'g Ordering & Technical Design & m Support &

6 o quality documentation development training
i3 TEXAS INA239
INSTRUMENTS ZHCSN89A - JANUARY 2021 - REVISED MAY 2022
INA239 85V. 16 f7. =i EThE LR, BA SPIEO
145t 3 %L
o EHER. 16 /1 A-= ADC INA239 2 —ZGH R 7R e | &AL VR
o HRIEHE KN R HT 16 7 A-= ADC. % s ] s g
- RAHE ; £5uV ( H&KNME ) M S VG R -0.3V & +85V ) L BH 2020 Vi a8 E i o6
- RUHVERS © £0.02uV/°C ( FOKMH ) R £163.84mV B £40.96mV ()i EFEZ D HIN -
DR 0N% (RO ) INA239 R I, B RN | FINEE
- MmIRZERES © £25ppm/°C (FRE ) ST AT B PR 95 R 2 P T4 9 P
- JLEEHH] 0 140dB ( H/ME ) BERREE N £1°C , I T B RS EER .
TR INA239 ST FFEC IEL IR 25 T RS B i DA {58 0
- 0.7% e . -40°C % +125°C ( f i {5 B s A2 WU, H
e SACCRVRSC(RA) i b e R R RS A
. SEALITEE - 0.3V % +85V ARG (1 5 L PR IR 5 J VI AE A KA RIS o £
. BZEH R OV % 85V FI, JFCERRI A8 70 E 8 5 M2l 290 R T S 2
oy R A S - R DR - 2 P OG0\ 06 B PR S0V
163 84m\V/+40.96mV PRI LA | N TTRESS SR R R R
x . X . 25 | B
o HMRET : 2.50A (KM ) LR S
o IRFEAERRES: £1°C (25°C I AEKE ) ZE M R IE TR 50us B 4.12ms ) ADC #44ik) ]
o NI YRFREL AR ) AP E 15 PLE N 1x B 1024x BERAEFIIME |, XEBTi—0%
* 10MHz SPI {&{E8: 11 R = E g s
s (st B
- o MA ( HL 2 o ; S -
e o BRI g PR (FRRRE )
- RISTHR  SpA (KR ) INA239 VSSOP (10) 3.00mm x 3.00mm

2 N

o HI/BERE ISR YA g
o TbHha

* DUKMHEH (PoE)

o HEER&

o MRS R

(1) & 7RI TR | T2 R O R R R R T

VS

Reference

IN+
SCLK
IN-
MOSI
MUX
MISO
VBUS
CS
£

Oscillator Out-of-range

Threshold

ALERT

GND

3P R T HE B

AR BN , SRAAH R TIPS SCRARE R, DA S EMEE . o 56E M 7 3R AR MBS B, Vi
www.ti.com , FEARIRLMR . TIACRIER BRI TEAIA k. fESCBRBETE 0 | 155506 275 OB A IR 95 SCRRUAR
English Data Sheet: SLYS027


https://www.ti.com/solution/automotive-dc-dc-converter
https://www.ti.com/solution/hev-ev-inverter-motor-control
https://www.ti.com/solution/energy-storage-battery-packs-with-bms
https://www.ti.com/power-management/power-over-ethernet-poe/overview.html
https://www.ti.com/applications/communications-equipment/overview.html
https://www.ti.com/solution/rack-server
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239
https://www.ti.com.cn/cn/lit/pdf/ZHCSN89
https://www.ti.com.cn/product/cn/INA239?dcmp=dsproject&hqs=#order-quality
https://www.ti.com.cn/product/cn/INA239?dcmp=dsproject&hqs=#tech-docs
https://www.ti.com.cn/product/cn/INA239?dcmp=dsproject&hqs=#design-development
https://www.ti.com.cn/product/cn/INA239?dcmp=dsproject&hqs=#support-training
https://www.ti.com/lit/pdf/SLYS027

13 TEXAS
INA239 INSTRUMENTS
ZHCSNB89A - JANUARY 2021 - REVISED MAY 2022 www.ti.com.cn
N
R e 1 T4 BAEDIRERET e 16
2 T e 1 AT IO 17
B s 1 7.6 B AFEEMIER e 18
BB T T BEIR TR oo 2 BRI oo 26
5 GBI EANTEE ....cooeeceeeeee e 3 TR A L= SRR 26
B I e 3 8.2 BLIU R FH .o 30
I B DB -3y N = [ O 3 =z Y = 5o 33
B.2 ESD ZEZ ..o B A0 B R e 33
B.3 T BAT 2 oo 4 TR I i =1 OO 33
B.4 BUEBEIEE e 4 10.2 AR TR e, 33
6.5 FH AT e 5 KB o Sy = i < TR 34
6.6 T EEIR (SP1)eeeeeeeeeeeeeeeeeeeeeeee e 7 A BECCRE BEBE RN e 34
B.7 HF T L e 7 1.2 SR e 34
8.8 JUTHAEIE e 8 113 BT e, 34
AR = TR 12 11.4 Electrostatic Discharge Caution.............cccccevveenens 34
TAREIR e 12 115 RIBEZR e 34
7.2 THAETTHEBE oo 12 125U BHERRITIMER .o 34
T3 HEFVEVEE oo 12
4 BT P i
VE o DUHTRRCAS B DURS AT B -5 24 T kAR ) TS AN ]
Changes from Revision * (January 2021) to Revision A (May 2022) Page
LIPS = L ek e v N = O R e VO 1
o B TSR R TR A I, DA R R R B 1
o OFE A RN IR H] b S B TR SO I R TR R S EIR AT OC R 5
o [ ATHFERIINT Veus I RS FYR S B R (AT I 2R 5
C N | R B L O = T R e A 2 i OO 5
o G AAHE (SHUNT_CAL) 25 174% 14-0 7 4 XM CURRLSB XA SHUNT_CAL...oveiiiieieeeee 18
o T2 ID (DEVICE_ID) B 728 A AE o et en e 18
o K5 TOL 15-4 SLEATAEIN TEFON BB N T N e e e e e e e e e e e e e et e e e e e nereeennees 18
o BT RN FAIATUIE XFUZR oottt 26

2 Submit Document Feedback

Product Folder Links: INA239

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com.cn/product/cn/ina239?qgpn=ina239
https://www.ti.com.cn/cn/lit/pdf/ZHCSN89
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSN89A&partnum=INA239
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239

13 TEXAS

INSTRUMENTS INA239
www.ti.com.cn ZHCSNBYA - JANUARY 2021 - REVISED MAY 2022
5 5| I BRI T fg
e N\
@)
cs []: 10 [ ] e+
most | 2 o |1 -
ALERT [] 3 8 |_] vsus
mso [_| 4 7] onp
sck [ ] s 6 |_] vs
4 J
Not to scale
& 5-1. DGS %3 10 5| i VSSOP Tt A&
% 5-1. 5| HIThEE
Gl
KA Vi3
e B
1 Cs HrimAN SPIE i HE ((KHPFERL) »
2 MOSI HFHN SPI e SN -
3 ALERT ( %4 ) H TR EARA | BRURE A 2L
4 MISO Hdanh SPI ettt (4% ) -
5 SCLK G TN SINEEE PN
6 VS H1 I, 2.7V F 5.5V.
7 GND el el
8 VBUS [EEPLTIDN SRR o
_ o i RN R/ NSRS = 1V 2 < 22 2 1 N 85 a1 P 4 1 2 5 I 2 e 1 R
9 IN [EEPE PN .
10 IN+ A EﬁzﬁFE"JEﬁﬁﬁ)\o b =1 125 I < 22 e &1 2 N S 2 P o i Y < e VI =N e a2

6 FH

6.1 X KBUEHE
1E E AR RS R 0 T ARG VO B P g (B S A ) ()
B/ME BARE LA

Vs FL Y L 6 v
ViV @[22 Vi) Vin) -40 40 v

FeAs -0.3 85 \
Vveus -0.3 85 Y
Vio MOSI. MISO. SCLK. ALERT GND - 0.3 Vs + 0.3 \
In HENAT— 5] BN FLI 5 mA
lout 4t IR 10 mA
Ty Zhif 150 °C
Tstg AL -65 150 °C
(1) B2 BAHEET H) R 70T g 20 B 1FE SR AR« IR EEOURIE DB M | HRRIRE BRI 45 T DA RAE @ s 174

SR HoAh 5 T B G5 IE R 18T . AR ) Ab T 4% S R ATUE 5614 1T G S R M 28 1 (0 vy Sk

(2)  VIN+ A VIN- 5350 IN+ 1IN - 3L (e

Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA239

Submit Document Feedback

3


https://www.ti.com.cn
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239
https://www.ti.com.cn/cn/lit/pdf/ZHCSN89
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSN89A&partnum=INA239
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239

13 TEXAS

INA239 INSTRUMENTS
ZHCSNB89A - JANUARY 2021 - REVISED MAY 2022 www.ti.com.cn
6.2 ESD %%
[ T
NHCEAER (HBM ) |, #74 ANSI/ESDA/JEDEC JS-001 , fiTl +2000
5100 §
v i v
L FEHLAEBUT (CDM ) |, 44 JEDEC it JESD22-C101, fifi | . o
311 *

(1)  JEDEC fi JEP155 #51H : 500V HBM wf scHlfeksifE ESD # bl fe F 44k 77,
(2) JEDEC f JEP157 #51H : 250V CDM AT szHL/EHRAE ESD 5 HIRiFL F 224k .

6.3 BIBIT &M
7E B AR KSR T B TARR G A4S ( BRAE A U )
B/ME PRRRAE BRE|  HAr

Vem LA NV -0.3 85 \Y
Vs A LI RS 2.7 55 \Y
Ta IR -40 125 °C
6.4 AMHEEER

INA239

#aatn() DGS (VSSOP) BAr

10 514
Roga BB 177.6 °C/W
R 0 Jc(top) L&A (TR ) #RH 66.4 °C/W
Ro s 25 25 F A P 99.5 °C/W
Yyt 4 B TIRHIE S5 9.7 °C/W
YoB 45 % BRI IE S 40 97.6 °C/W
R0 yc(bot) SERAF (JEE ) #BH ANiE °CIW

(1) ARIIPBIEEZEE |, ESHSEM 1C B IRR R .

4 Submit Document Feedback Copyright © 2022 Texas Instruments Incorporated

Product Folder Links: INA239


http://www.ti.com/lit/SPRA953
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239
https://www.ti.com.cn/cn/lit/pdf/ZHCSN89
https://www.ti.com.cn
https://www.ti.com/feedbackform/techdocfeedback?litnum=ZHCSN89A&partnum=INA239
https://www.ti.com.cn/product/cn/ina239?qgpn=ina239

13 TEXAS

INSTRUMENTS INA239
www.ti.com.cn ZHCSNB89A - JANUARY 2021 - REVISED MAY 2022
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6.5 S 4F: (continued)
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6.8 SRR
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6.8 LA (continued)
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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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6.8 LA (continued)

1E TA =25°C, VVS =3.3V, VCM =48V, VSENSE =00 VVBUS =48V Hﬂ‘{mﬂﬁ“ ( F/’%EIE%"@UEEE ) °
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3.5

3

25
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5.5 6
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7 VE4N

7.1 R

INA239 #eff2—aHA 4 & SPI Hrv i AU UK % . B E DS BB AT R, [F
I TH AN B P R GE T BEAT HERR SR R AR DA W RAE AR A AR T HEAT AOERCE AT ORI RS FE LA
JOESEEAEAT . ARG ARER ST 7.6,

7.2 TR T HE ]
VS
IN+
It SCLK
IN-
MOSI
MUX
MISO
VBUS —
cs
I
Out-of-range ALERT
Threshold
GND
7.3 FEMEULH

7.3.1 ZThRERIENET R

INA239 fdi ] 2.7V % 5.5V HI§ TAF , (H0] LU 5iA 85V M H R F it e B AT AT FR VA @ I IN+ A1 IN -
) JN 42 U 435 43 3 L BEL 2% 7 S 1) R A 45 1T . INA39 [ N 2 B0 A i N SR A5 H S AT DA T RS R R H R
Vgo BN L E A B RGN - 0.3V & +85V | X843 1% 8% A5 % 1 2 i D0 AR A0 e s ol . SR
05 B RN 28 4 H Y F TS AR ST, R 35 % 1125 R BRI DRI, A2k S 5 e Y B S ] A6 6 7 % A I A7 AE
MASTIRERE

AR Veys 5 BN & A 2R IR FL . | i £ i IR A AR R R . AR R AE IN+ FITIN - 5]
JE 22 T EEAT IO TR H TR DA RS A e b g R U AT I . W B A S R R R SE T LAY OV & 85V, 1T W I F i
15 FEJaE A LUK -40°C & +125°C.,

SR A 2 H ORI R I SR AR A A A 2 % R R B ADC i 7-1 B

ADCp ADCn
o 0
@ Bus Voltage
Veus e
< QO Shunt Voltage
S
<r.//._/\_‘ @ Internal Temp.
A
Lo
IN+ [} 0 O
—"—— aDC IN+
N — AN To ADC Input
Vs +——P ADC IN-
—
o—
PTAT Temp.
Sensor —
o—
MUX digital
Control

H71. mERAZBERR

7.3.2 RHE

WA 7-2 Fron ARSI H R 2 T I 2 JE SRR AN DR o DA A B T 2 A R T SR AT R ) A
Le IR MR . RN E] SHUNT_CAL #FF 83 N E |, MRS D) RERE . X EREMDRERIA N
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rEFEME ( BRARFEBOT IR E N 1) IAEGEE DA RN RRUGIAAREARZ G |, Bt SO i R A
DRAEWINRIZA BINAF A SN, BRINETAREAIE eI FME. AR 7 HTaREAIE AR B
MR HCRTBRZIG |, FFRT A RS2 S0 ~F 258 00 480 30 AH B2 1% 2 A7 2 e, i A3 Ll a3 B i
6. R EIIT , IFASEINE AR B[],

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

AR S SRR
umumuﬁumumumumumumumumumumumumum
L T 3 4 4 X R R T YR TS

| Power Average

| Bus Voltage Average |

| Shunt Voltage Average |

B 7-2. hRUEFR

7.3.3 1&ImE AR

INA239 FATIE SRR AN B i ia , BSR4 7 ) LAME A . INA239 BRI N f B HL IR AT BEAR 2R 72 AR A OC
RS T HFERI A AR B B 5T — MUBZ |, B RV 5 Fe 3 9 B0 7 B 2 0 A8 1 A D8 I 8 SR 41 i) e 40
MRS . FEAL G EC T FIRURIITBOR 8 b, 1 I A\ D ik 2 2 DLBRARRS BEOA RN B . ARTT , R T A AE AR O B RO
H i N I B 4 ERFRDRG J5E T A AT o 2 SRR R S o IRl B FELUAL ) 53— N DIE 55 B W Aok Y B DK ) 7 P L 28 SR oA ik 3
RSN BEL /I ) PR o S PR BE K ) 209 L BELEL 8 851 0 0 1t 00 I = 2 s ) Y ) PRLUA

LRI RN ES , INA239 1 B Lt iR /D o BEFE AT AR 38N , 2o F PELAS b A9 22 70 I B , A 2
Bufw E R, W&l 6-14 FrR.

734 5KE A- ADC

ZAEM N ADC & —FmthfE . RS E . KIRE A-3 ADC , 575 3R/ A LR I 523 T F UL i . Pl s
RS ADC f B S 2 B R SRR F R A, W& 7-1 Prox. ADC S8k AT SE BB A i D &
8, JFFIESORB A ey IR R R P T Y N S S R R R D AR AU R o, e BRI R
J& ADC ULSREE OV (R, AT KR By K AR G I Zh & E H

INA239 ] LL#iRH ADC_CONFIG 772 * (1) firit MODE v ¥ B SRl 43It U 6 2 rl H R e i P32 sl
fERA G, KA R DU R 4 i i I U 2 s, AT R — 235 S P P G L M 42 T RE Rl S s 7 HY
R EOR . HREFCFEMETH R, ADC B se i), FetieJa MMER A8 HAR B ) 3 A7 4% Th ST BT, IR SRl e e
Bl R P E A B DB AR B N BTN I RGN (R /E 50us B 4.12ms Z [AIMGIBEE | A
PR T #E ADC_CONFIG & A7 ai AR (O MEL o /5 FH (0000 B A\ 42 P e ke, DAL A J50 i A N ) ) B e
RN IR R TR0 AS R AN B . S P I T SR, P IRMELRE J5 A7 AT (B TS B as | JF B A%
B ERPAT , HEERPFERBENIE . A FE TR |, SAE N w7 8% P EAT
B, BEE TR, REE R A B i A A A T, ELEIEATR T —A e A e R e s R T AR, 7RI
FEOLT |, 0 B A A7 4% O BECA 2 R IEAE HEAT Th A B4t o

ADC H R i, (3ESA% ) , i ADC_CONFIG ZF 7% ) MODE i & . 7EiE8HmA T , ADC
VRS NI A | HEAE TG IRIGA R SR 2 A2 8%, W BRTR . 7Rl 3 30T, ADC #4440 b Birid % 46
BNDEAS , 2 J5 ADC BHEN I |, BRI 5 N MODE f74E 5 — AN pdfil k. 5 N MODE oK ki 3F
A BN ELE AT W il R R e B0E S ¥ . AR VT BRSO ARAE |, R HOR B BB R T, (HAR T
b5 ( DIAG_ALRT #7235 111 CNVRF £ ) DAFS B R fi R i 4 o 3XANBLAE T A e 45 A0~ T 35 (B TH AR 56 B
JEBSE o

ECL IO | Bk Hom 2 h5 & (CNVRF) ¢
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« 5 N\ ADC_CONFIG Zif78% ( ki Wbiprob ) ; s
+ Y DIAG_ALRT 27 /7 %%

2 INA239 #4F H TAE— e iUy, LRSS B T8 RIRMIRE (a8 ) , Wi 7.3.2 k. iy
THRAE R AT |, AT e 18] .

TS &g b Hot o R R R, AT LB AE 0 ( EIEIR ) B 510ms JEHE A X CONFIG #7781
CONVDLY f7 i T4mFE R ZEIR INA239 #affe, X iR #H AT MR NI 0 5N 2ms. BRINEM T |, B ER % E
N 0o BEANFNEESAEH T R B RIS e IR BT TR [F) 20 . 76 7 BRI HEAT o A R
M AT IEIR AN SRR B A B, DA A0 R R E N BRI 3T . E e, BE ADC (1) P B 5
FERERAIE) P A A s AN UG e -5 S50 5 ) ) HE RS [R5 1 2 2%

7.3.4.1 [RHBE FIENR 7%

AR T — /MKREE T IE %, e Xt ADC i B BAT EURE S |, X G BT FRARE RS o 2B IE D 2SR B
AN TR i HH B o R E B ﬁéé@ﬂf#/l\%?ﬁ%}%,ﬁwﬂiﬁﬁéiwﬁ%&o FH AT DL R 375 b AN [ P B HH 3 o [
Bt Tor (M 50us 3| 4.12ms ) . EXMECE T , 5 MRIEF I HIAER B A5 5 RS EIRERAL | 200K T

AR M B, I8 N fnoten= 17 (2 X Ter)e ISR U s A LE ATACRE 42 F 8 F B4 i L ik 2 B bE 9] A4
o B 7-3 IR Tk FE 1.052ms 4] ] B 1 8 I8 a8 o

\W
-10

Gain (dB)

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

AT E] = 1.052ms |, Y 8 —

& 7-3. ADC $HRI5

7.3.4.2 RFHIFE B BRI LI E i 5

TR L S R R Y ADC et A ] r Be BN 50 ws B 4.12ms 2 [A]o B (] ) R fo VR LE %
M P AT AT R AR A o % AR T IE FOVE T AR R P S BT SRR R T B R B 250 1024 IR 2 18] o
e B BHETH SR SIS AT A A AU R . R 7-6 & R ADC_CONFIG # 7 as e fit A X SCHF I
P (B AP (A R SE 2 PEARME 2 . JE IR I e R AN A H0R , W7 LR INA239 1) ADC A 207>
e, TR KIE 7-4 A 7-5 BERT T SR R AP (T SHE E S G S K .

T T
Conversion Time: 50 us

I \I AL |I|H R

Conversion Time: 1.052 ms

50 pV/div

Conversion Time: 4.120 ms

0 2000 4000 6000 8000 10000
Number of Conversions

Bl 7-4. 7S SRR RIFRR (FHETE =1)
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Conversion Time: 50 us

2
2
Z Conversion Time: 1.052 ms
n
o

Conversion Time: 4.120 ms

0 2000 4000 6000 8000 10000

Bl 7-5. s SRR RIS R (FEMETHE = 128)

S AT T RIS 359 B 80 R ) B B S SR A KR I B 23 M . A DR S v SR e g/ W P RS I 255 %% (ENOB)
M ZEAER ST 8.1.3.

7.3.5 EREEIRG

ST ARG 3Lt — A R B e it |, ZIRG REER TRBEERICT 0.5% MEE. FEIRG A2 ADC FHr)
I B o 50 Ui A ) L i e 4 I 1) AR A T AR AL 5 BRI RS A 10 PR i s O e 45 My IS A 3 0 A4 AE BE N JRLBE Vi
FINORFE—3. BHJE , WIRE 4 ADC KL FE 300us A Rk El <1% MirzEfuEt:. —BR4#E , ADC
ey dan RS TR 6 rh SR AL d A%

7.3.6 2R WS AR A ]
INA239 35—/l AR ALERT S 5180, Se51 e B TS 2 A2 W | 8302 3840 75 fil ok RN 4R 5 Hudsiz R
BATRE , T4 ADC ¥4 5e . & 7-1 TSRS i 2 BIRF e s, B2 W i g e AR e o e
FIBAE |, st2i@it ALERT 5] IR 25 5% 22 1

% 7-1. ALERT £ K34

INA239 ¥ DIAG_ALRT #FfeBhiiast (Ro) | FETEIIMII S BRI
h
SRR W SHNTUL SUVL ( :‘)’ggﬁ’%@ )
A TR R SHNTOL SOVL ( :O)l(j;!;:;;\:% )
OX7FFF h
SRR T RIR BUSOL BOVL ( ARG , AR IE
H)
0x0000 h
A ERT FIR BUSUL BUVL ( ZHERIEMY |, AR IE
fH)
OXFFFF h
EEEET LR TMPOL TEMP_LIMIT ( HERIAMD | AURIE
H)
Ty T LR POL PWR_LIMIT ( :O’;;;I'J: 5% )

H DIAG_ALRT 2 /728 H THEMsANi2 i %2 7 ALERT 51, %2880 % 7-13 Fion , 6 F T W ds Hofthre ¢

CWIFRCE L ALERT 51 HIZhRE

o EIRPUEERE — WIRMMA T ALERT S, BIEERTA W R MR CIEER)E | LI REVIREREFFIL SRR (. 12

HU DIAG_ALRT i 754 2 A ALERT 5IFRE -

I E ALATCH A7 )5 F ik T Re.

o B ERE — 25 ADC Fedfe 5 HoA (B Lt 4 nl i B B SO, i ALERT SIBVE Az, w7 Bl

WE CNVR fizjd TR

WA LA CNVRF AU 252 s, e CNVR ALi5 & a0 .
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o Py EIER L - VPSR VS RIE 5 ADC A USSR BT EL R . 2 S Y R B
B, X B A s h gD R A DB e R SRR E R . (B, T PIE TR R AR T
—EMNE , LW EIR . 7] L@ E SLOWALERT 17 )3 H L IhEE

o EARWME — foiresiE % ALERT SIS SPRAS . 10 , ALERT S1E —NTIRM L |, 22l s fH 2
bHie BRAFOUT , ALERT 5] AL TR H A RCIRE |, 7T LME A APOL 2 il 0 FL e B A SE I s 1 200
BE

ALERT 3| R4 £ H AT 4 3525 DIAG_ALRT 17 283545 () HiAt 12 W Thfg -

o HEE — B MATHOF fiRoR |, ME AR H S BN %5 4 i 4R

o fHEERIRES — B MEMSTAT fi4878 |, I3 1138 5 R MAE B A i 85 0B AT IR . MA8PF IE W 84T | %080
BRZSEREL “17

24 ALERT 5| JEC B i i ADC e 5e s I, ALERT 5l BIsc A B RO S s . & 7-6 SR 17— Dot
Hrp 3 ADC $efise Rt | 1 INA239 332 2l piid I (10 ) SF . SRR FF. R EFNE T
T LIRS

PN

- = ~.
Shunt Voltage / Shunt Over Voltage Threshold T~

PN

\j

Bus Voltage [ N S | N
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
& 7-6. ZERAE
b
7.4 B[R
7.4.1 KWAER

B T AR (RPN ) 2, BEARARIEAT kW K (i ADC_CONFIG #4745 [f) MODE fii
), IR S KRR SuA BUT , IR PEEAN SIS I i) FIAL , SRR AR 1 3 A AR A I s HEL ™
PRI . AR T ORI, T LU AN (A A7 a5 o SR ORFFAE IR 2, BB 55 — ik
Pt & IS e 2

FERMIAET |, TR AC S AT e e . fil A e it , ADC K TTIRse e ; Befsg im0 S7 B IR m] 3156

EEE, EMHERBAA T T/RSHEE B ATRE . AT AR K b R0 K95 375 500 8 B 2 4502 1 184 o g 384
INEIRIERE |, & 6-23 fias.

7.42 FEREA

M Vg BFEMKT 1.26V (8 ) B, i ar A7 g BAON BN, BERE E AL e E A (POR). w] LB 7E
CONFIG #fias it E RST M RJFSNFoh s E 0. BN E T 2ME BRESAN TR E LIS . $517
AT ERIIAR BRI 7.6 FoR
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7.5 ImiE

7.5.1 BT8O0

INA239 5458 MCU 22 [a] 1) & B i@ SPI BT | 20 R R AR A F-4ld B X LIl E .. 4ME MCU 45
&2 SPI 224 , ‘BAE MOSI 511 F k% AiEk , a%cf MISO 5|l R gsfhm R . INA239 1542 SPI HiBh
S, e MISO 51 IFEIAr 215K, FERAME MCU Kakm s (RS WEME ) -

* SPIZ&—/~4 5180, KA
- CS-SPIG IS (HN)
- SCLK - SPI B4 (%N )
- MOSI - SPI #fi Bhfa N/ 3% 5ds (HiN )
- MISO - SPI & Bhfr i/ F 5 AN EHE ( =85L)
o SPI Wi/ ERAS | BARE @ SPI #2097 1) INA239 29475 8% |, I FFR ¢
- FEEHB (MOSI) : A8 bl N 6 A7 ; 1 AMEAL ; 14N RW AL (B/ARE ) ARALI AT AR K sk T
INA239 Zifr s K%
- HiBhZE EE (MISO) : 8 MEAL ; MM A AR K FEEL T INA239 Zif7as K% .
SPI A7 ¥ =ik 10Mbit/s
FEAAF INA239 $ 515548y MSB 1ERT. LSB 7E )5
7E SCLK [ T FE#5%F MOSI 2% b 5s 347 KA
7F SCLK fJ_ - #2 H MISO 2R I i % dis

SPIilfE M CS FEFUTITAG |, £ CS LIHIT4 R . CS i Pl SPI 52 M ERFFAE S RURZS , MISO frtiab T =

MISO f#iy iR, Bt , BEARAORE OL2 INA239 FLJRS 831 1/O FEIEA H S AE ) o SRAE AN [ A PR R
&, BUGHEAT TR

7.5.1.1 SPI 1§

5 INA239 Z1F 2 [alf¥) SPI JE {5l U7 ) 75 A7 45 AR SAAT « SRS w47 R B0 A5 B —A> 6 fr oy A7 8 bk T
i, JFER—A “0” F1—A RIW £, ¥ RIW AL BN “17 FRostiiit SPI ik A 38425 77 25 S U |, ik RIW
v BN “0” FRoR I SPI TR [ ds 125 17 8 5 AN -

! 16 — 24 bits !
cs } Il } |_
I I
| |
SCLK }
| | | | \ | | | | | | | | | | | |
j j j j j | | | | | | Lo | | | |
MOsI /" ADDR ADDR ADDR ADDR ADDR ADI DR
& G 6 G G & W AL W R / I e
I I \ | [} T T [} |
| | | | | | | | | | | | | \ \ \ \
I I | | I I | I I 1 I I 1 |
MIsO | ! ! ! ! ! ! ! /" oata \/ DATA \/ DATA \/ DATA \) ATA \/ DATA \/ DATA \/ DATA \
N S (S S S B B 1 ) G G Sy S ---
| T T T I
&l 7-7. SPI £EU
! 16 bits !
I \
s | // s
I I
I I
I
I
I

SCLK //
| | | | | | I
| I | I | | | |

Most /"Aoor \/ ADDR ADDR v ADDR ‘ ADDR ‘ ADDR w oatAa \/ oata V/ oata YV oaa V) S\ DATA \/ DATA \/ DATA
| 5 | 4 MSB ‘ N N N \ LSB
| | ! \ \ | | | |
| | \ \ \
| \

DATA \/ DATA N/ DATA N/ DATAN/ /) DATA ‘ DATA \/ DATA \/ DATA
MsB_/) LsB

& 7-8. SPI B \Mf

1 ! 1 1
| ! | |
MISO | ! | ! !
| ! | |
T T T

\\
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EEE, B INA239 21 b (127 A7 8% K B AN B 1T 5 B0 Bt i K B 2 ml AR 1), (H 5 N 8 2 [ 2 1
RNETE G NTA725 58 16 A58 . 76 SPI 5 ANWiARE] |, 2Hdafe 2] INA239 /7430 | kA Al — 2772 i IH L
¥AAE MISO k% FR .

£ SPIIHIHGT 8 f7 A 7-2 F£o | BBt MOSI £ % F A A7 S bk (97 7] LA K2 B 5 N ThRE. 7E SPI %
HAEA |, INA239 IR [BI7E [F]— SPI it A sz B £ -

R 7-2. SP1 i[1J&G 8 > MSB £iL

e b7 b6 b5 b4 b3 b2 b1 b0
B 1
X ADDR5 ADDR4 ADDR3 ADDR2 ADDR1 ADDRO 0 0
5

7.6 FA7As s

7.6.1 INA239 &775e

# 7-3 FIH T INA239 Zf7iat. £ 7-3 ARG H AT %547 2L B #B N AT N R B A6 5T | FE EARNAB A7
RN
# 7-3. INA239 FE

ik  EEEESH FI R A (hr) b4
Oh  CONFIG [l 16 3
1h  ADC_CONFIG ADC i E 16 3|
2h  SHUNT_CAL SRR E 16 e
4h  VSHUNT 4390 L = 16 B3
5h VBUS SR R 16 3
6h  DIETEMP J5L B 16 3
7h  CURRENT FHL 45 16 3
8h  POWER ThRGE R 24 3
Bh  DIAG_ALRT LR B AR 16 5 3|
Ch SOVL I3 s B AE 16 3
Dh  SUVL SRR E BIE 16 L
Eh  BOVL B R Y 16 B3
Fh  BUVL SRR EBIE 16 3
10h  TEMP_LIMIT BT FRRE 16 A
11h  PWR_LIMIT R T b IR R 16 3
3Eh  MANUFACTURER_ID #3175 1D 16 3
3Fh  DEVICE_ID B4t 1D 16 B3

FIR DT ) SRRt A AT RN R A TG, R 7-4 SoR T T IS R ) 2R ARG
% 7-4. INA239 5 5] 2R B4R AG

VKR /@ |8
S e
R R [
BAKR
w w [5A
TR
-n | | 0 o R A
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7.6.1.1 Bi. B (CONFIG) % 77#% ( Hulk = Oh ) [E4L = Oh]
CONFIG 277 484 7-5 Fion.

R[] B
% 7-5. CONFIG F#FBUiH
¥R b A L
15 |RST RIW Oh SRR, AFEBIREN “17 LA LB IR R AL
SEBTAT H 17 0 G BRE
Oh = IEHIE{T
1h = RS RASF 17 R E AR
& BRI
14 {782 R/W Oh REE . GRZN 0.
13-6 CONVDLY R/W Oh YA 2ms [#B K EIUR ADC 3 EiR .
Oh =0s
1h=2ms
FFh =510ms
5 i RW Oh TREH . U 0.
4 ADCRANGE R/W Oh IN+ 1IN = 2 [ 73 Vi B e e L £
Oh = +£163.84mV
1h = £ 40.96mV
30 |fRH R Oh (R theign 0.

7.6.1.2 ADC i & (ADC_CONFIG) %752 ( #uhi = 1h ) [£4L = FB68h]

ADC_CONFIG #Fff-#e1# 7-6 iR,
yAEIEE WS T3

%% 7-6. ADC_CONFIG H 757 B i

(A FB KA LA

L]

15-12 MODE R/W Fh

P T LB B . 5 HL RS EEBI R , 8 MODE £ b
PG AR R

Oh = 5CHr

Th = RRBAAIE , K

20 = WRSPIRALIE | Hrh

3h = MRS BALRE ,
ah = fURIRLEE ,

5h = MR IERUR B | S

6h = MR LR |
7h= MR AR, SRR |
8h = Sl

oh = (LR A R

Ah = (LM UK

Bh = MR AL AL

Ch = (L4

Dh = HE4% 844k ey AL

Eh = ESER TR A R

Fh = S48 A LT

B pf

s

R R
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% 7-6. ADC_CONFIG #7733 7Bt it B (continued)

fr

FB

R

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 ) [EfL = 1000h]
SHUNT_CAL Ziff#s sk 7-7 s

A EES NS
2 7-7. SHUNT_CAL FfEssFBiiH
Pz 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 Ui s EME (VSHUNT) 57748 ( #udtk = 4h ) [E4L = Oh]
VSHUNT 2728 1% 7-8 fin.

A EIENI NS
% 7-8. VSHUNT &2 5s 7Bt Bl
R FB KA F-10% ]
15-0  |VSHUNT R oh ST IR ZE 5y R . B RN

LS
5uV/LSB ( ADCRANGE =0 i )
1.25uV/LSB ( ADCRANGE = 1 Iff )

7.6.1.5 SR E (VBUS) 3778 ( #sik = 5h ) [EAL = 0h]
VBUS FFAF&R U1K 7-9 FiR.

IR [E] B
% 7-9. VBUS FEHBFER I
Br ¥R il g PEA
15-0 VBUS R Oh B H R . RN, (HIRZONIE,
AR KT : 3.125mV/LSB

7.6.1.6 IR E (DIETEMP) #7238 ( itk = 6h ) [E4L = 0h]
DIETEMP 2 A7 #4103 7-10 Fios.

iR [ B R
& 7-10. DIETEMP 778 F B8
B %8 ET st vi93
154 [DIETEMP R oh PSR IR . R .
4N T 1 125m°C/LSB
30 |pp R oh (RE. B4R 0.

7.6.1.7 Hi45 R (CURRENT) %7788 ( Hulik = 7h ) [E£L = Oh]
CURRENT #HAF84& 7-11 fion.

S EE NS
# 7-11. CURRENT #7887 Bt i
r FB e Shr L
15-0  |CURRENT R Oh EE AR (AR ) . RN
4 8.1.2 T B

7.6.1.8 XL R (POWER) 7758 ( #ullk = 8h ) [H I = Oh]
POWER #7883 7-12 fiis.
R BB SE .
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# 7-12. POWER &8 &R H

fr FB R

LA

L

23-0 POWER R

Oh

THEAS DR A
B ( SAONTUEE ) S
TR, 1IEH.

T 8.1.2 THIMER .

7.6.1.9 L WiAR SR (DIAG_ALRT) §775% (#ult = Bh ) [E£z = 0001h]

DIAG_ALRT #f728un% 7-13 fin.
A EIE M

%% 7-13. DIAG_ALRT #7587 B Ui

fr FB R

4L

L]

15 ALATCH R/W

Oh

AR S R AL BB N IE RN, SRR SRR, U ALERT
SRR G AL AN RARES o

AR R AL B E BT, ALERT 51IAT ALERT #r &AL
FET IR 5 IRFEA 2, B3I 25 DIAG_ALRT Zif7#s.

Oh = 3% 1]

1h = Bife

14 CNVR R/W

Oh

F iz A B E i P AT B AL B AL R A hn S (L 1) 2B ALK
ALERT 51, #oRfe i e .

Oh = Z51i] ALERT 5| B1_E Rt 45 R i

1h = JA ) ALERT 5| JAI_E e s 28 b5 36

13 SLOWALERT R/wW

Oh

Ja FHI , ALERT 688 A7 N 58 AT 3918
IXBET] PLR i ALERT ZER BFIE 2 )5 -
Oh = 4EF-# (ADC) 1 L ff) ALERT et

1h = “F#41E _E ) ALERT b4k

12 APOL R/W

Oh

SR B ALERT 51 IALIE.
Oh = E% (ICH TR, TR )
1h = SA ( FIHCPATRC, TR )

11-10 {15 R

Oh

TRE . SR 0.

9 MATHOF R

Oh

WRFARIEH FE NI EIR G , ZAREN 1,
BTN BRI D) FRAE R TE R -

Oh = IE%

1h =it

WL AUER AR 55— DR T B0 R -

8 TRE R

Oh

TRE . #6500 0.

7 TMPOL R/W

Oh

ISR LI S IR T R IR AR T R B BRAE , WA B E A
“1 ” N

Oh = IE'%

1h = =T LIRFE

2 ALATCH=1 I , 3B BEHZ 27 77 S35 PR Z AL

6 SHNTOL R/wW

Oh

1 543 3 L MR A I 097 R S e T PR A AR 2 TP B R PR, J0)i%
P ERN “17

Oh = IF5

1h = 5 T PR

2 ALATCH=1 i} , i@ 5l 2 A7 2 & PR AL -
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# 7-13. DIAG_ALRT #7237 Bt ¥ (continued)

A FB ey =LA ViEH
5 SHNTUL R/W Oh U033 R A A T 20 A T PR A7 2 R (O R PR, D%
RBEERN “17 .
Oh = IE#
1h = iR T FIRF
2 ALATCH=1 I, i 3 HUZ A7 A7 4505 R AL
4 BUSOL R/W Oh T SR A 2 O R o 2 R S T R BR AR AR R A BRI PR A L %
RBEERN “17 .
Oh = IE#
1h = @&l EmT RRFE
2 ALATCH=1 I, SBT3 BUZ% 27 17 243 BRi% o
3 BUSUL R/W Oh 01 SR R I (A T A R AR T R IR A A B P R PR A, )iz
RLdE RN “17 .
Oh = IE#
1h = BT T IRFM:
X ALATCH=1 It} , 3B id B HL% 27 A7 B B s«
2 POL R/W Oh R S T R0 R I 26 B P A R R PR, AT B
“17,
Oh = IE#
1h = e T LR $
X ALATCH=1 It} , 3B id B I% %7 17 S Bz s«
1 CNVRF R/W Oh INREH TR, WZALEE N 1.
Oh = IE#
1h = B4 58 il
2 ALATCH=1 I, Sl S B 75 17 2 3053 3haH (0 fid R B ok i B i
i
0 MEMSTAT R/W 1h TSR AR AS ATt 2 o TR P A BRI R A%, A BN 0.
Oh = {#fifs B IR AN R
1h = IEWIE1T

7.6.1.10 ;T KR (SOVL) #7788 ( #uht = Ch ) [EAL = 7FFFh]

IRAE LA A R TE |, 33 AR OV R A e A o 240068 73 ORI AT I s RS FH AL, 359
B, I G A AR E O IEPAME T R BORE ( BIBUNE ) o SOVL FAFds ik 7-14 Jir.

RFEIFIC AR
R 7-14. SOVL FHEBFBIH
IoA FB eS| Hh Bi8g
15-0  |SOVL RIW 7FFFh BT B A, DRI R G fRy ) o R

. #4HT : 5uV/ILSB ( ADCRANGE =0 i )
1.25V/LSB ( ADCRANGE = 1 I ) .

7.6.1.11 AR EBIME (SUVL) 74 ( #ilk = Dh ) [E£L = 8000h]

SUVL #7285 7-15 FTzm.

AIEIMBPSE
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% 7-15. SUVL 78R

r TR R Hhr P8
15-0  |SUVL RIW 8000h BB T LR , DI FRE (KA ) .« g

. ¥¥RET : 5uV/ILSB ( ADCRANGE =0 Itf )
1.25uV/LSB ( ADCRANGE =11t} ) .

7.6.1.12 BT EB{E (BOVL) 7758 ( #ulk = Eh ) [E£L = 7FFFh]
BOVL Ziff#t W& 7-16 fizR.

IR [A R R,
£ 7-16. BOVL FHF#RFE U
R FB HA =20s B
15 R R Oh R . BRZHEN 0.
140  |BOVL RIW 7FFFh BB TR B, DRI I (RSP ) .« R E%
T, AURIE( . AT : 3.125mV/LSB.

7.6.1.13 BERR EB{E (BUVL) 738 ( #ilk = Fh ) [E4L = 0h]
BUVL ZFf7#stn# 7-17 fizm.

R [EFCER R
& 7-17. BUVL F a7 Bt Y
i ¥R %7 S Ll
15 | fRE R Oh (6. HhiEh 0.
140 |BUVL RIW Oh VB F B OB | LURII SRR (RARYY ) o TEAF 58
A, URIEMH . Fe#eH T : 3.125mV/LSB.

7.6.1.14 EEET LIRBME (TEMP_LIMIT) $774% ( #ik = 10h ) [E4r = 7FFFh]
TEMP_LIMIT #4788 13K 7-18 iR

IR [E] B
% 7-18. TEMP_LIMIT &8 &8
Br ¥R il g PEA
154  |TOL RIW 7FFh VB T LR R B | DG T B . — BN 4 .
TE UL B A4 B2 5 DIETEMP 277758 eh (41647 et | DA
SR BT AL, BT+ 125m°CILSB.
3-0 e R 0 LB, A5 H 0.

7.6.1.15 ThEET _LIREME (PWR_LIMIT) F774% ( #3k = 11h ) [E4r = FFFFh]
PWR_LIMIT % {788t 7-19 FizR.
IR [E] B
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% 7-19. PWR_LIMIT &7 3% B i BA

fr

FB

R

LA

L

15-0

POL

R/W

FFFFh

BEMN T HBENRE , RN RET LIRWEE. TR

AR IEAH -

TEM T BUR N HE B B2 5 POWER 27788 HPIRHEAT HLis , DR E

MR IE . FefilH T 256 x Ij% LSB.

R,

7.6.1.16 #3& 7 ID (MANUFACTURER_ID) %775% ( #ilt = 3Eh ) [E L = 5449h]
MANUFACTURER _ID #f7#tn# 7-20 FizR.

REIFNC R,
% 7-20. MANUFACTURER_ID &f75 B Ui
Bz FB eS| Shr L
15-0 MANFID R 5449h LL ASCII #&=0i5z0E] TI.

7.6.1.17 334 ID (DEVICE_ID) & 4% ( i}k = 3Fh ) [EfL = 2391h]
DEVICE_ID {7 8tn# 7-21 .

REIFNC R R,
% 7-21. DEVICE_ID #F 8B
A FEB eyl RAL L]
15-4 DIEID R 239h AEAE AR IRAL o
3-0 REV_ID R 1h BT A ATR.
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8 L ANSEHL

&

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 MNHRER
8.1.1 B EVE FEF o

INA239 #3733 i W 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

¥ WA g3
. +163.84mV (ADCRANGE = 0) 5uV/LSB
IR
+40.96mV (ADCRANGE = 1) 1.25uV/LSB
SR OVZE85V 3.125mV/LSB
i -40°C & +125°C 125m°C/LSB

PRAE SR I A 2R e R N AT 43 58 VSHUNT . VBUS Al DIETEMP 472812 H. VSHUNT
A1 VBUS A/ as HHIE it N 16 17, BT RS BIXUA B, 4390 B RS0 v DL IEE s il ; Rt
VSHUNT w8 AT DA IFAE , T LRl . VBUS BURE A2 N IER . i S e L& A o #i %
Ko, AT DUBH S SE B oy L . DIETEMP S /288 Fh 8w a4t v 12 A7, alilad e bl iR iR K/ANE
FERE N °Co %8 HE B AT DU IE(E B AU

AL | Z R A TR TR (B ) L ThER (RO ) MREM: | T 8.1.2 ik,

8.1.2 BRI R H

T AE INA239 B4 DL 22 5y B 4R A B R A , U ZAE SHUNT _CAL 27 AE %5 N —AME & Rl | 2 Bk
T A A A I F R A B . MEE 5 FE R 1 1HE SHUNT _CAL %717#%. CURRENT _LSB T & 17 i
B ( L2 85 N FAL ) (1) CURRENT Z72481) LSB K. CURRENT_LSB [ME T i AT A , tnfeak 2
s, EHBEE X CURRENT HFAMM 2 #HE., B CURRENT_LSB fHik /N #xillie , (H AT Wik
CURRENT f%:#: | 3% 5 CURRENT_LSB ik m i #% ( Am T 8x ) 4.
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Rshunt U2 H T7E IN+ A1 IN - 5] JEF=4: 2 45 BRI AN iR 25 ) B BEAE . ADCRANGE =0 i, i 52 1.
ADCRANGE = 1 It , SHUNT_CAL & 23D 4.

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

Hrp

* 819.2x 10 & — AR EE , T RIG 2 M R T
* ADCRANGE =1 Itf , SHUNT_CAL [{JfH 4415 LL 4.

Maximum Expected Current
215 (2)

Current_LSB =

VTER , FULEARYE SHUNT_CAL & 47 2% B B I EREAT 70U FB I B JE TS . R in#3 SHUNT_CAL
FAELRMENE |, Wi CURRENT 217 2s il & 1 iR oA 2

{65 P £+ A6 SHUNT_CAL %47 S 8EF AR , 1T LAAN CURRENT %547 8% st LA 22 o 26 or (o it v . ik
£ i #% CURRENT_LSB 7 , JFE /7 fal 3 Hhitfa

Current [A] = CURRENT_LSB x CURRENT 3)
Hr

* CURRENT 2 M CURRENT 291782 Fhis2 BY P48
Al LA POWER 2577 88 HHol Dh 2 AH 1 B 24 4B, AR T FE R 4 1 4 A T

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

Hrp

POWER & )\ POWER 27 f7 5% fh 32 Y 4
* CURRENT_LSB s&HJiiH5H K Isb K/, i fe=t 2 frse .

AR RNZ AR BEH R B, ST 8.2.2,

8.1.3 ADC fi i HcdR g = AR = ik g

INA239 [0 75 1 g A R B R B T ADC 54t ] o 2 88 SC R B P IME T B o Be |, GBI Tt — B R
Hrpers . IR £ ADC el [ ANEE - 2 E TSI RE |, XM R e VRS & TR MRLL , I DUEAR A As i
I RIS ASTEE . BURME T H-F R RORR A 20 A0 2t RG] | T RGeS e 1/ M Bl R
TG L S R AP S EECR , T LA INA239 1) ADC A 200 HE5

R 8-2 WA T A SCRR I R T R R . B PRI B B Dy S0us. LRI TR PR ) HE R RO N T AR
I K 1A 228 (ENOB). ENOB A AR W - (L TH B 0Y 3K Rl DR S8 5 B (X 75 0 A
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% 8-2. INA239 Mg R

ADC KBS | WHRHTSWIN RN | gmmme | (1650mY) oA semY)
[ks] H] (ADCRANGE = 0) (ADCRANGE = 1)
50 0.05 12.5 9.9
84 0.084 12.7 10.5
150 0.15 134 1.4
280 1 0.28 13.7 12.2
540 0.54 141 124
1062 1.052 141 12.7
2074 2.074 15.7 131
4120 4.12 15.7 13.4
50 0.2 12.7 10.6
84 0.336 13.7 1.4
150 0.6 141 12.2
280 1.12 14.7 12.7
540 4 2.16 15.7 13.4
1062 4.208 15.7 141
2074 8.296 15.7 14.7
4120 16.48 15.7 14.7
50 0.8 13.7 11.5
84 1.344 15.7 12.7
150 24 15.7 13.4
280 4.48 15.7 13.7
540 10 8.64 15.7 141
1062 16.832 15.7 14.7
2074 33.184 15.7 15.7
4120 65.92 16.0 15.7
50 3.2 15.7 12.5
84 5.376 15.7 13.7
150 9.6 15.7 14.7
280 o4 17.92 15.7 14.7
540 34.56 16.0 14.7
1062 67.328 16.0 15.7
2074 132.736 16.0 15.7
4120 263.68 16.0 15.7
50 6.4 15.7 131
84 10.752 15.7 141
150 19.2 15.7 14.7
280 35.84 16.0 15.7
540 128 69.12 16.0 15.7
1062 134.656 16.0 15.7
2074 265.472 16.0 15.7
4120 527.36 16.0 16.0
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% 8-2. INA239 g {4:4E (continued)
ADC KBS | WHRHTSWIN RN | gmmme | (1650mY) (odb96mV)
bS] & (ADCRANGE = 0) (ADCRANGE = 1)
50 12.8 15.7 13.7
84 21.504 15.7 14.7
150 38.4 15.7 15.7
280 71.68 16.0 15.7
540 2% 138.24 16.0 15.7
1052 269.312 16.0 16.0
2074 530.944 16.0 16.0
4120 1054.72 16.0 16.0
50 256 15.7 14.1
84 43 16.0 15.7
150 76.8 16.0 15.7
280 143.36 16.0 15.7
540 °12 276.48 16.0 15.7
1052 538.624 16.0 16.0
2074 1061.888 16.0 16.0
4120 2109.44 16.0 16.0
50 51.2 15.7 14.7
84 86.016 15.7 15.7
150 153.6 16.0 16.0
280 286.72 16.0 16.0
540 1024 552.96 16.0 16.0
1052 1077.248 16.0 16.0
2074 2123.776 16.0 16.0
4120 4218.88 16.0 16.0
8.1.4 B N\IEBIFE R FHIN

WIHTETA |, INA239 J#id fLVFHI /£ ADC_CONFIG 27 7 th AR SL e e el [ AP B{E B0 | 148 7 2 A
PRI o e IS TA) R Aot 4 FL T R 2 P P R S e B, T S SR e 4% P i 2

W ADC E A K7 [E A W = 4HIRE 77 5 SR, TERER RS Bk B2 SRR S A kA (R AR 2 5] it — 2 )
B, IXESAF S RN IMHz 8 &, RIE , AE TR R AR B N A IR R B HLIX SAE S X E St
AT R U8 A5 T Y08 0 2 I P K L R T o BEL 2% RRCAT RT R T 0 Xl 000 2 v A 5E 1 s i T DA B AN TE . SRS A g
BB FERARREMCH BRI (BN 100Q 2 BAK ) MM R EAESETIEN. ZRAESNENEN T
0.1uF Al 1uF 18], B 8-1 Eor 1 7E5 N Ui s NI 5 25 (1) 2 F

XFFEE RN LR TN HIE R SR FRALE IN+ AT IN - ST RS2 £40V 270 R AUEM . —
NRZI OB VERE S as (53— Mg = . MERH & SR dnas BRI db s ( N E iR e ik e
R AR SCRF ) o THRROT RS 7T AE T BRI S, T LB R AT e I 4R 40V 2220 B 85V LA X B KATE
B o RS o S B H LA A2 6 BE PR A ) ST A R TR R AR R R A (B ARON BE IR ) KA. TR S B
I IIRTE A IBESFEE T BVt Bh v 7 — G M 2 A s T390 2 rl R0 2od vl de ] L P
A A L

X FAE e B U B A R B A e L B A AR IO N, S B A\ B R L & dV/dt AT e P EURA
R BEDER AT B R AT R e S EUL AR JE R . 2 B DL BRI AN [, 2 B D B dV/dt T RE SRR
BER AR K RS as R 10 ESD Ry Zhae . MAERM , @ dmS e s M A S E 10Q mpLes , Tz
ORI G 2L dV/dt #RE (RIS BLES IR 40V BORZE o LR AIUEE ) MR . A IRVERE th s HY AT e 4RI
8 Fp L 38 0T VA B 7 A RS B
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Load Vs = 2.7V- 5.5V
Supply

RFILTER

CF\LTER
0.1pF to 1uF

& 8-1. B NIE

X Rerer » W2V T 100 RRABAGBEAE , 75 WK 20 2 1R 22 1 AR 2Rk
8.2 Mt AN ]

INA239 FI 2 1 R FEC S N D B8 FEL Y 0 V2055 it b U D00 58 Y Bl PR PP FEL S o 4 8 DA v 20 R ORG i s S I FL e, e
3 HEL BELAE B B8 77 AR B0 e K R VP 22 0 M N B R Vu ] ( IRFE A A7 a3 B , v £163.84mV 5L £40.96mV ) [/
B o e T B A 0 R AT 1 L B A 1 8-2 TR

Vs=27Vto55V

LOAD

W GND

8.2.1 Wit ER

INA239 il & L YT o H I /N L BE A% (Rsun) P2 AR T R TS o 2 A1 0 A0 A T P 00 2 2 e 050 fEL I O 1 S 2D
o CIRHEAEWRIEE , WU ALERT SIBIBEAT iR , LA R T G SIS e s 46 3 A

% 8-3 Fh 1 &l 8-2 P HLES BT R

0 VS SCLK
VBUS MOSI
IN+ MISO
IN- CS

[0 GND ALERT

CHARGER

7 8-2. INA239 =kl B2 A

% 8-3. Wit

SPI
I/F
To
McuU

10 kQ

e QLIS
LT (Vs) v
AL (Vo) 18v
2 LR R 52V
SEH R oA
SR () 107
ADC i % +% (Vsense_max) +163.84 mv
L 25°C
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8.2.2 F4NW IR
8.2.2.1 ##EH B

IR 8-3 e, MR¥EFTE ADC Y A A5 I B R BT (Imax) ATERCR SCVRIEGI B L (Vsense wax) THE M
BRI s KA . FESCR AR T AR, Z 0 N B AL 851 1 R KT EAE T B Vsense maxe W T4 7€ 1

S8, AR 5 R 1 Repunt BIERORME N 16.38mQ o /N T d5 K vk SEAE (1 85 5631 (0 b o WL BELAEL
16.2mQ. LTI , Repunt L ATRE AN B AL i RT3 A AF P AR TR

VsenseE mAx
Imax (5)

8.2.2.2 [ B4/t

ufE INA239 2R — D2 IEMi ik B2 ADC LB 771745 ¥I14h Lol | CONFIG #1 ADC_CONFIG 7747 #% &
BANENE , Wk 7-5 AL 7-6 Frox. EHERIN ERCIRASTS |, #8301 E NTE £163.84mV YU N EET I | 1Ml
ADC FREEEH MR . SRR AR . W BN E R EATF & BT R | MR EAERIR Vs T L
J& IE 5 B X L A7 85

8.2.2.3 XA I A A A AT i

IR HEZF AT 25 T BAE R GHAT Vs L HBT IERZmAE , DUE 2 AR i (R i R 5 AT &5 . IR0 BT A7 4%
M — DR T2 2 THE I LSB . RS KT AN 10A FIENL R Z A , 151 LSB K/hH
305.1758 uA. ¥ 52 1 M T CURRENT_LSB MIZrii tEFHAS Ik EME , S S B0 EREFHBREN
4050d (FD2h). IR AR E AL HETF AR IE |, K S8 T BRI T4 R N FE.

8.2.2.4 #ZE S FHIHIEET

A A i b A R A1 R K ) W B 2 A A rh R W B P R . SRR B AR S SR IR 71 R

AL IR 23 i BR ) 25 A7 2% (SOVL) BT gm ek W B I BIAA - 75 ZEgm 2 21 I 25 A7 25 P 19 H e Al 3o 5 9 18
1 e LA FL T S5 i o ZEIE R R A 10A , FEUER DN B BB A 16.2mQ , $RALF 2337 HE R R
HI7E 162mV. — ELEIE T 2030 F e BRAE | 20k He BIR il 2 A7 2% 149 agh T 3 3 oK 23 9 P BIR AR ok DA 29 L. LSB
KK

FEMRBI R, A R SR 1) 27 A2 4% 00 T B 162mV/5 u V = 32400d (7E90h).

A I 2 T R A B A A (BOVL) #EAT 4 fe ok 3 B A L s B i IR d s Al . AR bR rh B i R R
N 52V, B YnFE R A A7 A E R @ R H AR BE R BR LA 3.125mV R 4R F T R R ) LSB SR 1T
. XtHFAE , BOVL 2747 a5 1 H FR{E A 52V/3.125mV = 16640d (4100h).

WEFE ST FIRIER , BT SR 78 R AR LSB K/ LAY LSB K 256 fi. X2 A L 2
AFAR IOy 24 A7, 17 A 555 R 1) 2 74 R K B 16 467

1E Vg FHL RS | FA0 75 B SR ) 27 A7 2% o K 5 B O BRUME | I B 7R B AR A 8 Fa i B g A

8.2.2.5 ;1 H B[

IR PE SR L LSB ER M S ME . st ZR W& 8-3 frn , FIRAIE 8-4 fon 1% M 7 6 i)3R [
1B

Rshunt <

& 8-4. 1 HIREE
ZH IR Bl LSB f& THEAHRE
S EE (V) 19440d 5uV/ILSB 0.0972V
R (A) 19660d 10A/215 = 305.176uA/LSB 5.9997A
MEHIE (V) 15360d 3.125mV/LSB 48V
DIF (W) 4718604d H 3T LSB x 0.2 = 61.035156uW/LSB 288W
HE (°C) 200d 125m°C/LSB 25°C
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U R SRS (AUEAE ) o AR DA AR R A . R AR 2, R
BRI iR [PME B e A A — A 1o REEE AT U Oy 2t ), J5iER E e BT AL IR 1 LIRS
Fig ZHEEIE . RS, NORZAE B Oy Bk d] , RIS . fln, R R R EGR [EL 1011 0100 0001
0000. Ry MSB HA1MH 1, Prilixie — i, FEXEAIHFm 1 ¥4 0100 1011 1111 0000 (19440d) , M
® 84 T HIERGIRE , 1ZES 97.2mV KR K. W IR BHE Y UE WA R R R AE
-97.2mV.

8.2.3 N 4k

8-3 MK 8-4 ToR 1 T i Lk I Wb i) ALERT 5[ RINA L | SE4it By 50 us , “FEMEIFHBE N 1, IFHxT
TR Z e , SLOWALERT {7 BN 0. X TiXLeoRipcas i k&l , /£ ALERT J8iE BRI 7 ReAME , DLEIR
VI 22 I s S PR AR AR A o S SR R ) P AR R AR v, ALERT Wi N2 B2 AT iA 21 ADC e 18] £ 4 7y
2, WlE 8-3 P XTI BR ) B AR R SRR S 0, ALERT SRV i ML (8] T AAEZ) 0.5 £ 1.5 M
Wz A2, i 8-4 Frx. AMBEBESEAT S5 N ADC HH B Eh A | R AA 7 kg Rk . tk4h , ADC
ABTEEAT RAE LISRAG SR, BIL , AT 46 0l e 5 5 MR ¥ WA AL REL T 46 R i e SR A L i 1
Wi 7 T3 32 B 1 o AR IS TR) AT RESE AT | PRIOE , 72 i N (] R S B R S v, AR O T e 2 R s e A 7
TR R, BRI N AE T ADC Fe e Al 1.5 5.

...........................

--------------------------------------------------------------------

. ! : ! ; ! .
-M---. ------ 6 'I"_"3'7"9""|'r ------ : ------ ': ------ :' ------------ :' ------ : ------ ': ------ :' ------ : ------ '; ------ :'-|----
. aximum Delay: 37,9 s ! ' ! ; Maximum Delay: 73.2 ps 1 i
PRp— L —— | —— | R — L S | | p— L — [ . Lacamaad | Esaessd Gy P Py ROl e d ---A--L ...... R o L.J....
! . ! ! . : ! L ; : ! ; . . ] ;
‘ . . . . ' : : : : . . : :

H‘:r:::;_:;ji:}::::

e
Minimum Delay: 24 ps

-------------------------------------------------------------------

Fault Threshold: 0.2V

BUS Voltage
(1V / div)
ﬂ

JR——

BUS Voltage

(1V / div)

------------------------------

ALERT
(1V / div)

B —
ALERT
(1V / div)

1 1 1 I
‘ X : .

S S S| - AN GO T e
! Minimum Delay: 12.4 ps | | X . :

TIME (10 ps / div) TIME (10 ps / div)
&l 8-3. Eefima A ] (RAEEHERTHE ) B 8-4. i ma NI A] ( SRAFERM =T RME )
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9 HJRAHREN

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 JR il
CS IN+
Sense/Shunt
MOSI IN— resistor
Alert output (1
(@M ALERT VBUS °
SPI
interface
MISO GND )
N T T
Supply bypass
SCLK Vs :I:’_? capacitor
{:::; Via to Ground Plane
O Via to Power Plane
(1) VBUS 5l 2 St i p i, DUHT 53T it 5
(2) BT DAFE AR AL FH B IR Fr a2 RAS
&l 10-1. INA239 7 Rl
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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 XFRIR

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. EHEMEITIEE 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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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 ©)
@ ©)
INA239AIDGSR Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2391
INA239AIDGSR.A Active Production VSSOP (DGS) | 10 2500 | LARGE T&R Yes SN Level-2-260C-1 YEAR -40 to 125 2391
INA239AIDGST Obsolete  Production VSSOP (DGS) | 10 - - Call Tl Call Tl -40 to 125 2391

@ 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 INA239 :
o Automotive : INA239-Q1
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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—
LR ey R g T
o| |e e 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 0O Sprocket Holes
| |
T T
St N Il )
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)
INA239AIDGSR 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)

INA239AIDGSR 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
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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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FRIDYAFREEFMEEMARRERNER , SBEFRTEH S, EFEARAENERASRTREEME=F MR~ ERE
ﬁo
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SHARTR, EXRERETEM TI HRFRFEFTE=FDR~R, ENETBERTEXERFRHERATN T REARERNEAR
WE,BE. BAR, BANES , TI WEEFAR.
THRENZRZ T HHERADR ticom EEMERRRT F=REHRHRAEERZFRBAR. TIREXEFRA T RRURMAERER
THEX T FREABHERNERRBRERFHA.
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