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. MEJEH 1 3.5ns 2.4us
VN B tm
TEERE 2 (aMm EREeenD 500ns 4ms
FordEgktt INL <0.1 LSB
ZorAeL it DNL <0.1 LSB
BENE$T
TR A
S5 DAY 0 il 2 R e R A A e 2 ek R AL
PT500 PT1000 PT500 PT1000
ITHER RMS 17.5 17.5 16.0 16.0 Bit
SNR 105 105 96 9 dB
gyl 0.9912 0.9931 0.9960 0.9979
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ANZ_FAKE 0 15 0

ANZ_FIRE 6 28-31
0 8-10 2
ANZ_PER_CALRES 0 22,23 0
ANZ_PORT 0 17 1
CALIBRATE 0 13 1
Conf Fire 5 28-31 0
CURR32K 1 15 1
CYCLE_TEMP 6 18,19 0
CYCLE_TOF 6 16,17 0
DA_KORR 6 25-28 0
DELREL1 3 8-13 0
DELREL2 3 14-19 0
DELREL3 3 20-25 0
DELVAL1 2 8-23 0
DELVAL2 3 8-23 0
DELVAL3 4 8-23 0
DIS_PHASSHIFT 5 27 0
DIS_PW 4 16 0
DIV_CLKHS 0 20,21 0
DIV_FIRE 0 24-27 2
DOUBLE_RES 6 12 0
EDGE_FW 4 15 0
EN_ANALOG 6 31 0
EN_AUTOCALC_MB2 3 31 0
EN_ERR_VAL 3 29 0
EN_Fast_Init 1 23 0
EN_FIRST_WAVE 3 30 0

2 29-31
EN_INT 1

6 21
EN_STARTNOISE 5 28 0
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FIREO_DEF 6 14 0
HIT1 1 24-27 5
HIT2 1 28-31 5
Hitinl 1 16-18 0
Hitin2 1 19-21 0
HZ60 6 15 0
IDO 0 0-7 0
ID1 1 0-7 0
ID2 2 0-7 0
ID3 3 0-7 0
D4 4 0-7 0
ID5 5 0-7 0
ID6 6 0-7 0
MESSB2 0 11 1
NEG_START 0 8 1
NEG_STOP_TEMP 6 30 0
NEG_STOP1 0 9 1
NEG_STOP2 0 10 1
NO_CAL_AUTO 0 12 0
OFFS 4 8-12 0
OFFSRNG1 4 13 0
OFFSRNG2 4 14 0
PHFIRE 5 8-23 0
QUAD_RES 6 13 0
REPEAT_FIRE 5 24-26 0
RFEDGE1 2 27 0
RFEDGE2 2 28 0
SEL_ECLK_TMP 0 14 1
SEL_START_FIRE 1 14 0
SEL_TIMO_MB2 3 27,28 3
SEL_TSTO1 1 8-10 0
SEL_TSTO2 1 11-13 0

0 18,19
START_CLKHS 1
6 20
TCYCLE 0 16 0
TEMP_PORTDIR 6 11 0
TW2 6 22,23 0
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» o (CALRES#) e ) % 2 =8 /M= 244.14 s
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21| 0 DIV_CLKHS WE CLKHS Hif S50 £ 1) 0=, 1=2%540
20| 0 (CIKHSDiv) AR E 2=4 45300, 3=440
€ LT AR A SR e A & -
19| 0 N o 0= fdR KM
YR Sn R A BN [H] (A1 R -
- 1=k —HIT A
HE:
N 2 = JAHRAEIR 480 s
START_CLKHS[1:0] R % START_CLKS )i =i A&
N B \ ‘ 3= JHPRALIR 1.46 ms
18 | 1 TEZFfr28 6 HU58 20 . ¥ .
4 = JFPRIEIR 2.44 ms
BRI EA 2.44 ms 1 5.14
5 #| 7 = JHYRALIR 5.14 ms
ms B, X7 A2 L BN 1
0 = 2 N ) = vy 1
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17 | 1 T B FH S 0 ) 1 (PT1 A1 PT2)
(PORT#) SR
1= 4 AR v 1]
o o 0=128 ps @ 4 MHz
16| 0 TCYCLE L T DU 70 P IS [ }
1=512 us @ 4 MHz ({f:#5)
ANZ_FAKE o ‘ 0 =2 YD Dyl B
15| 0 FE R FE I R AR S O Pl & ‘
(FAKE#) 1=7 KRGO &
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‘ ‘ 0 = RAER (DM EIE 1 i)
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1=KRHEH S (HEFF)
NO_CAL_AUTO ‘ - | 0=fEIEE A SR
12 |0 FFJR /R HITE TDC Hhig AT [ Sk ‘ ‘
(DisAutoCal) 1= KM H A HED e
MESSB2 0= W& 1
1 | 1 BRI Y ] 2
(MRange2) 1= &k 2
. 0=dERMMANGS - LR
10 | 0 | NEG_STOP2 | [ stop J#IE 2 fi A\ N
1= RHBNGS - TR
. 0=dERMMANGS - EFE
9 | 0| NEG_STOP1 | JX[i stop i#iH 14\ N
1= RHENGS - TR
. 0=dERMMANGS - LR
8 | 0 NEG_START | JxIr] start il 1 i\ N
1= REBNGS - TR
70 | 0 IDO H HAL, A5 20 ] A7 i i A 25
FHER 1 (k1)
| BAE S8 Eiipa wWE
31 0 MRangel: MRange2:
0| 1 FAT5E X ALY IR R | 0= start 2=1.5top Chl
HIT2 MRangel: HIT1 - HIT2 1=1.StopChl | 3=2.Stop Chl
4 =4. Stop Ch1l VR 5
B ange2:
27 0 5= JLEhfE
1 =Start
26 " 6 = Call Chl
25 0 HIT1 MRangel: HIT1 - HIT2 9=1.Stop Ch2
MRange2: HIT2 - HIT1 A=2. Stop Ch2
24 1 B = 3. Stop Ch2
C=4. Stop Ch2
X 0= XM YjRE
23 0 EN_FAST_INIT | JA sl PREWI 4H1L Th g - f
1= 33 IRe
22 1 Pr¥FBIME
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21 0 0 = stop JERiE <]
20 0 HITIN2 £ stop JHIE 2 F T Bk %L 1=1 kb
19 0 2 =2 Mk
18 0 3 = 3 Mk
17 0 HITIN1 £ stop IE 1 BTk % 4 =4 ik
16 0 53 7=ARNTEE
32kHz SRR R ThFEIE T, — Bk 0 2 I i3k
15 1 CURR32K VAN R ey R 0T, (R LA N ‘}'L .
‘ ‘ 1= mHL (R MS1002 #ixX)
AJ DAARAIE f % 1 1 TAE .
fire i F/E il )% TDC start 0 =5 MS1002 A7
14 0 SEL_START_FIRE o N
Start i N4 5% 1= fire PYEEfl & Start
0 = MS1002 ZhREAHIE],
13 0 KT /S START & 1.
. . 1=START_TDC #itH{
5E X EN_START &I IhRE. BT
s . 2 =STOP1 TDC i th
12 0 £ MS1022 I IREZ Ak, LA
N X 3 =STOP2 TDC i th
SEL_TSTO2 | ATV T AN S % Wik N
4 = FF SRR S
SEL_TSTOP2 >0, #B4 EN_START 4
N o 5 =j#id EN_STOP JT /8
2 = m . ”
1 0 DELVAL % H
6 =n.c. NiERE
7 = 4 kHz (32 kHz/8) I 4
0= 5 Ms1002 H [AIFELLRE,
10 0 IR Fire_in FTN
1 =START_TDC #ith
5E M FIRE_IN & I ThRE, BR T 2 = STOP1 TDC %
MS1022 FHIJINRESR, IXANE R 3 = STOP2 TDC %
9 0 SEL_TSTO1 | ATBAH/EH EiilEE . g 4= T Stop i1 T &t
SEL_TSTO1>1, JB4 FIRE_IN ¥4 | 5=TOF=UP, =1
SWIERE] GND. 24 TOF_UP il & T J5 i
6= RUN_HA, =1
8 0
4 hardmacro JT /3 I
7 =32 kHz clock
7-0 0 ID1 B AL a0 v A4 R AN 5 55
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HER 2 Mk 2)
7| BRIAE e ik wE
31 0 Bit31=1: Ti t H T el 2 7
RS AR, | mees -
30 0 EN_INT[2:0] | o Bit30=1: End Hits FIifili & 7
A —RAET 745 6 o
29 1 Bit29=1: ALU FHfl kA7
28 0 RFEDGE2 | il 2 ML i HgURe: 0= _EFFE FR&EHT
27 0 RFEDGE1 | iiE 1 I iU 1= TR RN
R RE stop Ik ¥ B A ZERT,
P start JEIE 1) 25— KON ER
26-8 0 DELVAL1 DELVAL1 = 0 /| 16383.96875
FFUGTHIS . 14 A By, 5 AL
INEER 5y, Tref BIREEL.
7-0 0 ID2 E AL, o] A7 fig oA 5 45
HER 3 (Ml 3)
% E EN_FIRST_WAVE = 0:
fr | BRIME SR ik wE
ARG 2 W B AR TE I e 3k A5 02 X
31 0 EN_AUTOCALC_MB2 | MK, 17 iX B4 SR 2 5 N3 2% 47 . : .
24 o
FEE H 8l — R ohRe . o
30 0 EN_FIRST_WAVE | WIRIF)E, ATERAEAE 3 Mz fFds 4 . : .
B2 I U o
Fh 1B B] v Y 5l ALU 5 N OXFFFFFFFF 3] | 0= 514
29 0 EN_ERR_VAL
g BT % 1=JF3
0=64pus
28 1
1=256ps
SEL_TIMO_MB2 TEM BV 2 A Dy v HA 326 F36 A 1) B i) 2=1024 ps
27 1 3 =4096 us
@ 4 MHz CIkHS
NAFRE stop Bk & B ISERS, DL start
i DELVAL2 = 0 %
26-8 0 DELVAL2 T ()5 — ANk O ST IR T . 14 £
N N - 16383.96875
By, 5 LN Sy, Tref BIR5EL.
7-0 0 ID3 B AL, o] 47 i A 525
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15 & EN_FIRST_WAVE = 1:

fr | BRAE SR A wE
IAEMETEE 2 o AEhHE A TS 0= X
31 0 EN_AUTOCALC_MB2 | ZRTGFHIik. Tiix Lo RAAG S5 A 1:%)*'
B A7 5 4 4, o
s Bah s — M IhEE. R, 02 X
30 0 EN_FIRST_WAVE | HATERA748 3 FMIZF /7% 4 oA H . : .
[ U o
FH -1 (] ¥s 5508 ALU 5 N OXFFFFFFFF | 0 = ]
29 0 EN_ERR_VAL \
B gk R A7 A 1=JF)5
0 =64 ps
28 1
1=256us
SEL_TIMO_MB2 | 7EMI Y 2 PN i H 3% 5 A 1] FIR il 2=1024 ps
27 1 3= 4096 ps
@ 4 MHz CIkHS
26 0 PRFFERINME
VEE BRI FNZE 3 /> stop AU | 5 % 63
25-20 0 DELREL3
S LA 1 5 3 DELREL3 > DELREL2
VEE IR 2 /> stop AU | 4 7 63
19-14 0 DELREL2
S5 LA 1 5 3 DELREL2 > DELREL1
WS — A E| 2 14 stop I
13-8 0 DELREL1 3363
25 LA B3 3
7-0 0 ID3 E AL, Bl o] £7fif oA 5 45
HHER 4 Gk a)
P E EN_FIRST_WAVE = 0:
7 | BRIAE S5 ik wWE
31-27 2 PRFEERINME

NS RE stop Fiky T v B T IERT,
P start JEIE 1) 25— KON ER
26-8 0 DELVAL3 DELVAL3 =0 %I 16383.96875
HaEiHy . 14 ALEEEGER 4y, 54
INEGER 5y, Tref BIREEL.

7-0 0 ID4 E AL, B a] 7 fif BoAs 5 45

PO St SRR 4 A PR A 7] A5 : V2.0 2021.12.02
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YA

RUNMeng TECHVOLOGY M S 1 O 2 2
% E EN_FIRST_WAVE = 1:
AL | BRIAME 25 iR wE
31-27 2 PREFERINME
26-17 0 PREFERIME
0 = JFJa Rk o 5 0 &
16 0 DIS_PW | %P1 bk 5 J55 il &2 T
- PR 1 = 5 bH ks 5 P2 0
WOE B — R UK. WE AN R | 0= BT
15 0 EDGE_FW | ‘ B s i
TEBURIE XS T AR E B E B .. | 1= PR
o 0= KM
14 0 OFFSRNG2 | HENESM offset + 20 mV
1=JF)5
o 0= KM
13 0 OFFSRNG1 | &4 offset - 20 mV
1=JF)5
0=0mV
1=+1mV
WE L HS offset, 2 AMY BRI E, 15 = +15 mV
12-8 0 OFFS o
HAL N 1my 16 =-16 mV
17 =-15mV
31=-1 mV
7-0 0 ID4 E AL, o] 7 fig oA 5 45
HHER 5 (Gl s)
fir % Sl i S E
- }E (352 9 MS1002 £ H0) = +
31| 0 Bit 31 =1: 2 PMEIT I
30| 0 CONE FIRE ikt fich % e o B () [l FIRE_DOWN)
- 37 b011 ARTLARE Bit 30 = 1: X%t FIRE_UP
2910 Bit 29 = 1: X [A%i ! FIRE_DOWN
75 start HIEE 5 _
28| 0 EN_STARTNOISE 1= JF )3 M BT
AN I
Mg S BRLIG o
N MS1022 S )i
N . 1 = K PAAHALE 75 R A7 # T,
DIS_PHASESHIFT FEAE start Sk ) B (451
27| 0 MS1002 AR E N 1
(DIS_PHASENOISE) Wk fire $2%) start), 15 02 IR
FRRA LA |
DL R G0 iR 2

AFUPH Fiis SRS BE A A47 BR 24 W)

http://www.relmon.com

RAS: V2.0

2021.12.02
L5571 51871




2 Ji B

RUNMeng TECHVOLOGY M S 1 O 2 2
% | o 0=FEH
1=1KE
25 0 REPEAT_FIRE FH T 78 BRI Rk 3 51 1) B 2 08 TR
24 0 7=7REE
sl o PHFIRE Xt B 2 15 Ak B Ik e 2 TR 0= Az
(PHASE_FIRE) FEA KPP REAT AR, B B 1= xJn
7-0 0 ID5 E AL, Bl f7fig oA 5 45
HERe (Mitke)
| BRIME S ik wHE
T 76 P e U e ) o A
O &4y B TE R B A XN | 0=STOP1 Fl STOP2 N+
31 0 EN_ANALOG 2 0 DU B P A L DL A R | BN (55 MS1002 %)
STOP1 il STOP2 IXANIHE N FKE B | 1= B4 1
B3 BN IO N i
S 7] SenseT I NAG 5 X ANTENT | 0=4ME 74HC14 N H
NEG_STOP_TEM , )
30 0 - . - FbEgae N, A ZE MS1002 K. | (MS1002 %)
FH A5 5 25 Fe) B A 06 50T i 1 = 37 FH P 0 e 3 e e R 2
29 0 PRERBNE
28 0 15= -1mV  7=7mV
27 | 0 YL LS offset M -8 mV ] M=-2zmy 6=omy
26 0 DA_KORR
- +7mVe L2 1 AME IR
9=-7mV  1=1mV
25 0
8=-8mV  0=0mV
24 0 PRERBNE
23 0 70 H s []
0=90
S04 O B RAOL 8 4 T 4 2 "
TW?2 B i 1=120ps
22 0 RC 1] H 75 3R AT 78 HA, 14 i ]
2 =150 ps
3 =300 ps
21 0 PREFERIME
0=k
1= 8918
3¢ e 1A B v R A R P i IR T T 2 = 480 ps ZEiR
20 0 START_CLKHS[2] \
RALAE R 78 0 P E 3=1.46ms
4=2.44ms
5%]7=514ms
B 3 BE R B A B R A & AT : V2.0 2021.12.02
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YA

RUNMeng TECHVOLOGY M S 1 O 2 2
7| BRIME S5 fhiid wHE
19 0 IR A e B VR N Y 5 ) 0=0.5
CYCLE_TEMP o
18 0 2 D) 50/60Hz HIfEEss 1=0.75
17 0 TP ik R B R TRD N P 2 I 2=1
CYCLE_TOF
16 0 - 2 D) 50/60Hz HIfEE4s 3=1.25
MS1022 1] PLEEAT — /N 58 8 1) L ij
15 0 760 TRATHS A AN R RATES A, RAR | 0=50Hz JNZEAE, 20 ms
VR D & FEPR IR B 22 IR 4E | 1 = 60 Hz Ay 3EAl, 16.67ms
IR HT 50 5L 60 Hz 4
E AREERE fire W IE A ERIAK
Fo dn: SR FIRE_UP WEZIRAS, .
N 0 = High-Z (MS1002 #%)
14 0 FIREO_DEF H84 FIRE_DOWN buffer NI i% 42 51 2k -
WK . 4R PSR R, |
BRI, DARE N1
FED SO 2 P ERE R A 4 | 0=CM] (MS1002 £55X)
13 0 QUAD_RES N
%M\ 75 ps £ 19 ps 1=JF)H
FED Y 2 HPo Il RS S InAE A | 0= 5& M1 (MS1002 £55X)
12 0 DOUBLE_RES
- 75 ps #| 37 ps 1=JF8
o 0=PT1>PT2 >PT3>PT4
11 TEMP_PORTDIR | & i & uity 1300 & 0517 = 7]
1=PT4>PT3>PT2>PT1
0=k
10 #i3 BB N |
=1
9 Z WEAF 4 0. WA ANZ_FIRE > 15 i
ANZ_FIRE[6:4] o 2 =2 ANk
A2 PHFIRE X T Ik f AR AL 1 15 B K
8 ANEA
& 127 = 127 Mk
7-0 0 ID6 E AL, e £ fig BAs 5 45
2. AR

45 A A AR AURZS Z A7 ) DU A I B VE RS OxBX BEAT 2. #RAEFI MR oA, W BLK 4,

28 17T,

T B 27288 R ID B A7 2 6r v] LB Rk B VERY oxB7 HHAT i H . XA EETS I £ LA IDO, ID1 ...
ID6 KNI F45 HY 7 4 bytes B B MM T IR K% .

Hi ik 5 | M ik
0 RES_O 32 | MELER 1B EFAEL 16 MEBEER Y, 16 A/NEGE
215 20’ 2-1 2-16
1 RES_1 32 | LS 2, [E 8V S, 16 MRSy, 16 Ar/NEES Ay

AFUPH Fiis SRS BE A A47 BR 24 W)
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RUNMeng TECHVOLOGY

2 RES_2 | 32 | WEZR 3, [E i mith, 16 frBHE s, 16 fr/ s>
3 RES_3 | 32 | WESR 4,BERF S8 16 AEHEH S, 16 A/ B
12 | I R 8-6 | JHIE 2 U H I Ik it
4 STAT 13 11 | T R 5-3 | I 1 HUCE I K
10 | KA TH R 2-0 | S RHbHEARET
9 | TDC ¥ ikt
5 REG_1 8 | WanEHEAFSE L TR 8 AL, HRINEIEE
8 PWIST | 8 | Jikyh 9 FE Aol M [ s v i B, b 1 Ao %k

21 ZERFHFS
B 25 R AN 25 ST AR 28 10 3 TIC 3R R R A A A7 G R 2 B R R HE M e « TERBUR LA
o EEN R 1 oA TR B E .
< METEHE 2 R IEE, DS EUEAH .
« AAMETEE 1 A ] AT SRR AR &
o FEDUEESE I 1 bR HVRSHE DU BRI, ol 0 I [ o A B DK T 7 S R v I A e 37 SR e

B 22 KT P AN R B B 30, 0 ALU 38 H - E A . 25 R 25 A7 25 HH 5 N OXFFFFFFFF .,
MEVaR 1, BEATRIUE(Calibrate = 1)

D05 45 S P I A v I b R T B0 £ B, A D S A N B 25 T A B Y I B BR DL DIV_CLKHS
(DIV_CLKHS=1, 2, 4) FUEME A& 32 hisE fi%, B 16 A7 830 16 SN B k. Rt — MRS HEAE o5 T —
NGRS AT AR AL (1) TR, DURARAZ (220450, K LA 2 A I AP 7E .

Time=RES X xTrefx N, 4 N=1,2 8% 4

Time < 2 x Tref x 2CIkHSDiv
eI 1, AT HE(Calibrate = 0)

ERHEE A M A 775 B8, BL 16 A B BOTE B AR R 45 R A7 as 0w 16 2. S5 R A A7 410
1% 16 AL BN 0. FERAREACAH R ML DL 2 BIAMYTE A7 .

Time = RES_X x 75ps
&= FE 2

FED VG 2, MS1022 R SCRERCHEDN o 05 45 SR L P 0 ek v A o sl ST A 5 B, A T A oA
ff 5 F A1 R JE I R DL DIV_CLKHS(DIV_CLKHS=1, 2, 4). FZHE(E 2 32 g sidh, 1 16 A% 16 fir
AN R . R — AN 5 — NS R A A . R AT R N R L (215) FF 4, DA AL (2720) 45 3
LA 2 #ME T A7 LE

Time =RES_ X xTref x N, withN=1,2 5{ 4

B 3 BE R B A B R A & MiAS: V2.0 2021.12.02
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o/ Lk liesd MS1022

i 52 0
JECERLIR [B] 0, SRV B 2 S R
Xof T TR AR ] B L AE A 5 FBEL K BEABLAH [RT R RT = Rref x T 1/ T et

2.2 REFHH
i PR iR fE
2-0 Pointer result register | Faflfa 1 N — N2 45 R A A dn bk
5-3 # of hits Ch 1 {7RAE channel 1385% RIS J LUK 5k
8-6 # of hits Ch 2 W7RAE channel 2 1 5% RIS J LK 4k
9 Timeout TDC ‘7R TDC & TG i H 1= i th
10 Timeout Precounter SR EVE R 2 4 14 ACHEAE T ECES ) 1= th
11 Error open S N B P A SR 9 T 1=JF%
12 Error short R DN I A AR 1= 5%
2.3 PWIST #7735

XA AR A 8 ML B i B A Ay, Horb L oS, T 7 AN
PWIST 5 H T 58— AN RIS (TE45 8 FmFS F RS 0 ) FIgh B AR BT 75 22 UAC [0 98 2 30 1 5 P2 Lk
. ¥dEVEHE: 03 1.99219.

3. BRAERD
el Ginc] B
HEX MSB LSB
’h8x 1(0/0|/0 |0 |A|A|A| BAHNA 24 hrEREE 32 AR
hBx | 1]0[1[1|0[A|A|A]| EHUGEHEA 8, 16 Tk 32 f ¥4
’hB7 1{0[{1|1|0|2|1]|1]| ReadlDhit 56 i/ ID
’hB8 1|/0/1|1|21|0|0]|O0 | ReadPWIST 8 fir
’h70 O|1/1|1 (0|0 |0]| 0] Init
’h50 0({1/0|1|0|0|0]| 0| Power_On_Reset
’h01 0|0/0|0|0|0O|O0]|1]Start_TOF (JF44: Start_Cycle)
’h02 0[{0[0|0|O0|0]| 1] 0| Start_Temp
’h03 0[{0[{0|0|0|0]|1]1)] Start_Cal_Resonator
’h04 0(0{0|0|0|1]|O0| 0] Start Cal_TDC
’h05 0|0{0|0|0|1]|0]| 1| Start_ TOF_Restart
’h06 0|0{0|0|0|1]|1]| 0| Start_Temp_Restart

MS1022 % MS1002 5 #5 A7 2 IR,

h80 + 3 NI 2 7E MS1002 H 7 5 N TiC B 27 4785 0.

h80 + 4 N7 ¥ 43 5 AL B 27 /7 4% 0 HH 45 IDO(IUTE MS1022 Bz ).
ANREELLBAT B A . AL AURMT L

PO St SRR 4 A PR A 7] A5 : V2.0 2021.12.02
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1 EERE

MS1022

BAERLUEE

hO1, Start_TOF: filt )& — YCIF (B W & . #5256, 4Mhz BiR#EF 8 . fEL i 7 fr e 1 4k IR
(START_CLKHS)Z Ji LU #8 M1 L MG T 5 o 22 AR S sE W 3 Vref TANTE B fire 22 0 45
FHiE] GND. 7E Y B 70 B A ] (TW2) IE3E 2 ) Fire G pfofs £ At fire k. 7E BT ¥ & ) DELVAL %E
BE 2S5, stop IR AT EWUkh . RN R KRG, BIES M 4 MHz BIREEOCH, X4
RS HL G 2 PR B R 20 0. T 22 BAL, INTN = fIHLF.

h0S, Start_TOF_Restart: X ™ ¥7 A4 VERD 4432 17 Start_TOF P X, 43 il 75 #0238 f b T b 1) 0 8 A
U I R B — ke FEPIAN TN R A RS, PR S B k. HL, X
Start_TOF_Restart % )7, SR HUR B 2P, 06 208 S P OB o 8 1 3 A Ji ek ] 00
B[] fJ B 6] 5] B m) LAJE I G B 2450 CYCLE_TOF LA 50 Hz 503 60 Hz MR 4 et o TE M R 2 9 /- &
Z [A] B 3R W] LA 50/60 Hz M 7S

CYCLE_TOF fI1H ZH HZ60 = 0(50Hz) HZ60 = 1(60Hz)
0 0.5 10 ms 8.3 ms
1 0.75 15 ms 12.48 ms
2 1 20 ms 16.6 ms
3 1.25 25 ms 20.78 ms

h02, Start_Temp: K 2 filt & — iR B2 & . & & Je ¥ & 78 5 1 PTO 47 JU IR # & I &
(ANZ_FAKE). 4R J& T 46 ¥ 55 U &5 11 PTO > PT1 > PT2 > PT4. 45 TEMP_PORTDIR #{iX B N 1, A
i 11 () B o 2 S T S o A B U B 2 M 1 PT4 FH4R

h06, Start_Temp_Restart: iX /M5 /E R4 2332 17 i JE I & Start_Temp PHIR . 7E b3l AT i di 22 W &
2 [8] A A TR) SR FH 2 3000 B CYCLE_TEMP LA 50 Hz B8 60 Hz FIE84h . IEH A5 356 95 0 & 2 T8 fr) 4E

IR AT BLAIH] 50/60 Hz M

CYCLE_TEMP H{& FH HZ60 = 0(50Hz) HZ60 = 1(60Hz)
0 0.5 10 ms 8.3 ms
1 0.75 15ms 12.48 ms
2 1 20 ms 16.6 ms
3 1.25 25 ms 20.78 ms

h03, Start_Cal_Resonator: i £ fit i — O v id s i AR HE I B . TDC K £ 12— Bt 1) [ B
[E]FE R 61us 3 488 ps, ilid ANZ_PER_CALRES jE X &5t o & 5 o5 b coodad b W Mg th b .
JRgE R, e ULmid i e R R Ban , AAAES R A AR 0 . XA R IR EMELE, H
SAFHRRHER REL

h04, Start_Cal_TDC: iX /™ 24 22 JA s & 2 NS bR ). 228 T 58t TDC (1 %dks .
USRS B E N SIS HE auto-calibration, TIAN T ZIX AN 4
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http://www.relmon.com L5571 582371




P Lk tiREd MS1022
=, NEBE—

1. BER

« MEFEE M 3.5ns F| 2us(0-2us EAN[E] stop iHEIE 2 [A])

* 2/ stop JHIEAHNS T —A start J@1E, $LBVKS FE 75 ps

« 14> stop JHIEFXT N —A start I8, K5 N 37 ps

* 20 ns Rk 8] d5z /)N E] B

« B> stop IR Z 4 Mkrh

o AERERRNEIE N BT/ N PR RUR

o 0T SROK B B I D RE R R B T

o AL B R P A ke ) PR R ) )

< SN WO [R) I, RF, ToF, ATE

K730 TDC B P B2 B T] A A8 O A v K P2 D g 8] (B o P Bk 1 S Aol 4 %o 6 ] TDC F

R IR . B R 10 R 5 A, T OR PR DA SRR IR I VA A A S I I8 AR 1T AR N ) T DA RS 1
SR KPR 5K B2 5 A HGER T N5 5 I8 18 8 1T ) AR FE N 1]

High-speed unit

Start | coarse |
counter
)

Stop ) J L Y ) J Y ‘
> dynamic value memory ‘

!

Y

data post processing ‘

I BT IS — A start (5 5K, stop 55 #8UEMT . IR IRY 38 I AL B AURLE v 280 T BATE
. th START 15 5l STOP {5 5 [AJ I (&) [E] B, & Y L T 3k 20 fir s
3.3Vl 25°C If, MS1022 FRHR /Ny HEZE 2 75ps. RMS M5 k2S¢ 50ps(0.7LSB). I & AT e & X6 1]
P (1) A 438 A AR N [R) G AR K520 o 388 85 e 2 I R YR SR A Fh R B AN F R AR A T 9 R ) R 22 . FEAHE
AR, TDC W — P AN R I A o Y L 52 TR /N R PR
tyy = BIN x 26224 =75 ps x 26224 = 2us

I [ (5% AF) Eipa
tph | 2.5 ns (min.) S5/ Bk 5
tpl | 2.5 ns (min.) B/ Nk T -t

[ toy |}
3.5 ns ns (min) —Hpne—  — ftxx

tss Start %] Stop Z [ Start L

2 ps (max.) o T
trr | 20ns (typ.) EIHEEETHE Stop 1 | L L _|—
MO D ety
tff | 20 ns (typ.) - ‘ ﬂ_
| ebd R | R B — UYL -
th.d. Kt I 545 SFAT R ] INT B
txx | JCH [ PR
tyy | 2 ps (max) =N e i
=26224 x LSB
UM BRI 4 W 24 ) Wk, V20 TOTRTTT
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o/ Lk liesd MS1022

B — AN N S 2 AT DA B R BT R BR TR TSV RN A A R Pl i E A AR AR O
i) bit 8-10 /¥ (EG_START, NEG_STOP1,NEG_STOP2)FIZF {7 %% 2 ] bit 27& 28, REFDGEx Rk Ffd K& it
BLAM AT () START/STOP % N ity 1145 3 5 g P30
2. MERFE
21 KB
TEFFURAE ] MS1022 21, AU B T E .
MG 10 F R E N
a. EPEN AT 1
W B FAE4 0, bit 11, MESSB2 = 0.
A7 3% 6, bit 12, DOUBLE_RES = 1 I FE XK BEAR A, AT IX AN, WSS o S 37ps i A&
75ps. EAUNHE —A stop JHIE A H .

b. &P E I i
PFAEHE 0 [ bits 18 & 19 FIZF 4% 6, bit 20, START_CLKHS JH K U0 sk ivh . 1 5 SR 32kHZ I
B, BN 05 FURFH s AP E 1 (RRERED
A7 4745 O,bits 20 & 21,DIV_CLKHS & HI R B B 2B I b 9 7p s BUE ) (1, 2 804) o XXTIETE
1P R HEIN B AR BB, RO R A AR 2Tref( P4 BRI B ) K T 40000 f) B KR T TRJ BRI, ALU A B
TAE. 50 ALU % Hi4E /y OXFFFFFFFF.
[ At B % 2Tref (P BRI ) <2us, LAIBE G 7F 2 vHE IR NS T 385 1

Configuration

-Mode

-How many hits per Chan.
-Clock

-Calibration

L

Initialization |‘—

TDC unit waits for
-Start pulse
-Stop pulse(s)

timeout

Calibration
measurement

Read Data

Write

ALU postprocessing new value into
according to HIT1 & HIT2
HIT1&HIT2 one stop more than
l only one stop
| Interrupt '_’| Read Data |

c. BB FTREEE 52 10 ik A%
FH P2 AT DATE 23 47 2% 1,bits 16-18 (HITIN1)F bits 19-21(HITIN2)H 558 MS1022 2l & (19 ik (9 A%k
RNMBIE R Z TTREME 4 K. MS1022 2 — Bl & B 35 il L5 hits e R A i ok .
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o/ Lk liesd MS1022

d. e
T 000 58 ) % R o U PSR I P SO T AR, T BA MIS1022 ) ALU R S P R TE I B 5 AR
Al I 1 T A7 A O 1) Bitl3(Calibrate) v “17 SRIEFEALHEMNI i . AT R HERE
N T REATRHE, TDC W& 1 /AN 2 NSERT BRI, XA SRy Call A cal2 fAfif K .
AP TTVE W] FH R SRR AR Call A1 Cal2:
-3 SPI %11 &% Start_Cal_TDC $§4 K B BlAL IE ;
- BEE B A7 A 0 [ Bit12( NO_CAL_Auto)= “0” SRE BN, fERZHNH h#iE 1% 5 3) 5 H
JE S ALU HidfE Ab 2
JLAE TDC FR T AN TE v] LA 4 7k, H2 H 2Rl BLE I E ALY TR N E 5 2 (8] R
#o W LAMEFF A4 1 [ Bitl6-19(HIT1) LA f 20-23(HIT2) i AT & & . HAKEN:

0 = Start

1=1.Stop Chl 9= 1. Stop Ch2 i

2=2.Stop Chl A=2.Stop Ch2 Regl = 0x01xxxx - 1st Stop Ch1-Start
3 =3.Stop Chl B = 3. Stop Ch2 Regl = 0x2Bxxxx - 3rd Stop Ch2-2nd
4 =4.Stop Chl C = 4. Stop Ch2 Stop Chl

6 =Call Ch1l Regl = Ox06xxxx - Call

7 =Cal2 Chl

ALU TH5 T Hitl - Hit2.
WK R HERRAE, T ALU 8t 2T 5 SR HETH 5 (B 7 IEAE RS E 2 Ah . EIXFh KL Z
T, ALU K23 call/Cal2 JRIGHFE 5 N B HF A7 as )

HIT1-HIT2
Cal2-Call

Cal2-Call = gradient

RES_X=

Time = RES_X x Tref x 2¢kHSPV=RES X x Tref x N, N =1, 2 or 4.

-~
measured
time forbidden
Cal2 TR
Cal2-Call
REE K I=gradient
Call :
|
|
|
2xCal1-Cal2 '
=offset ! %
1xTref i 2xTref real
" time
time

f. e N ik A 7 5C
i ok B A A7 A% 2 1) Bit27&28 (REFDGE1 & FEDGE2), FH J* 1] LL ik % STOP [ iy 5 i fih % (RFEDGE=
“0” )& TR AT BRI IR it % (RFEDGE= “1).
HI A v A A7 4% 0 [ Bit 8-10(NEG_X), 7E%F— M A [ (Start, Stop1,Stop2) 34 il — A #8 S
FH#% . 4 RFEDGE =0 [, NEG_X =0 W EFpyifilk, NEG_X=1 I FFEHK.
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o/ Lk liesd MS1022

g. Ik

BT 51 Ping,INT R LA AN R ) i, 7 27 47 2% 2 1Y) Bits 29-31(EN_INT)ZEAT 1 +%

Reg 2 bit 29 =1 ALU L& il 4% tf

Reg 2 bit 30 = 1 15 B [ ik AN K 4> ez Ui 2

Reg 2 bit 31 =1 TDC il & ¥ ek H

R T ERABHA LR g, mrds B MTEERARRET. (RS IS i B A
BB R . BT TR E G, P aUE I R IEARS “Init” Y464 MS1022 DUE TDC BRI 5Z
Start il Stop 155 .

22 JiE
WA 2 J5 TDC faidt 2 5 o e B Start ik 5 14k TAE B3
< R FNWE RS (ENEVEHE 1 R EANEE RS 4 UCRFD
- FIBE R GUEJEHE 1 48 2ps ) JEA IR TAE
5] 0 52 5 U B0 A7 i 7E TDC N0 RS T A7 251 Bits 3-8 I s HERFEI L H o i BT
A, DU SR 22 2 5 TDC FFAR I & — A AT AN Y B HE T BB (Tref x1,2 B 4) o RHE I H0E
(Call Al Cal2) L #A71i#7E TDC T

start || - cal2 >
Call

RefClk J | |_

2.3 AL

TEMEZL R, ALU JFAAMKIE HITL A HIT2 093 B A ER A 25 Sk N ar A7 38 . R IEAT
HE, ALU A&% 16 A7 JR A6 HcH 24 A A 4% . SRBEATARE, W) ALU F056 0B I IO EAT TH SRR e
32 {7 1 [ 7 V7 R B B A A

WHE HITL=HIT2=5, u] ]k ALU.

ALU A 46 9% 1IN 8] A2 15 HEAT R HEAI A L L R R E

A Rk
33V | tb.d t.b. d.
25V | tb.d. t.b.d.

B 5E S ALU S INVE N IBE (FF REG2, EN_INT HHi B ) , HEEgE R df S ¥ds, |
Wik AL 2 B AL . ARG 5 AP B AR AR A 1, FRFR M N — NEAAER R, RS AL
0-2 7 LR HERNFREF I SEBR AL E .
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RUNMeng TECHVOLOGY

2.4 EEHE

MS1022

WAEF P R IEACHS 10110ADR FRAEMS LB T« BE 34T 16 IRTEM CRIGHERIR) B 32 kTG
W R HEEE) , MS1022 M i AL (MSB) T afd i 45 3R . 28—~ SCK 1 B THi i & 247 INTN 4

JEI (1 8T)

a. AR HER AR %
AR & DL b M T O H LR 16 477 1775 2 40
1BIN = AR ARG [T AR [Al=75p (££ 3.3V Ml 25 °C 8 F)
Time = RES_X x 75 ps

b. A HEH A
RAEEE L LA 2 BOAMD I I 32 A7 [ 72 7 s 2
R UL AR B B A5 2
Time =RES_ X x TrefxN,N =1, 2 5 4
B ZANGEREIL . 2 xTref x CIkHSDiv,
20 ALY H233 HOF BB NG5 A7 A7 4% hFFFFFFFF.

ALU BEIR R SRV — UCRFE . WA IE— UCRFE,
M ZAE HITL/HIT2 WS T a2k 4878 ALU T8 AR AE
LEM HITL/HIT2 B A4 2 )5 th.d.us (REHEED i3

th.d.ns (AEETHEMED X WASBERIRIA HIT1/HIT2 BEAT B2 5 4t

£
MeE

B N regl=" h014400 4 M FHREAEIEIE 1,
114 1st Stop -Start

WG ...

while(f & H A5 %)

5 N regl=" h024400 it+%# 2nd -Start
ZE15(4.6ps)

B N regl=" h034400 it% 3rd-Start
ZE15(4.6ps)

B N regl=" h044400 il % 4th-Start

S5 R (4.6us) ILTE FT A KAE BT A R S0
HAAEEFAAE5 0 B 3 7, MAFRETHL
FESR A AR s bk 4. )5 MS1022 7Eidk
7R VR 2 iy 20 3 A 3 AR

“Init” FRRMIMEAL, LAET TDC AT LA
WCHT Y Start £ Stop 55«

=, WEEE—

1. R

« A — Stop HIEXS N Start HIE

« A5 19 ps /37 ps / 75 ps

o [AJRR ko0t @) 40 HE 225 2 x Tref 3| 4ms @ 4MHz
« MEJEE: 2xTref~4ms @4MHz

< 3 CRIERET), HBTERITE

Ak ETH R R AR

« BN stop 15 S #HA — MEEEN 10ns BRI S, TR AEHER Y stop flRE

< WRINIH]: B RCRER. KE

Hy TDC J& UE 5 3 3k Py 78 1 Pl 3 14 A 49 A 38 SRR AT v o R I 1) ] Rl ). (e m 2 M v
THRIY) o AEMETEHE 2 bR A AT B RS R AT I ) de KA (8] TR0, 0 B R R R AR . FE B A
N, TDC Hy e id BT AR A R [R]RE, ACAGE M START B STOP 15 5 2 HH 4R B AE R B L THE
Z IRV PRGN E) ORSWRTHECES ) o FEPI RS 3 IR 2 18], TDC ic T JEAERT o 4 R CRLETH083) -
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o/ Lk liesd MS1022

Finecount 1 Finecount 2
; o - Cal2 —
> - > - | Cali 1
Ref. :
clock i
| - >
Coarsecount
Start T
Stop
Runtime —‘
High-speed unit

time = Tref x (Cc + (Fcl - Fc2)/(Cal2 - Call)

3.6V A1 25°C Iff, MS1022 [JHR/N oy #E % JE 75ps. RMS I35 K 4] /& 50ps(0.7LSB). ] Hi i 4% 4 iE
AR AN A 32 B TR AT e o AR V] 2 v O 5 SRR R A TR e ) B PR AT DRI AE
T B B 2 b ZIUEEAT RS . TERSEHATE],  TDC 23 00— R B A ik o B 34
R AE B ST AN 52 F R B2 (1 5 R Y
58 08 ] 52 R TR T s 1 KN
tyy = Tref x 2% = 4.1ms @ 4MHz
Start 1 Stop Z [AI ¥ 22 LA 26 A7 i)l &5 Bl H 5

I 1) (2% 4F) i
tph 2.5 ns (min.) /I K
tpl 2.5 ns (min.) /N ki o t,;
Start %] Stop 2 [ @ —Hpnt—
tss 2xTref . o Start .
Dis_Phasenoise=1 —t et ¥ t
trr 2xTref AR B Stop1 | | ‘ L
NSVRR:
it 2xTref R BT . A ""—tva—ﬂl_
tva 4.6ps(max) ALU JF 45 21 A 2
tyy | 4ms (max)@ 4MHz | f K& = 2¥xTref

B — AN N S 32 AT A B M U B R b T B T B VR A R A RORT ¥ B AR A AR 0 Y bit0-2
(NEG_START, NEG_STOP1)ik il & ¥ .

IEANFTA ) START/STOP %t A\ i 11 251 SCHRF ey L0
T N Start—Stop Z [F]HIE Z2/N T8 /N PR ta, T TDC K ZBE BT /N T te IR ZE Bk o ZEAT A4 150
NEAS S B R I 4
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SV tdiga

RUNMeng TECHVOLOGY

2 ERE
21 %E

TEF IR H 2 87, 2% MS1022 BHATRE .

MEVEE 2 MEEEEN:
a. WEPENEVEE 2

¥ B 21744 0, Bitll, MRange2 = 1.
b. LS E I B

AEMETEE 2§, MS1022 5 H s i e ok
HEAT B[] ) Bl & . ZEARTOFERL A o, LS b
FE P N & 2 8] W] DA D) 4 o 1 e TR 355 25 1)
A FEREEE, 32.768kHZ IR Bh A 0 o

25 £ 7% 0 [¥ bit18&19, START_CLKHS F 3k
D) e i i o G SRR e e e U 1
AN SR T AR EIR T R R B AR R B, )
Wi e A1 3 o U L U B A 2, S A AR 35 4 T
WHEN 3.

A7 4% 0, Bits 20&21,DIV_CLKHS & ]k ¥% B
BEAERT Bl A EUE T (1, 2804

Configuration

1

| Clock calibration

1

| Initialization

|‘7

Il

| Start cycle

1

MS1022

| Fire pulses generated

| | Wait e.g. 1

wn

TDC unit waits for
-Start pulse
-Stop pulse(s)

Read Data

Calibration
measurement

*

Il

Interrupt

ALU postprocessing

%

| Start temp measurem. |

according

i

| Interrupt

H

Read Data

IR 328 0 g /I 1] ) 985 AR e K ST 14 1] P A S5 o /[N I 1] ) B 9

tmin = 2 x Tref X 2C|kHDiv

SN EYSE

tmax = 214 x Tref x 2CIkHDiv

T3 25T R«

2 x Tref x 20KHDV < 9 445

00 ALU ERE I 23 i 4 L B OXFRFFFFFF

=
EE:

223 73 WU BRI koA A B PR MDUURS R S rh e ZBAE 2MHz 31 8MHz (TSI A, £ DU RS BEAR 5K

FAZIAE 2MHz 3] 6MHz J0E N -

c. BEE T ke KL

FH P Al DUZE 2912 2% 1,bits 8-10(HITINL) F1 % 5 MS1022 FE & 11 hits M. RN E 2 hidiE 1

2 & 3 k. KN Start WHEVE N —VUCRFETFEL, AT DL HITIND BB 2 2 L8 R FERLZ 1.
MS1022 2> — Bl & B 2A BT 1 hits KBS & A 2547 4% 0,Bit 11 £ 13 (HITIN2) % 41E 0.
Bl F5ERH 52 2 stop fikid, U E HITINL = 3, HITIN2 = 0.
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o/ Lk liesd MS1022

d. AR AE

Al i@ AT A4 O [ Bit13(CALIBRATE)N “17 SRiGHRAEN & . £ EEHE 2 o b U7 R v
TDC 73 A& 1 ANHT 2 A BRI R R E, XN EIE/E Y Call I Cal2 A7 f#E K -

AP TTVE AT R SRR HE{E Call F1 Cal2:

« JEIE SPI %11 % 3% Start_Cal_TDC 4543 Bz 1E

« I E B AEEE 0 1 Bit12 7E K 2 HUN H i 2 E i%E NO_CAL_AUTO =0 H 3.

e. 5E X ALU H4f5 ib 3

i3 % B EN_AUTOCALC_MB2 =1, MS1022 ¥§2 H s it 5 HT A YUk et 2R 5 B 215 A R 27 A7
e b, TR A 3G RIAVE. RERK AN BIEEANB G R0 3 P . Xt
B MS1022 (113815, BUNTER MM S AN L ITHEA T .

W8I EN_AUTOCALC_MB2 # N 0 XM, 4 ALU Bk L BETF B — R FE . Al ATE AR A7 38 1 1)
Bit24-27(HIT1) LA & 28-31(HIT2)F B¢ B ALU T+ 508 Y ik ot 2 18] 6 I 1] 18] 8

T2 VE 2 MORR IR Il & vk, Start kb 7E TDC PIERAE N Stop Bk AL FE .

Regl =" h21xxxx = 1} 5 1st Stop Ch1-Start

Regl =" h31xxxx = 115 2nd Stop Ch1-Start

Regl =" h4lxxxx = 115 3rd Stop Ch1-Start

ALU T35 7 B [a] 8] g 4 R
HIT1-HIT2
Cal2-Call

Time = RES_X x Tref x 2CkHsDiv

RES_X=CoarseCount+

f. B A il 7 2

I BB A A 2 [ Bit27&28 (RFEDGE1&RFEDGE2), H] J I LLik 5 STOP iy A& b TH I Bl T PR HY B
M fil % (RFEDGE = 0)i& /& b Th 3% A K [ 98 [A] I firh & (RFEDGE = 1) H /7 mld i ¢ B & 4% 0 [ Bit8-
10(NEG_X)TESE—/Ni N3 11 (Start, Stopl Fl Stop2) 3 h1— P s AH 5% .

Y RFEDGE = 0 I}, NEG_X =0 JU| EFFif¥fil %, NEG_X =1 M FF#iBfilk .

g. ik

T 5] B (PINS, INTN) ) AAT AN [ (¥ HH 7905, 7E 25 A7 4 2 1) Bit29-31(EN_INT)HEAT i 4%

EN_INT= Rix&E  TrhnE

reg2 Bit29 ALU 52k it

reg2 Bit30 Uik BT 5% BT 1 KAE L

reg2 Bit31 TDC ¥LyciiiH!

AE B TERA F B, 5 —A SCK I ETHIR A7 INTN B ChIlrE D .« #rkE
Jei, FP i@ R IEARED “Init” 11k MS1022 LAE TDC fig g #:1i Start fi Stop 155 -
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>/ Lk s MS1022
22 &
Va2 J5 TDC ¥t 3 Start J@IE _E 128 — Mk 5 FFHI6 TAE, B3
« EBITHSL W B RS (R Va2 IEIE 1 L2 AT 3 ORI
o BLH BB R RS S I AE TAE . i B B A 758 3 [ Bits27828 (SEL_TIMO_MB2) K3 FE AN 7 1 3
WEIRH b DR 7 AT PR 52 8 S IR 1] o 7E AMHZ, B S B EE 10 R
SEL_TIMO_MR2 (@ 4 MHz, CIKHSDiv = 0)

=0 =64 us

=1 =256 ps
=2 =1024 ps
=3 =4096 ps

FEIS RN EESE S, TDC P P> JE IS o o 350 DA EAT A

2.3 HfE

TEMEZE R, ALU FFLRIKIE HITL R HIT2 )9 B AG BRECHE T4 45 Tk Nt 3 A7 4% - ALU R HE TG
FO V% BT T A 32 007 O[] 52 7 0 B 3 it A7 2
ALU AT V155 4 9% (1 B 1] B AL F FUR

1Rk
33V t.b.d. us
2.5V t.b.d. us

W g Y 5 S P A A B DA R TR A R WK S B AT (5 ALY FRIBT TR, 2 L% A7 RS 2,
EN_INT) . A4 g5 REEM &1 1,8 &3 m F— NS Rt B 250 f 25 B bR S8 £ v PLZEIR
DAL, Bit0-2 FEF.

2.4 2 HE

PLTE A P & 3% 4065 10110+ADDR FUAEWE I EHE 7. BB AT 32 IRIEHF CRRHERR) , MS1022 M
BT U (MSB) FF G H 45 3R

B4 B AR LA 2 BRI I 3 S 1 32 57 1R [ 5 V7 K AR 8 2 DA e 0 00 g d /A B4 57 Fg ] ]

ke o
Time = RES_X x Tref x 2CkHsDiv

)5 MS1022 TEHEAT N RN 2 J A 28 ik R IEARRS “Init” BRI LAME T TDC 1T LA IRCHT I
Start 1 Stop 15 -
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o/ Lk liesd MS1022

7Y, Stop Rk

UURAAE ST AT RAE, MS1022 A LAV E Sl . FOR B lOEE STOPL | 3 (kb i AF—
o BRMCE I LL START {5 S ONGE 5, KSR KT 10ns, N BF {8 BE 2 il i 32 48 5 1 5 AP R AE RS 51 AR
K FH P4 B0 B i BTN AR IR START AT STOP1 A RE S| B E 1.
T {E 27 /7% 4 ) DELVAL1 ,DELVAL2 Fl DELVAL3 H /T ¥ &
* DELVAL1,DELVAL2 1 DELVAL3 & 1 14 £ BEHHR 3 Al 5 A7 /INECGHR 3 28 1 1) il s 0 h e, 2 afe DA A s ik
LR A

Delaymin = DELVALX / 25 x Tref x 2ClkHsDiv
o SR IR BE IS TB] 2 3 A b A
 BEMAE DL AUR T, i HAEA BRI 2 2L AT —AMEK 3 AN
U REASIE N BT A () B Wi 2 10, JU0AS 75 222 () B B 6 A5 1) 1 0. 4 T 1Y) DEVAL i f7as #l i B
N O [RBTG5 5K A
i
4 Mhz 2%, CIkHSDiv =1
DELVAL1 =" h3200 fE start {55 200 us J& A Fo VFEEICER — ikt
(128000/32 x 250ns x 21 = 200 ps)
DELVAL2 =’ h3300 7F start {55 204 us J& A4 FCEFZICEE ANkt
(13056/32 x 250ns x 2'= 204 ps)
DELVAL1 =" h3400 7F start {55 208 us J& A4 FCEFZIERE = ANkt
(13312/32 x 250ns x 2= 208 ps)

Fi. EREARS

FHXS T MS1002 T &, MS1022 WHBEE R 1 — MRS FBLAL) AL BR N B 20, X B2 rTVE N B i
A — AN BN IR BT AR R R, XA ERR 2 KR AN LRI
Vil fdE45 0 7 I F R 1 A BB R B AN R 2 2 AN BB R A R B B A — i . BN S S —
BN JLE mv RIGH) 10-200 AN ESLEGE S . B 5 SEE — AN En@ s 2N, TNt
BAR RN SE A, HOEER ik R F R B 1 B 1/3 VCCo  BEALLI 1 30 2 AR I == 1) 7 ) >R idk
FEARF MRS . Brgdee lLEERIE S RIEER M B E R SR UM T 2my) , XA 2 &=l &
AT HR AR Ao 1 L ASC 28 1 H R 2 RO 2 Al U I 7E A i 0 7 J PR B R AT RS I o G TR R B
F, s i T ] AR A0 P 0, I8 FLUE 28 SRR A 2 L B TR B 20/ T 2 mve

B I oA E e MS1022 [ il B e HEAT Pl o ABATANZE I S e R R TR S S AT DA BRI e A
& DyFE

I iy 4 Start_TOF_Restart $4 <3 JT i — R A U IS 22 (00 &, & (R it Fe
4 MHz SgIRGAEIT S o O S5 — BB IR B BIR ) #4518 B R IR
o WSS 7% i Tk DA S IF SCRE 2 Bl Al vl
o« RSHE 5 IHIE (STOPL) ¥ H 2544 2 3% 2 1) GND;
* i Fire K5F 42 M (FIRE_Down) 2 E#: 51| GND;;
« WS 58 IE (STOP2) A A 22 B 7e HL B! Vref, TDC S5 FF7E TW2 HP T iR B [ 4L IR ;
o BT SR LB STOP2 i NAE N LI 28 it HO 3N 5
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o/ Lk liesd MS1022

* FIRE_UP iEF: 4 N E TDC /E N START 1555

« P B fire Bk E H K72 I FIRE_UP K%

 BEAE S STOP2 B L 4w B L BLAS AN L4 i — B3 5 45 2782 TDC BLITHY STOP A
ﬁ#ﬁ:

« 24 STOP Ji# il T I B )38 31 i (DELVAL),  BER TDC B 4 v &l & . 22 nl L& 3 4> STOP ik

o PR B8R o A2 ) B T 2 0 T EL AL, DL A aMhz 4R, VA U 4 i PR IR B 423 0
1B, SR R 2 b B AL

o P IOH S F AN ], BRI B S0Hz/60Hz FRSELEE s FEUCHIIN, B L0 20 Bt 2 BT ()
MREEET

« FEREIS 2 5, AH R AR R 2 7 T il 2 v P A R R — K

FIRE_UP

i _L — ] FIRE

T upP T Enable TOF_up

Transducers FIRE DOWN
_L — ] FIRE

== DOWN Enable SEL_START_FIRE

START START
1
STOP STOP1
]
| TDC
STOP2 1 STOP2
En_Analog

L o &
TOF_up

Vref

Enable

Eb 4 28 B m A% L JE offset [V E T LALL 1mV YJEREFEAT, M -8mV B +7 mV., XA B Al &
1E8% 6 H 24 DA_korrt, Bit 25-28 #4T (1, LA 2 (IAMEIERLA H .
AN 24 N FH 5 — 3 A S, T LA % 58 55— AN R 1 1 EL B 2% offset Jy+35mV,

AN S 2: 5=
MS1022 7 i EH R TR IR AR R 1 — AN I R, B T E Va2 N
PN B RRALLEE 20 (1 AR N AOASAE, X AMRAE LR offset 24 [ 33k 47 4 1) (14 22 4 HROAG I 5 — AN B 1
ik, SRR AR B — AN U AR A B SR BT G IR [ ) ToF "KATH [ Ak, B8 —AN [0 A o A 1 5
P 2 5 B0 IE AT IR TR0 2 o 1 B8 B REAT LU AR, B S MRS SR 4R . T offset Mg 7S
BEART PR, DR B b A /K S 0 T T DASE BSOS . TR & B 45— TR Thag
© BRI, VRIS, W KR
o EHENAS L AT LA e VE R R AR 2MHz B# AMHz [ 75 I 40 e A
o KA TRIALAR W] LR R A A B2 (19 A 2E 7K 2 24 o JE 3 R IIERT)
o ik g R R T DAFE B B B B LR AE T, I HLAT DURE il OB ALK T R B (S 5
« W U offset fIKHES, ILAGH T ERES
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RUNMeng TECHVOLOGY

FERR TR S AR I E,
HFE KR T, B EEE. BT
138 o & 2 B stop BE Wk B ([E E
DALVAL ¥ {H) /& A RE6% 1) HH R AT s ) A8
R\ TR E. FRZEE
AL R S A TR AT I R] B ) 22 AR AR T 1
AN FHorp— ANk s R 2
T FE S 2 DA R PR R A T . T A
SXoF T A 1 1) 2R G T P R ROk
Xz I iy >R ) 1] R AT DA I R R ) A
KT IE . (HEX T RIS RGN
KK, MR BT A E i, X
Fii s s REREIE FH T

117 H A R34 2 A5 FH i AT 4 B 35
2MHz #l AMHz B #RE2S, anib st v] BLAk
B A0 g KT 1A S I R AR
B

T ANEA — Mt L AT AE 22 AT 1R
o HURTEN E A B DU AE D & RS
B FERE N E A LIRS . X

R S BN E(E S B RO £400 mV
2| < +80 mV. £ B IR 13Xl ] 74 A 8L
F—A [ 58 offset H B iz SR AG M 58 — A4~ [
BRI, R 2 R 2 — AN IR .
HER — AN IR A IS T offset {R ¥ IS fi%
I kg = AR — A A

#IE MS1022 (15— AT DhRE, O
v P 2 (R fok e R BT ]2 A O T 28 — AN [
PRI TR, T 56 4 5 IR A T 8 T AT AR 1Y) T
FETCRAT . Rk, — S bR 1) 2 AR A
S B A 2 B T .

34k, LIRS — AN B KR 8 R AT DALE L MRS S R,

ANkt 9 ttﬁt)ﬂiﬁiﬁﬁ*ﬁ HIUE=AEi9) QL

TEE R T MS1022 45— A5 X 1 il &

MS1022

Receive signal

with no flow A /\
v V
||
| [
Fixed DELVAL | | |

(stop masking) | | ‘

TDC stops \

Receive signal

with strong flow /\
\

| \ \

Fixed DELVAL IV

(stop masking) | ‘ ‘

TDC stops

Shift ToF > Period

Receive signal

with good signal
quality /\
N /\

Receive signal Half the amplitude only

W|th bad 5|gnal

INllll\/\/
_ UL

AR % ) AR 1X
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o/ Lk liesd MS1022

1. Programmable trigger level is
set to e.g. +20 mV to get the 2nd
wave savely

2. Afterwards, it is set back
to 0 mV automatically

1 2. 3 4. 5. 6. 7. 8. 9. 10.

5. Noise suppresion \/
Time-out = no water in tube

4. Measure pulse width 1st hit and 5th hit and
i calculate the ratio

3. Automatically set masking for
e.g. 5th, 6th and 7th stop

1. kR AR RS, B — R BT 5 1 B AR IR A% HEUE offset 18 B — 1T g AR BI7KF .

DELVALL [¥] stop Bf i & 11 /& H T 4] stop Mk irix B iy (] (1 e 7, AT LK B 3 € 3 K AT B [A] stop
FREIE 2 AT HE g 2 — B il LU AR 1Y offset SN, B RIBILEINE SIAR] T offset
FIT v IR MR 7K

2. MS1022 Wl & T A — MMMk P R g . K5, RS HZ MR E offset [7] OmV. T H Y offset
IR /N T ImV 1), P DL & IR SR AR5 /N

3. LIRSS R] N B 5 i R 11U A2 7E 245 DELRELL 3 DELREL3 W &, W B B AN T 25—k Bk . 4
N # DELRELL = 3 AR ATESE — NI E R J5, Rl 55 = ANk 00 [ 1]

4. BN ) W (hwp) RIS A I 0 5%, K E N S5 — i e L &%

1E LB, 2SS 5 AR SEEE . 1 EE 28 hwpsirst wave/hwpirstror — SR /2 7E 0-1 Y0 [ 2 Y (1 35045 -
XA TCAE RN, IS4 U2 B 055 55 . (s BT DU T IR i i Re e . R AR KB a7
HREE R A RZWMUUEY, BAXAME S AT R IKENK T 0.5, A4 LATES JE il
IS K E NS

5. MS1022 42 H A BT 3 A stop ik, SRS TSR 3 AMKRIFIE, XASPRMEEF A4 4
e DL ok likax R s, 5 HLIIE AR KR I . R Bl B AL, B LT
PAST Z S B B SR AP M . TR AE MS1002 24 b FEXT a7 A7 4% 1 HT R IE 4

6. —HEBNTERBN, BABAESELM stop 5574, A offset B2 IRFFLEAS 25—
BT BRI XA, MAK RS TDC, A TDC S — Ml . Baiid: &R
HH AR S B — AN R B W AR
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Fimieng icmoiosy MS1022
FWEA N F AR E
WA | A ZH iR
3 30 EN_FIRST_WAVE 1=58 — BB, F A3 3 M 4 KA BT s L
DL 2 MG i B LR 1) offset, B ImV AL
0=0mV
1=+1mV
4 8-12 OFFS 15 = +15 mV
16 =-1mV
17=-2mV
31=-16 mV
4 13 OFFSRNG1 WANMEIN L + 20 mV [ offset E1E
4 14 OFFSRNG2 FAMEND L - 20 mV [ offset A
BrMCE 1, kA BRI B LA R RAT I ] . d KT
DELREL1 DL FE4E 63 Mk . DELRELL = 3.
3 8-25 DELREL2 DELREL1 £ DELREL3 20 B 4% 8 - FHEa A % &
DELREL3 {5411 DELREL1 = 3, DELREL2 = 4, DELREL3 = 5 & 1) & I & 55
3, B84 A 5 NIRRT
0=JF)A
1=KM
4 16 DIS_PW Jok v BE DN B Th e, LLERTT AL 8 Hhist ok, FAEA
PWIST J& —A> 8 Ar 1[5 V7 ri B, WA 1 A% (JEF o
F] 1.99).
0=_LJHiE
4 15 EDGE_FW L= TR
- BB — N IIRRURE . M BN AEREE, EEE
IR B AR B O, R R AR .
1=TF 5 THE A Bl ik
3 31 EN_AUTOCALC_MB2

171 00 ) RVEDRE 2 A7 TR 5 77 4% 4
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> LiE i
+. BENE
1. R
XFMERNH S, MS1022 H—

D T L BEOT FEU A BRI TR R B AR 2

M. 5 MS1002 #HEL, MS1022 #—

Vioa

MS1022

ANk REIRL LM B .78, ROt RS REAN IR DO FE A T 2 D) =&

73 70 T2 7 R BE M L 2 A TR A r PR AT I

AN LB B R TR R T R R

Discharge time
t~ 0.7 x Rx C, e.g. 300us
>

Cycle tlme = [TCycIe+1] x 150us (@4 MHz)

"Ny
1A AR'AAE

PTL PT2 PT3  PT4

\

2 fake + 4 port measurements

T BE N & BT A 4 A LI & S 1
CRE) BE, S350 TS5 .

Tk A 2 i 1 B /s FLBELAE AN g/ T 500
RS T H 5K AN B % i 3m
MS1022 A i] DA & P 4 il A5 B 3%, AN RERS
N 4 2% ) A% R #8 . N PTS00 X #
PT1000 A7 i 5 I & (1) kG JiE o 56 4 2 R
BRI E K ER. NH PT500 5% PT1000
AR S e, FTRAAHPIANZH BB,
)R — A2 E IR r 2% 4 K

MS1022 [ I 8 34 PT100 4% J% &= (1)
B, HEWNERREEESA TRE. £
THOLT, BATEVCKE W25 i 4 B B
MARAAERE — AN . A E R, X
A7 Bl T I T A SR A R A SR
A E AU 0 B 38 2 R

o b 2 MR RE AR IR R 1 T HOK CRIED) AV K

— O UL R T E NS B B A 1 BT

2 x PT500 / PT1000

v

edownH

SenseT

PT1

MS1022

P2

PT3
PT4

2 x PT100

o PT1
L pro MS1022
b PT3
PT4
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o/ Lk liesd MS1022

RENEETEHI TR @i PR EEEEN Start_Temp B Start_Temp_Restart. &%
Start_Temp_Restart, MS1022 ¥ <SR EP IR, IR Z [ RS ] 28R 2 50 Hz/60Hz 5 3. X2
A BT P4 50Hz/60Hz M7

P — R BEN &, MS1022 S fE PTL Ui U BEAT 2 B 8 A S Oh Il &, SRS+ PT1 > PT2 >
PT3 > PT4 ¥ify I (7 BEAT IR E M & . 76 4 Dol D E AR 2 5, hIibs S0 S E A . MS1022
AT LASZ AR S P AT R R I, X R O R A S B2 A PT4 iy R4

A NG RA SAELIR T AF 0-3 b4k F]. AR5 5 HLARYE RES_2/RES_1 A1 RES_3/RES_4 7] LAit
. Rtemp/Rref fIELAE . P B0 IR 2 RAG, A mT LASRAS AL B2 H AT I & 20 fRIR B S .

2. R E F 2R
TIAFAE 0 [ 15 £, ANZ_FAKE 8B 1 T AR I il B I & 2 S & 1 8. XN E X T o I s
Py GERIOEIN 3 OV | S S P Y
ANZ_FAKE =0 2 KRG E
ANZ_FAKE =1 8 K GilE
A AFax 0 11 16 fir, TCYCLE W& [ il I cycle time J& HIF[A]
TCYCLE =0 128 ps cycle time @ 4MHz
TCYCLE =1 512 ps cycle time @ 4MHz
AA79% 0 1 17 137,  ANZ_PORTS 2 /b /Nl R i s 11 4 2> 9t 1k o
ANZ_PORTS =0 2 Mifii [ = 1 ME s
ANZ_PORTS =1 4 Mt [ = 2 MEJEES
PFAER% 6 ) 11 2, TEMP_PORTDIR & 5t 1 I 5
TEMP_PORTDIR=0 PT1>PT2>PT3>PT4
TEMP_PORTDIR =1 PT4 >PT3>PT2>PT1
A7 6 5 7, HZ60 W B 1 L NIl & A Start_TOF_Restart fll Start_Temp_Restart fiy 4 ZEiR [ i
[EIE %
HZ60 =0 50 Hz %k
HZ60 =1 60 Hz 31
A4S 6 1) 18 A1 19 £, CYCLE_TEMP, T B T fish & 58— JCIR B I 52 1) 7 B 2% R LA 50/60Hz {0 AL
CYCLE_TEMP =0 0.5
=1 0.75
=21
=3 1.25
798 6 1) 30 £, NEG_STOP_TEMP 4> [ [A17E SenseT 42 L5 5. IXANBEEAE N FH A EL %
AT 2 R B . FEICE A I, 5D B IG AR  MS1002 [ 4S5  frk 2% FRL I 5
£ i
NEG_STOP_TEMP =0 AN [fi, #%¥F MS1002
=1 JxIn), JNFH AR AR I A A B
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Ui MS1022
3. EEFERAMBEA
AT BENSIR B MR R, BATHEREE AEE K dC/dU .. BATHEFER oG R51Z:MH
28 K FH %5 HL A F] B CfCap &5
T R IS 1) KR 2 150 ps. AL HL 2 B A% e B R H1MR
PT500: 220 nF
PT1000: 100 nF

WHE Teycle =1, LAk HE %
TE RN 2 G ASEAE ] X7R B35 FRALLI) B 2 41 K

4. HIRIEFE

K MS1022 BEAT il B2 & 5 K ) A/D e 88 B AT IR L D BEAR B, s R T FEARAIC

AT — IRGEEERR N & (2 MEKSE, 2 MR AR ARt EEN, KIFENT
2.5pA/s. WURAE 30 AEHAT — R FEN & GAE MBI EZR) , P FEAE 0.080A , ELH A
W& TV ThFERT 1/50 IEEE/N . PTS00 1L JE A8 (5 HL It N £35

5. SRR

TR I B Tk B R A S T PRI ThAE . T DA AL A B I R TT B, AR S MS1022
KRS TR 11 8012 78 1, FEXTHHRI S R A2 B A — M.
o JLPg: AH TR (R RR KL (< 8 x Tref = 2 us @ 4MHz), MS1022 ¥ 2 7EHi i & 47 25 5 A 0x0.
o ARIRIEWTG . A TRCE (T IR SR TG, MS1022 7E% H A AF #5 H1 5 N OXFFFFFFFF.
VR B IR B S PR 0 512us (Teycle = 1), 2AZ{EFS SEL_TIMO_MB2 N 2ms, 75173
B[ bR S (INTN) AT g £ H

6. 1 2 IR 2 MBI M

MS1022 FAJI5 55 I 8 A i 040 5 B A i b %) b L8 e Al 2 8 g s s S8 D [ i) o o pR T it
TR R AR RE IR B (D 2 5 NFEH RE RG22, i BRI E 4 R LB AR 25 RAE M 2 A B
Ko XA B AT DA A NTE — K H L LR WA R ZE . Bk, BATTAT DU — AN W B 10 S B
X, AR AME R ECRAME S EARE RS . W T XA R EW R

Teorr = Tuncorr/gainfactor

Teorrt 8 2 152 1E Ji5 (197308 82 485 L

Tuncorr: A TEAT 1Y 25182 1E R I FE &5

gainfactor: MYRSAIE RE, A H AN 1 KWE.

I AN RMEE T 2, R P R Ak R B, B R AR Y 74AHCLA i A REOR AY R
fith A 2% 4 SUE SR IS [) P 43 PRAIC 2 5] S 1 7 VR ZE MR ELIK) 0.05% .
AN FEASHLAEN SRR, Rl m o] 1k R4
o U BEAR RS B LA FPE (BB PTS500,PT1000)
o NSRRI R 8% (MS1022 P BB Bk ShEE 74AHC14)
*+ MS1022 L HL R
AH N RRR I RBE BT R rh R4t
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RUNMeng TECHVOLOGY

EE:

FATTRE T A0 1t 2 e ik A 9 10384 23 2 IF R BGE AR 74AHC14 P E SRR 1. HABSEHY (1] i1 74HC14)
TEAFRMERIEIE RS, ROEEEFAM Y. Kk, 5% 2T R, AT EHEE N
TAAHC14 1E R4S IR it 5 5 ik R 2%

i 1:

28 F PT1000 I B2 A& I 2%, MS1022 PN Bt R fid A #8 A 3v At s e o AR AU TR0 RS I 25 &R

#790.9931. a5 L IE 5 1 45 B vT Llodid T i AT
Teorr = Tuncorr/0.9931
i 2:

RiF PT500 5 EAL RS, AN 74AHCL4 Jiti 25 Frfi 23 F0 3.6V (L HL R . B35 230N 0.9980.
E (78 kA NSy =R RSP el ) 8 THED O M N1 ETR/AS= Wi i
Teorr = Tuncorr/ 0.9962

AN -3

MS1022 MR HRAERE A A e 22 AT 2 2 AR E 5
o fen I B — R HE IR SR IR AE DN BV L 2 A Dy TDC W& B e R RELE T 28
* 32kHz I fh—— AR P 35 I 4%

1. R RG &

I MS1022 2> 75— AN m il I e RoT AT R, AER G [ 2-8MHZ(FE UK R A PO 2-6
MHz), HEFE SR BTN AMhz. TEINEE R 2 of MS1022 3 75 22 /5 8 B 5 1 i ()0 & 56 1)
=Gy, DL R A 4R R S I A

iR — EEIRACIRE T, P TRy 260 BA. {2 5 3R 1A I & I 18] (1 I 75 BT S
MS1022 A LA ik py 3 PR B 4 o) o 4R 00 O F i B UR) o 1 R 08 Ik ¥ B 20 START_CLKHS SRSEHL. W&
START_CLKHS > 1 #4 ¥ K 2 1E & i% Start_TOF, Start_TOF_Restart, Start_Temp 5k Start_Temp_Restart i &
ZJE I RIS o AETT A Al 5 05 2 8] B B — AN B IR LRI S IR AT 78 2 RIS ) 7% 32 1A BT AR e

START_CLKHS =0  {#RIKH] £ E

=1  AIRFREIT A
=2  EiR 480 ks

Xou

=3  %EiR 1.46 ms |:|
=4 %EiE 2.44ms % Mz
=5to7 HEIR 5.14 ms pF T T e

T b T 0 AE IR AT AGRAIE S ARTE N R TT 4G 2 18 4 58 AR B IRIE . X T RS S AR R U4 IR
480 ps HLLA RS . I I ARy 2 IR T FE T LK O BRI
il

i P YR U W A D — R I )0 (25 /) o i T AR FR T R I TR AR RME 2ms o I 4 TR A
THFENJg 260 pAs x 2 ms = 0.52 pA.
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2.32.768kHz 5 52 5 §
MS1022 5 3 — A 32.768KHz (1) 1k I K¢ 42 0 7 =
FER AT I B . B BT AR Jy— A 52 LI B IR 552 7 T
U R 32.768 kHz k{7 gs 4 & A0 T TAEIRAS, 7E 3V BRI
FEAERLI N 05 pA. IR BAE E S 1 RIR I 17 k2 Ny H
3s. 32.768 kHz #3% B2 R AL 05 B4 . 7S T 32kHz BN OB 218N ow
{6k, CLKIn I A BB . rTOTTY

UEAR DB b ] AE A 5 By th 25 7138 ) B HLVE I B, B AR RS I B
SEL_TSTO1 = 7: 32 kHz 7E FIRE_IN % Jifl 41
SEL_TSTO2 = 7: 4 kHz (32kHz/8) 7 EN_START % iy Hi

() st T) DL3E i &0 38 B AR AT 7 S AR R 25 85 1 () CLK320ut B (3.6 V d5 KT AHE) -
3. Rt FnE Rk % 2%

BT 2-8MHz M BEHR G 5 AR . JRBNR, BT DUX PP IR 3 #8538 2 ARG W 51 J1 o B2 B )R %
5 K(0.3-0.5%), JFHEABEARE. Kt MS1022 £ HEAT I AR A i v PR i & DA SR AME B B4R %
A IR PR o W DUORS 1Y) 32.768kHz B g A BEHE . MS1022 M 32.768kHz [T £ 5] i Star/Stop fik
M, JFJEZN TDC TN E B 22 . 45 RAFEAE S R A AEAE T, FER AR S A B AL, B AL AT BABE Y
IEE R, ARG T H B R AR A AR R 2

TEZF A4 0 1 23 F1 22 fi7 ANZ_PER_CALRES H1 1] LU I B HEREAT I B, M RFEHEW B ALK
H START_Cal_Resonator 74 J& H IR AT #E .
failtn .

% F 4MHZ {44, CLKHSDIV=0, ANZ_PER_CALRES=1, FHi{ 45 B i% /& 122.0703125us/250ns =
488.28125 (RES_O = Ox01E84800) . Il 5 Fig & IR 5 4% A & HE W Y] 4MHz T 72 3.98MHz, Ak I =% 7R
485,83984375 (RES_0 =1E5D700). H. A HLAR S b AT 115504 1E R 402 1.005.

R AR BRI A2, EN_START L2009 iy o
4. fnfey f F bR HE
4.1 M H

XA TG HAE A T S e s/ E T AR AU R B B R A R AR R A A
KA HFE . PREYRY 5 AT AR (AR, DR ot gl ] Aol JUAN 2 o DA 10 41 (1) TAE B ()R 5
AT PAAT A B LT 100mAh 25 B I . R BEERAE IR, SR e UGS o8 Fr (0K B 1% A 5
4.2 32KHZ B4 )L 3h A B 7 SR IR R i

32kHZ BB R AR E R, RZEREE 2l SR E-UEAE 2 [0 AR B3 K29 3-5ns.
IR M ) 4 2 #4002 (Start_Cal_Resonator) A Bt B R 2. ATLA, 2495 45 Bl AR S AR vl 45 i, )
AR S AR B DS R R SR R AR I ) Sl 5 3fe LIS I 5 B (7] (ANZ_PER_CALRES)
S5 WIS ] LA o SREAS [ W AT R e, A T AL A 2 1 0 B 25 R 7 A A KL 30
4.3 RIMETEE 5 IR B i R

TEREFE P v, I 2 S ph R 7 R TR A A R AR I A0 A R I T IR B PR A B TR U
PR R 7S O AR R AR AR BRI 22, mT DT R AR R . A T R SR v I B L 2 X
AR, E ) T A% 7 B [ 00 38 A SR T [R] B D6 250 FH [F) — /AR A . R IXRE, B I
TAE BN IRAL B N 22 A 2 AN 2R HERT B B 1) 52 o I ol v A6 75 2 NS AT I 2 [A) 12471 HLAE
AT AT AH IR T
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RUNMeng TECHVOLOGY

i Bk R AR
1. R

i R T R A A BT AR AR L R A AR e A R W R B T A o IR 9 e AR AR
Bl IXANIURAE NI, e ] DL E R DLDE - 2-15 BEAT 4040 0T U AR 1-127 AN F A, A
R % RIE 15 AR, 84 8 Bk 7 51 #8n] il i 5 B A A A R R R AL .l I R s AR
Start_Cycle R it ik b R A2 4%

ik A A R AL N4 HE 3 1, FIRE_UP AT FIRE_DOWN .. M 1 72 3.3V I (R BK B BE /7 /& 96mA. Ik

G, AN HAE S T AR S R A AE S AR IE NS . i R Re b Bt i B O S A . hAh, BRI
BT BPIRES (G2 v ] AR 15 B GND IRAS

fink 8 Jok v A 25 A T DR I SRS BRI 75 v 1T DA 2 G AR AR S K P A . SR R R, BRI R
R i 7 B0 32 1) MS1022 (1 FIRE_IN i A\ 11, SR S5 807 A0 O S5 B N Hin H 22 i DX A T B e ]
A TE N AL A IR, N RRAE A FH S FRR I AN Tl fe

2. IR FHFRNIE

kAN %
ANZ_FIRE =0 SRk R A2
=1 1Mk

=2 2 Mk

=127 127 Mk
SEL_START_FIRE =1 Fire ik EL.#245 %1 TDC [1J START {55
FIREO_DEF =0 ERIAHPIRZS High_z (MS1002 %)
=1 BRUCIRZ N GND. LRSI A B AR 73, AU XA B E, N HIHERE ISRt A
R,C R HLHE

Bk
S Ik R 15 0 5L o R G T LA 9 77 98 5 47 5 SL,0 31 15 fi,
PHFIRE. 0 7% MIREIR, 1 4078 IBTBII . ki 50 M BT RO LSB T4 LA BB 47 243 MIsB 2
.
4
ANZ_FIRE =7, PHFIRE = 0x0055
1/0/1/0/1/0/1/0/0{0/0/0/0 0/0

B % B PR AT
fik b R A B AR NS 5 fireclkd & M I B CLKHS AT I 56 1 23 47 A # DIV_CLKHS 3L 175 H 1 .
Pulse-Generator
Firel
CLKHS 1 fﬂreclkl 1 Phase- 1 f:ﬁreclkz Fire-
n 0.5 shift ” ML Generator |  Fire2
DIV_CLKHS frequency ANZ_FIRE
doubling
DIS_PHASESHIFT — PHASE_FIRE 1i/3
CONF_FIRE
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SRS Bh ) S e i AT (540, SRS HH DIV_FIRE #E4T 4341
DIV FIRE= 0 AARYF
=1 [&RPL2
=15 F&LL 16
W B A 5 1 Bit 27 £A7(DIS_PHASESHIFT) R WS AH AL FE B Dy Rk,  IX AT RER 2 I N oh e 75 DA
FE J5 THT 135 224 v B0 0 PR A T 18 75 B A1
DIS_PHASESHIFT = 0 3 ZhAe I3
DIS_PHASESHIFT = 1 ##hIh#E < ]

2
DIV_FIRE+1

ffireclkz =fﬁreclkl

firecia FHRAE A A K i 5 72 25 4 HY 2247 24 F FIRE_UP/FIRE_DOWN {5 5 (2% (55

f [1 [1 [1 [1
fireclk2 i i i |
> : : :
i Tfirecll:kz ! ! !
frirer 4 | | | | |
Fire2 ! ! ! ! !
>
TFirél / FireZI

an R R 220 T A Threake B 20 A H R 28 — N kb H ip—ANE 4 FIRE_UP/FIRE_DOWN % tH /Y
AL 57— AME AR
0

CLKHS =4 MHz, DIV_CLKHS =1, DIV_FIRE =1
2

Xx——  =)MHz
DIV_FIRE+1
FIRE_UP / FIRE_DOWN % 15 5 fr) s KA %

ffirecIkZ =fﬁr(—:clkl

1
fFirel/FireZ = E x ffirecIkZ = 1MHZ

iy tH Ok By«
AJ DAZE 2947 2% 5 ] Bits 29-31(CONF_FIRE) ¥ & % 1 3K 5 -
Bit31=1 FIRE_BOTH (¥£ FIRE_DOWN {55 _F#E47  [1])
Bit30=1 FIRE_Up JI/i
Bit 29 =2 FIRE_Down JI /3
kIR (3D -
FEZFAF 2% 5 1) Bits 24-26(REPEAT_FIRE) ] L4t Bk e 41 I A6 2R 1k 58«
REPEAT_FIRE = 0 A&
1 &3 1K

=7 fEH 7k
MS1022 H #HE 7 ANZ_FIRE *H 1 B IRk PN 2. Wi SR 7E Sus P& BB Bk, 0 Ms1022 £
ik e 3 b B Ja — ANk
TR TR PR A B RE BL R ASREAE I I Th A o — s B R 7 URAE PA A A TR B i
MS1022 [l & 3
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> 7, 22 HA 7
Ui MS1022
+. BRERIEL

MRV 14, MS1022 #Eft T HRIEWI GBI ThRE . B B A7 A 1 [ 15(EN_FAST_INIT)= 1, b
br&E 2 HBh WAL TDC. (R AR U BB I TDC 5t D4 Ml I HEAT R & T« XM K& T
N XX T RAE A STOP 5 5 AR el E A N I H&E & .

+—. BERT

WA P A IR RO A T E R m I R A R, WA FE BoR e 2 g R, MR, B
POZAR ML —Ls “Ma s DUE TDC Rt il 26 1A A S AP IR AEEARIE . X T8 S 22 AN Re kAT L ER A,
5 YUK 2 B 5 SR AE () — AN BN AU A

sk e AL A A5 0 B A 2t T P I S . WS B GHE START Bin— /NN mFE & . X R I
& F T TDC # Wt B — 7 START 15 5 4R Jo il & STOP1 A1 STOP2 22 [a) ) i 22 fy 82 FH o Bb 3ot i B
50O .

I 5 E A AEES 5 1) 20 S7Z(EN_STARTNOISE )= 1 AJ DLJT Ji e 5 #A T
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FE 7B YR B 2R B SR N
1. R

MS1022 5 & A K ThFEHE A P A R I BT RN FH o |l TR P9 I Th R, 466 5 — U | s AR
TR, kS P55 U 5 0 Jhk v R 2B 2% BT 5%, LU B 2%, STOP Bt i T 11 T A DA% A sl A2 v 25 AN 75 2 M58 o
— AR AL (TEFE ADD BT AR AT SR FE I i

I 2 R T DL AR R 8, RSE T DU B R R N . R ER BoR T — A S ) R I AR R N
MS1022 B it FHEAN HL %

Piezo
330R
} I =
330R ‘ ,*T O
y on] o - U
A n (&} n D
g T Diagnosis o g
1 A—& ‘ | Piezo
108 o —O0—O0—0—0—0— 00—,
— -
‘ > 4 Mhz. o EE o U0 N o
ceramic g g é g 5 é é é Temperature cold
1o i R =) 8 0B, 1 PT1000
‘47U po 1 . 560K XIN 5 E, 5 PT1 © —}
—
- - ==l | ¢ xout PT2 © . O
TooF - VIC-¢ vio VIO o VIO | 0 PT1000
P = "
—o0 GND MS1022 GND o 3 ‘emperature hot
© FIRE_UP PT3 o~ l,k
o FIRE_DOWN PT4 ot
3HZ__o FIREIN LOADT & {
——o INT 'é  SENSET o/  100n=—
z x g o 89 —
PO .0B O3S
woHovwoneae>0 0
— — oo —o0—
| Bj L
MS616F512 | — !
{ 32kHz S00nA
10pF L 10pF

21487 HE PN IR 53 9 i 7 LR A e AR AR ST A (AN B e B A
o TER 7S I IR R AR X P AE s L M 28 e e 2 5 21— X L BEL AT L2
o FE R LI B B AR 1 v AN R A — AN IRLE AR 8 B BH DA I HL A
* AE ARG B EATNIE R T — A 32.768Khz A1 & di iR LA & — > 4M PR 28 S 4%« FIRE_IN & JImS DLA T
32.768KHz ik 1% H 9k B . PRI BLAS 75 B — MR DR 4R 3 2% -
o S YR 0 DU 7 N P 5 HE 2 R4S VT AT VIO FE . 43 Bl — AN /N H B R BEAT 4 B
ST EE 11 MR ok AT B & AR .
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2. FHASPHARE

AR B Eiipa

ANZ_FIRE = 10 (B W% /745 6 MIULHA).

DIV_FIRE = 3, kit &K B0 = 4 MHz/4 = 1.0 MHz.

ANZ_PER_CALRES =0, 4MHz @ #fzi# it — X 61.035us HIMI &3 TR HE
DIV_CLKHS = 0, 4 MHz P & & J 8 HHAS 20 S50 Ay A S b
START_CLKHS = 2, Fi B4k % o 1) JE R S5 A7 16 [R] Oy 480Ks

ANZ_PORT =1, W FH BT A 1) 4 AN B D i 11

TCYCLE =1, 512 ps 1 i 5 I 5 (1 9 B 7] o

ANZ_FAKE =0, 2 il FE B &

SEL_ECLK_TMP =1, % Ffl 4MHz {8 s SCIEL P I s 1 BRI (] o
CALIBRATE = 1, EMI &5 [l 2 WAEIF S .

NO_CAL_AUTO =0, 7EJ &y [l 2 LI BN B i

MESSB2 = 1, JF R Iy [ 2 P > 2 ps (R 2.
NEG_STOP/NEGSTART = 0, fiT A3 il X+ b T ek

#VE: R Start_TOF EUUKF START_CLKHS=1, HR5E MG
HIT2 =2, HIT1 = 1: 7EM &G 2 715 1. Stop - Start.

EN_FAST_Init = 0, <[4 HITIN2 = 0,

HITINL = 4, Jll & 3 4> stop ki (7EM &G 2 H, start L —M kAN 4k,
ALy 4 Ak .

1 " h21444000 | CURR32K =0, M FHERIA .

SEL_START_FIRE = 1, it iy W i fire ikl EL4ZUK S start {55 .
SEL_TSTO2 =0, EN_START JF )5 .

SEL_TSTO1 =0, FIRE_IN % JHSCA Bk N -

£ZYE: IR E, Fire_in AT EN_Start X MEHA GRS .
EN_INT = b0101, * Wrid it i [ 36 H, ALU 115 4550 (S L2 A7 4% 6).
RFEDGE1 = RFEDGE2 = 0, {3 Ff_EFH¥ft

DELVAL1 = 8960, & — M RSN [B] /2 7E 70 pus 2 )5 .

B A DARYE BRI 45 5 5% 8 DELVALL {H (BIEERA EDD &
EN_AUTOCALC = 1, HETH A 3 ANkt

EN_FIRST_WAVE = 1, JF 3 55— A AL .

EN_ERR_VAL = 0, 4 [ Hi B, 71 285 SR 25 A7 48 5 N\ OXFFFFffef

3 ’ hD0510300 | SEL_TIMO_MB2 =2, {£ start ikiF 5 1024 Hs AU H(E 5 % H
DELREL1 = 3, DELREL2 = 4, DELREL3 = 5, 7EURC FI 55— 2 J5 26 3, 56 4 I
%5 54 stop kit

B A MRIE S — 5 BORBHAT BB B J LA stop ki
DIS_PW =0, ik 5 B2 & 45 T 5

EDGE_PW =0, £ b FHF il & ik i 96 5

4 " h20004A00 | OFFSRNG2 = 0, N & fi1H [f] offset

OFFSRNG1 = 1, OFFS = 10: & offset /54 =20 mV + 10 mV = 30 mV
B offset {6 7] DAMRHE LB 1 B A5 5 BB AT HE

0 ’ hA30B6800

2 " hA0230000
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=Y Tl

limeng recmoioct MS1022
AR 1B ik
CON_FIRE =2, %[ FIRE_UP, FIRE_DOWN = J 3. N T
Start_TOF_Restart #¢{EH5, J4 FIRE_UP H1 FIRE_DOWN K239 58 # 1
T BRI E . R BATRR SR E IR T — IR NI E
£ (FIRE_DOWN = JIJ3).
5 ’ h50000000 | EN_STARTNOISE =0, J7F 5 .
DIS_PHASESHIFT = 0, M 75 B 0 i Sk U PR IR R AR %
REPEAT_FIRE = 0, o7 F ik
PHASE_FIRE = 0, 7£ & S Jik i 24 it A o8 HoAR AL
BE: WEEH start_TOF, FEBIRKE CON_FIRE=1 #1475 — KR
EN_ANALOG = 1, I FH PN ER A 4D L AT 28 FRLEE
NEG_STOP_TEMP = 1, ¥ FH P 8t 2% AR fish % #5952 1 & DA_KORR=0, £
ZAA7 A% 4 Rk B LA offset.
TW2 = 3, 300 ps ZEIR >R 45 =il A 3T 78 .
EN_INT = b1101, 17 1 time_out, ALU ready ( L2777 %% 6).
START_CLKHS = 2, M % 4I% 35 25 (1 J JR T [E] 2 480 ps(Z WL 35 /748 0) o
CYCLE_TEMP = 2, /£ P /NIl & 2 [ i 2E3R8 N 524 1.0 .
CYCLE_TOF = 2, 75 /™ 75 Y B 22 Il it 2 [) B2 FH ZE B 524K 1.0
; ' heocosono | 280 =0, 50 He PR 2
FIREO_DEF = 1,245 F P 4 #5480 H B i 4 20 I QUAD_RES = 1, % fH] 17 ps
IR
DOUBLE_RES = 0
TEMP_PORTDIR = 0, A ¢ 3 B I & 55
ANZ_FIRE = 10 ([F]i 2 L2717 8% 0 fITERH) .
&V¥: FEfEF start_TOF_Restart #/EfG A} CYCLE_TOF=0, HZ60=0; XA
FX AT (EWATIED (RIRGRT E A& 8.3MS; [FIREZEMEA
Start_Temp_Restart #/ETBE}, CYCLE_TEMP=0, HZ60=0, W§{XiEENE
1] R B[R] 9 B K 8.3M1S
3. MERRE
LEEN:
Ki%sS0=" hs50
TR P

J%i% SO =" h03 Start_Cal_Resonator

Check-loop INTN =0 ?

3% SO =" hBO,iZzHL SI = RES_O

Rt %0 = 61.035/RES_O

MEFEF:

T RE I B BB 30 Ab e —Ik:
JZi% SO =" h02 Start_Temp

Check-loop INTN =0 ?

B 3 BE R B A B R A & AT : V2.0 2021.12.02
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K% SO =" hB4, ZHL SI = STAT
STAT&’ h1EOQO0 > 0: -> Error routine
3% SO =" hBO, 8L SI = RES_O

#i% SO =" hB1, iEHL SI = RES_1

#i% SO =" hB2, iEHL Sl = RES_2

#i% SO =" hB3, iZHL SI = RES_3
Rhot/Rref = RES_O/RES_1

Rcold/Rref = RES_3/RES_2

BB LA P A% o A R NI
B2 R0 B — AT IR [R] [R) -
Ki% S0 =" h70 Initialize TDC

3% SO =" hO5 Start_TOF_Restart
Check-loop INTN = 0? (_L-i}# TOF)

K% SO =" hB4, ZHL SI = STAT
STAT&’ h0600 > 0: -> Error routine,
timeout = 2% & B,

#i% SO =" hB3, iHL SI = RES_3
Ki%so=" h70 ¥liH1k TDC
Check-loop INTN = 0? ("R TOF)

K% SO =" hB4, ZHL SI = STAT
STAT&’ h0600 > 0: -> Error routine
#i% SO =" hB3, iHL SI = RES_3

B HLEAE W] DL U6 AT B4 A PR AR 5 v S A BRI B R 1
AL Rk 5 A A T R

K% SO =" hBS8, iHHL SI = PW1ST

W PW1ST < 0.3 {5 5 K55, MR k&S
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