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ZRMESR, EETROE S MBI,
FERA

B OUEIE RS R S 46ps

QFN20
B UEIE XU A 23ps
B AERAERRE I ETE ] 14ns(0ns) 2 16ps
W RO B =96l 16ns(0ns) % 16ps
W RHE RS BRI S 14ns(0ns) & 4ps
B RAEXORE I & VG 16ns(0ns) & 2us
W 10ns f/NKPIRIRE, XU TE i 2 A H 20 ANk
W42k SPIBERN
B LAEHJE 2.5V £ 3.6V
B T{EHJE-40°C £+100°C
W QFN20 3%
B2
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> Lt lligrd MS1003

EMgis | EWNAK | BEREME I A
1 GND - Hh
2 VCC - Ui 1 HL YR
3 VDD - N AZ LR
4 XIN | e i AR SR B A
5 XouT 0 eI AR 9 Bl il
6 SSN | SPI 2 FUMHLILE R, fRA-FA 2L
7 SCK | SPI 2 I B g A\
8 Sl | SPI 5 I B A\
9 o) 0 SPI % B Fan s SPIL S IR I i L
10 RSTN | RGN, KHFA R
11 GND - Hh
12 VDD - W AZ LR
13 INTN 0 kbR, G R
14 EN_STOP2 | Stop JHIE 2 ffiku 1, &AL
15 EN_STOP1 | Stop JHIE 1 ffEEyE 1, i FA
16 GND - Hhy
17 STOP2 | Stop JHiE 2
18 STOP1 | Stop & 1
19 START | Start J@IH
BN O, At START Jikaod, @O BRI,
20 EN_START I/O B =4 K I EN_START N6 4 Start fifE, mli@Ei%E
A7 e BLE N EN_START fiI N\, iHIFA L
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T
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RS %

O AE R, AR TR I A R 28O N 5 22X 8 ARG K A IR, O R R T Ak A PR A
IR e MRS FElE . MRS HC R 1 — R IS, JF AR T BUE# T AR
UERR PR AT T -

24 (il BUE(E LA
W AZ AL Vad -0.3~4 Vv
10 i FiL L Vee -03~4 Vv
NS Vin -0.5 ~ Vee+0.5 Vv
APl Tste -55 ~ 150 °C
ARSI Topr -40 ~ 100 °C
45 Z (10s) 260 °C
ESD 1 HBM >6 kv
B TR
BAREIIIE, B EN Ta = 25°C+2°C.
ZH (il A% A m/ME | SIUE | KB | B
AL AL L L Vad Vdd= Vce 2.5 3.6 Vv
10 fH AL AL Vee 2.5 3.6 Vv
— i N LT A (] tr 200 ns
— BN S B I ] tha 200 ns
AR IR Topr -40 100 °C

LG IR E | XIN, XOUT
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o Lk leeid MS1003
HSSH
=R kSR
Vdd = Vec = 3.0V, Tj = -40°C F| +85°C
23 "5 W A RAME | UORME | BOKME | FA7
Vee=Vaa= 3.6V 200 WA
AMHz B4R HLIR Ihs Vee=Vaa=3.0V 130 HA
K I <1 A
BRAE IR lo TOF(Vec=Vad=3.3V) 4.1 mA
it e LU Voh [lon=tbd mA Vee=Min 0.8Vcc Vv
K Vo |lo=tbd mA, Vee=Min 0.2Vee | V
LIRS Vin  |LVTTL, Ve = Max 0.7Vce Vv
AN Vi LVTTL, Ve = Min 03Vee | V
AIEH A
ZH (iRl WA w/ME | URME | BOKAE | AL
G TPN Cin 7 pF
B Co 7E @ Vce = Vdd, oF
XL JA] Cio f=1 MHz, T=25°C It} 9 pF
e} ) B T
vdd=Vce =3.0V,Tj=25°C
ZH i IUEES s sME | HORUE | BOKME | B
WA 5B o = os
DOUBLE_RES = 1 23
B DOUBLE_RES = 0 0.002%
PR 22 c
DOUBLE_RES = 1 0.002%
A A NG P & 14ns 16ps
AR AU Pl & 16ns 16ps
) £ tm
R R P N 14ns 4ps
A XU FE DN = 16ns 2us
BN INL <0.1 LSB
ZorAEL B DNL <0.1 LSB
LNREE TS R
ZH (il M A B/ME | BAE | BOKME | AL
R RS E I B Clkns 1 4 8 MHz
W) 22 it M AL IR I (1] toszst 100 Hs
08 R AR R (7] toszst 1 ms
B Ei BB A IR A 7 JRAS: V1.6 2023.07.03
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MS1003

::::::::::::::::::

ThReHiR

1.SPIEE O

MS1003 (1] SPI % 12 5 4 £ SPI RN, EHE
VEAE 3-2kHi] SPI #%H .

SSN ¥ N B el 88 — A~ sCK i BTk 2

MER AL (MSB) T 4 A% 4 LB (IR (LSB) 45 R« A& i 2
JefE Ik, L Zh SSN K% —N LOW-HIGH-LOW K HL .

— SerialSelectNot (SSN){E5, MIMAEENS T.

AL INTN A CRIFE D R3S
L5 77 sUTE i il AL T DL R AN 77

tsussn t t
—p owl —

“— pwssn
—)| pwh‘— L \J
sI MSB * B X * X B X

¢ thd

o

SSN t

1. SPI B} ¥

NV
st Y mse X e 1 X tse (X
so T Lit“" —{mse_ X msB-1 X_ 1 X B »——
e — f—
OPCODE DATA
2. SPI I
ZH 5 Vdd=2.5V Vdd=3.3V FBhr
HRAT I B AR feik 25 CGRKfED 40 (e KAED MHz
AT I B, Bk towh 20 (/MDD 12 (Fp/MED ns
R AT I, KIS towl 20 G/MED 13 GR/MED ns
SSN JF 5 21 I v A 2% toussn 20 C/MED 20 U/MED ns
SSN FE S G 8] ¥ Jok v 5 B towssn 25 CiR/MED 25 Gi/MED ns
SSN 7E SCK T P J& B ORI 1) thesn 15 (/MDD 15 (/MDD ns
i A7 28 SCK R BRI i Ja) toud 5 G/MED 5 Up/MED ns
HHEAE SCLK N B i I LR BRI [R] th 5 (A/MED 5 (/MED ns
FE SCK b FHIE BB AT 2 i (8] tud 15 (/MDD 10 (pe/MED ns
PN B SR B A A PR A ] JRAS: V1.6 2023.07.03
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UG MS1003
2. RPISTOPIEIE i B+
STOP no pass VW/A
—» 4t oy
EN_ St
R — —y —tn-
EN
3. %] STOP JHiE N /7
ZH e WA 2% A4 soME | BRME | BOKME | SR
A5 78 N7 (i) ts-en 3.5 ns
5 BE AR R ] tsH-EN 15 ns
3. RGRAN P
Reset oot
(at pin RSTN) d o
Start/Stop accept % accept
K 4. RGE NN T
Z 5 5 /ME. SNt HLpT
KAk P toh 30 ns
TES ALK b T4 5 21 a] DL SZ ik od (R ek ] 18] tris 30 ns
4. HIFH &

N T IRBIRARNE RO, R REAEF R, IR R S A A . MS1003 F2 4L
Xof YA 23 :vee - 1/0 fER i, vDD - WiZHE A L%

B 1 Ground 5| I V. 12 57% 722 31 E Rl F B AR 0 2 . vee A vDD il i — A Haith ki # [F 8
AR T St . AZNAITF RIS, @b T 10 ;s SRR T,

IS ) 00 7 e 0 38 B AT B O B ROR, SE AR T 0 O LR A o R W A R ke =
T, B —AN 7 NGB e AE R . VCC 47 uF (/22 pF) , VDD 100 pF (/) 22 pF) .

P S P G — SRR R 59 22 S AT THE R AN A T T o s e L TR 7

WM Fiis B RSB A BR 24 W)
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>/ Lk s MS1003
5. B IERD K RS
5.1 LB 7%
MS1003 & 1 4H 32 Frfifd B F 170
iz | BRA 5 ik WE
31 0 0 = stop iHIE 3% [
30 0 2=14 ;3= 2 Mkt
HITIN2 1E stop JHIE 2 [ FHANK %L ' Eﬂ‘({qﬁ 3 ' E?({qj
29 1 =3 Mkl 5 =4 ANk,
28 0 6 =5kt 7 =6 Nk
27 0 8 =7 Mkt 9=8 Mkt
26| 0 i A =9 /Mikpl; B =10 ANk
1E 1 etk \
)5 . HITIN1 £ stop & A TR Ak b 4 LCHI F= AR iRE
24 0 STOP1 ANEERE N O
0=1.5-2 P F 41 A @500ns
23 0
i H I A (IZIh RS RO i 1=3.5-4 DNEWhE H@1us
SEL_TIMO EN_SEL_TIMO=1) 2=75-8 M EI 4 E H@2us
22 0 T M Z B TR ASOR R A OC 3 =15.5-16 > T 48 & ] @4ps
@ 4MHz CIkHS
21| 0 DIV_CLKHS | N o= AgH,  1=2 5040
BB CLKHS /i S 25 1 1) 43 AR 4
20 0 2=438, 3=8/40
WE BRI R Gk e VERTE S|
19 0 START_CLKHS B o
Jai u] Dt A7 R AR AR 20O 1= i —EHHF R
KUK I FF J o
0=kH]
18 1 DOUBLE_RES (%%FXX**FFH#, HeeffiH sTop1 .
I, STOP2 JEIE A S
FH i) Ry 5538 ALU 5N o
\ 0=xH
17 1 EN_ERR_VAL | OXFFFFFFFF FI 45 5 %5 17 2% PR
R HER A 30 oA
16 0 EN_FAST_INIT | JEshPusEpIiathThae 0=kMThie; 1=A31ThREE
. L 0 =HI A HL T ITJ5 START
15 0 7E S EN_START & JHI T e
‘ 1=START_TDC %!t
SEL_TSTO2 (5% SEL_TSTOP2 > 0 JIB4
R 2 =STOP1 TDC i th
14 1 EN_START N #B_LF7 & FE )
3 =STOP2 TDC % H!
13 1 CALIBRATE a8 /9] £E ALU J7 AR HE = eI 1= RUEFF S
F IR [ =R (T A 0 = fEM & 5 H 2h = A B HEE
12 0 | NO_CAL_AUTO . o N .
CALIBRATE, 1ZA7 05201 &4 0) 1= %M B3P R EE ThRE
11 0 K.D W B BB
e St B R 4 PR A ) A S : V1.6 2023.07.03
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o L e MS1003
fr | BA 2 it e wE
0=_EFtifilk
10| 0 NEG_STOP2 | /i stop il 2 fj A = TR
0=_EFtifilk
9 0 NEG_STOP1 | /i stop il 1 A = TR
8 0 NEG_START | JxIf] start J#iE 1 A\ 0= LTHiAR
1= FREI R
; o | en sEL TIMO i HA I TR DO RETT 5 0= KM
- (I SEL_TIMO D i &) | 1=TFF
6 0 Bit6=1: Timeout "1 Wfil /& fir
510 EN_INT[2:0] | INIT % i Il Bit5=1: End Hits "Il i fir
4 0 Bit4=1: ALU PIiflR L
3 0 K.D WA E I BRNME
2 0 K.D W E AEIME
1 0 RFEDGE2 HIE 2 TR 0= FFFECTF R
0 0 RFEDGE1 G 1 R 1= _EJHNIR B
5.2 BAERD
HAE HEX MSB LSB N 23 (B
'h80 1/0/ 0|00 |o0]|o0]|o0|BANLEFHFH 5\ 32bit
"hBx 1] 0] 1 1| A|A|A]|A | EHHIESTOPL R A0-9) | B 24bit
"hCx 1|10 0] A | A]|A| A | EBOIESTOP2 Hidi A0-9) | BEH 24bit
'hBB 100 ] 1 | 1|1 ]o0 |11 | EBUEEmECAL B2t 24bit
‘hBC 10| 1|11 ]|1]0]o0 | ENREFFARIESMN B 8bit
"hBD 1 0] 1| 1|1 ] 1]o0]| 1| EBURESTAT) B 24bit
'h70 0|11 10|00/ o0 |Init HIaHAE %
’h50 0| 1] 0| 1] 0] 0] 0] 0 |PowerOn_Reset DA RS
CAL Ml & 45
’h04 o|l0| o0 |0]| 0| 1|0/ o0 |start_cal_TDC "
B Ei BB A IR A 7 JRAS: V1.6 2023.07.03
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UG MS1003
53 SRR
BRAERS e | s iR
STOP1 =45 R 1,
BO RES1.0 | 24 | feHEBisX: 24 f7[E iz fidh, & 8 sk, ik 16 fi/hg
AR A 24 F1EEEL
B1 RES1_1 24 | STOP1 &= 45 2, #3(I5] RES1_0
B2 RES1 2 24 | STOP1 &4 H 3, #%3X[F] RES1_0
B3 RES1_3 24 | STOP1 M E45F 4, #%3X[F] RES1_0
B4 RES1 4 24 | STOP1 &L H 5, #%3X[F] RES1_0
B5 RES1_5 24 | STOP1 M E45H 6, #%3X[F] RES1_0
B6 RES1_6 24 | STOP1 JllFE45 R 7, #%3(J) RES1_0
B7 RES1 7 | 24 | sToPl l&455 8, %" RES1_0
B8 RES1_8 24 | STOP1 JllFE45 R 9, #%3(J RES1_0
B9 RES1_9 24 | STOP1 M &45 % 10, #%3U[H RES1_0
co RES2_0 24 | sTOP2 MllFE45 A 1, #%3(J) RES1_0
c1 RES2_1 24 | sTOP2 MllFE45 R 2, #%3(J) RES1_0
C2 RES2_2 24 | STOP2 M E45H 3, #%3X[F] RES1_0
c3 RES2_3 24 | STOP2 M E45F 4, #%3X[F] RES1_0
ca RES2_4 24 | STOP2 M ELEF 5, #%3[F RES1_0
o] RES2_5 24 | sToP2 Jll&E45 R 6, #52([7 RES1_0
6 RES2. 6 | 24 | STOP2 JE45H 7, #%3U[F RES1_0
c7 RES2_7 | 24 | sTOP2 JlI&E45E 8, %[ RES1_0
c8 RES2_8 24 | STOP2 45 9, #%3(J RES1_0
c9 RES2_9 24 | STOP2 M| E45 5 10, #%3U[H RES1_0
BB CAL 24 | B, 24
KHERI R : Time=RES_ XxTrefxN, 24 N=1,2, 458
AR UERE T : Time = RES_X x 46ps (VDD=3.3V, HAESE)
5.4 IRZS T 4725 (STAT)
HRAENS iR
BD | 23-20 19-16 15 | 14 13 12-9 8-5 3-0
0 STOP2 45 0 | WAl | TDC | STOP2 fikvh%k | sTOP1 fikh#%t STOP1 4%
Hhhk4EE Wit | HhhE+EE
PN B SR B A A PR A ] JRAS: V1.6 2023.07.03
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> Lt lligrd MS1003

6. i [ &
6.1 iR
ARAE i BERE P A I B 1) A 14ns 3] 16ps(0-16us 7E P AN stop TG 2 [A) I &) .
AR HE KUK 3£ 5 5 I B L 1) A 16ns 3] 16ps(0-16us 7E P AN stop I 2 1) I &)
A 2 B S I B S AN 14ns B 4ps(0-4us 7EPIAN stop JHIE 2 A1 &)
R A X 00K FE I G LA 16ns B 2ps(0-2ps TE A stop iiE 2 (A1 &) .
PRSI RS 46 ps, 2 > stop HIEAAXT T start HIE .
UK PR QIR 0 23 ps, AN stopd JBEIEHH XIS start 3B IE
N ERFERBT R, A0 5 I 7] e BE RS U
10 ns FRY ke 2 1) B /)N T o
P stop IEIE ] FIR R4, HAEA stop BIEHRZ 10 Mk
B> stop IEIE A4 ETFECN BEURAER, B AL SR B TRANR B R 3K
H 2l & START F1 STOP Jikt 2 [ A B [B] IR)B%, DG 75 P HEAT A A7 2 W
A R B VA LIS T, AT 9/ v 000 8 I v L T 5 455
FEARRAERE T, T DU 0 I 2 LU T ik b 0D (o fik o
SRS BOGIEE . WOGTEIA . mokE AT N & .

6.2 RAF AT TR B R

Hrey 5K TDC N PN R IE T T SE I SR veoAs R DN S I TRJ TRV RR, T BB 1 IX A % i 18] TDC 0 &
JERREE K o 1% B R AR A DR LB LURF BRI DI T v, A5 5 B B AR T R I 18] /T DLAR SRS . v 9
DG J5E 5 A MR T P e e 2 A ] ) A I 1D

L Eerainit
3 ~ L | T
START
H | ) | | HEE
i A /7 Y Y A
STOP B A |
| AL |

BT [ U I — ™ start 45 S iUkl A ERBT RGBS, TDC (1 U T GA R T 4, BLE stop
SIS R, A F STOP HUM Bk rh BUE 15 115

3.3V Ml 25°C B}, MS1003 [ 5kE FE S /N7 HE SR S A6ps. il B2 R EL 0T 1] FL I 180 49 2 o 1 [ A 1R
RIIFEM o 3005 2 30 I R SR M2 p R B R e R A T SR )ik 22 . AERcHEd F2r, TDC W& 0.5 A
A 15 ANIBP R, ARSI R A TDC B R, BIOARHEML . R R R N

PR, DUR 2 AR R AR T B KR VEH : tyy = 46 ps x 442368 = 20 us.

PoH B B B 3 A IR A =] AT : V1.6 2023.07.03
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UG MS1003
-t Tyy -
_»Tph<_ — | - Txx
START “
l— Tss —P» L e T -
sToP1
—-Tph-at— —Tpl - T -
STOP2 _
INT > Tva -
L
I 18] (2% ) iR
Tph 2.5 ns (min.) S/ ki v
Tpl 2.5 ns (min.) e/ IR
14 ns (min.) .
Tss Start %] Stop Z [
20 ps (max.)
Trr 10 ns (typ.) IR A
Tff 10 ns (typ.) BRI RN RN
t.b.d. JERLHE B i — /M KRR INIT % H ]
Tva
t.b.d. K HESE CHE L5 U380
Txx Je S [a] PR i JE 3 2 [R) N BRI ]
Tyy 20 ps (max) s R

BN A S AT AR BB R B T N BRI B R R U R A R T I 1 A R
bit8-10 {i7(EG_START, NEG_STOP1,NEG_STOP2)FIZ5 17 %% I bit0-1 /37 (REFDGEX) ik £ & 5 .

I TIPNEZ5 5, MS1003 23 H Bl bkl X 0 2 45 SR U 5 B0 RE S (0 45 SR 25 A7 s, T fR kAT
TAFARIE N E, T E S R P 5 STOPY SEIE [k vh, SRS THE STOP2 @& ki, BT LA
M ] FURIE R, 28 STOP1,

WM Fiis B RSB A BR 24 W)
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AS: V1.6

2023.07.03
32871 F13 11



http://www.relmon.com/

> Lt lligrd MS1003

6.3 JEAHERT FIA &
6.3.1 JERAERT [N EME

E 258t 1 4 0 1 VA 4 = il oY o i 1 2= W 0 7 S et U = e | 2 e 2
FEAH R EVEH E 14ns-20ps, FUAFEERLECR, ATRAPIAS STOP @& Il &, HAEAHiER %
LA 10 4> STOP Jikif, XURSEEREEUR, X STOPL 3@ i il LA

FERHES A B A, oW R E N B2, B DL DU R A A7 A% B R 5% AL v I
( START_CLKHS=0), fEiZET, WIEMEZRWR, Z5RFEREEMH I TERN M, IR R 45
RAA7E 20 RLHA R, DB A THSAT 20 i R 32 35 P A0 R S A

&1} [A]=RES_Xx46ps (DOUBLE_RES=0)
&I} 18] =RES_Xx23ps (DOUBLE_RES=1)

Jp A% A 20 R AT DL S BB (A 0 i R cAL B[ BN i, 7R 1% KR 7R T R e B
(START_CLKHS=1)FIJT 5 E Zh# #E(NO_CAL_AUTO=0), X #f k2 & i a] 1 [F i 277 42— Trefx N JE
T TIER AN E, SRJEH CAL 1 RES_Tref fR7EHEE I R ZFArd b o WS Tl N b5, 200 &k () A0
TR BERT RS To R, AU g i R B A 5%

I} [ =RES_X/RES_TrefxTrefx N, N =1, 2,4,8;

AR R A RS Y, 498 AR 1) D B G AT (EN_SEL_TIMO=0) (15 4t » i i [ A1 24 F TDC %
o, WatiE % 20us JeAuE Y, JF HORAS D /7 4% Bit13=1 (TDC Wi th) : 4%kt | 2 se JT 8
(EN_SEL_TIMO=1) {15 9L T, ik 4 i 1] ey tH I 7] 1% 45 (SEL_TIMO)EAT B B, ik Hh AR ] A3 A0 s Sl I e A
K, ASZEER 4 S(DIV_CLKHS) ISR, 1 W s i 89 ) 8MHZ, SEL_TIMO=0 ¥ T, i B[]y
125ns, it tH ISR B A7 4% Bit14=1 (IR ©

FERHERE T, 00 & Bk b AN 0N T U kS BOnS Ay DIE 0 Rk b A, BARIXIRPIR
AT R B0 A kb A I RO IR, XS T DA RAE U B R R 2 AN AN E H AR
F I 75
6.3.2 FFHRE
FEIEEA:

a. 1R & TR ik b 2

FAF A% bit 31-28 L E STOP2 TRk >4 HITIN2=0 B # 2-B;

PAFEAS bit 27-24 Y H STOPL Tk rf ML HITINI=2-B, AREBLE N 05 75 W TCIEIT e il &
b. 3 £ I EAF B2

ZF {744 bit 18, DOUBLE_RES = 1 IEFEXUKE BER, I EHE A ML A 23ps {HAXAT — A stop JEIE W H .
DOUBLE_RES = 0 &5 UG LR, W BRE N MY d6ps, XIS A stop IHIEAR AT H .

PoH B B B 3 A IR A =] AT : V1.6 2023.07.03
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c. Ut %

FEARACHERS N, RERG G, A7 4745 bit 13 CALIBRATE=0;
d. 7=/ CAL

AW T, TRLERR A4 CAL (AR CAL 18, 297788 bit 12 NO_CAL_AUTO=0 I, 774
CAL{H, NO_CAL_AUTO=1 I}, A=A CAL fH.
e. v &

HEAERAER T, F/ES bit 7 EN_SEL_TIMO=0 ¥& HilF A1, XIS ahy TDC #EH, 24
EN_SEL_TIMO=1 HJ FF )i i Hi i 1], HL3& H B (R RD 25 77 3% bit 23-22 SEL_TIMO # & A <.
f. R A Al 7 20

AL Y B A7 2510 Bit 8-10(NEG_X)ZE4E— M A\ i [ (Start, Stop1, Stop2)iZiyifili & 77 . *4 RFEDGE
=0, NEG_X=0 W EFHEfMA, NEG_X =1 MK, 7T LUE 1% & %5 47 4% 1 Bit0&1(REFDGEL &
FEDGE2),i&4% STOP HH_ETHI BN 49 Sl fih &% (RFEDGE=0)id A2 I Fh-#5 Al R B 315 =] i firh /% (RFEDGE=1),
4 RFEDGE=1 I}, Bit 9-10 HEFE TR
g. Ik

T SRR INTN W] DU ASFEL R T, fE 27 A7 8% 1) Bits4-6(EN_INT) HEAT 1245, AR HERL L H% bit 6 =
1 il bit 5=1;

Regbit4=1 ALU L& HE&K LT .

Reg bit 5 =1 TRk 4 H I 2.

Reg bit 6 = 1 W& A% H .

e St B R 4 PR A ) MAS: V1.6 2023.07.03
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6.3.3 IERE

AERSHERE T R4 cAL fB)

BeIH i 3 A A G B A ] WA S : V1.6 N zzgij.;ﬁcé%
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ARz (P4 cAL D
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6.4 AL A Wl &

T RS B RS P R R BV T dps,  WURE FE B R IV [ 2ps.
6.4.1 FXHERT F) P EMER

FAERT &, AR ol iR a5 T A 1 00 T HEAT I &, DB T 1S B A Tref [TJE R HE it
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