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6.5 HAS R
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6.5 ES4¥: (continued)
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6.5 ES4¥: (continued)
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6.6 B EK (SPI)
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BATHEO
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tmosi_sT MOSI %4 15 B A 1] 10 ns
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tmiso_rr MISO EFFAIFBER A , CLoap = 200pF 15 ns
tmiso_sT MISO HiHfi 15 & i 1] 20 ns
tmiso_HLD MISO %4 {R R ] 20 ns
tcs_miso_pLy CS TREZE MISO H¥EA Rt R i ] 25 ns
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- .
tcs_miso_pLy - > MISO_HLD
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6.8 SRR
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6.8 LA (continued)
E TA = 25°C y VVS = 33V y VCM = 48V , VSENSE = 0 *H VVBUS = 48V HTJ‘{)UU?%I‘ ( Fﬁjl;%ﬁlﬂ.% ) °
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g ~— L \ 2 N
uo, r v 0
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c c
2 = /
% -25 n 50 v
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o n
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@ 05
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Negative Input Bias Current (nA)
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6.8 LA (continued)
1E TA =25°C, VVS =3.3V, VCM =48V, VSENSE =00 VVBUS =48V Hﬂ‘{mﬂﬁ“ ( F/’%EIE%"@UEEE ) °
4
— B+
3 — IB-
< 2 ] "
2 I~ L]
€ 1
g \ /
3 o
i% “ / ™~
‘é , L N~
3
-4
200 -160 -120 -80 -40 O 40 80 120 160 200

Differential Input Voltage (mV)

B 6-14. A RERARSZ2MARERKIRER

6-15. SN E HIR ( 1B+ 2K IB - ) HIEHERIIX R

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

Input Bias Current (nA)
[$)]

.
.
/r

50 -25 0 25 50 75 100 125 150
Temperature (°C)

& 6-16. H A\ fi B HEIL 5 <R

Input Bias Current - Shutdown (nA)

-5

50 -30 -10 10 30 50 70 90 110 130 150

Temperature (°C)

E 6-17. MARERRSEEF KRR , REF

Quiescent Current (mA)

-50 -25 0 25 50 75 100

125 150

Temperature (°C)

Bl 6-18. T.1E I SIRERMRXFR

Quiescent Current (nA)

750

700

650

600

550

500

25 3 35 4 4.5 5 55 6
Supply Voltage (V)

6-19. T1E I 5HJRA KKK A
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6.8 LA (continued)
E TA = 25°C y VVS = 33V y VCM = 48V , VSENSE = 0 *H VVBUS = 48V HTJ‘{)UU?%I‘ ( Fﬁjl;%ﬁlﬂ.% ) °
4 20
§ 35 % 18
- = 16
£ 3 g
:8 3 14
2 25 2
) & 12 '
€ 2 € 10
o 2 .
3 15 3 ° ‘
€ € 6 r
g 1 3
8 3 4
5 05 g
0 0
2 2.5 3 35 4 4.5 5 55 6 -50 -25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
&l 6-20. KT Ig 5 RIFEHRERIKIKER B 6-21. LB 1o SEERKIRER
800 T T T T T T T T 250 T T T T T T 7T
Continuous SPI Write Commands —\ 21 Continuous SPI Write Commands —\
750 = 200
5 g
§ 700 >/——— 2 150
o 1
3 CSHigh - CS High — }
5 650 ™ : 100 A /
2 ~N 3 N A
3 T D 5 |
3 L | g —
600 & 50
S \
e
550 0
1 10 100 1000 10000 1 10 100 1000 10000
Frequency (kHz) Frequency (kHz)
Bl 6-22. TAE Iq SET4FMR MK ER 6-23. XU lg SR AR INR R
1.01 1.005
1.0075
N N
I 1.005 I 1.0025
S 2
3 1.0025 3
5 5
=) 3
g 1 g 1 —
w w
5 0.9975 5 T~ ...
s =
® 0995 2 0.9975
(@] (e}
0.9925
0.99 0.995
25 3 3.5 4 4.5 5 55 -50 -25 0 25 50 75 100 125 150
Supply Voltage (V) Temperature (°C)
Bl 6-24. pYERET BT 5 HEIRAIR R K&l 6-25. PR ShATE SR RIKIR R
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7 VE4N
7.1 R

INA229 Z3ff72—F A 4 4 SPI By i AU iU UK 8% . B E DTS BB AT R, [F)
I TH AN B P RS BEAT HERR SR TR AR DA HRENIRLAT . T g AE T AE A AT REAT RIS E , AT
DRI RS 2 LA S BB B A 34T . AR VEHI A A5 8, WS 7.6.

7.2 ThEe T HER
VS
IN+
" i: 0 SCLK
0 MOSI
MUX
o MISO
VBUS 01—
0 CS
L
Out-of-range 0 ALERT
Threshold
GED
7.3 Rt

7.3.1 2R ENETRE

INA229 fifi i} 2.7V & 5.5V HLJE TAE | {HA] LI E Sk 85V [ HE R ) d SR AT LA . FE IR 2B 78 IN+ AT IN -
| JE Ak JBE I 4B 43 FE EL 25 T i 1 R PRI A5 ) . INA229 T N 2% 13 1 A N LA FE e 7T DA v T 28k FR 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

QO Shunt Voltage

Veus EJ—'\/V\,—L—.’
<>
<>
p:
‘;

—
.—.
/._f

IN+ 3 o0
IN- I—O/ “o—
/._

—

@ Internal Temp.

[

N——— ADC IN+
To ADC Input

[0

Vs +——P ADC IN-

PTAT Temp.
Sensor
o—
MUX digital
Control

B 71. mIEWA S BE A

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 | INA229 (50 30 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

INA229 BATAEHARAA A E it , RS2t 7L Iess . INA229 (iR A\ fi B LR AT FEAR AR 1R A2 AR A SC i
RS T HFERI R R B I 5 — ML |, B RVFIELE 5 F o B B 2 w158 N\ i s SR 41 i s A3
MR . AR GEIECT TR INBOR & b, S0 A\ 8 B2 2 LR B AR 1. ART , b T AR AR L P A
HA N I8 T SRS B B T o 28 SRR SR o Ui 5 FELUAT 1) 5 — M0 40 R M08 A5 Y B KD 7 i L 8 SR oA i 3
SN B/ PR PR o A5 PR B K A 7037 L BELEL 8 5 0% 7 ikt 00 I 2 2 0 ) A ) P

B AN, INA229 i i B FLIAT IR /D o BEAE FRRTT ARG N , 20 e BELES b A 22 20 I e m , AT -2
BUwmE RGN, s 6-14 Fron.

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 -

INA229 1] L4 ADC_CONFIG 7577 2% 1 (i) it ik MODE £ ¥ B Sl & 70 FELUR A28 v o R0 i s e
FERAA . X B 2 DU 8630 o s s 2R F T, M 38— 25 S 40 P e B W 92 T e Rl 2 R 5 1)
NFHESR . MARERFIME TR, ADC ¥ 5E )G |, B3 fa BN 78 FOAH B 1) 25 A7 28 R ARS8 | IR BB 7R
Posts o A R e . AR R R RN R A N A % i () /E 50us F| 4.12ms Z [AOT W E , B
PREL R T-7E ADC_CONFIG 2728 HamFE e . o F I 4 N3 U 56 e | TR b 266 48 P A 6 N 16 s ) T B ke 1
BN IO B i TR RS N BRSPS, R e G A A T I S B gg b, R HL
WP F S EEPAT , ABARFREMEE VL. fERTEFYETEERGE , REEEHENM W AP iir S
B, B SR ASSRE X EE AR IR R L A A, HRIEAIHE T AN e A s U R e 45 BT R . 7EIX
FhIEGL R, X ECH o H 27 A7 2% A U 2 5 IE AE AT P A 5 4

ADC A PifliE st (&S Mfi% ) , 1 ADC_CONFIG {7 st ) MODE fii¥%® . fE#4H it T , ADC
BB S NI EAY |, IFELIRIEI P il a2 as |, i bpmk . 7Ef R EHE R |, ADC Bl b pridk i 4
IR , 25 ADC ¥ #E ALk | BRET S A MODE A4 /8 — Al % . 5 N\ MODE o6 T Ik 3f:
T B IEAE AT 0 fik R B e RO S e . BRI BN U 284 |, JF Hok B R EE S SR T BRI T
o 2hr L ( DIAG_ALRT #4785 ) CNVRF {7 ) LA B PR fd R 4 o IXANMLAE TR e 3 AT 34 (8 115 5 B
JEBERE
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FEULNEOLT |, FE R ol 45 hr & (CNVRF)

* 5 ADC_CONFIG #f7 & (EFERWEARRSE ) ; B
* U DIAG_ALRT #if74%

2 INA229 28 TAE— i, LRSI SR T BR. R, BafBgE (EEa ) , Wi 7.3.2
Frik. fEf R T , B EE (ENERGY 1 CHARGE ) 4% , B e o ik B i 4 i (it 1) . %of T 75 B nt
FEL B R E ff U SR AR () AT R U S S, D 0 38 R TC B N (6 B SR 3 B, (RO B R AW s
B, R H AT DR R G b B i R A RE B R G R R . B THEAERE G QAT |, A FLmi s s [4]

HFLAS 2 HAL TR R R, ATRLEE 0 ( LR ) #) 510ms JEE A X CONFIG %17 2% H 1)
CONVDLY 7B T4mFE R IEIR INA229 Hffe . X5 iE IR BHAT YL 20 HE RN 2ms. BRIAEIL T |, HHaEiR % E
N 0. MBANFNEEAEH T R RIS, el A B T3 AT S [F) 20 . 1F 75 2 [ I3 AT Hb R A0 e A 0 o 1)
N, ATEIR AN AR A, DA A e R AT EE A K BRI B AT . I AE , EE ADC ) P B
SEREMR , PR SR B AT K S B0 25 B TR 4 RS 5] 20 M e 2k o

7.3.4.1 IEALR L IE N7

AR T AME R IR P A |, EX ADC fr AR BT IR S | X BT PR S . 1T IR U AR AR
AN TR AR SR R BT, WA TR — N R A IR BN R RAS o B P AT DA R S Mk A [ 1) R e ()
Bt Ter (M 50us 2 4.12ms ) » EIXFECE T , 25— DMRMERGI HBLTE R S 5 R B HRRIUR AL | 12004 i A
A T B, R XN fnoten= 1/ (2 x Tor)e 31X 3 MR DI 35 A8 L0 AT 200K 5 I 1 B30 i HH o R g b 491 A
th. B 7-3 BoR T IkTE 1.052ms 5 R BRI K6 K 200 N

0 ")hu
-10

20
E -30
3
-40
-50
-60
1 10 100 1k 10k 100k
Frequency (Hz) 5001
A ] = 1.052ms |, LB —
& 7-3. ADC SRR
7.3.4.2 RIZHIFE Bl [0 FI-PA (o 5

DU S H AR K ADC At [ P HZ B E DN 50 us | 4.12ms 8] B4 [A] ) R fo VR e %5
W P PRI AT AR A o AR IR SO VR AR AT S TSI () T SRR BT 1) 1024 2 TR, i
e B P BME TSR ST T B A A AU R . & 7-6 PRI ADC_CONFIG % 7 ds e fit 1A 53 HF
AN TR AP A TSR B 2 VRS B o BRI e el (R RSP 2 B 80, T BLBR sy INA229 19 ADC A 37y
e NHPTRKIE 7-4 T 7-5 Ui 1 FE 40 (AP 2 (T SE R A5 5 (5
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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
INA229 Ze {5 — N N EBIE S 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
FERI BRI AME A R Bk T F B2 AT INA229 [ HHE S FERE | N INA229 [t A i B T M2 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

INA229 45—l AR ALERT fay it 510, sEIBImT 4R 2 N2 W, B SRR il A AE SE 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

INA229 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 INA229 332 Bl piiid I (10 ) SF . BERRIEFHF. EREFNET
D R RN .

PN

\L

- ,L,
Shunt Voltage / Shunt Over Voltage Threshold T~

PN

\j

Bus Voltage [« N W L
D N— ! Bus Under Voltage Threshold |

\

I'Y

Over Temp Threshold
Temperature
PN
1 -
Power <& I Power Over Limit Threshold =
ALERT
(ALATCH = 0) | | | |
(APOL = 0) ‘ : - : i
(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
K 7-6. ZERAE
=%
7.4 BHTIEER
7.4.1 KWAE

B T AN ( RRE A ) 2, BEAR AT R K (i ADC_CONFIG #4745 [f) MODE fii
), IR SRR E] SuA BUT , IR R PIEE NS SN Im i HIAL , SRR AR 1 3 A AR A I s e
PRI, AR T ORI I, T LU AN IS (A A7 a5 o SRR ORIFAE IR 2, BB 55 — ik
Pt & BB e 4 .

FERWMIAET |, TR A S AT et . fil A e it | ADC K TT iRt ; BeHsg im0 S7 B R [m] 3156

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.

7.42 FEREAL

M Vg BELT 1.26V (87 ) i, Fr A F AR S0 N HEGAME |, SeE BN LS4 (POR). wf BB 1R
CONFIG #ff#s i B RST ARG FaNa 00, BN LB EFAEE R REBN T AR EALS . 51
A IR B WY 7.6 B

7.5 gafs

7.5.1 B4T8:0

INA229 545 MCU 2 [8] ) 3= Zl 5 il SPI B 23T |, iZ SRR 40K 3= -5l0 & 194 0 LilfS . 4 MCU 45
&S Y SPI #34F , B AE MOSI 5| il B R iEfAiER |, IE MISO 5| i LB 23 1F N . INA229 #h42 SPI 4Bl
S e MISO 5l IRy &R, FEm AN MCU Kakm s (RS WEME ) .
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* SPI&—/N4 5180, Kol R
- CS-SPIH &R (HN)
- SCLK - SPI i 4h ( #1\)
- MOSI - SPI % Bhfay N/ 34 B #HE (HiN )
- MISO - SPI % Bhi /8 N B ( =% )
o SPIMiA/NOKERAS | HARR T SPI #2135 19 ) INA229 %9 1478% , W N AR -
- FEZRGHB (MOSI) : F 7astiht N 6 A7 ; 1 MELL ; 1A RW AL (/AT ) 5 ARSI AT AR K B B e T
INA229 757K o
- BIEEE (MISO) @ 8 MIKAL ; MR AR K FEEL T INA229 i f7ds K%,
SPI A7 3# ¥ ik 10Mbit/s
FE 4 INA229 515548 MSB 7E/7 . LSB 7E /5
7E SCLK I T BEVE%T MOSI £85% b (547 ke
7£ SCLK [{)_EFH % H MISO 281 L i

SPI#fE M CS TEEITAG , /£ CS LIHRE A . CS i Phiih SPI # ARFFE SRR , MISO i iidb+ =

MISO fii i ZHER K, Bk, BARAREILE INA229 RS E 8 1O ARG U AR Rl S SR AN R B el I
&, RVGHAT PR
7.5.1.1 SPI jif

55 INA229 35 2 1) SPY BB i 47 BB IERIAT . A7 BV 6 fra {7 20T
B, JEERA 407 AT A RIW L. 4 RIW G “17 JReaiit SPI MUK B8 6 25 {7 28 ISR | T35 RIW
BB F “0” FRALIE SPI WK B F 25 17 85 N

| 16 — 40 bits

?| 3 Il ‘i
EpupEpupipipipipipupipupiny ?
4

| | |
| | |
Mos! //"appr \/ Apbr \/ ADDR \/ ADDR \/ ADDR \/ ADDR R
N_S5 /\_4 3 2 N\t \ O
|

=

N

T
I
I | | I
...... paTA \/ DATA \/ DATA \/ DATA \
| \ \ LSB /i
| | | |

| ! ! | |

1 1 ! ! 1 1

| | ! ! | |
MIsO | | ! ! | |
| ! ! | |

) | ! ! | |

| T T T T T

g ”

| | | | | | | |
| | | | | | I I | |
Mos! //aoor \/ Abbr \/ ADDR \/ ADDR \/ ADDR \/ ADDR I w foara oAt Voara Voata VT paTA \/ DATA \/ DATA \/ DATA
N 5 /\ 4 3 2 N1 /\ o | MsB_/) A I | 1 \__LsB
| I | | / I | |

| | I | |

I I

I |

|

|

=

%

I | I
paTA \/ oata V/ oataVoara V. /). DATA \/ DATA \/ DATA \/ DATA
MsB /| " " / i " \ LsB
| | I |

I | | | | |

I I | | | |

I I | | | |
MisO | I | | | |
| | | | |

) | ! | | |

| T T T T T

& 7-8. SPI 5 \hi

THIER , AT INA229 g3 o (1 A7 A7 S SEAN [ TS B U A LR W AR, (HS NI B2 [ E 1Y
NITH TGN 16 198, 78 SPIHAMWIYIE , 2B ts 2] INA229 F 743, R H [Fl—2r 7 a4 1 [H 2
#EAE MISO £tk EFg .

B> SPIMIRHT 8 Az LA 7-2 o, 'ERasX MOSI i EREAS AR A7 a UL 05 1) LS U B N ThfE . 7E SPI ik
HCRfErR , INA229 G [mI7E[R]— SPI g rh s B 2l -
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R 7-2. SPI iI8T 8 > MSB fiL

s b7 b6 b5 b4 b3 b2 b1 b0
5ilg 1
o ADDR5 | ADDR4 | ADDR3 ADDR?2 ADDRH1 ADDRO 0 5
5

7.6 FIFEERELGY

7.6.1 INA229 F 775
R T-3 BT INA229 # {74k . K 7-3 ARSI K Fr 27 47 & B A RN O B IO (768 #n , IF AR B Bag 17

Ak
% 7-3. INA229 %775
Wi HFREEE FEBRLK FIRAN (£L) =y ]
Oh CONFIG it & 16 3
1h ADC_CONFIG ADC it & 16 3
2h SHUNT_CAL AR U 16 L]
3h SHUNT_TEMPCO IR R 16 3
4h  VSHUNT ST PR R 24 5
5h  VBUS 28 P 0 24 5
6h DIETEMP T 16 3
7h CURRENT CEN/TRAE 24 L2
8h POWER TR LR 24 L2
9h ENERGY L RESE R 40 L2
Ah CHARGE B iy &35 SR 40 L]
Bh DIAG_ALRT W bR AR 16 L]
Ch SOVL Sl R R 16 3
Dh SUVL R A 16 3
Eh  BOVL 25 TR B 16 ]
Fh  BUVL BRI B 16 5
10h TEMP_LIMIT W T LR R 16 L2
1th  PWR_LIMIT e T L PR B 16 5
3Eh MANUFACTURER_ID HIE 1D 16 L]
3Fh DEVICE_ID 2844 1D 16 3

SR U7 1) SR 22 5 2 % P BN R R BT

% 7-4. INA229 V5 7] R RIS

Wi%kE ) |55

B

R R ER

HARA

w W [5A

LRI

-n | EEE e

7.6.1.1 it B (CONFIG) #F773% ( #ubk = Oh ) [EfL = Oh]
CONFIG #ifF#stn# 7-5 fis.

R T7-4 BoR T TR oy o vy R 2R A AR

ACIEIMBPSE
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% 7-5. CONFIG F 5Bt

fr FB XA

LA

L

15 RST R/W

Oh

SBLGL. FPZBIREN “17 SR S RO F I R GE fr
ST 2 A2 B R R

Oh = E#IZ1T

1h = RS0k 45 17 43 B BN B

e B IIEER

14 RSTACC R/W

Oh

Y4 B %479 ENERGY I CHARGE N 255 14 0
Oh = IEWIZ1T
1h = ¥ Energy Fl Charge %3 778854 A ERIME

13-6 CONVDLY R/wW

Oh

YL 2ms FB KB B I4E ADC #4 i EiR o
Oh =0s

1h =2ms

FFh =510ms

5 TEMPCOMP R/W

Oh

JE AN 7% PR FEE 2
Oh = ZE ] Jpyftila FE A
1h = JA Nt FEA M

4 ADCRANGE R/wW

Oh

IN+ AT IN - 22 [ o3 Jidi B A v L 9%
Oh = £163.84mV
1h =+ 40.96mV

3-0 (3 R

Oh

RE. SHEEEN 0,

7.6.1.2 ADC Fi2 & (ADC_CONFIG) 7743% ( #idik = 1h ) [5 L = FB68h]

ADC_CONFIG & f7# 14 7-6 Fiurs.
RIS M SE

% 7-6. ADC_CONFIG &R BRH

hr FB XA

Bhr

e

15-12 MODE R/W

Fh

JH P T LLE R AR L U R MR, BB MODE A bl i
FEA KA.

Oh = it

1h = iR BEWE ,

2h = MR MBIE | b

3h = MR MR AL AR , S

ah = RO |

5h = R IR AR | b

6h = MR AU | S0

7h = MR BAIE . SRR |
8h = i

Oh = {3 5.4

Ah = (LSS

Bh = 44 LRI L

Ch = (LRI

Dh = 2584 2 FE AT

Eh = MR REAS L

Fh= JESLM G, 4 TR
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% 7-6. ADC_CONFIG #7733 7Bt it B (continued)

fr

FB

XA

LA

L

11-9

VBUSCT

R/W

5h

15 A 2 B ) 2 1 A e B[]
Oh = 50us

1h = 84ps

2h = 150us

3h = 280ps

4h = 540ps

5h = 1052us

6h = 2074ps

7h = 4120ps

8-6

VSHCT

R/wW

5h

B 43It R U 1 A T )
Oh = 50us

1h = 84pus

2h = 150ps

3h = 280us

4h = 540us

5h = 1052ps

6h = 2074ps

7h = 4120ps

5-3

VTCT

R/W

5h

5 U S U ) A )
Oh = 50us

1h = 84ps

2h = 150us

3h = 280ps

4h = 540ps

5h = 1052us

6h = 2074ps

7h = 4120ps

AVG

R/wW

Oh

W ADC FER-TIT G FIgETT R EIEH T I A 20 .
2 >0h I, REAE P E 55 52 R SR AR AT 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

A EES NS
2 7-7. SHUNT_CAL FfFssFBiiH
pr FB F Shr L
15 e R oh B, WRAIEN 0.
14-0  |SHUNT_CAL RIW 1000h AT A R — AN B | FR T B B (25 ) (0

pas/nCE e
XANEFAAEMRIC I E CURRENT A 74514 5
5 8.1.2 ME A
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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 #7830 7-11 fizR.

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 Bk 45 R (CURRENT) %7758 ( #iht = 7h ) [54L = 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 % f£ #4513 7-13 Fiis.

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 #F & 13& 7-14 Jlis.

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 #7880k 7-15 oo

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

fr

FB

XA

LA

L

15

ALATCH

R/W

Oh

AR B AE A RO Y B B RN | SR SRS, 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%

=&
1h = BifF

14

CNVR

R/W

Oh

%A B B T B B R AR (A1) BB 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

JEHR, ALERT g & G058 i ~FE{E .
AR AR LK ALERT SEIR 2 FIMEL 5.
Oh = 4k-¥¥J (ADC) fE_L ) ALERT Lt%:

1h = “F34{E 1Y) ALERT Lb#

12

APOL

R/W

Oh

AR A B ALERT 51 IR A%
Oh = IE# (R TPAERL, T )
1h = A ( =mATFAER, TR )

1

ENERGYOF

Oh

ZAL RN ENERGY 1783 (I8 4T IR«

Wik 40 £ ENERGY #7345 Ol |, Wz &N 1.
Oh = IEH#

1h = #iHh

2 ENERGY 2717 23 I B .

10

CHARGEOF

Oh

Zfr s CHARGE ZFfF ds IS4 R4 -

R 40 fiz CHARGE #rfrds Cliith , Wz BN 1.
Oh = IE%

1h = i

BHL CHARGE A 745 I 15 K o

MATHOF

Oh

WRFARIEH FE NI IRIE |, ZAREN 1,
BTN BRI D) FRAE R R TE R -

Oh = IE'%

1h =it

WU I i A 5 — AN e el ) RSTACC Ay ki s k3%

38

TRE

Oh

TRE . SR 0.

TMPOL

R/wW

Oh

L SRR A R I T R IR AR R R , Wz E N
“17

Oh = IE#

1h = \E T ERFEA

2 ALATCH=1 W , 38 S HO% 27 A7 A i BR 1AL

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
MBEERN “17
Oh = 1%
ﬁbﬁ%&m?iﬁ&%ﬁi
é ALATCH=1 i , @il S BUZZ A7 2RIE B iZAL o

SHNTUL

R/wW

Oh

AR R S3 EL R R AR T 23V R AR T R R A7 485 o R BRI BRAE , T
R8N “17 .

= 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.

14-0  |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 ) [Hf% = 2291h]
DEVICE_ID #F {788 7-24 fir.

REIFPC R,
% 7-24. DEVICE_ID %8 7BiiH
AL FEB& Evit =LA UtBH
15-4 DIEID R 229h 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

INA229 Ze k37 3 43 i v R B (P N NTE . IN+ A0 IN - 5] B2 8] S2 B R B AL 22 A 5 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 INA229 B84 DL 22 5y B 4R A5 B IR Al | U ZAE SHUNT _CAL 27/ %5 N —AME 8 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

219

CURRENT_LSB =

©)

HVER , BRI SHUNT _CAL 4788 P i B A E T i BN & G HEH . wnSm#E s SHUNT_CAL
HAEBRIMERNZE |, M@ CURRENT 2577 2840 45 [ H L E oA & .

i X SHUNT_CAL FA7a8 AT 4afef5 , nl LA CURRENT 547 #% HH s B DL 2 55 B i D 2 L . B
£ 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

INA229 0 7 14 g A R B R B T ADC 545t ] o iZ 88 SC R B PIME T E o Be |, GBI Tt — B 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
TR S TR AT E R, AT RAE R INA229 (1) 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

R 8-2. INA229 M7= 1ERE

ADC HBSTAN | WHRHTHIAN RN | gummme | (o10580mY) (oaD96mY)
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 0.2 131 114
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 16.1 143
4120 16.48 16.5 14.4
50 0.8 13.9 12.3
84 1.344 14.7 12.9
150 24 15.1 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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& 8-2. INA229 g {4:4E (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
1052 67.328 17.7 15.9
2074 132.736 18.1 16.3
4120 263.68 18.7 16.5
50 6.4 15.5 134
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 2% 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
280 143.36 18.7 16.3
540 °12 276.48 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
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 552.96 19.7 171
1052 1077.248 19.7 17.7
2074 2123.776 19.7 18.1
4120 4218.88 20 18.7
8.1.4 MAIPIEEER

WIHTETA |, INA229 J#if SLVFHI 7 /£ ADC_CONFIG 2 /7 th AR SL e e e if [ AP a0 | 148 7 2N 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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P ADC BA R4 [ A M Hhilae 77 5 SRT , 75 RAE 218 U B AR 21 R 2 U A 2 AR (B AR 25 5 2 — Lk i)
o XSS ARy IMHZ 8L R, Rk, AT IE TR AR R A A A I JE B R A BX S (E . X EE St
A7 Y08 0 A A 908 e A0 Y ER OEL A % B0 P BEL 288 A PT R 1 X W A i 5 PR ST ] DL N T . R SR AR A
F, MR TR D B FERE (RN 100Q BUE AR ) FIPE R AR ATIEN . ZEARMEEN T
0.1uF F11uF Z i), & 8-1 &R T TR bids e e 8 IR s 14

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 LRI

INA229 F{I{I 2% 1 B F MR N i BB FELAE 0 VRS Tt 00 98 VS I PN Y PR o 7 S DA v 7 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

Vg=27Vto55V

VS SCLK
VBUS MOSI SPI
48V VE
BATT IN+ MISO Ve -
4 IN- (¢S] Mcu
=X 10 kQ
X [0 GND ALERT
I
LOAD
CHARGER
W GND
& 8-2. INA229 7=l i 7 F &
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8.2.1 BitER

INA229 il F 7 8 1o PRI P REL 2% (Rshunr) I 7 AR RO PRI o 22 A 38 A0 A A I 00 8 2 P Y0 VL P O B0 T
o B AAEWRINEE , WX ALERT 51 BIEEATHRE , DARRN T 5E SCI A B 4t 25 18 A

% 8-3 5 T 8-2 Fras HLER I BT ER .
* 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
2%, R 8 tHEH Repunt MK 16.38mQ o /T 55 K UH 5548 1 d5e 3 0 1) e v v BELi Dy
16.2mQ. lﬁl%ilaﬁr_ , RSHUNT L‘Z‘Zﬁﬁé%fiﬁ&%ﬁﬁﬁ%{#?ﬁﬁﬁE/‘]:[jjgo

Vsense MAX

R <
SHUNT e ®)

8.2.2.2 Fi B4

afE INA229 (28— D2 IEM i B 4871 ADC BLE 77 /745 #I4h L HES , CONFIG 1 ADC_CONFIG 7717 #% &
BRAEAE , ik 7-5 FEL 7-6 Fin. BN EHDIRE T |, #4F B N £163.84mV 36 Fl ATl & | 1fi
ADC &t il s SR B AR E . R BN L R AT AW R, W BRI Vs N B
Jo IEHf T B X L2 A7 2%

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 e 2 sk e PR ZF A7 A8 (BOVL) AT dmAE R B e 28 i K b 10l I Wb RIME . 7SRl B i il s BB
52V, i B Ym AR B I A AT Ay P B E R E R H AR A HE R DL 3.125mV ) 28 F R iR R ) LSB B R 1T
(f. XFFAMH] , BOVL #4742 H AR A 52V/(195.3125 1V x 16) = 16640d (4100h).

BCEDIR ST EREER , TSR 6 5 A5 h P& (B LSB R/ LL R YR LSB K 256 1. X2 N i =F
Fras IR EED Y 24 fir , T YRk B B A 2 A 2 R BE D 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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B R -——— m
NN FEENE === NN
A R S
A e
Plg i8R | X
b B A g W
= ' .m" . : - J T~
A S B R b =
Rl e B
= el
Lo B IR #n
SRS N R A S S e ] I |
A N I A d
(NP7 AD WA Bl
abejjoA sng 143V

w A —~
e CTrTTE T &
m I =
B B A S A T
m bbb hE
IR [ R S A s e e IS
m ST T T A T -
s EEEFRaes Shhg ECE SEE ) Sk 5 o
H AR i a N mﬁ

| foiolie)i Ee— = <l a
NN NMER
! gl == 8| -
b rEE T | P E
Pf =il e E
B T O e O] B
R HEL L g B
£
o
0
i

(P /AL

(np /AL

abeyoA sng 143V
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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 fii Ryl
CS IN+
Sense/Shunt
MOSI IN= resistor
Alert output (1
(@M ALERT VBUS °
SPI
interface
MISO GND )
C T T
Supply bypass
SCLK Vs :I:’_? capacitor
{:::; Via to Ground Plane
O Via to Power Plane
(1) % VBUS 52 st i il i, DU 8T 3 5.
(2) T LATE A PRI (R 2 R
& 10-1. INA229 A7 /5]
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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.

11.5 RiER
TI Rk RAAERI B HARRE T ARG 17 BEAERE 1 A2 S

12 HlA HEMEITIEE R

PUR U A S AU B AT IS 2. X5 B 1 E SR Aol v] B . Ble A2, A SATER
HASX WS HHATIET . i SR UL B R (0 S RCA 15 2 0 22 0 A A
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www.ti.com 5-Mar-2026

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 ©)
@ ©)
INA229AIDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2291
INA229AIDGSR.A Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2291
INA229AIDGST Obsolete  Production VSSOP (DGS) | 10 - - Call Tl Call Tl -40 to 125 2291

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

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

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

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

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

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

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

Important Information and Disclaimer: The information provided on this page represents TI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information provided by third parties, and
makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. 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 INA229 :
o Automotive : INA229-Q1
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https://www.ti.com/product/INA229/part-details/INA229AIDGSR
https://www.ti.com/product/INA229/part-details/INA229AIDGST
https://www.ti.com/support-quality/quality-policies-procedures/product-life-cycle.html
https://www.ti.com/lit/szzq088
http://focus.ti.com/docs/prod/folders/print/ina229-q1.html
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NOTE: Qualified Version Definitions:

o Automotive - Q100 devices qualified for high-reliability automotive applications targeting zero defects
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TAPE AND REEL INFORMATION
REEL DIMENSIONS TAPE DIMENSIONS
4 |+ KO [¢—P1—
L Regic oy Rogic e o T
o| |e o Bo W
el |
. Diameter ' '
Cavity —>| A0 |<—
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO | Dimension designed to accommodate the component thickness
A W | Overal width of the carrier tape
i P1 | Pitch between successive cavity centers
[ [ ]
_f Reel Width (W1)
QUADRANT ASSIGNMENTSFOR PIN 1 ORIENTATION IN TAPE
O 0O O 0O 0O 0O 0 O0 Sprocket Holes
| |
T T
L@l e )
H4-—q--4 t--1--1
Q3 1 Q4 Q3 | User Direction of Feed
[ .4 |
T T
N
Pocket Quadrants
*All dimensions are nominal
Device Package |Package|Pins| SPQ Reel Reel A0 BO KO P1 w Pinl
Type |Drawing Diameter| Width | (mm) | (mm) | (mm) [ (mm) [ (mm) |Quadrant
(mm) |W1(mm)
INA229AIDGSR VSSOP | DGS 10 2500 330.0 12.4 525 | 335 | 125 | 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)

INA229AIDGSR VSSOP DGS 10 2500 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
INSTRUMENTS
www.ti.com




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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