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F1EESTPO03 MAER
1.1 BOREANL

BOR i H 52 A AR 42 it 30 P L Py R, — LSS Py ) T b i Y T8 A s 9
WP AR RAL, SRFET] AR I 7 10 S AR IE R A A, AR08 RGBT T IUERE, 4R
ARG E

BOR [& 52 Nf#gE, 7] LLE AL B 7% BOR BN HE A, @K% E BORVS 7E 5B H
JE R, DAt B R A B sl s R B LA 50 o

1.2 RIIFEEER

& WURPA BRG] EUNT 20, KSIHE 1O BT BB N K ST
& PR RSGH, WD K /0 A T R E A R .
& £ IDLE f=, 4%/ HH WDT Mefigif, RCEN ARETEZE.

1.2.1 MefEy Rk

& (EHEN IDLE 20T, FERETMEHF bR EAL, HR MM AR EReAL, DL iR i s
Fo

& IDLE MRS5S, O G E{HRE RCEN, 5358 P 501 ids me e vb W b 2 07 )5 4 e 55 1
RCEN (3fFX%f RCEN K=< RAE IDLE RS T AR, Rl@EE B4 WDT B, 78
BATIRE S WDT 1R TAE, RELEN IDLE RS G A SHHD.

1.3 UARTHELHR

N T PRIEIB T IR, R iR m AN Re it 57600bps.
1.4 12CA\BhBEHERAE

12C MBIBHRSCRE 7 AL AHLHBREDEES, 1 12C AL i) A el e .

N T EEAAR R EAE, BN GEEEA R (i E] STOP k&), Wik H] 12CRST &
K177 AL 12C Bk 2= O R B R g vh 4%, (R F S 3014610 12CC Fil I2CIEC 2 f74%
N RIR 12C BRI HE S

1.5 T31 HEHRPWMIEHIER,

T31 54k, 76 ICD Wik, FHFHAFE E 3 E T31COH <6> (HTOEOFF) N 1, ii# =
i, PWM i 2 B PWEN<O>ZF 8 g . i E PWEN<0> (HALT_PWM) Jy 1B, fEiH
WREER, THEEE IR, &6 PWM B, i PWM 4 it 1004 N A HOIRES . BAR R
Uiy 177 ) 25 A7 2% PXT YL, QiR PXT N, AHRZ G DS HAS, W PT A%t , AH R O
R H O AR JUERI 0368 1. ik E PWEN<0> (HALT_PWM) & 0 I, fERE(Z),
TR GRS 4, 0 IREE PWM Hir

V1.0 4/15
WAL © _Fifg 2R 3R a8 e i B 7B BR A ) http://lwww.essemi.com




3 ok =
Eastsoft ersammererad -~

1.6 RFHIEFLASH

O VE A8 SCRF U PR I S W16 R 7 () DataFlash f7ifids, i WL A & BLE1E
Hex SCPFHh o 24 F P T Z Hex ST R R #EAT S 2 I, 4046 1 (BRS¢ [ AL 21145 5E #a ik i) DataFlash
Ho

HAREAE 793, 7E iDesigner BAFIH TR S, WINCHET . FFHRA “eeprom™lfE4
5E X DataFlash 770 2% (e da bk, B 5 FH“DW 54 & B AR HiE .

wI#G4k DataFlash FBFREH: |
eeprom 0x1F00
UserData DW 0x1234, 0x2345, 0x3456 RN, 3T
END

& WA E T WRDataFlash it B 5 Enable, Fiksski DataFlash [X 5dE x5, g
WRDataFlash fic &} Disable, Fikeski DataFlash 45K (-

1.7 ADCHERR

& A AD i N\ IETEE I 0. 1uF R LAY

& AR 05 B CUEAS T BE 2 S8 VDD guiad ok, MRS ADC #kaE R, FEA
RGWNIBITEREBIES, WRIER, WA 280 JiEKd F 0 i) ADC # 4] .

€ Y ADC ffHAMEBSE AR, ZF HEARICT 3.0V@VDD=5.0V, 2.5V@ VDD=3V.,

& EWHEITIS ADC BRI ADEN=1, LGSR RIEE - ffliGE S50 ADC ¥ iR,

1.8 HHEEFPWRTEB wE

O Fr b M L 2 B 28 BE 12 PWRTEB % & -
& 4 MRSTN BRI FAMBE AN, PWRTEB ] 5B N Reak & 2411,
€ 4 MRSTN &I T%7 10 I, PWRTEB 7£:05 H 3 O 8 52 N dRg .

1.9 ISP¥zO

O L HR AR AE RS, ISPCK A1 ISPDA & [ A1 4N B FR T, U 2048 UART &
NG S, BERAMHBE HIEE AT, el iR e,
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o8& ESTP003 MHpIFE
2.1 8hrERtATHEEE (TS8N)

2.1.1 SERES

15 S ) T8N SE I 288, 76 PA4 i 5t — NN 28, AL 50%00 773

BE5E TON FE I 2o isl, 1HE0ass HsHE] 2y dms. & X — NS0 B s 338 —,
KRTEET 250 ZAREE, R PA4. M9 PA4 5 4ms*250=1.0s &% — Ik

OF N 16MHz (08 RGeS Bl KT REFK) T8N SE I 4% I i3y Fosc/2=8MHz.
T a1 1: 128, T8N A AFas WA ME I THE A xU8A -

(255+1-T8N) / (Fosc/2/128) = 4ms, 5 FH A ¥]{E T8N = 6.
RS RE:
a) WA R GUR
b) WluHtk T8N & i 2%;
c) f#BE TSNIE, GIE ik,
d) fEREE M &
e) RS R IR bR, AfE & T8N Hh S T B TBNIF AR AT
f) AT PA4 3 T U, IR EE R TON 7 A7 35 IR A .

2.1.2 H¥ER

a) WIIR RS

b) Ik T8N &2 i 28 A 25 A

c) f#EE TSNIE, GIE lki;

d) fEREER 35

e) TBNCKI i N JBIE, T8N tHH# i I

) HWTIRSS R ST AR L e A2 T8N Hlk 5 SRR T8NIF bR AT
0) AT PAS i PR, T TR .
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2.2 16 ML ThEeER 2% (T21)
2.2.1 BRI

ThRe VLB :

fHR] T21 sEmfIhRe, T em 4045 % Fosc=16MHz, FiZr4i 1:16, J54-iksh 16, J&BAZ1E
PR{H 62500, I 5E I 283 H ) A] t=16*16*62500/16MHz = 1s, &I 28v 5 78 Hh T AR 25 A2 5
H: PA4 Ui 1 HL P

ISR
a) WA R GURI
b) FIgHAL T21 A5 e g Ak
c) fifE T21VIEG: k), GIE i
d) AEREERS A, SEAFTHECARG b
e) PWIIRSRER PR IhR L, PAG S U EUS, TR iRE .

2.2.2 FHEER

ThRE VL EA

i T21 fi#EThfE, T21_ CHO(PAO) L FH#H#i#e, T21_ CHI1(PA7) N, T21_CH2(PB7)
X HE -
SEPPE:

a) WIE RS A

b) Wtk T21 Add#eAi=, T21_CHO LF-F##e. T21 CH1 R, T21_CH2 XUH
e Ee

c) flftum I TN, %48 PAO {E T21_CHO, PA7 /£ T21_CH1, PB7 1£ >4 T21_CH2;

d) flifE T21 CHO. T21_CH1. T21_CH2 #i#E$lkr, {EhE GIE Hikr;

e) MEREERS A, SSRH T, HErhWTIR ST

f) IR R R W W hR &, CRAEAR B A A A7 3 11

) I AR ELL.

2.2.3 HEMER
ThHREVLHA:

fEH T21 teohfe, il v EEs 5 P A a VD IE I 7 il 95 75 7 Hh i . T21M<3:0>=1000
B, 1001 ST —RVCHCHT, x4t o R P ISR, ANTRIAE T21_ CH2(PB7) Lt 75k«
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ISR
a) WA R GUR
b) Wik T21 NELEER, Mgk G HThRE, W LBHHA:
c) AERELLELAE 2 ik, fHE GIE Al
d) fEREERS A, SERFHLE
e) LB WIS R i B, BUR T2IM<0>HF76 T — R B g VT RE i BUS i 11 v
y
f) iEhEhREAL.
224 ZREPWMELR
Brif: AR
L T21 M2 HEZ PWM LJRE, PAO Fl PA7 firtlh PWM HAMETE, PB7 fiith 54 LS

1) PWM 3 TE .
b2 8
a) WIIR RS
b) WtHtk T21 AL KEE PWM B, fiiaeom 0 R FHIIRE, 1B A 2 A7 e ARG 2 2 A7 a8
c) fEReEm & PWM T, (e GIE HikT,
d) fEREEREE, PAO. PA7 %irth PWM FLANEIE, 545 8 i
e) JAIA RS S U R FE A A A 2 OB, FDUEZEE T21_CH2 7L
f) EHlARE AL

2.3 16 M IhREER ATHEEE (T31)
2.3.1 ERER

ThRe v BA (B A P 5T e T ) -
il T31 ERS DhRE, I e th 5 72 T Wik 55 R 7 o R PAG S 1 HELF

15 F P BRI R4, 04 L T31IPRS=0x0F(1:16), 3:#i{i T31CNTLD=62500(0xF424),
J& 74 T31POS = OxOF(1:16), ¥ Hi i A -

T = T31CNTLD/(16MHz/ (T31POS+1)/ (T31PRS+1)) = 1s;
LIS RR:

a) Wl AT, AR

b) ¥aatk T31 e, WAL E I Tkt JEoditt,

c) ATJF T3Lwithirir, FTJF T31 crh i, 474w

d) fERE T31 ih&ds, SEFREH
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e) TR AL N PA4 di LU A, 153 AR SAL, 15 T31 B P RS AL.
ThRE U BA (B 150 e i )«
] T3 MERS ThE, & I asid 5 78 F W I 55 R P rh Bl PAG S 1R

i AR Bk -4, 204l bE T31PRS=0x00(1:1), 3% {4 T31CNTLD=1000(0x03ES8), &
S3ARLE T31POS = 0x00(1:1), RKIEIELEIIAS [FI AN Brasi=t, 7500 N BId N 1kHZ 77

SEHPER:
a)  VIGHWATE S AR T, H R T
b) FI4Htk T31 A5 i g AN Bh it B, VIaa R, Tt J5 ALl
c) FIHF T3LEH W, T T31 b, 14/
d) AR T3 IMEEs, SR H b
e) WIS AT T PA4 i U BERAE, TE R HARELL, 35 T31 B R iR & AT
2.3.2 HHIEBER

Thee i BA (U & Ak b R 30) -

P T31 MR hRE, RID a2 TP W 55 R 7 v Bl A PAG i LT, R 2 B 3R
K i 1H 2 ) B L5 A7 4% T31CHNR (I #/LLAL A A7 48) o

15 FH S B0 B i+ B, TS L T31PRS=0x0F(1:16). RunidHed It A 1kHz, KIEME, SUE
T/ _ETHEAR I N BRI R PA4 S 7 00 B 18 Ams/2ms/ 2ms.

TUPRK:
a) WAL R O, B AR T
b) WG TI1 sl tisl, IR L A AR THEER T BILE . BB N IEIE . P
c) TIF T3y, 777 T31 Sy, FTF4& )=l
d) fHRE T31 i, SEfrmfide i
e) W RS REF R PAA S LUUSERAT, TGRS RSN, 35 T31 B Wibs &4,
ThRe v B (B0 B hk b A A 5 2 EL):

8 T3 M TR ThRE, Bt Fr B[R —N O T31_CHL 1AM B HEE N, PR o
EREAF IR (—NMERE LT, 5 NER N, HIERE BRI R BRI e
BTSRRI 2 BT ES E E HF] T3LCHNR (/L 7 /748, IXFEXT T
[A—#I NI =, T31CHIR Al T31CH2R KIME B EE PWM KIE AR 525 L,

W WE GBI B IEAE TR TR B — AN e B pwm ikt B AT OR
UE pwm Ji /N T B g A 3

TUPRK:
a)  WIAEAL T i O e e K T
b) ixAAaL T31 i tist, Wb Nl EEs Mt . R N IBIE . HILE
c) U TILAfi#E 1 i, IT7F T31 L rplbr, 7042/
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d) fHHE T3L TS, SR P,

e) TERATILEURH L S B A) 2 RTHTIN 5, 258 A 52 s
f) AR R EAL, 7 T31 AR R

2.3.3 e

DR L OF B )

i T31 LB ThAE, THEERUCAS T3LCHAIR(HH/ LU 2 A7 2% 1) B, T31 i id s Hum o
%, 78 T31_ETR(PBA); HL P iy R HE P

b2 8
a). WHAWHTE NG PO EF O, R ESE, T31_ETR(PB4) NN T Hi;
b). W4k T3 NELEEER, WU T s oAt . R4S
c). fHREE N 2840 H I AE(CHOE=1), f#fE T31 iH4La%;
d). /RPEEVEE T31_CHIN(PB2)J T, PB4 i Hi T4 AR HEF

D RE VLI (AR Y )

i T31 L ThAE, 7 T31_CH2(PB6) L H#iHf ZI4ERT 1ms J5, 7E T31_CH1(PB5);~E—
MRS 0.5ms B 5 k.

b2 8
a). WA S O, Y, T31_CHL/T31_CH2 WA ;
b). HIUAM T31 Mk ik, WIdatb T b . RPN EIE . Al IR
fi 2 2% 7 A R () SR IR IR Jnf 9
c). MEREE M &%t ThRE(CHOE=1), &4 T31_CH2 EJHsfil it as T ihit 4
d). A LETHEECTRER, RIERE), RS EEEIE.

2.3.4 PWMER

Dhre i B (P SEIX EAME ) -

f§FH T31 ) PWM IhfE, T31_CHL1(PB5)/ T31_CHIN(PB2)% i 5L X H AN pwm, FE X ]
31.75us. PB4 = FE- I i A L~ , PBO iy FE R 22 PTG B A RS N 2 B PWM.

b2 8
). WIHHALHTE b ONECE O, f AR 7, T31_ETR(PB4) Al T31_BRK(PBO) B AN F i
b). ®IZatk T31  PWM KX, #Iabib AHTHEGR ikt . B, 52 24
). FEERBXEHRE R AT PWM;
d). fHREER a4 RE(CHOE=1), flifE T31 iI4#;
e). /NI ARNEE T31_CHL(PB5) T31_CHIN(PB2)# /%, PB4 i HL T iy Hi (K H°F, PBO i
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RiKEe
ThEE LB (PWM JR 2 5238 4K) -

f#F/ T31 ) PWM ZhAE, T31_CH1(PB5)/ T31_CH2(PB2)#i R % 448K I PWM U . i
L6 100kHz~205kHz, 4 10ms LA 1kHz . A & iR N R E T 2 55 L PWM. 4
WS AT R WELEAAL, SRR SR PWM, 4% PWM S [ 2 N8 SR PR .

BB
a). WAL IS, MM EE T, PG TeN, AT iR 10ms;

b). WIEAIL T31 A PWM B, WIGATL B A . I, s s,

C). [ ALANIZAE S (TBICNTLD)EM ThfE, 'S NZAAE RO (F R — Y S A2
o). FERBERE R TR (Y PWM;

e). fliftEn #sfi i ThAE(CHOE=1), flifiE T8N, flift T31 iH%(2%, 10ms i [a] 2] 5 5 i #A %
788

). RIEEENE T31_CH1(PB5)/ T31_CH2(PB2)i ¥ .

2.4 ADCREFEiR
Thee i il

fi Hf ES7TP003 it Jr (¥ ADC #5id, Rk F A 1) 77 TS BRI\ H e 10 2 - B e

ES7P003 fi £ 3 Hf 8+1 M NIEIE, S Ky #0120t ABIRER 2 € 5 ik
VDD E N HEN & iE 5 M, Buk$H M VREFP 1By Bk &HdiE 5 /. @it UART
75 AL R EAIHL. ADC e i 5 RAE AL 4 P L R

TUPRK:

a) WIEt RGN

b) {#/E ADC ik, JHzh AID #4, JF Hf#fE UART 15

c) EFRIEIE 5 AT AID FH, 153 AID FARAH;

d) Bk VREFP {EYZENREN EiEiE 5 M, 153 A/D
e) FIFH UART IS AT Hdl 450

2.5 SR BT PR
SHREH:

¥ F ES7P003 [ 4 ohfg, Xt PINTL (PA3 i 1) A6 H~F A8kt 4T#) 5] . PINTL1 (PA3
ui D) B RS AANR Wibr &, A EREAN R WA R T, TSk N A T eR

LD R:

a) BCEPTA N D EONEC R, R AN A S W RO
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b) fERE AN AL G b b ], O A R ) A A
C)  fHEREANE L i 1110 P9 P 55 g LR

d) T ERARL A A S o A A

e) fEREE/fmrik;

f) WSS RE R U AT U, T ER P AR
9) EREFHHAILEE L

2.6 FIEHH

K DY RS ERAE Ry ) 2 FR R B AR, 43901 /& 12C (TRt 56 2%) UART (B it 26 20) ~ T21(fRAR S 2%)
T8N 2K), RAHKIKENR, meg T R BRI/ d. 12C BUoh . UART Kik#ih
Wr. T21 @it 1s k. T8N s i 187,

AR AR EPEEAR, TAEREFRmIERE->m &g, B AR TRE->EE->%
#¥->Support interrupt vectors->True, ¥ & 5¢a VL R7F R E ;

LIS B

a) WHEFTH W DAECE D, EREE R, BE P ER INTV,
b) 4rRIMIEAIL TSN Bk, T21 i, 12C #ib, UART ik,

) ARHE AT I P TR, VR PR I ) A A

d) S RFTFHEMR g bl ARk, o AERE &ML, SRl

2.7 WEBFlashiZ B
BRI«

ES7P003 W #i4 7936 Word FLASH £ i 251 256 Word (4 7% 5%, 3t 8K Word.
BRI EAE W ERIEE W FRA Frfs ml bl 5o d i — A7 13\ ROMD .,

¥ FLASH 195 LA N SBAL, SHEAERT DS BEBR T S S BTAE I T, 05 $0d% FLASH B
TR B R, DU

O TUERBRI ] 22 /0 2ms,  FRANHhEZRFERT ] 22 /0y 20us,  BEIHIELC A T 271k A

X DataFLASH {7 st/ 58 /ERT, S RACE 7 68 FREN 7, JFiE#L FLASH {7 2%
Piipr AN

AR PAEPAT TUHEBR R AE I 5 A WDT (75 Bt B 73 T 5 PA), 20058 B A BEAG WDT ¥ Hi A1)
FEHER. BNH P EPATIES BRI B R B e GIE, 85 P T4 S EE i D8 i S 5
O iR .

KT Flash 170 2e 6 AT SEMEERAE J7VEVE WCANO62_ S 2510 MCU i N 3E 5 2k VA0 o4 /e )
ThREVLHA :

BIFEF Flash #4E 50 R IAP F2 7 X ERVERT IAP B X 1 1E, 1AP R X #AE K 25 52 3G E

D
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WEMEHLA 7, 146 52 AL S L OXSS (5 ). OXAA(IS11). IAP B X FIEE, Pi% %%
ORI A E T RRFE X IAP BEETT SRR 2 A Flash (X

HAE FLASH 5 LB R:
a) FHERLAE W — TN % EHIE A2 )
b) A& el A7 it 7 ) 75 BT R
C) AT TUEBR (TR e AR AT AT

d) JENBER S FRAL M1 FRAH M55 2 H00 Al i 2 Uk IUSOZ 3 B0 B w7 A7 48
ROMDL F1 ROMDH #fy i 75 22 5 3 1 5 5

e) ¥+ ROMDL ! ROMDH H [ 2844 [ %€ 1115 /7 51 5\ FRA Fir#e & It 00 i bk
f) HEHEd), e)HEEWENFE;
0) HERTAELSHITENXKLLR .

2.8 UARTE IR EE
TR

TR HR R 22 5 7 sk A F A k) 5 sUKGE . Bl B p b Uk % Bl 7P
WOk 8 S HE 819 A itk X, SCRE S MICIE A

BRI E A

fKi# A : BRGH=0, Baudrate=Fosc/(64x(BRR<7:0>+1))

E#ER: BRGH=1, Baudrate=Fosc/(16x(BRR<7:0>+1))
UART BRI, K 3%/ 200 b Wbs 38 i 5 st B2 ) Buffer B 4F H 5075 %

a) WEPAROENECTE, IR TXO7 B, RX 7 A BEAIA 5

b) WEFFE 9600bps, (LHMA, RGH £ 16MHz, 9600bps =16M/(64%(BRR<7:0>+1)),
% BRR=25;

c) WHE 8 MEHEME;
d) fEREAERYES
e) KIAN, RIZGAFNENEHNREME: o, @i B Wik s B — Wk .

2.9 12CMEhEH
Theeviig

M 12CSRIF trEA B A7, H 12CRW A8 0 B Rm ENLE ML, MR R . WP
SRR, RIS EAL I2CRBIF B4z, B — kB R 22 4 12CRB, 12CRBIF frE AL H 3

NES¥S =4
HZo.
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MBI R STOP (551, WorBEgmas A2 BaliE%E, EM 12CRST A kKM E A7 12C
i, Bfr)E, FTEFILGAL 12C Bk,

KT 12C (BIFRAEF 12C B 64 7451 eeprom. NS HIE: v d+H N5 kRiAHE+n
A, EALEEGE: Bar A WiELEIA It DA 4

RSP R:

a)
b)
c)
d)

e)

f)
9)
h)

WE SCL, SDA FfE i [ %N F

BEE AL L

HIGEAC AN 12C B, {fifE 12C B & 12C Tl
BE 12C FFrfl E A7 745 12CIEC;

R UUES A iy, S BEUCE R AR, 12CRW iy 0 B WKL, {#fE 12CRBIE, %%
1E 12CTBIE; 12CRW 4 1 Wi AL, 251E 12CRBIE, f#ifE I2CTBIE;

B FENMNL, MHLE 12CTB Hdn gz i ik i ;
5 FENE ML, ML I2CRB Hdi 2 i af e O ;

K E) STOP H1l¥7, & STOP FilrbrE, 12CRST TR BN, EA7 12C #i, HEIK
KEAESE S, 2510 12C HIWHEREZF 7 4%, SR JG EHTPIUG1L 12CIEC A1 12CC & 1725

2.10 SPIFX#28%

THRE VLI :

fEAE A SPIRLER, BCE N ENUE, KBS SPI MHLIIESS

FORBH R, SFRE ARG (TBIF=1)I 5NN — Wik, ASHEE an R A R DRI
(st , APRARISORH] (REN=0). Sl vl R h sl 48 0, AEHURRT, ¥ S8 BRI — kL
i, A SRR AR AR, R R .

TUPRK:

a)
b)
c)
d)
e)

f)

V1.0

Ko & SPI fd FH 3 s DN Ee7 1, NSS,SCK,MOSI i, MISO NiA;
et SPI A%, Fosc/16;

PR SPI B A s

PR EHUA

fERERRI, A SRR A AR TR, SR BT IR R T, AT IR

168 SPI, KRB AHE RIEFAra%, SPI Bal B kR, SRR RIEFAra
HN T AR R, FOREHRA RN BB R, RS, AERIE AR 2
Wk A o BRSNS ¥ S8 B RIE — it AR e R A S R R Bt SRR R, 1 e
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2.11 SPIMEh%%

ThHEE LB -

fEAE RSP, BEE MU, SEBLS SPI EHLAIESS

MHUR B BBl DR A AL R, R AOR B A as P, 2 BN RO R (B 4L
LD R:

a) FCE SPIAEHRIM 1 NECF 1, NSS,SCK,MOSI M, MISO Hfith;
b) EREHUE AL RS 2

c) EFEMHILI,

d) FTIFERC kT, DARGE TR SPI Hlk

e) flife SPI;

f) KBRS B (A7 B, IR RIA R A 72

2.12 WDTEI 1

THRE VLI :

PR WDT BBk, SEEUREMHE 1 DI RE .

OFr EHUE Y PA4 PJUEEIAE — /DB AL, SRJERENIEH TAER, PA4 4 0.6s 1 — 1. 4
FEF HORAE B BRI TR s A, SR B AL, Refr s sT
KIS EK:

a) FERCEFTEREE 1M

b) ITH TR, P IRECH 128;

c) M b bRIE I PA4 i P

d) 7 EMEAHIEM, PA4HE 0.5s B —Ik.

2.13 SLEEP{KIh#E

THRE VLI :

O F7 T RC BN AP IEIRR S, IR BERENR, IR AT AR PRk e i s AEBE NBEIR AT, PA4
BB UG R EENEIRIRGS, R LR, OREFAEREIRATAPIRES . W R S AEREIR AT R
P WDT, I A0 e o b g i
KL IR

a) EPEHEARA

b)  TiCE AR Ik E AL

c) ¥4 IDLE HENBERRR A
d) AR I TR
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