH OB B SRR . B
T 8.1.2 FHIMER .

7.6.1.11 Bfi 45 R (CHARGE) F774% (#ulk = Ah ) [ = 0h]
CHARGE ZFf7#8 13k 7-15 FiR.

A EIEEI M S8
% 7-15. CHARGE & 7752 7 B i B
e TR HH =10; L]
39-0 |CHARGE R oh TR R R . S E DU oA RN
4 8.1.2 FME M.

7.6.1.12 L Witr SR (DIAG_ALRT) #7758 ( #ilit = Bh ) [EAL = 0001h]
DIAG_ALRT @ {2804 7-16 fis.
p 4G E M ST
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% 7-16. DIAG_ALRT &5 Bt i BA

r FB R St P8
15 ALATCH RIW oh S A7 A R B RN I R L R U ALERT

5| AR AL AR S RIRE .
A SRR e B OBIIERE U ALERT 31 AT ALERT Fr&fr
TERRE 5 AR 5, B2 2 it DIAG_ALRT 25 f74%

= %R
1h = 4t
14 CNVR R/W Oh Bz AL B o I B A B AR AR (1) B AL

ALERT 51, $87R4 8 0 2 56 o

Oh = #5F ALERT 5| | I ff 5 3t 4 b ik

1h = J5H ALERT 5|l W4k 2 br 5

13 SLOWALERT R/W Oh JFARE , ALERT ZhasE Rk 52 i i P s .
IXREA L RS Mk ALERT SER B M2 5 o
Oh = k77 (ADC) & L ¥ ALERT LtAg:

1h = P34 - ALERT Eb

12 APOL RIW Oh B AL B E ALERT 5 BB
Oh = IE% (fRHE- AR, TR )
1h = A ( =mATFAER, TR )
11 ENERGYOF R Oh %A KR ENERGY ZFA7 2 B ITIRIL
iR 40 7 ENERGY Ziffas Cmth | Wz BERN 1.
Oh = 1E%
1h = Rih
EH ENERGY & 7£ 88 5 % .
10 CHARGEOF R Oh iZh R CHARGE F77as iz 1Rt .
iR 40 {7 CHARGE #fegsciim il , MZA7 B8N 1.
Oh = IE%#
1h = RiH
HL CHARGE 788 N5 142
9 MATHOF R Oh WREREHESH AR B IRAE , ZAEEN 1.
TRIR LA T R A B TR
Oh = IF%
1h = i
W ZE I A & 5 — ANl E i 8 ) RSTACC i bk 20 #s sk F-5hi
.
8 e R Oh {REH. SH&EN 0.
7 TMPOL R/W Oh L SRR A R I T R IR AR R R , Wz E N
((1 ” N
Oh = IE%
1h = \E T ERFEA
2 ALATCH=1 I} | @i BEEZ 547 285 BR %47

6 SHNTOL R/W Oh G SR 300 FL R I R 0 U PR vy T R PR A A R R BRI BRAE , Wi
P EN “17 o
Oh = 1%
ﬁbﬁ%&m?iﬁ&%ﬁi
é ALATCH=1 i , @il S BUZZ A7 2RIE B iZAL o
5 SHNTUL R/W Oh Y S5 L I AR T AR T R IR 2R A e R PR AE | Ui
PEN “17 o
Oh = IF%

= 4y R T R PR
= ALATCH 10, BRI AT AHE %A .
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% 7-16. DIAG_ALRT #7733 7Bt i B (continued)

fr

FB

XA

LA

L

4

BUSOL

R/W

Oh

SRR R R A B R R T T L IR AT AR R A B BRAE L W%
RE RN “17

Oh = IF%;

1h = BLHEERT LRI

2 ALATCH=1 i} , 3@ 500 25 77 B E PR AL .

BUSUL

R/W

Oh

1R B L b S G T MR e (R, %
BrgEy “17 .

Oh = IE%

1h = BABIRET TR

4 ALATCH=1 It} , SIS % 17 B 4L

POL

R/wW

Oh

G S Th 2R (R T R R F A A S R, WA BN
“7,

Oh = IE%

1h = i T LR 1F

2 ALATCH=1 It , 381 SR Hi% 27 17 B B % L

CNVRF

R/W

Oh

WA TSR, WAL BB 1,

Oh = 1E%&

1h = Bt

2 ALATCH=1 I , il i BEHUZ A A7 45 2R BT A Al R e kB B iz

.

MEMSTAT

R/W

1h

BOSRAE SRS TR0 2 2 TR A B RS AN B, %A e BN 0,
Oh = fEfif 8 IR ANEE 1%
1h = IEWIZAT

7.6.1.13 23 FEBIME (SOVL) F4E52 ( #ihk = Ch ) [EfL = 7FFFh]

IRAE LA A A TUE |, W33 A OV R A P 4 o 4068 203 ORI AT I s R {3 FH SRR, 350
B, I B L A0 E N IE P AME P R BORE ( BMBUNAE ) o SOVL FFAFds ik 7-17 k.

R E AR
£ 7-17. SOVL HFHFRFBUH
| FH el 5fr B
15-0  [SOVL RIW 7FFFh VOB T LU B, LRI R G RARYY ) o« bR

. 3T : 5uV/LSB ( ADCRANGE = 0 Iif )
1.25uV/LSB ( ADCRANGE =1 Iif ) .

7.6.1.14 23R/ EBE (SUVL) 774% (#uht = Dh ) [E 4% = 8000h]

SUVL #5478 15& 7-18 Fir.

A EIENIM S
F 7-18. SUVL FERFEIHH
R FB KA F4 BB
150  |SUVL RIW 8000h WEAT R , DR RRIE ( RFLY ) « —HEBIHNG

. #4HF : 5uV/ILSB ( ADCRANGE =0 i )
1.25uV/LSB ( ADCRANGE = 1 fif ) .

7.6.1.15 BT EBE (BOVL) F774% ( #bik = Eh ) [E4L = 7FFFh]

BOVL ZFfr#s ik 7-19 Fias.
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A EIEE NS
# 7-19. BOVL FFa 2Bt

r FB R St P8

15 1R R oh B, WA 0.

140  |BOVL RIW 7FFFh BB T R B, DRI TR TR ) . ek

M~ ANRIEME. #¥KT : 3.125mV/LSB.

7.6.1.16 HEKERE (BUVL) #4794 (Hihk = Fh ) [EfL = 0h]

BUVL ZF 8 an3& 7-20 FivR .

A B EMINSE
% 7-20. BUVL #F28 7B
Bz FB H7 Hhr BE
15 e R oh R, A2 0.
140  |BUVL RIW oh BT R B, DV R K (KRR ) « EHS%
AR . ¥#KF : 3.125mV/LSB.

7.6.1.17 EEE T LIRE{E (TEMP_LIMIT) 297288 ( #ill: = 10h ) [5ZAL = 7FFFh]
TEMP_LIMIT Z7E 8% 7-21 fis.

p =41 E M S T
% 7-21. TEMP_LIMIT 27758 2B 0
| %7 T i
150 |ToL RIW 7FFFh YL B B, ORI R . 3 A

FEMF BN EE S DIETEMP 5178t IO EEAT HLAL | DAR
FE R EAFEIT G L. Fedfe A 7.8125m°C/LSB.

7.6.1.18 ThEET LIREE (PWR_LIMIT) F774% ( #3k = 11h ) [E4r = FFFFh]
PWR_LIMIT Z/E88n# 7-22 fis.

IR [E] B
% 7-22. PWR_LIMIT H77 88 7B 38
fr B e s VL]
15-0  |POL RIW FFFFh B T LA A B , SO i T IR, KRS

PR IEAR -
M BRI R E B #5 POWER 2777 88 HP AT B, AT sE
REBAFAEA DR DL Fe ] T : 256 x Jj% LSB.

7.6.1.19 #3&7 ID (MANUFACTURER_ID) %774¢ ( #ilk = 3Eh ) [E L = 5449h]
MANUFACTURER _ID #f7atn# 7-23 fizR.

A EIENIM IS
% 7-23. MANUFACTURER_ID #7258 % Bt Ui B
o FR HH P-1o% ]
15-0 MANFID R 5449h L ASCII #& =iz [ml Tl
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7.6.1.20 %{4 ID (DEVICE_ID) %7732 ( Huht = 3Fh ) [HfL = 2281h]
DEVICE_ID #F {788 7-24 fir.

REIFPC R,
% 7-24. DEVICE_ID %8 7BiiH
AL FEB& Evit =LA UtBH
15-4 DIEID R 228h FERE A ERR R .
3-0 REV_ID R 1h PAFAET AR
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8 L AISEHL

&

PR RLFTR 43 o 145 AR T T1 38R Ya L, T AR ILAERR A e . TI % N5 S
SR IE T IS . 2P BRI , AR R TIRE .

8.1 MNARER
8.1.1 BN EVIE MR

INA228 etk 3 3 43 i v R B (P N NTE . IN+ A0 IN - 5] B2 8] S2 B i B FE 22 A 3 N AT LU £163.84mV
i\ +40.96mV , EAE T CONFIG Zifi4eH ) ADCRANGE fi7. 2k Rl TEHE v OV & 85V, WA
IR AL AU - 256°C & +256°C |, {HEHER G| S8 N - 40°C £ 125°C.

2% 8-1 WA T i e B 2R AR &2 1 2 A2 B R M AR B K
% 8-1. ADC W ER(HE

2 WERME SR
P +163.84mV (ADCRANGE = 0) 312.5nV/LSB
+40.96mV (ADCRANGE = 1) 78.125nV/LSB
B IR OV %S85V 195.3125uV/LSB
R -40°C & +125°C 7.8125 m°C/LSB

PRAE SR I A 2R e R N AT 43 58 VSHUNT . VBUS Al DIETEMP 472812 H. VSHUNT
1 VBUS #Ff7asH i~ 20 7. BT RGHI0UH B , 20 S T LR IEE ekl ; ik,
VSHUNT w8t ) LA B4, Al LUR fufE . VBUS $dR i a8 A IER . ik m i ol L& B 14
Ko, AT OB S H B B O H R . DIETEMP Z47 28 R 8 w4 i o 16 47, mliEd e bl Bk i KB
P °Co i A T DL IEE s A .

AL | 2R PR T IR AR (8 ) L ThER (BUAE )« HAT (JES ) FIHEE (AEH ) MRENE | W 8.1.2
Frid
8.1.2 L. Th&E. HALHEMIHE

T AE INA228 B4 DL 22 5 g BT 4R A5 B A | U AE SHUNT _CAL 27/ %5 N —AME & Rl | 2 Bk
TR A A A R F R A B . MR R 5 FR N 2 $H5 SHUNT _CAL %71/7#%. CURRENT _LSB T2 17 fi%
B ( L85 N HAL ) 1) CURRENT #7248 LSB K. CURRENT_LSB [ME# T i AT i , tnifeak 3
i, EHEBEE X CURRENT A% o %, B CURRENT_LSB {HH /7R e , (H T fHitk
CURRENT f%:#t | 3% 5 CURRENT_LSB b a8 ( Am T 8x ) 4.
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Rsnunt W2 H T7E IN+ F1IN - 5] B~ A 22 45 B s B AR 73 i #s (1 HL BEAE . ADCRANGE = 0 B, {75 5K 2.
ADCRANGE =1 I} , SHUNT_CAL KMt %43k LA 4.

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

Hrp

*© 13107.2 x 100 & — AR R E , T 0 ORE A  GR R 15
* ADCRANGE =1 Itf , SHUNT_CAL [{JfH 4415 LL 4.

Maximum Expected Current
CURRENT_LSB =

219
©)

TR, HILERYE SHUNT_CAL a7 /748 R 3 B P E AT /i R &5 THEAS . in S in#k#] SHUNT_CAL
FAFAIOMENE | NEE CURRENT 25 77 8830 &5 (M it thoh %

ffATHE X SHUNT_CAL Zifrssilt4rgnfe )G , il LA CURRENT &7 A7 %% 0 B HL L2255 B il 2 it . A
£ i #% CURRENT_LSB 75 , JF7E/ 1t 4 thitfa

Current [A] = CURRENT_LSB x CURRENT (4)

N EF‘
* CURRENT 2 M CURRENT 271728 iz B fr4E
AT LA POWER 2577 88 Hols Dh AR 12 A 24 AR, AR 7 FE R 5 0 4 A BLAE -

Power [W] = 3.2 x CURRENT_LSB x POWER (5)

Hr

+ POWER /2 M POWER 2717 8% dris2 B 48 .
* CURRENT_LSB /& HJiiH 1 Isb K/, i fEsl 3 frsE .

LA ENERGY %5 77 a5 Hoff B RE(E B2 BON LU N BAL ) 40 CLTCAT 5. DLAEH N B0 s el 772X 6
BEAT R

Energy [J] = 16 x 3.2 x CURRENT_LSB x ENERGY ©)
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B LA CHARGE 217 2% s fs s i AR L BN DL & N BAAL 1 40 A —i3E A SR . DLEE-S N SR 1) H e (L8 o 5 2
7 AT

Charge [C] = CURRENT_LSB x CHARGE @)

Hr

» CHARGE &M CHARGE 7 17#% 45 B 18
* CURRENT_LSB ZHiithH 1 Isb K/, aniFE 3 prik .

hith /5 , ENERGY Ml CHARGE #if7a MR s MET 4. it e CONFIG #rf74s i E RSTACC fi , thu[bh
BE IR 52 o7 3 A7 AEL -

AR LA KM iton il |, ST 8.2.2

8.1.3 ADC i th Hcim s S Ak /= e

INA228 )0 7 1 g A R B R B T ADC 545t ] o iZ 88 SC R B P IME T B b Be |, GBI Tt — D R
HrpWers . IER £ ADC el AR B 2B DhRE |, XM R AR & TR MRLL |, I DUEAR A s Bk
I RIS ASTEE . BURME T HF R RORE S A0 12t RG] TR GEE R e 1/ R Bl R
IR S RN R, AT RAE R INA228 [¥) ADC 3 #i %

R 8-2 WG T A SCRR I B T R R B IR PRI B B D S0us. SLRYIR TE IR ) PR RO N T AR
I KR 1A 228 (ENOB). ENOB AR W - (BTS00 3K mT Al DR 8 5 B (X 75 7 A

+ 8-2. INA228 M= 1ERE

ADC BN | MERHTHENS RN | gz ey | donsimy) (ea0.96m)
ks] ] (ADCRANGE = 0) (ADCRANGE = 1)
50 0.05 124 10.4
84 0.084 12.6 10.4
150 0.15 13.3 1.4
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 412 16.0 13.8
50 0.2 13.1 11.4
84 0.336 13.9 11.8
150 0.6 14.3 12.2
280 1.12 14.9 12.8
540 4 2.16 15.1 13.0
1052 4.208 15.8 13.8
2074 8.296 16.1 14.3
4120 16.48 16.5 14.4
50 0.8 13.9 12.3
84 1.344 14.7 12.9
150 24 151 13.0
280 4.48 15.8 13.7
540 10 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
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. INA228 I 7= 468 (continued)

ADC HEMFAM | MURHFOENEIRE | epon e o (FHEENOS e
[ks] H] (ADCRANGE = 0) (ADCRANGE = 1)
50 3.2 15.0 13.3
84 5.376 15.9 13.8
150 9.6 16.4 14.4
280 17.92 16.9 14.5
540 64 34.56 17.7 15.3
1062 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
1062 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
1062 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
280 143.36 18.7 16.3
540 °12 276.48 18.7 16.5
1062 538.624 19.7 17.4
2074 1061.888 19.7 17.7
4120 2109.44 19.7 18.7
50 51.2 171 15.0
84 86.016 17.7 15.9
150 153.6 18.1 16.0
280 286.72 18.7 16.9
540 1024 5562.96 19.7 171
1062 1077.248 19.7 17.7
2074 2123.776 19.7 18.1
4120 4218.88 20 18.7
8.1.4 MAIRBIERHFHH

WIHTETA |, INA228 Jdif SeVFHI /£ ADC_CONFIG 27 7 th AR SZ e e e if [ AP B {E 0 | 14 7 2 Mg A

LI o F A IS ) AT B30T 20t HL e AT 2 FE e i A7 B0 FE T BE T 3 e B 2 R
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W ADC EA K I 8 A M = HIRE 77 5 SR, 75 RER RIS B3R 5 Bl KR il A R A R AR 2 5| it — 2 ]
B, IXESAF S RN IMHZ 8 &, R, @ R R RS B N A IR R HLIX SE S . X e St
AT R Y8 5 T Y08 8 2 I P K L B TG o BEL 2% R AT AT R T o 0ol 000 2 v A EE 1 s i T DL B AN TE . ARG T A g
FEFERARREACR R BRI (BE N 100Q oiE BAK ) MR A ST IERN. ZHRAESNEEN T
0.1uF Al 1uF Z 18], B 8-1 Wor T 785 N v s NI 5 25 1) 2 14F o

XA  SHRA R I —NFREHE R SRALE IN+ AN - 5Im &S +40V 25 BESUEE . —
MNRZESE ARV R AR A3 — M 2 . R S H e BRI B s (R ZE A i ae
MU AR SCHF ) o TH RN MR B v] R S B R s, T FRUER S T BRI SRR IR 40V 2243 B 85V LA N i K AE
B o PR S L R B R SR i i P A I SR N R B B R RSO SS A (B RO BRI A ) KiE . RS 4
A IS FE A IS R & 1 22 vrt , i Al 1 — s B i o e i 2, F 00 22 PR o o P i g ) R R
AR AR L
X TAE 73U A% ) — O AR AT R Y A e A LR AR O S e in B N R R R B dV/dt TR SRR
TR GOl BRI R B AR R T RE R S EUL AR R . 2 BT DA ILIX AN [ 2 RO R dV/dt FTRE SRR
PR BRI RGOS AT ESD fRIFIIRE . AR | @ A5 SRR M MO R 10Q MBS |, AT
SRS Z I dV/dt SRR (R SR 40V K ZE S R AIUE A ) IS o 42 HRYRE T4t 3 Rl X
6 P SE 2 0 AE A B2 AR R 5 I B /)

SLoad Vs =2.7V-55V

upply

RriLter

CF\LTEH
0.1uF to 1pF

& 8-1. Wi NJEW
T Reter » 8278 FIRT 100 RRAFIBEAE , 75 DUDKs S0 186 25 15 7= 148 e 2k i
8.2 HLAIN A

INA228 1% 2% 1 B F AN ARG A i BB FELIAE 0 R Tt 00 98 VS I PN Y PR o 7 S DA v 2 R O Tl b M 00 R, T
3 R ELE L RE 7 A 0 B R SO VR 22 70 B N R B L (ARAE A7 A2 4 0, O £163.84mV Bl £40.96mV ) F/EI
Lo M E 5 P T M P A ) LR T ] 8-2 TR

Vs =2.7V-5.5V

[] Vs
VBUS

48V

BATT IN+
L IN-
P
P il [0 GND
_X

LOAD,
* [’C ADDR: 0x40
CHARGER
W GND
& 8-2. INA228 7=l /Bl B2
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8.2.1 BitER

INA228 il F 37 i o PR P REL 2% (Rshunr) I 7 AR O PRI o 22 A 30 A0 A A I 00 8 2 P 0 VL P O B0 T
o B AAEWRINEE , WX ALERT 51 BIEEATHRE , DARRN T 5E SCI A B 4t 25 18 A

%% 8-3 7 1 & 8-2 o HLER A BLTHEDK

* 8-3. Bit=H

e i
U HLE (Vs) v
S L (Vo) 8V
S TR LI I b 52V
am— oA
SEHR R () 10A
ADC i Fli% 4% (Vsense_max) +163.84 mv
o 25°C
4 B BN 1
8.2.2 P IT LR
8.2.2.1 ##FEH I H M

R 8-3 INE , ARFEFTIE ADC Vi A Ao I (1 B K FBIAE (Imax) AR SCVRIEGII FL I (Vsense wax) THEL M
P R R A . ARSI T TAERY , ZE 0 B AR 5 B O EEAE Y ] Veense maxe AT T4 € X
HZH, AT 8 W Repunt M AKMEA 16.38mQ o /T K iH SEAE 1 de 230 1 b Ak i FEAE A
16.2mQ. lﬁl%ilaﬁr_ , RSHUNT L‘Z‘Zﬁﬁé%fiﬁ&%ﬁﬁﬁ%{#?ﬁﬁﬁE/‘]:[jjgo

Vsense MAX

R <
SHUNT e ®)

8.2.2.2 Fi B4

Ynfe INA228 (55— & IEHI X B 23 ADC BLE &7 4. #I4h L HE , CONFIG fil ADC_CONFIG 7547 4% 15
BNEAME , Wk 7-5 MK 7-6 Fion. TEMBOA LHORET |, S84 E NTE £163.84mV Ju i it AT & | i
ADC FF4Ef6¥ i i s . SR R ATE R . 0 R EROA B A AT A B ER |, W T BEAERRIK Vg RS
Jo IR B IR S 25 7 A

8.2.2.3 X/ A I F I as AT HIE

ST HE R AT 48 T BAE R IRGEAT Vg L HR IEFgAE |, DMESSERYE B AR ST 45 . B B %5 e
FIEE— DR A R 3 THRE HEIRA LSB . AR AKTHIHA N 10A KB FNHZ AR , 51 LSB K/hA
19.0735u A, ¥ 72 2 M AT CURRENT_LSB A4t HLFH2S ik EH , & S BRUEF A7 4515 B v 4050d
(FD2h). WIRAKFE G E IR HE R A8 E |, B S EEE T BT 45 RN EAE

8.2.2.4 R EHFHI BB

AT 38 K BT e kAR R G R R N PR A AT g RO B R R . ORISR A AT RS A RN 71 fis . R
PR 2P AR B K 16 Air , PRI |, XL A7 2 1A 2% LSB R/ EE T 5 e 28 Hi e R H 37 3% [ AR B 20 £or
LSB X 16 fi%.

AT X i e PR FF A7 28 (SOVL) #HATZmAE R Bl i B . 75 ZYm e 2 I 25 47 % i ff e 2 3 ok oK e v 1
3R LA Vi LB A5 . R R, SR BREN 10A , HL B FEL B I 9 16.2mQ , 2 AL [0 43 37 Ha s BE
HIE 162mV. — EANE T 43 B R BRAE , 2 vt e B 1) 25 A7 2% AR Ak v 38 2k ks 2 38 B 1 BRAEL B BA 23 HL s LSB
KANFRAT

FEMORBI R, i H PR 25 17 &% HTE5E D 162mV/(312.5nV x 16) = 32400d (7E90h).
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AL R TR R A A7 2% (BOVL) #EAT gm ek % B S 2k e 5 b IS M A . ARl eh | B s i s A
N 52V, T EYRFE R A A7 2 P A E B K B bR B R DL 3.125mV s 2k H R R R ) LSB K5
. ®FTA , BOVL 2747 25 H FR{E A 52V/(195.3125 1V x 16) = 16640d (4100h).
WENERET RN, F TSR 2577 2% b T E A LSB K/ EL FLJE LSB K 256 5. X & A HLE 2
AWK E A 24 7, T H PR R ) B A7 23 K 16 £
16 Vs N EHIFMG , A7 20 IR 6 2547 25 10K W BN BRAME | I B 75 AR A GH B i S g
8.2.2.5 i/ ER/EE

R [PE SR L LSB fER IS MUE . i 2R 8-3 fon , TR 8-4 Son 1% Iz 61 3R [2]
fHo.

R 8-4. HEIREIME

¥ & E{E LSB f& A HRE
SRALE (V) 311040d 312.5nV/LSB 0.0972V
B (A) 314572d 10A/219 = 19.073486A/LSB 6A
BZHIE (V) 245760d 195.3125pV/LSB 48V
HE (W) 4718604d HL3% LSB x 3.2 = 61.035156uW/LSB 288W
FLHE (J) 1061683200d FLJR LSB x 16 = 976.5625uJ/LSB 1036800J
HLfiT (C) 1132462080d 137 LSB = 19.073486uC/LSB 21600C
RJ¥ (°C) 3200d 7.8125m°C/LSB 25°C

i . SZRAS (OEAE ) o AT AR R L R AN A SR BUE . SR T EER AN A S,
HH RSB R s R [ Y B i B R A — A 1. XS AT AR ot ], D7k e R P AL RN 1 BASR
B S ZithME. e, MRz E SOyt IR S . Bln, ik B R [F 1011 0100 0001
0000 0000, P& MSB EA1MH 1, Frhixe — M ffl. R¥FXLEA I 1 4% 0100 1011 1111 0000 0000
(311040d) , A& 8-4 /iRt LR /RBIRE |, Z(ES 97.2mV IFHEARDG . B TR EME Y UE | WIS 203 U
fHH -97.2mV,

8.2.3 N £k

K 8-3 Al 8-4 R 1T dhid KM% ) ALERT 5] I |, ¥4t (88 50 us , “PIMEITHEEEN 1, FFHXT
TAUS L4, SLOWALERT £ BN 0. X TiXE/Rykds i wai® , /£ ALERT @iE LEH 7 FAN , LER
V20 0 W 5 A e e oL AR Ak o SR B 1 7 R S 5, ALERT g S 5 P ik ) ADC % 48 i 1] 1 Y
22—, i 8-3 Fram. XTI WIER Ik PR ) R ) A o, ALERT 51 ¢ i 2 Fsf ) ] BAYEZ) 0.5 B 1.5 N4
Wiz At K 8-4 Fian. AhEbibEE S5 A E ADC B g sh AN | IR ELE SR N ARk . ok , ADC
AW T KA LIRSS R | R R IT AR 10 R S 55 BRI v e W B (L (B T G T e B S AR AR L AT 1)
Wi 3 P RN . AR R T A A LTSN, Rl AEEARA R O RN A R, BRSO T 2R R A e el
TR R | AR N 2T ADC BE R R (F) 1.5 1.
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— i s =
m P B i
e = NI o W
R RO S == == T
e el =t &
S RS -——— S
B FREER-REE= == R R -
—i-REi-- S Bt 8| 2 K
| = v E : : F Sl —
S T I E A ]
S R ] ) R A -1 B
X : ;- 1]
I 3 IR &
i osnn ffiin foeccn oot oo boniewmde el f
' H ' ) 4 1 \ h o0
A.%:.E . A>_n.\>:. . 2l
mmm:o> sSng 1431V

: S —_
B PR A T B
m I =
B O S S I o
; T iy
[ EEEERRIC Rt LS EEEEEE St REEI N~
m S R S T -
[ e S s et e el et ke 3
H HE] =N + _ a N m@

| f.__iSliel: P e
! A MBS
m LeliEls B sy =
i e TE|E R
P islig]l BT el E
.---"-.-.---w.rm-".m-.“-- TTTTrT T m \_M
oE THEL L 0 pEl =
N, St G S R w
Pl NI &
[T A N
: : : : 0
=)

(P /AL
abeyoA sng

(np /AL
1437V
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9 HFRAREIN

A N PR R LR R G L R L Vs MO0 R R BE S . Blin , WX Vs ML TN SV
FRUHLE T 0 3 SRR L (R ) ATRE S 85V, TETER , TR AL | S R\
THRBI A EE OV % 85V JulE NI f Ik . NG /e 31 T30l B GND 5 BT g A o

K P i ) R 55 it PR 2 e LT E ST e 1 I PR A s TR YR OSSR I AREDE O 0.1pF . AR
W 24 A T OEL 70 RO ) 82tV 5 A PR 25 R PR A s SR AT ) LR 75

10 i [/

10.1 fii JRiTHFE

MR R SCEHE L 4 RADER NG (IN+ 1IN - ) BRI R . XFOERR AR T RIER N 5] 2 7]
UK R A FEL BEL PR LT P AT IN FRLBELAT AN R 2 B RN 51 I Z TR AE AN K R . ST Akl
HLRH AR AR AR H AR, AR(TATOM  BA FH T AR 2 S BU™ BRI AR 72 . FRE 55 B H A 8 O A BN R AT RESE I Fe
PR REAN 5] B

10.2 7 Rl

Al IN+
Sense/Shunt
,_EE A0 IN— Resistor
(1)
m_[[ ALERT VBUS ®
Alert output —
@ 4 SDA GND l—("‘»
] 1
2 Supply bypass
Y ! scL VS -
interface m_EI: capacitor
{:::; Via to Ground Plane
O Via to Power Plane
(1) VBUS 5l 2 St i p i, DUHT 53T it 5
(2) 7] DAEAR S I DR ETIRES
&l 10-1. INA228 i FiH]
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11 BSOS SR

11.1 BSOS E BridE 0

TR EPHEA , 1 SHE ti.com LIRS B SCE e . s a7 SR AT, B A BT S B
IR, AR SURTEAE R | B BT ST SORY L A BT T e .

11.2 XFEIR

TIE2E™ CH IR TRMMEES R R | Wl HENLT FIREIE ., 2 IiE@s Mt 8. SRNAR
B R B O i) BT SR T I DO B B

BERERN A R TTIRE “HRRE” L. KB R IEAMIER T HARME |, AR TI WA 555
T (ISR -

11.3 FEitn
TI E2E™ is a trademark of Texas Instruments.
P R bR B H & TR Y
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.
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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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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—»]
DO OO0 OO T
o| |e o 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 O O 0O O 0 O0 Sprocket Holes
| |
T T
St N Il )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .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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PACKAGE MATERIALS INFORMATION
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www.ti.com 5-Nov-2024
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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