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MSKSEMI MTDC-GP22S

SEMICONDUCTOR
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HhEE LS . RTINS PRGN T A AR TR, (P TIURE I RS o SR I — AN Bk e AR SERE, AT B
A WS SRR . WX AR, ATLUHIB A R peas 7 . WEREE MY L . K P A URERERE L.
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® AIHIEXUNG R 45ps
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® XURSERLA 45ps, PUKEEEREEN 22. Bps
® EJEE 3.5nsOns) & 2.4us ® JIEJi 500ns &£ 4ms (4M GEEETER T
® 20ns f/hkehlEkE, mZPTER 4 Ak o TlE 3 Akt JERTEZNGEE 3 ANEURE
e PNGEL R BREWE:
® A ® 2 El 4 MRELEEE, PT500/PT1000 B
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®  nJN S — U I kv v PN T BE It 5 Rl R %
o BRI T NI BT BEIIEE (45 30 ARE—KRTA 0.08 1w A
1. 2R FHYE
o AWM ER. KFE
® WOGMEE
2. HIFFRC
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2. 25| IR
2. 2. 15| i ~EHE

MTDC-GP22S

Z 5 5
GI E g g 2 % oY
zZ 5 5 s &6 5 & &
e S - 23 8Kk 84
XIN 1 24| PT1
XOUT 2 23 PT2
VIO 3 22 VIO
GND 4 21 GND
FIREUP | 5 20| pT3
RIRE_ DOWN 6 19 PT4
FIRE_IN 7 18 LOADT
INTN | 8 17 | SENSET
o 2 - & 2 ¥ 22
C o
)
2. 2. 25| I BA
3% EWHE i
1 XIN AR, RAEHRHEE GND
2 XOUT e R
3 VIO i 1 L Y
4 GND Hh
5 FIRE_UP ik g 1
6 FIRE_DOWN fikb R G 2
7 FIRE_IN CHEINET A S NRI, ARRREE GND
8 INTN bR, RESFA
9 SSN RATEE L MWLIERE, ARHTA R
10 SCK R AT LT iy
11 SI FRATH VBN
12 SO TR D S
13 RSTN RGEAHN, (KA
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Gl =4 P P

14 vee PR HLUR

15 CLK320UT 32kHz I piigE, AAE I B

16 CLK32IN 32kHz  BPEMIN, ARAEHE4E  GND

17 SENSET R EN, ARIEHEE:  GND

18 LOADT TREEM R, RS

19 PT4 TR SR 4

20 PT3 TREEN &G 3

21 GND Hh

22 VIO i 1 LR

23 PT2 TREEN S 2

24 PT1 BRI EN 1

25 EN_STOP2 Stop JEIE 2 fERENGID, mHSFAR, REHBEE VIO
26 EN_STOP1 Stop & 1 fEgEswH, =HEAPFAR, REHEE VIO
27 STOP2 Stop JHIE 2, AMHEE: GND

28 GND i

29 Ve A% FLI

30 STOP1 Stop IHIE 1, KRAFHRHE GND

31 START Start HiE, AMEHEE: GND

32 EN_START Start JEIEfERE, SHECPER, REARE VIO

Copyright®© Msksemi Incorporated

www.msksemi.com


http://www.msksemi.com

MSKSEMI MTDC-GP22S

SEMICONDUC TOR
3. IDRefEiR
3.1 RMEE N FFRSE
3.1.1. EBEEHEFS

MTDC-GP22SE 7 H 32 IR ES7ES. BASERNE 24 (MEFARKIZE MTDC-GP22SHIELEIRIE, Rn
BN, & 8ALBETF=R ID, aJLiES.

1788 0 (it 0)

S | ERAE S ik iRE
31 0 B fire ORGP, ER3 ML | 0=XiF
30 0 £25 6 higE, 1=1 Nk
ANZ FIRE[3:0] L Tﬁﬁ%ﬁ FIgE N Mk
29 1 EHREBKR N ANZ _FIRE>15, MAEALE | ...
8 0 & PHFIRE ABERIF. 127=127 NBKH
27 0 0=A5>40
26 0 . N . v | 172957
> 1 DIV_FIRE RE RS S TRIS SAEEL
24 0 15=16 995
23 0 0=2 N EHA=61.035ps
REREEERR 1=4 AERI=122.07
ANZ PER CALRES eGSR K Hs
” 0 - - BY 32k ATEhEIEREL 2=8 /NEHA=244.14ps
3=16 /\FEH=488.281ps
21 I8 CLKHS 0=TF%4A, 1=2 P4F
DIV CLKHS . KRB ) Nyl bayiil
20 - RS E RIS SRE LY 2=4 340, 3=4 547
o X 0=&iRX7
0| o SRR SR A, m A,
FER: VBB START_CLKHS OB )E:})EE‘F 482
= I \ S
START _CLKHS[1:0] EITS17E8 6 195 20 iz, n L g
. s 3=/3IRIER 1.46ms
LG EEEIATEI 2.44ms 1 5.14ms A, A
18 1 SRS 1 4=EHRIER 2.44ms
1] \4 'L N
ISR 5 ) 7=SHRIER 5.14ms
0=2 NEENEiwxO (PT1F1PT2)
17 1 ANZ PORT R R S A 2
| WERENERHROL 124 NEENEEO
. 0 TOYCLE P 0=128pus@4MHz
N ; \ M| B
I 5im/E N =01 | 1=512us@AMHz (HE75)
0=2 A hNE
1 ANZ FAKE BRI SRS U R E
5 0 . ) MEFIASARSNEIREL 1=7 WIRS LR
N N 0=R7F8 32.768kHz {ERT4M
EFRRENZEAER .
14 1 SEL ECLK TMP N 1=RIF8 128x CLKHS {EJ9RdEH
- - cycle RIS E(ES .
[EER (£ AMHz RIRA9RHES 32us)
0=RHEXT ((NNEBE 1 F21F)
13 1 CALIBRATE FE/%13 ALU IRt o
= ' 1= ROEFFRE GER)

Copyright®© Msksemi Incorporated

www.msksemi.com


http://www.msksemi.com

MSKSEMI MTDC-GP22S

SEMICONDUCTOR

fii | EIME 84 iz RE
) TDC O=TENRSEsIRA
12| o0 NO_CAL AUTO 9\?_)?_/9&?_ o E\* Jif_ﬁgfp&ﬁ
- FIE{TRIBIRE 1=K BNRERE
o= E;H' 1
T MESSB2 PR ESEE 2 i
1= 2
O=FFRAMAES- LG
10| o0 NEG_STOP2 R[4 stop i@is 2 A N .
- P 1= REBNES- TR
0= ERMAEWNES—LFE
9 0 NEG_STOP1 [z stop i@iE 1 A N .
- P 1=REHHNES- TR
0= ERMAEWNES—LFE
8 0 NEG_START & start @& 1 HA N .
- 1=REWMNES-TEE
7-0 0 IDO BHf, fIieIFERESE
SFes 1 (bt 1)
fii | BAE 84 A 28
31 0 MRange1:
N . O=Start MRange2:
N 18 ALU SRR RN e o
, HIT2 MRange1: HIT1-HIT2 2_2‘5 P i et pcm
= =2.9510
o1 0 MRange2: HIT2-HIT1 ~top P
3=3.Stop Ch1 4=3.Stop Ch1
28 | 1 4=45top Chf
= | o 5=FaE
6=Cal1 Ch1
26 | 1 98 ALU HHEERNAR 7=Cal2 Ch1
MRange2:
HIT1 MRange1: HIT1-HIT2 9=1.Stop Ch2
25 0 1=Start
MRange2: HIT2-HIT1 A=2.Stop Ch2
B=3.
” 1 3.Stop Ch2
C=4.Stop Ch2
0=2X{71Thge
23| 0 EN_FAST INIT | @B HhE A IhAE
FAST_ REREAHIAE e
22 1 RISEOAE
21 0 O=stop i@EXF]
20 0 HITIN2 RE stop \i& 2 AYTRERRKITEL 1=1 ik
19| 0 2=2 Mk
18| 0 3=3 Mgk
17 | 0 HITINT iE stop 1BIE 1 AOFRHRBKITEL 4=4 B
16 0 5% 7=AIFIRE
28 32kHz SRR, R |
15 1 CURR32K W, ORISR, ke | %f't“
FLMRESIRERS T, e
fire Bk TDC start, %4=1/F, | O=iBIHMERfA Start
" 0 SEL START FIRE ire fxihftA s ar é A %_3_9!*:.!3%%75 ar
- - HMEB Start ERIEINEHIKA, 1=181d fire UEPfLA Start
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fii |BME 24 ik RE
0=EN_START IjAg,
1370 EN_START 8, M START SIAFF/S
P ——— 1=START TDC #iH
:\1 START mmi%%mijl:‘ﬂ’] 2=5TOP1 TDCitt
o ~EIEEH
12 o - = 3=STOP2 TDC
SEL TSTO2 i, WS SEL TSTOP2>0, BRA o e
e . 4=BENEFIHESHEH
EN_START WERIERIRERSE
T B\ START H 57 5=34 TOF DOWN R, K{EFBE, 24
" A HATTIR. TOF_UP BY, HESeBsE
11 0 6=n.c.  NEE
7=4kHz (32kHz/8) Bf%h
O=Fire_in ThEE, AINERY Fire in A
10 | 0 .
1=START TDC it
IS FIRE IN SHIEITIEE, -
§ﬁ|Nﬁii§$?ﬁ* el B
=] NEIE NE:T]
- S 3_sTOP2 TDC Bt
9 0 SEL TSTO1 H, PR ———
S0 SEL TSTOT>1, B4 FIRE IN | - e st TRl S R
N e e >~ DELVAL ISR EN.STOP, it
s | o RS . 6= TRl LR BB
7=32kHz clock
7-0 0 ID1 BHfGL, FluinEEREASE
SFEE 2 (bt 2)
{ivd EOAE 2% fik wE
31 0 RETHA Bit31: Timeout chlFfsA& (I
30 0 EN_INT[2:0] | 1: FrS Bit30: End Hits FREFfmA R
29 1 0: *i7 Bit29: ALU thiffbs (i
NV -
-8 0 RFEDGE? 1BiE 2 E’Jﬂmﬁﬂr}% (&BN1E, &
732 0 4955 10 ) 0=_HFH TS
e AN N 3§ = 1= ORISR
- 0 RFEDGET i 1 A58 n'sf *ri (BBHR1E & FHOREEG
7788 0 {038 9 (50
RE{FRE stop SF—MKHEERT, LA start
26-8 0 DELVAL1 | BHIiEsaFFaitey. B4 14 fE%E8 | DELVAL1=0 | 16383.96875
7, 5 RNEERD, FERTD Tref A=Y,
7-0 0 ID2 BHEf, fUIREERSSSE

H1FeE 3 (ki 3)

@& EN_FIRST WAVE = 0:

iz AiME sH g "8
REBNTEMEITNEE. FRXLNELES 0=37

31 0 EN_AUTOCALC MB2 | REFIAENEIEREE 4 Hch, HIHEE( 1:F N
FEMRSEE 2 K e
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fi HAME 2% ik 28
REFREHNERGUEE, MR 0o
30 0 EN_FIRST WAVE | EN FIRST WAVE=1, 5772 3 ISGEX 4 & .
HRIEL. -
IR EE R A S\ OxFFFFFFFF &k 0=}
29 0 EN ERR VAL EEIETIEE&H:.‘FI‘EE%J‘E)\ X FlER X
- HiFes 1=Fg3
0=64us
28 1 1=256ps
SEL_TIMO_MB2 RENETE 2 HHaE 2=1024ps
27 1 3=4096p5
@4MHz CIkHS
XE{FRE stop S5 _/MKEERT, LA start Bxids
26-8 0 DELVAL2 ﬁﬁzzmp i;fji;zﬁﬁi sr{*ﬁﬁgﬁ DELVAL2=0 %)
- = o = \[3E ' YZANS
TR (T RESARR > BIERARR | 16383.96875
. HERTA Tref B9fZ2L,
7-0 0 ID3 Bl GIAEERASE
{88 EN_FIRST WAVE = 1:
{3 EIME e 3% RE
REBEMTEREKTUEE. FTXY 0= %
31 0 EN_AUTOCALC_MB2 | MELRINEBNIILERESFE 4 5. 1= 7R
TR EIENEEE 2 hEX -
REF S LSRR UTIEE, 0= 27
30 0 EN_FIRST WAVE | #n5% EN_FIRST WAVE=1, |-
SR 3 ] SR 4 2ERENL. -
e SHEIN =i 0= X
29 0 EN ERR VAL REFEEETEFISA X
- OXFFFFFFFF F4ER277E8 1= F8
0 =64 ps
28 L 1 =256 ps
SEL_TIMO_MB2 IRENETE 2 EHtE 2 = 1024 ps
@ 4 MHz CIkHS
26 0 RIFEOAE
BN SIS, Nk hE 3N 5% 63
2520 0 DELREL3 WENHE—EENE, SN KRR I 3|
STOP {52 DELREL3 > DELREL2
RENEHE—RIENE, SNAKTES 2 4 | 4 3 63
19-14 0 DELREL? WENHE—EENE, SN KRR I 3|
STOP {52 DELREL2 > DELREL1
IEEMFEERE—EREE, S =] 1
13-8 0 DELREL1 1§E}>}\TGE‘Z;% ieliE, SIVNKE 258 3 7 63
4 STOP {52
7-0 0 ID3 BHfi, fUAFERASSE
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H1F£ 4 (fbt 4)
{28 EN_FIRST WAVE=0:
{iv2 EHAE S ik wE
31-27 4 RIFEOAE
RE(FRE stop SE="MKHIERTS, LA start Bxdofe -
268 0 DELVAL3 | ASFFHATHRY. 68 14 (EEsERs, 5 RuINSERS DELVAL3=0 |
mITARLIHS e o AR 16383.96875
ZERTA Tref BOZEK.
7-0 0 ID4 BRI, FUNAFREREASE
{28 EN_FIRST WAVE=1:
{iv2 EHAME 24 g wE
31-27 4 RSENAE
26-17 0 FEEAE
O=FEikh=ENE
16 0 DIS PW S BRI AL
3 REKTEENEINEE -
B EE— R RERE, = bFHA
is 0 EDGE FW Tx%?% &T_LXJEI.:]L A _TEE X \ 0 J:FI-\.::
- WER T AMANRARENREE Y. 1=TF&G
0=
14 0 OFFSRNG2 | i@ EBLViREE offset+20mV X
1=F3
0=xi7
13 0 OFFSRNG1 | i@BLARER offset-20mV
IRELVERSE offset-20m .
0=0mV
1=+1mV
1.8 0 OFFS KBRS offset (B2, 2 AUMIIRE, B | 15=+15mV
9 1TmV 16=-16mV
17=-15mV
31=-1mV
7-0 0 ID4 BHfM, BFIAEERASE
H1FEE 5 (i 5)
fz EAME 28 fEik wE
31 0 Bit31=1: 2 MERIFF
30 0 CONF FIRE PR ESHYEHIR E gircn FIRE DOWN)
- 3 b011 FRETLURE Bit30=1: FFS@IH FIRE UP
29 0 Bit29=1: F=54itt FIRE_DOWN
1=FFBIRE$EIT
28 0 EN STARTNOISE | i8% start iBE(S2004MNMERS
_ RE start BEESHIIMNNERS 0= XA
WEEMRSEBAETT,
WM MTDC-GP22S&ER ¢4 . e
S FHHEE S o
27 0 DIS PHASESHIFT | tartBHhBRHRE(EIRNIE fire 1523 start) -SRI
= 705 \v2
| EILFFRXAATT, BT IR
REFRRE,
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faz EME S fiR wE
26 0 0=FEES
. . " 1=1X&EE
25 0 REPEAT FIRE | IREFRINERIBKTFFINESIREL
24 0 7=7 RES
15 X v N /\ % AY % = [\
23-8 0 PHEIRE 12%371143*?1&\, 5(]:1 5 J‘EIIEFE'J%IEPJ?_W 0=AHE
RIS NI TIRAIRE 1=[a
7-0 0 ID5 BRI, flUAFEREASE
H1F2 6 (bt 6)
i | BAE 28 g wE
RERLINZEINEE
O=1EHLMEXF (STOP1 #1 STOP2
TSNS, SO GATEMEE | L o ERA
31 0 EN_ANALOG . . FEEFIRNG)
{REEELATS &R, 722 STOP1 #1 STOP2 .
RSN adi
O=RI S ERIE SRl R 28 (=
30 0 NEG STOP TEMP | [&[a SenseT BIA{ES 74HC14)
1= R RS ER Sl A 28
29 0 REFEOAE
28 0 15=-1mV 7=7mV
27 0 . N 14=-2mV 6=6mV
RELEEE, offset M-8mV E|+7mV, LA
26 0 DA_KORR R
9=-7mV 1=1mV
25| 0 8=-8mV 0=0mV
24 0 REEFEGAE
ZEERATE]:
2 ° R T SR 0=90us
TW2 BRSITIEIRPRR, 1=120ps
STOP i RC EBRRYFEHATE]
22 0 2=150us
3=300us
21 0 REEFEGAE
0=x[7
1=$ 547
1 _E\E_\El_“ \E_‘i‘_—‘-o = [E\R
20 0 START CLKHS[2] IQ%HJEEE})EH’JFT’EETEE’JHEH&L 2=480us ZER
- RAESFSR 0 hiRE 3=1.46ms
4=2.44ms
5% 7=5.14ms
19 0 i B R REEHERTEE, =
CYCLE TEMP Tx%%ﬂ?i%_u\ LU%'E’JEH'J%% 0=1
18 0 - RE(E 50/60Hz BISE 1=15
17 O 1 —RBT ;T”E\'_H\ 2=2
CYCLE TOF 1&5@?&%_//\%@ AJgEqEHj%%,
16 0 - BB 50Hz/60Hz BIfEy 3=25
15 0 HZ60 WERRNEZ BRIERES], 0=50Hz &EHH, 20ms
B35 50Hz 5 60Hz Bh 1=60Hz JERE, 16.67ms
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fii | EME 1 sk -
Ya® f \ﬁ\E S . \mﬂ J ~%<\° OZH h—Z
14 o0 FREQ DEF | o e EIBEEATAFITHIAIAR ig
B LFFEEINER, YZE 1 1=
ITENETE 2 PIENEEERS 45, | 0=X[Z
13 0 QUAD RES RENEEE 2 PENEEERS 4 15 %A
N M 90ps &l 22ps 1=F/2
RENEEE 2 FREUEEERS 215, | 0=X4
12 0 DOUBLE RES RENSEE 2 FENERERS 2 5 X7
N M 90ps F| 45ps 1=Ffa

0=PT1>PT2>PT3>PT4
1=PT4>PT3>PT2>PT1
10 0=2X7]

RE fire B MIRIS 3 i, (R4 B | 1=1 MK

11 TEMP_PORTDIR | iRERENEHONEINF

? ANZ FIRE[6:4] | 257788 0, #15 ANZ FIRE>15, BBATITF | 2=2 N
8 BRHERIAIRE, PHFIRE BABEY
127=127 ki
7-0 0 ID6 BEfz, FIRIFERASE

3.1.2. EHES
ERSERINSHEREAT LUBT AIXRIED OxBX #HTIEL. BESREIEARR, A4, 28& 157,
HEEST TR ID HFRAAILUBT RIXERFR 0xB7 HHTIZEL. X ME(FDISRLLID0, ID1..1D6 MIRFLE 7
4 bytes BIER. NESAFHRKIE.

kit ws vz 3%
MELER 1, BEZFRE, 16 IEBHEBS, 16 fI/NEERD
0xBO RES 0 32
- 215 20' 2-1 2-16

0xB1 RES 1 32 MELER 2, BEIEFERE, 16 ((EBEEPD, 16 f/NERD
0xB2 RES 2 32 MELER 3, BEIEFERE, 16 ((EBEERD, 16 f/NERD
0xB3 RES 3 32 MELER 4, BEIEFRE, 16 (EBEERD, 16 f/NERD

12 BENEEH 8-6 BiE 2 BERIpkhEs
0xB4 STAT 13 11 BENE TS 5-3 BiE 1 EERpkhEs

10 FRETTEEH 2-0 SRR

9 TDC BTt
0xB5 REG 1 8 1728 1 PIYE 8 i, FRLAEE
0xB8 | PWI1ST 8 PEERNELYE, BEFaE, S50, Hit 7 (/)

3.1.2.1. ZRFFHE

RETNESTEE 1 R4 TR RE.

MNETE 2 FREEE, UEFSERHIL.

RENETE 1 FARTLIATIFRENR.,

ENETEE 1 PRAENER, HUEERAEATRMOERHER. MR ZEX TR R,
W ALV ‘@A AN AR S Fes RS A OXFFFFFFFF,
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METEE 1, KERT (Calibrate=1)

WELRZEREEERTERIREE, ARBEER S TIMNBEERIIPERLA DIV_CLKHS (RO3A. 2 531, 4 5450) .
RIHEER 32 (ERE, B 16 EHF 16 A/NAER. Rt—MUEESBE— M ERSFE. HITRHNESA (2'°)
FHE, RRAL (276) 455K, #UREL 2 RIAMBRZAFHE.

Time =RES X x Tref x N,N=1,2 & 4
Time < 2 x Tref x 2CkHSDiv

METBE 1, IEROEE(Calibrate = 0)
IEROEERHENEFSEL, LL 16 (EMNFIHWEEEER SN 16 . EREFEAME 16 g8 0. Fr
PATEIERO ST T LA RSERY 16 {3,

Time = RES_X x 90ps

MEEE 2

ENETEE 2 1, MTDC-GP22SAZFHENE. MELRENIPEENTTELREE, NEEETPSTINEE
RIERBRLA DIV_CLKHS (DIV_CLKHS=1, 2, 4) . ®HER 32 {E~E, 8 16 250 16 /N8R, BL—ME
BELB—MERSER. BTHUENRSN (2'%) FHE, LSRR (27 4R, L2 #MBRZEUFE.

Time = RES X xTref x N,N=1,2 8 4
BENS
MEEREANE, SNETE 2 HEFHER.
X TFHEERTERIELER SHERBRILLEERAY: RT = Rref x 11/ Tref
3.1.2.2. RESE=HR

{3 E=4 R =1
2-0 Pointer result register EfHER T SRS raatit
5-3 # of hits Ch 1 EE channell iIER TRIETLRBKIHES
8-6 # of hits Ch 2 F|/RME channel2 iBR RIS LRBKSE]

9 Timeout TDC £/~ TDCNERTTEH 1=igH
10 Timeout Precounter ERUETE 2 F 14 (EEITEEED 1=t
" Error open ERNUEREERES M 1=FFi%
12 Error short ERUEREERKEIE =528

3.1.2.3. PWIST F7F58

XN EfFsRE— 8 UNBEIEF~EEF, HP 1 8B, M 7 DN

PWIST HZEFBBEMNFE—RICNINEEESBEER. BHERF NFKEE (EAENRBEERRT) MArEEK
F—> STOP FKRIEELLE. HWETE:: 0 2 1.99219,
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3.1.3. {8

1R{ERS HEX MSB LSB ik iEH
'h8x 11000 |0 A A A S A 24 fEE 32 (\EUE
'hBx 17/0/1/1]0 A|A A RN A 8,16 5 32 (¥R
'hB7 1T101 1110111 EEEY ID bit 56 i ID
'hB8 1T/0/1}1]1,0]0]|0 BN PWIST 8 i
'h70 o/1|1,1}]0]0,0]0 Init
'h50 o(1/]0/1|]0|0]0|0 Power On_Reset
'h01 0o(0j0 0j0]|]0O]|O0]1 Start TOF
'h02 ojojojo0j0|0]|1T}|0 Start_Temp
'h03 0Oo|0j0|O0O| 0|01 1 Start_Cal_Resonator
'h04 ojojo0o 0|0|1T|]0]|O Start_Cal TDC
'h05 0jo0ojo0j0j0|1T |01 Start TOF Restart
'h06 ojojojo0o,0|1T}1,0 Start Temp_Restart

MTDC-GP22SE&#Ze8rILL 3 FHERM 4 FHEK,
fgn: h80 + 3 NMFPRENEES e 0 (R5 IDO) ,
h80 + 4 NFHENEESFE 0 (5 IDO) .
TREEEHITERF. B/ FEsysamIut,

1R{FBikeR

hO1, Start TOF: iZfT—RENEINE., &%, 4MHz BiRFFE. EES TEHRENIER (START_CLKHS) Z/5, &
BMSEHEEETTE. STOP BWEBAELIEEE Vref, M Fire NTHIZ] GND, fERBMNZESETW2)IERZ/F,
Fire IfIESKR Y fire fd, EFMKEM DELVAL TEREORTEIZE, stop BEERIIFHEKKS. SRRk
BB EARE, WELER, EHIERSH AMHz BIRERE, XMHE, BNERISSRIEEEIALA 0, FEE
28I, INTN={FEZE,

h05, Start_TOF_Restart: X ME{EFSIGIzST Start_TOF FX, HBWELEAEM FEIESUE—R. ERNAE
MBS ERERSE, TMIISWBERN—R, EItt, X Start TOF Restart S5, BETIESKEIRRSDRT, w440
EFNFREIE. LN RS 2 BeaEEfEaT LiEid Bt E£48 CYCLE_TOF LA 50Hz =& 60Hz FIfEETAE.
IERRAISEIRTE R Z BAFER AT LADE] 50/60Hz 1A,

CYCLE_TOF B9{H E HZ60=0(50Hz) HZ60=1(60Hz)
0 1 20ms 16.67ms
1 1.5 30ms 25.00ms
2 2 40ms 33.33ms
3 1.5 50ms 41.67ms

h02, Start Temp: IETREENE, BEESERD PTO #T/LARSEANZ FAKE), AGEFARKITENSH
[ PTO>PT1>PT2>PT4, N5 TEMP_PORTDIR #iR &7 1, BBAIRCRINEIRFESaEID k. ASNEEENiKO PT4
FHA.

h06, Start Temp_Restart: Z{TIRENE Start_Temp R, ELFNTREENEZ BN EERESHES
CYCLE_TEMP LA 50Hz &% 60Hz Ff&&ta ., IERBREZRER MUEZ BAYEER B LA 50/60HZ 5,
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SEMICONDUCTOR

MTDC-GP22S

CYCLE TEMP B8 =351 HZ60=0(50Hz) HZ60=1(60Hz)
0 1 20ms 16.67ms
1 1.5 30ms 25.00ms
2 2 40ms 33.33ms
3 1.5 50ms 41.67ms

h03, Start_Cal_Resonator: iz{T— X3 FRRERAIENE. TDC ENE—ERETEIEMRE, BFER/ 61us E 488
us, 1B@d ANZ PER CALRES BN, WEERE, BS@IHMERS T, REERERUSEITHEREL
B, FEERSEFS 0 I, BXNMERSESERNER, BEHRENRE.

h04, Start Cal TDC: iX/MépSIELIETT

BB auto-calibration, MIAEZEEX

3.2 MEEE 1

3.2.1. #hig

20ns R9BKIZ ElE/NEJRR

[ JHOfEHERTIAD,

High-speed unit

B4 stop BERZ 4 MkF
ARG MBE LT/ TREREUR
AILANEERR MK Z BIRIRT B ERE
BRI FRBOERTEINE, RF, ToF, ATE
#== TDC N AARERRIZIEI TR, B

MESBEM 3.5ns El| 2.4ps (74 stop @B B/ 0-2.4us)
BIEEEL: HENEEN 90ps (2 4 stop 1BiE)
WAEEEL: HENEEA 45ps (X stop1 @i&)

NE 2 NMeEIHER. TENATERRE TDC f95HE. MROGHIREN

AN
M.

(TS EAR A ERATNE. TEER T XMERIrdE TDC AONERIELEH.
BRSNS BT A E S ETEE IR AR LAIFERSH. RANNERE TSR TARMES BT EE

coarse
counter

Dynamic value memory

Data post processing
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SEMICONDUCTOR

MESTTREBIE— START F5fi&k, STOP (ES#EH. HRINURSSRIMUENHEETHETLITEL START 55
#0 STOP (SSZIARIeEE)ERR, MESBERNA 15 fi.

3.3V #01 25°CRY, MTDC-GP22SHIB/NDIHERE 90ps, RMS IREKLAIR 60ps (0.7LSB) . iREFIFEEXI IR
EREREBRARIN. BERBIRERAMEEREMBERNMS LRE. AREIREF, TDC WE— IR
MMERITHERE. WETEEZ AR/ FIBRE.

tyy = BIN x 54 x 22 = 90ps x 27648 = 2.4ps

RS (5R14) 34
tph 2.5ns(min.) B/INKHEERE
tpl 2.5ns(min.) R\ EE ¢ by ’
. L4 b -t
35 -
tss nsns(min) Start %l Stop Z/d] Start ﬁ
2.4ps(max.) o “«t_»

trr 20ns(typ.) EFHATI A sop1______ [ LTI

Pt b b

tff | 20nstyp. TRAETHES | swop2 iR

tva JERIEE:150Ns BE— T KRHI ‘ t
ROAE:2200ns BB R INT L

txx FoRTEIRR

BRANEBE=27648x

t 2.4us(max
yy ps(max) LSB

BN LBERIZER ETHE, THROSLETERRMAEN. TBITIRESFE 0 AY bits-10 i
(EG_START, NEG_STOP1, NEG_STOP2) #Z577=§ 2 Y bit27&28, REFDGEx FIEFARIR.
IEAMTBRY START/STOP B Nim (13X IS E RIS,

3.2.2. NEH=E

3.2.21. g8
EFFRER MTDC-GP22SZRI, BRI TR
B, NIETE 1 NEEREN:

a. EFNSTE1

BB 049 bit11, MESSB2=0,

1728 6 A9 bit12, DOUBLE_RES=1 IEEIUEERR, BITIXMERE, WERBE B 45ps TAZ 90ps. BUNR
B stop1 BERTA.

b. SIFSER

E57758 0 {9 bits18&19 FNZ57FEE 6 A9 bit20, START CLKHS FEsELIHEERATer. MNSRESRA 32kHZ B¢, NERE R
0; WMRARFA=ETS, WIGEH 1 (FE4EN) .

5778 0 A9 bits20&21, DIV_CLKHS 2FRIRESERHNERDIREREERN (1, 2804 D3R) . XXNETE 1+
IRENEIFEEE, RAREAE 2Tref (REEH) XA TFHUNSAREIERN, ALU ZREETME. B ALU @HE
9 OXFFFFFFFF,

FIRS b EHAIR 2Tref (PIERETER) <2.4ps, LUBHRRUERTAIBIIENEH.
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SEMICONDUCTOR

Configuration

-Mode

-How many hits per Chan
-Clock

-Calibration

Initialization —
TDC unit waits for
-Start pulse
-Stop pulse(s)
<
timeout
i — Read Data
Calibration
measurement
Write
pp{ New value into
v HIT1&HIT2
ALU postprocessing
According to
HIT1&HIT2
only one More than
stop one stop
v
Interrupt —P Read Data

c. IREFTEEEITRIBKIRANEY

FAFRILATES 1728 1, bits16-18 (HITINT) #1 bits19-21 (HITIN2) Hi&E MTDC-GP22SENEMIFKH ML, BB
BERZALIUE 4 )R, MTDC-GP22s2—HNIE, BEITMEIRM hits REELAEHZHALE.
d.  BofikE

BT NSNS RSN R EFIE ENRETXRE, il MTDC-GP22SH ALU EEXNIPRIENSER. ThETieESFE
0R9 Bit13 (Calibrate) 3 "1" REFRENE. EFHEAREUE.,

ATHTRAE, TDCE 1 /M0 2 MSERNHER, BIXPMANEERIEN Call # Cal2 ik, BRFEIARIARE
FROERERE Cal1 70 Cal2:
> J8id SPI &% Start_Cal TDC #5< skEMIRIE;
> ETIRESFEE 09 Bit12 (NO_CAL_Auto) = "0" RBEzNE#H. EASHNATESEIEENERR.
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SEMICONDUCTOR

e. TENXALU #ipaig
RE& TDC B8 MBETLINE 4 )X, BEEBFTLBREY ALU iHERRMESZERNE, TLESFRE 1
BY Bit16-19 (HIT1) LAK 20-23 (HIT2) shfTiRE. BEKiRA:
0 = Start
1 = 1. Stop Ch1 9 = 1. Stop Ch2
2 = 2. Stop Ch1 A = 2. Stop Ch2 il
3 = 3. Stop Ch1 B = 3. Stop Ch2
4 = 4. Stop Ch1 C = 4. Stop Ch2

Reg1l = 0xO1xxxx - 1st Stop Ch1-Start

Reg1l = O0x2Bxxxx - 3rd Stop Ch2-2nd
6 = Cal1 ChT Stop Ch1

7 = Cal2 Ch1 Reg1 = 0x06xxxx - Cal1

ALU itET Hitl - Hit2,

SNERKRARERIE, W AU SSHTRENETE (RT EEEREREZN. EXMERZT, ALU BB
Cal1/Cal2 [RIBEHRENEHLEFEET) .

HIT1 — HIT2
Cal2 — Call
Cal2-Cal1 = gradient

Time = RES X x Tref x 2CkHSDiv = RES X x Tref x N, N=1, 2or4.

RES X =

F N
measured
ki forbidden
Cal2 <SRN
Cal2-Call
RS X——————mmme— =gradient
|
Call 1
|
|
|
2xCal1-Cal2 '
=offset ! e
1xTref i 2XxTref real
3 time
time

f.  EFERALSR

BILIREE17ES 2 BY Bit27&28 (REFDGE1&RFEDGE2) , FIFEILASERE STOP g GEIMfMA (RFEDGE= “0” )
ER AT EEMALA (RFEDGE= “1" ) |

EILig &7 0 B9 Bit8-10(NEG_X) , FFRITEE—MMAIRO (Start, Stop1, Stop2) IEMI—REBRIESS.
2 RFEDGE=0 Y, NEG_X=0 U EFHaftA, NEG X=1 N TEEERA.,

g. HlR
FRETS IR Pin8, INTN RILABAREMFUTIR, #EZ7Fes 2 AY Bits 29-31 (EN_INT) HR{TiEsE,
Reg2bit29 =1 ALU BERHESIT;
Reg 2 bit 30 = 1 HIREAIBKPNESERHEIZWE;
Reg2bit31=1 TDC JMEBETTIHH,
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SEMICONDUCTOR

INRBERNHEMLLLENFENR, TIEY 8 JEEAENER. EEEESNIIREEEH LA, HTIR
BY2E, BPYRETAENR “Init” I8 MTDC-GP22S, LAE TDC AEI5#2IK Start 70 Stop (55.
3.2.2.2. quE

iatkzia, TDC SRR THEIE Start ftfa, FRITIEEE!:
o AEREBRIRHE (EUETE 1+, 8NEERS 4 %)
o BENEFEH (WETE 1 A 24ps ) BFAELETIE

AHEJ 2 FIASUERFAEE TDC 3R, RSS/FEEM Bits 3-8 I RRHFHNME, NRHTRE, NNBEE
ZJa, TDC FHaUE— MR REREERSFEEE (Tref x 1, 2 B 4) . RERIGEGE (Cal1 70 Cal2) g TDC
EB,

Start J_] i Cal2 -
Call

3.2.2.3. HiE4E
ENEERE, ALU FHAMKER HIT1 70 HIT2 ROIRENMESIE, FICERENERSFR. WRFHTRIE, ALU £
B 16 (RInEIRRIEHE 7R, R TIOE, W ALU FREIREFIHHTH &R 32 MMNEEF ~EE M S,
RE HIT1=HIT2 =5, aJiJir ALU,
ALU TERrEZRAYRTIE R R EE TRUERH B R E.

FRE it
3.3V t. b. d. t. b. d.
2.5V t. b. d. t. b. d.

BREIERE ALU RIEAITR (£ REG2, EN_INT FigE) , REERSERTHEANENENRE, RcSAHaBiL,
RERLSFROEANEE 1, FHER T EFENGIT, KEHERL 0-2 I IR RHENISHHISEIRAIE.,
3.2.24. iEHE

PERFAES 10110ADR FESSISEEURE T, BT 16 KIER GRIVEEIR) a8iE 32 RIER (IREEER) |
MTDC-GP22S B L(MSB)FHRMHEER. SSN AITEOSHES— SCK R EFHEESER INTN k) (g
) K&

a.  REEHIERER
RELHERA—HHFAMEFZZUHIAY 16 AHFFSESL. 1BIN = REUERI ERRA=90ps (£ 3.3V 1 25°C
IMET) Time = RES X x 90ps

b. R

ROESIRRIA 2 FIAMBR Y 32 NEEZ A2, SEERPAEEL.

Time = RES X x Tref x N,N=1,2 g 4

WU ZEABERIT: 2 xTref x 20kHsDv /N ALU BimtiFHBESNERS1FEE hFFFFFFFF,

ALU BIRASIFTE—RER. NRALE—RFE, WRE HITT/HIT2 hENHFRIG < KIS ALU ITEEREF,
FEE HITI/HIT2 BAGSZIE, tbdys (HEE) 5#& th.d.ns (AERVEE) ZAFEERXE HIT1/HIT2 BTESERME.
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SEMICONDUCTOR

l:
=T

B regl= 'h014400 iBi& 1 #4174 XX, T8 1st Stop -Start

IR ...

while(le EHHTIRE)

BEAregl= 'h024400 it& 2nd -Start

Z£1F(4.6ps)

SAregl= 'h034400 itE 3rd-Start

Z1%(4.6ps)

S regl= 'h044400 it & 4th-Start

Z£1F(4.6us)

MEMBREHIESFHEESTE 05 3, BANBHIUEEOSTFSMI 4,
/G, MTDC-GP22STEit{T MRUEZRI, WAUEIEAIEICE "Init" BX¥WRM, LAETDC o LA KGH
# Start#0 Stop 155,

3.3 NEEE 2

3.3.1. &

RE— Stop BEXILL Start BiE

BRI HER S 22ps/45ps/90ps

IEFRBKFRIEID RS 2 x Tref E 4ms@4MHz

NESBE: 2xTref~4ms@4MHz

B 3RREREN, Bl TERITE

ANk EF/ RRERRA

BRI stop FSEE—MEER 10ns WAEAEO, HREUERNY stop (F8E

BRI A EBERRER. KK

# TDC RLUESBEWER IR EAMEED R HITEEER HEREUEN (BrIsEUEeE 159) . mlET
2 1, XH pre-divider i RRIUENSANBER, DPEREHAZ, AHERXT, TDC NEERETANNEEN
AiElElRE, {UEM START 5 STOP (ESEMERIEERE EFHEZERIEREATE (FEintEEs) . ERXERNEZ
i, TDCIZ EERFHRIEIRAEL (HRETTEER) .
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MSKSEMI MTDC-GP22S

SEMICONDUCTOR

Finecount 1 Finecount 2
. v -4— Cal2 —
> - > - < ' !
Ref.
clock
- >
Coarsecount i
Start ;
Stop
Runtime w
High-speed unit

time = Tref x (Cc + (Fc1 - Fc2)/(Cal2 - Call)
3.3V # 25°CAt, MTDC-GP22SHISR/NDHERE 90ps, RMS IREZ AR 60ps (0.7LSB) , | JEEIRAVIEIEIERATA
FERNATEENREE. AUEEE 2 b, IELERSFERMUSEFERVEENSM. RENETE 2 h, SRHTIR
. TERERRE) TDC 23 3IE— NMORNMEER HHEHA.
RAESIE RSB ERERSIEAY,
N ESEESZPRTHEITEERAIA/N:
tyy = Tref x 24 = 4.1ms @ 4MHz

Start 7 Stop Z[EAIETELL 26 ZASIIESEREITE.

RS (5= 4%) iR
tph 2.5 ns (min.) B/ E
tpl 2.5 ns (min.) B/INKPEEE t
Yy
Start Zl St = |
tss 2xTref ar. % Stop _le @ —Hone—
Dis_Phasenoise=1 Start
tre 2xTref EFHARLEFA —to et oy ‘HF
Stop 1 | | |
tff 2 T f &2}'LE| 14230 PE— ! ! e———
xTre TREBRITRER bt 4 M, .
tva 4.6ps(max) ALU FRAZIZEEGRN va |
INT
tyy | 4ms(max)@4MHz BANESeE = 2'4xTref |—

B MENRIE AR RMIREN ETHAEE TEIGMABR, TETIRE S 7% 0AYbit0-2(NEG_START,NEG_STOP1)
A,

It5h, FrBRJ START/STOP i Nim 395 TS,
i SR Start-Stop ZERIRSENTR/NIIR tz, W TDCISBEETA/NT tz RBTERKS. EHIER FEAS HIER
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SEMICONDUCTOR

3.3.2. MEFE

3.3.2.1. 88
EFFRERZRT, A% MTDC-GP22Si#{T Configuration
RE. WESE 2NFEREN: !
Y = I Clock calibration |
a. EEFNSEH 2 T
REZSFEE 0, Bit11, MRange2=1, | Initialization |47
b. EFESEHHH +
I Start cycle |
FENESEE 2 1, MTDC-GP22STEERIRATHFRFHITHS T
IEURIEEFERIFR,, ERRUEZIE, SILII A sh, | Frepusesgenerated | [Waiteg.1s |
EERRHeSAY_ ARSI L, 32.768kHz FUBTHPEL/R. TDC unit wailt's for
- -Start pul
257752 0 A9 bit18&19, START CLKHS Pkt Brobulsss] | —— |
ed ata
%EFo &D%R%ﬁﬁ%ﬁﬁzﬁ*, mu% 1: yﬂ%%?ﬁ%\%fﬁ, ﬁ*q] Calibration T
IHRSHRAR, SARSRUMREN 2, AR ] | mterupt |
ERNINIIRE A 3. ALU postprocessing T
according ‘ Start temp measurem. |
&7e8 0, Bits20&21, DIV_CLKHS 2Rk &R ERTH 1 T
REBSIRSEEERY (1, 28 4) . l Interrupt '_" Read Data |
ISR R/ T B EIRRF SR AR EEPRER A RN, &/ \EEERA
tmin = 2 x Tref x 2CKkHDiv
RAREER:
tmax = 214 x Tref x 2CIkHDiv
SIMATRERIR :
2 x Tref x 2CkHDIv < 2 4ys
BN ALU TERCHERT St #{E OXFFFFFFFF,
EI=
FELANSRERITUB RS, S ISR MTERAE 2MHz B 8MHz BSBIEIPS , FEVRS RSt AR R 2MHz B 6MHz
SEEIR.,

c. REFTRABKAIRE

FAFEILATES 1728 1, bits8-10 (HITINT) =igE MTDC-GP22SEMERY hits N, FENETE 2 B, BE 1 5%
£ 3TN R Start tBEFEA—RIAEETEL, FTLA HITINT fOEERZIZEIRESS 1. MTDC-GP22s2—HIlIE,
BRARIFULAY hits REEERE@H. FfFes 0, Bit11 H 13 (HITIN2) ©%RE 0.

N FEEEME 2 4 stop BKiF, MIRE HITINT=3, HITIN2=0,
d.  EERE

AliEIdiRE17es 0 A9 Bit13 (CALIBRATE) 73 "1 RIEERENE. TEUECE 2 P TR0E. TDC HBINIE 1
AN 2 NEERTREIRRFSRIE, IXFIMNMIEIEA Call F1 Cal2 fFABEER.,

BRF7E FSREFHRUEE Call 71 Cal2:
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MSKSEMI MTDC-GP22S

SEMICONDUCTOR

@i SPI ##O%&5% Start_Cal TDC 55 38IBiKIE
BIYigESFas 0 BY Bit12, EASHNA+HESEE NO_CAL_AUTO=0 Baitki,
EX ALU &izaki
BdiRE EN_AUTOCALC MB2=1, MTDC-GP22S¥<BmitEMEREEREKT, REEMNENENFFS. B/
ERITEH 3 MERT, REEXNMIEENRIERTFES 3 . XE<EHRAYA MTDC-GP22SRIEE, HA
HRBEMBSANTFH 1 IHER.

BT EN_AUTOCALC MB2 ig€&H 0, XiABMITE, BBA ALU 8RABETE—IXEE, FJLUESFSE 1 1
Bit24-27(HIT1)LAK 28-31(HIT2)igE ALU I+ EBHEINKiHZ BRI E)iERRE.

HBFUEEE 2 fSRNE %L, Start Bf7E TDC EMES Stop BKIPER,

Regl = 'h21xxxx = it 1st Stop Ch1-Start

Reg1 = ‘h31xxxx = 1+& 2nd Stop Ch1-Start

Reg1 = ‘h41xxxx = 11+& 3rd Stop Ch1-Start

ALU it&ERBTEEFENT:

HIT1 — HIT2

Cal2 — Call
Time = RES X x Tref x 2CIkHsDiv

RES_X = CoarseCount +

f. SEFEEMAMESRN

BISIRESFRE 2 A9 Bit27&28 (RFEDGE1&RFEDGE2) , FAFHLA%ERE STOP MINZ LFHAE FIEaRmitA
(RFEDGE=0) , &2 EFHAFIRMARAAA (RFEDGE=1) , BTIRESEE 0 1Y Bit8-10 (NEG_X) , FFa/ES—
MNBINIRO (Start, Stop1#0 Stop2) tEIT—/NAERRESE.

24 RFEDGE=0 i, NEG_X=0 Ul bFffitA&, NEG_X=1 T EMA.
9. FhER

FETSIED (PINS, INTN) BILABARRIFENER, E£557as 2 AU Bit29-31 (EN_INT) AR TiEsz.

EN_INT = Kig8& FTHUEnNE

reg2 Bit29  ALU SepkitE

reg2 Bit30 EIARIFRICIRERIREEEL

reg2 Bit31 TDC BT

EEITE EEAEAGER. SSN IITEREES— SCK LEFHEBEER INTN B (hErEh) RS, #Te
B2E, BPYRETAERE “Init” ¥IIAE MTDC-GP22SLAE TDC Efgizil Start 7 Stop 5.

33.22. Qg
iatzia, TDC BTiig®) Start BE LASE—MKdE, FHATIFEE:
o AEFULIRERIREL (ENESEE 2 B, BE 1 EESEEHT 3 IXRF)
o BENEHHEELTIE. TETIREEF8S 3 1Y Bits27&28 (SEL_TIMO_MB2) KiEFARNEERFHEF, Ml
ERHATE, £ 4MHZ, RIXIREEINT
SEL TIMO_MR2 (@ 4 MHz, CIkHSDiv =0)

=0 = 64us
=1 = 256us
=2 = 1024ps
=3 =4096us
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SEMICONDUCTOR

ERNBNELSRE, TDC U ERNEIER /& 2 LA TRUE.

3.3.2.3. #iEahre

FENELERGE, ALU FHAHEKER HIT1 0 HIT2 ROIREEEYE, FHESRENBHTFEE, ALU RIEFRSEAIRERTIT
BH L 32 NEEEAEn I FE.

ALU BT EATEZR AR B BB R E:

1 Nk
33V tb.d. us
25V tb.d. ps

REHENERSFRAECEEN, PEBHISHEN (Bir ALU R, S20EFes 2, ENLINT) . SiMah
ZRIBTHSEM 1, BRERAT— IR, SRIRERBIEEH AT LIEIRES778s Bit0-2 hEE!,

3.3.24. ¥R
AR RIEAHS 10110ADDR FEEHIEEUE. BEHT 32 XBH (RESHE) , MTDC-GP22SIEEBX{Z(MSB)
FHnEHER.

BOEAEREI 2 AN/ BT 32 (IEET RS, KRB HE R BRI,
Time = RES X x Tref x 2CIkHSDiv

REEHITTRNEZE], MTDC-GP22SIAUEIT AIXHES “Init" BIRIIGAL, LMETF TDC aJLABRIEGREY Start
0 StopfEE.

Stop Rk

\\\\\

FBE/ANT 10ns, REMEREERTTIEITIZIE "5 [)155NEBEERES |IEE. REAEFRE T, SMBRI START #1 STOP1 f&
BES |BIInE 1,

AJ7EE577E8 2-4 {9 DELVAL1, DELVAL2 0 DELVAL3 ##TiRE:
®  DELVAL1, DELVAL2 %] DELVAL3 2 14 {UZ40F0 5 (/UERMIEIEF R, BT REREERT /=R

Delaymin = DELVALX / 25 x Tref x 2CkHsDiv

o EIGHIFEHATELR 3 MTHERR
o FEREVREFFN, MESMNEREXRLLEI—MEK 3 MdthEH
MRAZRRBAIBHERELN, WASENEREYEETIIZA 0. HFTEH DELVAL S7ssENRE N 0 BRHE, 3P4
BTG R K,
Bil:
4Mhz 3%, CIkHSDiv=1
DELVAL1 = 'h3200 7£ start {55 200 us [5, A RUFEKE— M K
(128000/32 x 250ns x 2' = 200 us)
DELVAL2 = 'h3300 7£ start {55 204 us [5, ZRUFEKE =Mkt
(13056/32 x 250ns x 2= 204 us)
DELVALT = 'h3400 7£ start {5 208 ps &, A RIFEKE=" k%
(13312/32 x 250ns x 21= 208 ps)
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SEMICONDUCTOR

LT 3

MTDC-GP22SHERERRY 7 — MEHBIN RIS SRS, IXERD B EAEF M II— MR TEHRLIRITHEAS KR
2. RENENEE, XNNEEESAKEENBIRNIRT, FEERRBEINIMNERERITHEE 2 N EBEMBEE
ZipEss—in. BMARBERES—RAILE mV iRIBAY 10-200 NEZEFHES. SEBSBI— 1 EEEKES2S
Nifs, BFRERSETEUTRAIEAME, HRERANMARBERIRE S 1/3VCC, RINSRERENENSRRIEER
ERTUEREA. FRRERBFARERENEETRER (T 2mV) , XM ESRENENFHESM. MR
EERZRLIFEINE BT T RRB NS TIRIE. NRRENEBERENEEAIE, BABESREBESBIN
TEEINF 2mV,
FrERITTHEREIY MTDC-GP22SHUEHIBRITI TS, (VENEANIESRHE, MMRREEERNEIIFE.
Bidap< Start TOF_Restart EaFE—RERKETERNE, WERIIRFINT:
AMHz SIRIRHERFE. ChEF—RIERERIRS AR HIRIE;
LUiRERISE B ELARIEHIF R S48,
REHESEE (STOP1) HBEEFERIEEEI GND;
Nili? Fire R594%% (FIRE_Down)th 2%E#2%! GND;
BWSSiEE (STOP2) EBEES7eEE Vref, TDC ERHE TW2 ARG BEHTER;
TRIUFFRAGIERE STOP2 M NEALLIRERIGRATEIN ;
15582 FIRE_UP I A\Z TDC /£ START (55;
FMRERY fire BRTEEISRTEER) FIRE_UP &iX;
BRHIESEBIE STOP2 ERMERMZILLIREE, NG —MIFES, a5i%ER: TDC BT STOP BN,
4 STOP k& ORYRTE(DELVALAZIE, At TDC SFRAESENIE. SSALUE 3 4 STOP fkid;
ENESTHE, EHERTARIREE. EFFXM 4AMHz Bk, BRawEERHER 08, HWTISSmWEN;
EHRTTREF—REYNE, BIELL 50Hz/60Hz AYEEESH (CYCLE _TOF); fEItHAE), AW RESH ZRIATUIE
HZR;
o HREMNIERMEIZE, HRNEEERE NEIELTHEESUE—R,

e _ ,—|FIRE_UP | FIRE
ur C _—L_
TOF_up
Enable
FIRE DOWN |
1 | — T FIRE
DOWN [ =I= :I
I e SEL START FIRE
nable

STOP1 stop1| TDC
{ P&

STOP2

| STOP2
1 I—I
l\ h En_Analog
TOF _up
Vref ——M8M8 -~
Enable

257728 6 [ Bit 25-28, DA KORR ERE TLLIREEMY offset EBFE, M- 8mV F+7mV, #4254 TmV, DA KORR A2
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AOMEZ NS H
BHNERAE—RERIR, FRBIE—NR, EUREsAYRES offset ATUMRE+35mV,

B—iRtRET

MTDC-GP22Sith  EBEERL T —NE—iRIRBIRT, ERETINEEE 2 NAAIMEIUIBO T, R offset AT
ABaiit TiEs, AMRet@lE—NERbKS. 25, RIS — N RIVERNEMFERIKA ToF TWTRE. L
, FRNFEPNERESSSEIE $THREINENS— STOP FRIBREHITER, WEBEBFESEENRER
. BT offset BFEIFREE, BLL, JERTIKEKIIBRT, AL PR
TEHREBE— TN EE:
ZEMNFE—REN, RIFESNA, WBRERIKER
SIS AR LASIFRASM, W 1MHz-4MHz AU RKIREERS
RENEIRETLSIRBIFNE (RSP EIFEXRIER)

BBE offset {FURA, AILUAIZSEERES

AEBATE—KENIEESHNSTEN
BHHNEEN, WMBRKKER. (NBZEER stop
FEN (EE DALVAL #{E) FiEFIMrH TS
ENZURBART—ITRIKNEH, BREERT
BESE CITHEZUXRT—1EH. Hdh—13F
FEENYHER RREERUBNTERK
A, YT HEEERIEHNRS, MBS KRE
R, IXMRZ T RAY R T LA IS & SR 1 Sk it
YIE, BRMNTENSHRS, ke, BRHN5
BABENRER, XMSARLTEERT

BRINEHEERASMAVREERR, W 2MHz
1 4MHz B2 EERS , NUEF AT LASL I 24 S RS2 K
T 1 M EFE IR E R A9E5R.

BHMEE—MBERTERSREGBRINE, M
RENERERLURENERSRE L&E

MNEXKELNERY XEBZNBESSENERS

= ~F

SN +400mV =iEE < +80mV, AEIERT XFIEE,

LR F— N ERE offset FIAHE, SR ME—NK
iREl, —BE—NMRNIEEET offset EAVAT
%, NELRAHPT—EH.
MTDC-GP22SHISE—ifia MThRERES S H U
ENKHNESE - EIRNEEEX, M5
RIBEENMRARERTELX, AL,
MEREUUARESNRINASEH,

—LEiIR

Boh, BENES—

PP EEASNERT LSRR EINEIRES, FEATLUREMANBREKFRAHIRERES

Receive signal
with no flow

il
|l

(stop masking) ‘ ‘
TDC stops \
Shuft Tor 2 Period

f\/ z
‘ \f \‘ \/ A
e 111 | !

TDC stops

Receive signal
with good signal

quality /\
/\A
=T
|| ||||
LA L 11
[

JUUL

Receive signal
with bad S|gnal
quality

=iy

Receive signal
with strong flow

M

U

Half the amplitude only

NIRBIBKREE, FLE
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SEMICONDUCTOR

BREZENEFESHNRE. YENR, TUMREXMKPREELR, AEMEENE/IKE.

TERRT MTDC-GP22SE—KEL AN EiRiE :

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

}

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. BRARLERE, BE—RISNFrEALLREEHIRBEE offset IRERI— Al RIZAI/KIE, DELVALT 9 stop BEiEO A
FHPH stop BKTRNXERASEIAVIRER, AILAKRERNKERHKA CiTETE stop EAZRT, HENERBRH—PRIRITIER
2509 offset SkiHl, EREHEKERIRIESIAZENT offset FMK BERRIEIKTE.

2.  MTDC-GP22SUETHE—NENKTEE. RfE, BESEmMIRE offset B 0mV, BFEHH offset BEFHRE
INFImV RS, FRLANERSERZIEE /NN,

3. =REENEZENEREOZESE0 DELRELT F DELREL3 figEM, REMEBENFE—RNKT. FINiRE
DELREL1=3, BRANEZIE—NEE, BEUESB=1KAEIKEE,

4. F—EFEEEhwp)EREHEUEIER, BaFASE—KRERINSE,

ELEER, MES 5 MOTHIEE. M—RKR, L hwpfiswave/NWpfirstor B1E 0-1 SEEIZ RAIEHE. X MHUEE),
IHBBEKEINESHES. IERAL AT IIERAREE. NRESRKAE, TERNERES FEASIEY, A
XMESHLERTEERET 0.5, BBATESEHIUEFR, FTTLUEREE MM ERSE,

5. MTDC-GP22SEaBait&EAE 3 4 stop fif, FIHEX 3 MKHRIF, XAMIRILIBT IESHEFS 4 538, X750
{18 MTDC-GP22S 58 R RIBEHAKE L. REFUHEN, BERTIMAILIZZIERNEER, TRGUETEE 1
, BXSHES 1 EFaEnS.

6. —BERNTE, BB stop 5574, offset NEBSRFTENSE—NEMZENE. XMERT, BE
BAsitk TDC, &2 TDC 2EH—Nadiing. BTiER: IEEHEHN=ERN— FEEENRMG.
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SEMICONDUCTOR

B—iREA T SRR

s i BH iR
3 30 EN_FIRST_WAVE 1=5—RIME, 788 34 BEHMIEX
LA 2 BB IR B IREEH offset, LA 1mV AE{y
0=0mV
T=+1mV
4 8-12 OFFS 15=+15mV
16=-1mV
17=-2mV
31=-16mV
4 13 OFFSRNG1 FUMNEINE+20mV B offset 1&(E
4 14 OFFSRNG2 EFINBINLE-20mV | offset 1B(E
FREN, EEEENEENERN YTE. RARTLUERERSE 63
DELREL1 “Npkid, DELREL1>3, DELREL1 % DELREL3 WA/REBIZAR EFHEIR
3 8-25 DELREL2 =,
DELREL3 fff0: DELREL1=3, DELREL2=4, DELREL3=53igHIENEE 3. 5
4 FOEE 5 NEAYELRATIE,
0=FF/3
4 16 DIS PW 1=
- FohEEEENEThAE, ATLAMMENE 8 FRiEEk(E, 257788 PWIST 22—
8 MIEIEE SN, a1 AEEE CeE 02/ 1.99) .
0=LtFHA
4 15 EDGE_FW 1=TRE
- REBE—NERILAEEE.
LigBENRER, EETREMANER BHERIEEMNE.
3 31 EN_AUTOCALC_MB2 1=FRRR }Tﬁ?&ﬂﬂzﬂ@ﬁ:ﬁ}qﬂ,
- - MERFERREREIEFEE 4 .
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SEMICONDUCTOR

3.4 %

RIEERFEIAR, MTDC-GP22SREAM#E 2 MIHMES:
o EiEATHT—RUERREHENESERE 2 FER TDC NERTHIMRETTEMES
®  32kHz Ad$h—FRENERERTES

3.4.1. BiER%ES

BE MTDC-GP22SEE—NEEIHEITHTIRE, ESEE 2-8MHZ (EIUSERRFH 2-6MHz) |, #EFS
AT EREE S AMHz, TEESEE 2 1, MTDC-GP22SHEE R M SEREIERTThI—ERs . —LHEABRIRIE
BE— N EEAT .

IR, SO TIERIRA 260pA, BERERIENER ENAMEZEEE, MTDC-GP22SHILUEIS AR
SkiEH BRI SRS E, BITIRESE START_CLKHS LI, iRE START CLKHS>1, BIREESERIE Start T
OF, Start TOF Restart, Start Temp B} Start Temp_Restart G542 BHNETHE., EFERIRSNEZE, 8RE—
MERLRIERIRE 7 AR A5 LA #iRIE.

XIN XOouT
N N
9 9

|
I

560KQ
15pF 15pF

1

START CLKHS =0 e S|
=1 BIRSETTR
=2 FEIR 480 ps
=3 FER 1.46 ms
=4 FER 2.44 ms

=5% 7 ZER 514 ms

B EEREAGER, JLMRERRENEFRZANAZHRIE. YT EERIRRENR, TR 480us HERE. BIFIX
AR, BRBFEILICKREE.

fign:

FEERRENES, SHIRNEENE(TR/ER)F, SRERINFABIELA 2ms, BBATIIFENS 260
Asx2ms=0.52uA,

3.4.2. 32.768kHz iF%ss

MTDC-GP22STHE— 32.768KHz RUEERS 1R i=H S EIT T Bk, T PRE. EWA{EFA—15
BRI IR BN R .

NS 32.768kHz fR5%RRIAL AT TIERTS, E 3VERERIEFE KXY 0.5uA, IWIRFHE LB ENE R
B XA 3s, 32.768kHz fRHEANREBEMWKE, EARRIZITEAIATR, CLKIN B mEREM,

XAMETDFERS $ha] LUBIE B R /M ERRI B R R AR IR, SFERNREN:

SEL TSTO1=7, %7~ 32kHz 7£ FIRE_IN &HH&H,
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SEMICONDUCTOR

SEL TSTO2=7, 37~ 4kHz(32kHz/8)7E EN_START & i H

Lesh, A LASE R RY CLK320UT EMERIMNERIITIR (3.6V RAIRE) .
CLK32IN  CLK320UT

Jan\ Jan\
G/ N\

—||:||— 32.768kHz
-

oM
15pF 15pF

1

3.4.3. RESENERSR

HT 2-8MHz HFEIRSRAAR. Bk, FAXMiRSEEEREWRSIM. ERERIRERAK(0.3-0.5%), F
BEEGHEMNERZE, Eit MTDC-GP22SEH{TRTHRENIE, LULRIMEMEIRSEsIXFMEE. MELFEHRN 32.76
8kH z B ESEE, MTDC-GP22SH 32.768kHz BIRTEHS | Start/Stop fkift, /55 TDC BTEX M EZE,
BERRGFREERSFRT, INPREAEN. SRTTLIEHIXNMER, AEITEHEER SRR E.

Eif7es 0 A9 23 71 22 fif ANZ_PER_CALRES FeJLAXIRISMRAERHITIRE, SRGARKEIRAILHAY
START_Cal_Resonator i5&Jg, FHAFHITRUE.

fgn:

%A 4AMHZ &R, CLKHSDIV=0, ANZ PER CALRES=1, IE{SLEERMNIZE 122.0703125us/250ns
=488.28125(RES_0=0x01E84800), NRIEEMRHREALRHEEAI 4MHz 2 3.98MHz, RAENEKER
485,83984375(RES_0=1E5D700), HAHRIELLATIHEISIERELZ 1.005,

IR TERTSROEISFEF, EN_START A,

3.4.4. WN{IfEFARYEPEOE

3.4.41. WA

XMNMEMTEERTEERRE/AET. g+, RABERSSREEGRAME : MAATIRERERE. BE
IRHSEARIRITERE, EERMALUED I NMSZ. L 10 ENTIERERE, XaILATHEIF LT 100mAh FERE
ith, REEFIERS, RAWERASEIEHIEE.
3.4.4.2. 32KHz BYpPASEIENFIHLLTESREYZIM

32kHz BFPRSAERIEESET, RERBEADZ/L. AME-EEZBRAEREIEIKLAE 3-5ns, EILREHRENE
(Start_Cal_ResonatonNASHMEBIRE. FilA, BNUEERFRLANHRESRN, NELERMES=ERE). NELERN
ElahigE 2R e e EFRLABENERT A (ANZ_PER_CALRES) SR EIMLLE. SNRANERTbHTRIE, WBIE
[EF SN EERF A KR,
3.4.43. RHEERRRETPRRA

mEFERRETR, NEERBESERERAPITR GBS R B XX EREAMERE AN EH. RIEEEK
ERAEBIINREENIE, ATLATEHRARE, A7 ERRERSRIZIRT USSR, BRI EEAEFnY
TAGHERTER, WAERR—MOEE. REXME, BRI BRI R BN E S SRR RSN, Aih
RO REIRRAI R BT, MEEEIEEERZAL
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SEMICONDUCTOR

3.5 Bk RS
3.5.1. #hiR

R Rk ARAERR I PSR, ARRIANRK PN EER R BRI TS, SRR SRR E R, XN RS
S0, RIS EMBRLARTF 2-15 3HT08R, BILAF=4E 1-127 MBS, MNREZEIE 15 MRHEE, BBAS M kS
g Bt iR B SRR AT EARAL, BT RIENS Start_TOF SREIERARRK R ARLRE.

fkih A BRI M tHIRO, FIRE_UP #1 FIRE_DOWN, £ 3.3V Y, B MaHAREIEEIE 96mA, Lok, B4NE
HESTLMERME, FHESIHRIENGE. MHEMEEH RIS EASES. it BRANIEERSNE LIRSS
GND K%,

fARBKP RSB RTLARBRUFINANA L, ALASIRF=EFUEEKP S, RS, BEIRbKTRFRFIRIXE]
MTDC-GP22SHJ FIRE_IN BINI%A, AEEEFHHAR, BEEENRHETXHTIMRELEE. ERAELERS 1
AR, FRETE(ERAEINAXNIIRE.
3.5.2. HXSEFRNEE

BN

ANZ FIRE =0  XFBKhA4ERE
=1 1 Mk
=2 2 MEKH

=127 127 ANk
SEL START FIRE =1 Fire fHEIS£4%) TDC § START {52
FIREO DEF =0 ERARURES High-Z
=1 BUMNAES GND. RFAREMEMEBSFIHERFRIIMNDSE R C RURBERAET, SIREN 1,

BKiHB(L :
RGBT 15 MOTHERT, FORRBRATLAES 7788 5 PTEN, 015147, PHFIRE, 0 ®RTMEER,
1 RTNEENE. BPFFINRIRERUL LSB FHa, LImEBERUL MSB 452K,
Bl :
ANZ FIRE = 7, PHFIRE = 0x0055
1/0{1/0{1{0/10/0/0{0{0]0|0}0]

Bk A ST RYSRER:
f P RESINMAGES fireclk RIS, HEERATH CLKHS 15 3EEL DIV_CLKHS HERTE,
Pulse-Generator
Fire1
CLKHS 1 firecikt 1 Phase- 1 ftirecie Fire-
n 05 shift m J_l_l_l_ Generator Fire2
DIV_CLKHS Frequency ANZ FIRE
doubling -
PHASE_FIRE //16
DIS_PHASESHIFT - >
13

CONF_FIRE
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SEMICONDUCTOR

EERTHPROSIERCEIS ST TSN, 25 DIV_FIRE T4,
DIVFIRE =0 F#iiF
=1  KLL2

=15 [&LL16
RESTFRs 5 HY Bit 27 iz (DIS_PHASESHIFT) mIgliEtafzalIhge, XM INEEEMAGRIMNERS, LMEEREATFE
PR EYFRIPERIES.
DIS_PHASESHIFT = 0  ®ahThae=E

DIS PHASESHIFT =1  #&EhIINHREXA

2
frirecicz = frivectkr X DIV _FIRE + 1

firecke FASRAEAMEKIFARERSHILZRT FIRE_UP/FIRE_DOWN 5SH95%E(ES.

N O N s B

i | |
I ] I I
i TfirecllL2 ; E
fFirel A _l _I
T
P i
I TF]rél / FirezI I

WM EERR, ZVFE 24 Threde FFHREIRE— MM, EF—MEA FIRE_UP/FIRE_DOWN HHAEEN, B
—MESMEARAL

fan

CLKHS=4MHz, DIV_CLKHS=1, DIV _FIRE=1

2
frirecikz = frireciir X DIVFIRET1- 2MHz

FIRE_UP/FIRE_DOWN #it =SS AR

fFirel/FireZ = 0.5 X ffireclkz = 1MHz

7 o 4 B
BILATESS 7788 5 1Y Bits29-31 (CONF FIRE) i&EiiHIRzh:
Bit31 =1 FIRE_BOTH (7E FIRE_ DOWN {EE b7 M)
Bit30 =1 FIRE Up 7/
Bit29 =2 FIRE_Down F¥/5

BkrPEEEIR (FRIRE) -
#£55778% 5 1Y Bits 24-26(REPEAT_FIRE)ET LUK ERKIFFZIRMEIRRES
REPEAT FIRE 0 MBI
1 8% 1K

7 8RR TR
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SEMICONDUCTOR

MTDC-GP22SRESTE ANZ_FIRE FFigEBHIRKH L. WNSRTE Sus RigERKEIRKT, T MTDC-GP22SHRMIEK
HEF R R E— K.

TR ERAREPMEESIIER T, AReERALIRE. —EEIR, 7 REFNLSIEAEEE MTDC-GP22SH]
NEEHE.

REMIAL

ENETEE 19, MTDC-GP22SiRHt T HRIEIIALAITIEE. RESFas 1 89 154 (EN_FAST_INIT) =1, shififr&
SB#EH TDC, FIEEREEEER, TDC EQESFHIT NANETY ., XMERERTEENAS. XAHES
RE— STOP ESAYERENEE.

BRFSERTT

NRAFFEBSITIENSEHEEUEER, WAKRLERNENSR, Bk, BREIZRH—L 185",
LAE TDC 5t ARI B BASIEE. WTFEENE, TR TIHEE, BUBSESHRER— R/ N\EHE.

IR BT (S E B E th Al HERIMNTIME, 1RAEETTIE START EI— N EHREE. XMEERTLATMA: TDC
EUWEI— START (55, #A/SNE STOP1 71 STOP2 Z[EIRTE (ELATESEMRE(Y) .

BITIRES1FEE 519 20 £ (EN_STARTNOISE) =1, HJLAFFEIREETT,

3.6 mENE
3.6.1. #Ei#
MNTRERNAMS, MTDC-GP22SE— " ERERENERT, RESEEMEINFENEENE.
MWEZETEHEXESAMERERN. RtBEEEs 3% TSEREMEEEREREEHITE. MTDC-GP22S
B RS R A =R SRR 71T F AER.

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

T : >
-¢ !
Cycle time = [TCycle+1] x 150us (@4 MHz)

/
\ /

Vioa

PT1 PT2 PT3 PT4

-4 - -
2 fake + 4 port measurements

BENERTE 4 MEENERN, He 2 MEEEERSNEROBTRK (L) MK (T NE, 5
SR ATIERSERE, Rk, REBEE—SEHEZRNRORA.
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SEMICONDUCTOR

100nF

T

Rref LoadT SenseT

———AM——( P

L1

PT2
Bup
PT3

—
" PT4
Bdown

BEERERRIR/N\BIREARRENVT 500Q, MESLAKEAEBEET 3m, MTDC-GP22S{XAJLINEMLHIERES
. TREMBRIFE 4 ZROIEREER. M3 PTS00 8¢ PT1000 BY, BENEAEE S HENERTNENER, MM PTS
00 8PT1000 {&£R=EAIEHE, FILARRARANSEREE. —MEESEHEENSESNEIUSERE.

2xPT500/ PT1000 |
<

LoadT SenseT
PT1

PT2

PT3

q
2x PT100 <
\
4—9%—0 PT4
Bdown

MTDC-GP22SEE th37#F PT100 £z E, BERNENRELBERBE TR, EXMERT, BIOEWE
MANSEBELIBEEMARMNNERE - EE, MEEAMR, XEEHTFEIRRBEERE, RIMEIRE GRS
EENEETERNIE SRS .

RENEEBNTHRM, BEBREYAIERED Start Temp Bf Start Temp Restart, &j% Start Temp Restart,
MTDC-GP22SEANERERR, FRZERBHEERA 50Hz/60Hz HIEE. XIESBHTIE 50Hz/60Hz IR,

MNFREENE, MTDC-GP22S4#E PT1 iisI#t1T 2 )REk 7 RATHSANE, SREKRER PT1>PT2>PT3>PT4 iR
ORIRFHTRENE, £ 4 MNeOUEERZE, PHRSAESHEERL, MTDC-GP22sthr] LURIER mOIRFHITIE
ENE, XMERT, ASWESMN PT4 mOFE.

A NNEBERESRFEERS TR 0-3 . A, 1RYE RES_2/RES_1 #1 RES_3/RES_4, BBEHAJLAItE Rtemp/Rref
MHE. BBEEMRERE, MALUREEREEIIERNEEE.
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SEMICONDUCTOR

3.6.2. HHXEESFESiRA

257788 019 15 fi7, ANZ_FAKE iR & 7T FHARNEEUEASUERIRE. X MEE RN T e iREAF BN RIE
EELEN.,

ANZ FAKE =0 2 ‘S NE

ANZ FAKE =1 7 XSG NE
HFE 08916 iz, TCYCLE IRE 7IRENER cycle time EHARTIEL,

TCYCLE=0 128 ps cycle time @ 4MHz

TCYCLE=1 512 ps cycle time @ 4MHz
7788 0917 i, ANZ_PORTS i8E7 Z/ O NEENRIROGWER.

ANZ_PORTS=0 2 MNmO=1MERES

ANZ_PORTS=1 4 NmO=2 MERES
251728 6 A9 11 i, TEMP_PORTDIR i&& 7 Ui ORIGRE

TEMP_PORTDIR=0 PT1>PT2>PT3>PT4

TEMP_PORTDIR=1  PT4>PT3>PT2>PT1
1728 6 19537, HZ60 8B 7 LifF Nz UEa Start TOF Restart #] Start_ Temp_Restart #a<$3ERAVRT IR,

HZ60 =0 50Hz &

HZ60 =1 60 Hz i
E77EE 6 9 18 #1197, CYCLE_TEMP, B THIRSE RRENEMERTEEREILL 50/60Hz (SHARNM],

CYCLE TEMP =0 1

=1 15
=2 2
=3 25
E57788 6 930 fif, NEG_STOP_TEMP & BHINEI SenseT (55 HIEE1R. LR AR ERiER il A 880, 45 PIN17 FIPIN18
G%, BRFAMNEBIEEATALRERAT, & PIN17 70 PIN18 MEIZAAIRER (5 74HC14)
NEG_STOP_TEMP = 0 RrFR4MIBitEEE il A S8
=1 NAREREESRES
3.6.3. EFEARBE
NTHBIRENEHRRTNENER, HFIFE dC/dU MBS, HEEFFER C0G RYIZEEB AR E CfCap R,
R FHEBRTEIAHER 150ps, EULEBRRIZEN FFIIE:
PT500: 220 nF
PT1000: 100 nF
BE Teycle=1, LUBRZSHER,
ERERNMAY, BAEMA XTR SEZEUNEEM7EL.
3.6.4. EtiEHE

55%F A/D BHRSEHHTRENEELL, KA MTDC-GP22SHHTRENE, HEEFHFEMR(E.

BT ORTERENE (2 MERER, 2 NEE) | BEMEITEER, EIFENT 2.5uA/s, G1RE 30 P37
—RERENE (AEIHHIMENIEIRER) , FYERUEE 0.08pA, tLEMIIETTEITIFERY 1/50 5 E/\, PT500 {&/=%38
FEER RN,

3.6.5. EIXRtEN
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BENERTTAEEREERTRAMNINEE. ERILNIIERESEGIIASTEE, A5 MTDC-GP22SIEIRESEH 178
B 11812 (28 1, FAHENNERSFEREA—MERAE,
® G WA THHAERARE (< 8xTref = 2 uys @4MHz) , MTDC-GP22SKBLfEHIHEFRTEA 0x0.
® (ERERINER: A TIRBEFLLESERTEEL, MTDC-GP22stiittEHFes SN OxFFFFFFFF,

IR SERFERENENEIAEE 512us (Teycle = 1) BY, ®fEE SEL_TIMO_MB2 73 2ms, BREZRIAIFHT
RE(INTN)ET BB HEE.
3.6.6. IBEHREMMFHEIME

MTDC-GP22SHURENERETHREE RS LRUBRT R ASHEEN R ERNE. RTFEZSARSAIEE
IBRYiE], BRSINIFFEBENERRE, HLSHNEERNIFRERTIETE BT, XA TETLARREARE—
FELINRBIRE. B, TUABT—MERNEHUESR, SH—MESIMERECRAMESIERENRR. XTI
DNEREAIRIEWNT

Teorr = Tuncorr/gainfactor

Teorr: IBRRIFEHIRES

Tuncorr: R TIERARIERNRELS

gainfactor: IBEIRIERE, *M=5EBIEL 1 IRE.

BEXMMERT, MARNSERStARS, HENAINEBN 74AHC4 EEfsitRes, ERISAlARSRRIREIRAT )
AT PE(EES RIS ERZEIRER 0.05%.

ENEENSHWNERESE, ERIGTFMIERE:

IREERERAVENLERFE (Ekgn PT500, PT1000)

RIFBHERYSARA 2SS (MTDC-GP22SHEREZSIMB 74AHC14)

MTDC-GP22S{HEER )+

TR AR IE R EIEZ BIRIRIEHIRAL,

EI=W

HNERFERE AR RRAIE T IERELERYE 74AHCT4 MEIX1EAT, Efth2E8 (FI40 74HC14) REARRISRIEIERE,
SRIRIEIERMEIEES. B, SEREAINBEER:, BIUEFNA 74AHCT4 fERINRROM SRR RR,

Bl 1.

ZRZF PT1000 iREEREES, MTDC-GP22SHERIEZFAT/AZET 3V HEBEE, RIBEMAIRIE, EEFEEHY 0.99

M IERNERT UL FEARBHT:

Teorr = Tuncorr/0.9931

Bl 2:

N PT500 iREERER, FMERAY 74AHC4 fEZaefin /R 8870 3.6V (HEEME, 1EEHREDY 0.9980, BPA, EBIMIER
HNERAILABE FTEATUHT:

Teorr = Tuncorr/0.9962
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4. BIEIEE

fa) Z z
G % & 3 é é =z
N\ N\ o\ o\ o\ .\ .\
o T T T T )
vioQ e 44%SPI
vce O T
CLK320UT ()_ Aéhizs AR
CLK32IN —— #isre (@ T ?
238 BA T T e —
XOUT (D— ?g%%ﬁréga — EABIERATT
XIN O— t "
o
FIREIES 7S *[4
T ®
T Rl A
SENSET ¢
>
< > & T .
_‘8- Y @
c
IR v 2 E'S
i g |
PT1 O— 2 = |
i
P2 O— ﬁ
X
PT3 O— by
,:':é
PT4 O—
J\ /L J\ IaWaVa) N a Ve
A\ A\ A\ A A v U U
Zz o =z = — N — —
o > 2 ?E_C % % E(C % %
e z Q ahh &, G 6
o z Zz =
E w w (NN
[a'4
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5. 151ES4

5.1 RERS&

SR ERT, (HTEIRRSHAIN AL X HERK AR, & H KB TR TR SR s mas Y
IR, RRSHRBH—FEIIRIHEY, AAEESRTLUER TFERREG T,

B s WEE == v
Rzt E Ve -03~4 Y
10 {HEBEE Vio 7.0 Vv
MANEWBE Vin -0.5 ~ VCC + 0.5 \%
FiERESTE Tstg -55 ~ +150 °C
BALEE Tj 125 °C
ESD HBM >4 kv
51.1. #HETESRY
% 35 Mzt S =ME EABYE EAE =21y}
RxAtEREE Ve Vee=Vio 2.5 3.6 \%
IO HEBEEE Vio 2.5 3.6 Vv
—ARN EFHaRTE tr 200 ns
—ARBIN T PEaRT A tfa 200 ns
TRt R EFHORT ) tii 5 ms
BRI R 2R R PEIRATIE tta 5 ms
NERE Ta -40 125 °C
Pt GEl iz Rin-) LIRS 28 K/W
5.2 B5S5#

5.2.1. EHikBiFE

Vio =Vcc = 3.0V, Tj=-40 - +85°C

B84 ) Mzt BME | HBE | RXE | B
32kHz EIREBIR 32 lcc+lio, ¥ 32kHz BHRTAE 1 25 HA
Vce=Vip=3.6V 200 MA
AMHz SIRETE Ins Vee=Vio=3.0V 130 LA
X <1 pA
AU EERITRE IR ltmu WETREIN=sad=] 4 mA
EBSHR lddq KIAFTBRTER <0.1 PA
TOF-UP/DOWN, 1/s 1.1 A

TYEEER lo -
#58, PT1000, 1/30s 0.15 uA
RENEER It & 30 Bu—X 0.085 pA
RHIER DRI lana FHiSEHAERS 0.8 mA
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£ s Mzt BME | HBE @ RXE | B
HHEBE Voh loh=tbd MA , Vio=Min 0.8Vio Y
HH{EEBE Vol lo=tbd mA , Vio=Min 0.2Vio Y
BINESERE Vin LVTTL , Vio=Max 0.7Vio Vv
BNEEE Vi LVTTL , Vio=Min 0.3Vio %

et AR SR B E Vih 0.7Vio v
TSR (R & \Z 0.3Vio v
TR A 2R E Vh 0.28 %
5.2.2. BIREHRE
84 = Mz BME | HBE | RXE | B
2T TN Cin 7 pF
3 E 2T Co | VCC=VIO, f=1MHz, T=25°C
X[ Cio 9 pF
PT 00 tbd
ESLETIN tbd
5.2.3. &R
sH s Mzt BME | HBYE | BXE | B
RERHINBEZ
tt&i:g;:é_) <1 2 mV
STOP1/STOP2 #IAKY XIFREE L,
T R REA Rason (49| 2 dson(HIGH) =Rdson(LOW) 200 Q
FIRE_UP, FIRE_DOWN
mwEE R | o ‘ ¢
FIRE_UP, FIRE_DOWN
AL e % mA
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5.2.4. HIENESTT

MTDC-GP22S

VIO =VCC = 3.0V, Tj=25C
BH Hs Mzt BME | BBE | RmXE | B
ME3EE 1&2, DOUBLE RES=0 90 ps
MRS HER LSB ME5SE 182, DOUBLE RES=1 45 ps
MESeE 2, QUAD RES=1 22 ps
—— 5 NESBHE 182 tbd ps
MESEE 2, QUAD RES=1 tbd ps
MESTHE 1 3.5ns 2.4ps
NESTE tm
WESBE 2 (4M SiEESh) 500ns 4ms
AVSE |27 INL <0.1 LSB
(B baE|57 DNL <0.1 LSB
5.2.5. iRENERT
Mzt
£ MBSt A 25 SpERIERRYF A =21}
PT500 PT1000 PT500 PT1000
SR RMS 17.5 17.5 16.0 16.0 Bit
SNR 105 105 96 96 dB
PO 0.9912 0.9931 0.9960 0.9979
3.6V 0.9923 0.9940 0.9962 0.9980
HEIFIEES vs VIO 3.0v 0.9912 0.9931 0.9960 0.9979
2.5V 0.9895 0.9915 0.9956 0.9979
EEHERE VS.Vio 0.25 0.23 0.06 0.04 %/V
BAEFIRE (dT=100K) 0.05% 0.05% 0.02% <0.01%
BEEBVS.EE 0.022 0.017 0.012 0.0082 %/10K
1BEIERBVS.Vio 0.08 %/V
MBRERER <20 <10 <20 <10 mK
EREBVS.EE <0.05 <0.03 <0.012 <0.082 mK/°C
PSRR >100 dB
1. FFENIESERE VIO=VCC=3.0V $£18, Cload=100nF F3F PT1000, ifg 200nF F8F PT500,

. RIFASMNES 74AHC14 fERYS A 28
- SIS 1 ROBIRABELR.
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5.2.6. Bi¥hiRAHSR

8H = =IME BIENE BXE =1y
32kHz &% EiRATE CLK3, 32.768 kHz
32kHz ERifx_-FB/EHERATE Taast 3 s
EIRRIRSERTH CLKks 2 4 8 MHz
b ERIRAECHRATT 18] Toszst 100 us
AR AR REERAY ) Toszst 1 ms

5.2.7. Bf3EO

BAE
8H 7S =173
VIO = 2.5V VIO = 3.3V

ER{TRI SRS fei 15 20 MHz
BiTHI®, S towh 30 25 ns
ERITATER, BRI towl 30 25 ns
SSN FFiaZlIRf$HABEK tsussn 40 10 ns
SSN EEERZ afpkhEEE towssn 50 40 ns
SSN 7£ SCLK NEa/EaYRFE thssn 40 25 ns
HIEEE SCLK THAAIATE toud 5 5 ns
HHURTE SCLK RHBBAYRISATE) thd 5 5 ns
£ SCLK _EFHAZISUEE3AIATIE) tud 20 16 ns

EB{TIEO (SPIFRE, RItPMBNRI=1, RIEPRME=0) :

BITHOR 4 %4 SPI, FE—SSN 55, FrLARREEFRE 3 L&l SPI 0.

SSN B IEREES— SCK N EFHEIHREN INTN S (FFEER) K&,
HREBMRSA(MSB)FHAZIRIRAI(LSB)ER, EllFHozl5emR). B4 SSN RiE—1 LOW-HIGH-LOW A
F, BEERITLESNFTEEL.

tsussn | ¢

t
» < = ‘] pwi hj Dv’,lsi_’ S

SSN \ — L[| ,

“-—

SCK /\ /—M Y Y
st X mseX_— X X X tse_X

1. SPI B

Copyright®© Msksemi Incorporated www.msksemi.com


http://www.msksemi.com

MSKSEMI MTDC-GP22S

SEMICONDUCTOR

t
» — » tpwl “ tpwssn »
SSN M it

o M\ UM

SI Tmse X 6 i X 158 X
g —N 4
I G ()
tg —¥ &—

\\ OPCODE /\ DATA /

& 2. SPI EA4F

5.2.8. %[ STOP iEiEAIf=

24 Bs =/IME =BAE Eafyy
{FREEE AT ts-en 35 ns
(ERE(RIFATIE) tsH-EN 15 ns

STOP no pass 88557

—» —t

EN_Stop
—Pp ,'_ tSH -
' " EN
3. %7 STOP BERF
5.2.9. ZHRE(IMF
28 83 =IME RBAE Eafyy
SMfkTEEE toh 30 ns
EEMRK Y EFHEREIR LSS RAIRTE)ERE tefs 30 ns
HELEEME, EVEZE 500us Ao LUSEHEBEIRERS.,
H;tph‘_
Reset
at pin RSTN
(atp ) = 1
Start/Stop accept % accept
%

4. REENAF

Copyright®© Msksemi Incorporated www.msksemi.com


http://www.msksemi.com

MSKSEMI MTDC-GP22S

SEMICONDUCTOR

5.3 EiREE

MTDC-GP22S ASIm# A EINE G et AT IRBIRENENR  IFAHEIFIFEEE. BIRNZEASHE S UAIEER

. MTDC-GP22SHRIHRNSERIRAL IR :

Vio -1/0 {HEEBEBE

Veo - RHEEEE

FEH Ground 5 | BIEBRZiZ =R EDRIFR BEIRAUME £ Vo1 Vee ROZBIS — MRt EL & EERIZ M BB E AT 8845 .
RENRAAXNRIETES, BRBT 10 BES [RATHT.

R iR ReE A AONIENR, TEBRTFRIEIRME, TRUEEEZTXAER, El— 1 7E20XNE
KR EE:

Vcc 47 pF (B/N 22 pF)

Vio 100 uF (&N 22 pF)

FEREE EMNIZET — ME AT AT, EEAEERFRIARERT.
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6. BLRINF

6.1 Btk

MTDC-GP22S

MTDC-GP22SIFRIESRIIFEEAAERINIHAINA. BT TR REITIEE, SEE KBTI, SHEE
BENE. JRRLERS. WIUFFK. tLiREs. STOP FikE DIhRELAR Rt ES, (NFEEINBII—MERNE R (BF

D) , MATLAH TR ERTNE.

RARBEILEAFERE, RITLUMEEAERE). TERER T —MEERERRAERNA MTDC-GP22STMig

THYENERER.

vCC
3V

10R

47uF-T—

100uF

Piezo

MCU

330R
L1 ——[]
330R
— I
1
L |
Diagnosis 10nF-|— 81 == 10nF — ”]
N - ;
Piezo
= = NI ]
o (SRS o o Temperature cold
® 22582555 "
O v on nonn PT1000
OXIN - F z z  PT1 p—
3 | | 560K PT1000
O XOUuT PT2
O VIO vio P
Temperature hot
GND GND )—||'
FIRE_UP PT3
1K
RIRE_DOWN PT4
32kHz FIRE_IN LOADT y
= 100nF
—{ INTN = SENSET
=)
(@] =z —
z S 9
z ¥ E Y ¥ ¥
a3 v Q3 25 33
A" A" A" A"
§ 10M
[l 32kHz 500nA
10pF—|:- -j-pr

HEBDIMNDTTY, BITHRI NI

HEFEREIREEST, (TR RNEER —XIFREMES.

EEENERZST, (NEEHMI 1 NEEREEBIARITEES,

. Eit, BRINAREE—MEFEIR S,

XTFEIRERD, WEENASIREANRLS VCCH VIO X458, D3liE

°
RERFE 11 MENBITTHRETAENE T F.

— ™ NIEEESREH T,

IRFERIERE T 11 32.768KHz BRI 11 4M KFBERIR. FIRE_IN EHIFTLART 32.768KHz S#RAVHIHIK
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6.2 SFRAHBIRE

&HiFes =] ik
ANZ_FIRE=10 (&Z57788 6 RUEA) .
DIV_FIRE=3, RKiARgHAE=4MHz/4=1.0MHz,
ANZ_PER_CALRES=0, 4MHz E#RET—IX 61.035ps RIS T,
DIV_CLKHS=0, 4MHz [g&aRIRBEAA S SE/PIERRTER,
START_CLKHS=2, M&iR%asiEIRE AT 480us.
ANZ_PORT=1, MFFBRI 4 MEENERKO,
TCYCLE=1, 512us {E/9iRENEAEIREIE.,
ANZ FAKE=0, 2 )XEEHRSIIE,
SEL_ECLK TMP=1, RFE 4MHz @IRESGERENEEIART A,
CALIBRATE=1, EUEEHE 2, LAEHE.
NO_CAL_AUTO=0, ENETHE 2, HRZENBIRAE,
MESSB2=1, FFEUETEE 2, ME>2us HITE,
NEG_STOP/NEGSTART=0, FrEEEXT EFHASRL.
&it: WNSR(ER Start_TOF, #i}4§ START CLKHS=1, MiX5EREEXHA.
HIT2=2, HIT1=1: EUEEE 2, 118 1.Stop-Start,
EN_FAST_Init=0, > HITIN2=0,
HITIN1=4, U 3 4/ stop fkF (FENEBE 2 1, start BE—MKRNE, Sdth 4
NBKH) .
1 'h21444000 | CURR32K=0, RIFAZKIA.
SEL_START_FIRE=1, /& HPAIERH fire PP EEIKE start (55,
SEL TSTO2=0, EN_START /5,
SEL TSTO1=0, FIRE_IN ZHIESRBKHEN,
&%: IZEBILIRE, Fire in 1 EN Start XM SRIAEESS,
EN_INT=b101, hEFeRRJIEIGEHFN ALU ITEEERGH,
RFEDGE1=RFEDGE2=0, {XiFA_LFHE.
DELVAL1=8960, H—NRHIEKATIEIZTE 70us Zf5.
&it: APALMRIEEFMEIR(ES&E DELVALT (B (BIRH#EENE) .
EN_AUTOCALC=1, EzhitErAE 3 Mk,
EN_FIRST WAVE=1, FFEFHE—HauEl.
EN_ERR_VAL=0, HAJIEGEHAT, MERESFEEEAN Oxffffffff
3 'hD0510300 | SEL TIMO MB2=2, 7£ start fKH/E, #& 1024us RIEUSS, TEEH.
DELREL1=3, DELREL2=4, DELREL3=5, 7EWEFEIE—KZ/E, WEE 3. F4MES
N stop ki,
&it: BRALMRESE—RZ GRS, REIRWSENA stop Bk,
DIS_PW=0, fKHEENERIT=
EDGE_PW=0, #FELFHONERKTEE
4 'h20004A00 | OFFSRNG2=0, FREHRER offset
OFFSRNG1=1, OFFS=10: & offset (§9=20mV+10mV=30mV
&iE: offset (ERJLMBHEERREIRIS SRS HITHEE,

0 'hA30B6800

2 'hA0230000
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Check-loop INTN =0 ?
&% SO = 'hBO, i%E SI = RES 0
REZRE] = 61.035/RES_0

MEFEE:

RENEERE 30 M—Xk:

&i%x SO = 'h02 Start_ Temp
Check-loop INTN =0 ?

KX SO = 'hB4, iEEX SI = STAT
STAT& 'h1EQ0 > O: -> Error routine
&% SO = 'hBO, i&EEX SI =RES 0
&i% SO = 'hB1, iZHY SI = RES 1

7S & faiR

CONF_FIRE=2, %7 FIRE_UP, FF/5 FIRE_ DOWN, #NERIFT Start TOF Restart
#{EWS, FB4 FIRE_UPF] FIRE_DOWN B &EXEMNRA T LFEMTBRIONE. X
BEfANSESRRERBRT X T HEUEM R (FIRE_DOWN FE) .
EN_STARTNOISE=0, FFfZ.

> h50000000 | 5 pHASESHIFT=0, FFRSIEEASTREFRERAIRE.
REPEAT FIRE=0, £ERIKE,
PHASE_FIRE=0, fE&RSIEKFRT, RBEMZHA L
Fi¥: MEFEM Start TOF, FEH/Xi&E CONF_FIRE=1 #1375 iRl .
EN_ANALOG=1, RiF3MEBIEHILLIRESBEE.,
NEG_STOP_TEMP=1, RIAAAZEZESMASEENBRENE.
DA_KORR=0, 7EZ57758 4 FIRBLLIKEE offset,
TW2=3, 300us FEIRRARBESHITRE.
START_CLKHS=2, ME&IRZRAEIRESEN 480us (ENFFH0) .
CYCLE_TEMP=0, R MUEZARIER, MAZRE 1.0,
CYCLE_TOF=0, EAMNEFEKINENE 28, RNAERZEE 1.0
HZ60=0, 50Hz J9&Lht,

6 'hC0C06000 | FIREO_DEF=1, 4i;FEAEMEHIABERAT, HAFF/E QUAD_RES=1, RIF3 17ps ¥
DOUBLE_RES=0
TEMP_PORTDIR=0, #rEMRENEINF.
ANZ_FIRE=10 (RAT&EFES 0 A9EA) .
#F]i¥: f£(EH Start_TOF Restart {£{Ef3AY, CYCLE_TOF=0, HZ60=0; iXHhd,
PR ET (LT MREREREEIER 16.67ms, R, =R
Start Temp_Restart #£{Ef3A$, CYCLE TEMP=0, HZ60=0, FXEENENS
ERRENES 16.67ms,

6.3 NEiiz
LHS:

&% SO = 'h50

ROERT

&% SO = 'h03 Start_Cal Resonator
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&£ SO = 'hB2, B SI = RES 2
&£ SO = ‘hB3, iEEX SI = RES 3
Rhot/Rref = RES_0/RES_ 1

Reold/Rref = RES_3/RES 2

FE R EERERIE P E AR,
BFHNE—RTRIENERE:

&% SO = 'h70 Initialize TDC

&% SO = 'h05 Start TOF Restart
Check-loop INTN = 0? (L% TOF)

&% SO = 'hB4, =B SI = STAT
STAT & 'h0600 > 0: -> Error routine,
timeout = TEER,

&ix SO = 'hB3, iEEX SI = RES 3
&ix SO = 'h70 #¥_{L TDC
Check-loop INTN = 0? (Tif# TOF)

&ix SO = 'hB4, iEEY SI = STAT
STAT& 'h0600 > 0: -> Error routine
&ix SO = 'hB3, iEEX SI = RES 3
AR AR LAFH AR TR, AR EREMRENE.
BEK T REENEESEE:

&ix SO = 'hB8, iEE SI = PWI1ST
S0 PWIST < 0.3, {55K55, MAHIRERES.
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7. RS

QFN32 1%
D D1
Uuouuuuuy
=, CPINA
- d
= =
Ll QJFD - ]
B, (-
-) (-
- (-
AN00A0000
k b1
] | -
<
&
RE
Dimensions In Millimeters Dimensions In Inches
Symbol : :
Min. Max. Min. Max.
A 0.700 0.800 0.028 0.031
Al 0.000 0.050 0.000 0.002
A3 0.203 REF. 0.008 REF.
b 0.180 0.300 0.007 0.012
bl 0.130 0.230 0.005 0.009
D 4.900 5.100 0.193 0.201
D1 3.000 3.200 0.118 0.126
E 4.900 5.100 0.193 0.201
El 3.000 3.200 0.118 0.126
e 0.500 BSC. 0.020 BSC.
0.550 REF. 0.022 REF.
L 0.324 0.476 0.013 0.019

NOTE:ALL DIMENSIONS REFER TO JEDEC STANDARD MO-220WMMD-4.
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Attention

m Any and all MSKSEMI Semiconductor products described or contained herein do not have specifications that can
handle applications that require extremely high levels of reliability, such as life-support systems, aircraft's control systems, or
other applications whose failure can be reasonably expected to result in serious physical and/or material damage. Consult with
your MSKSEMI Semiconductor representative nearest you before using any MSKSEMI Semiconductor products described
or contained herein in such applications.

m MSKSEMI Semiconductor assumes no responsibility for equipment failures that result from using products  at values that
exceed, even momentarily, rated values (such as maximum ratings, operating condition ranges, or other parameters) listed in

products specificationsof any andall MSKSEMI Semiconductor products described orcontained herein.
m Specifications of any and all MSKSEMI Semiconductor products described or contained herein stipulate the

performance, characteristics, and functions of the described products in the independent state, and are not guarantees of the
performance, characteristics, and functions of the described products as mounted in the customer’s products or equipment. To
verify symptoms and states that cannot be evaluated in an independent device, the customer should always evaluate and test
devices mounted in the customer’sproducts orequipment.

m MSKSEMI Semiconductor. strives to supply high-quality high-reliability products. However, any and all semiconductor
products fail with someprobability. It is possiblethat these probabilistic failures could give rise to accidents or events that could
endanger human lives, that could give rise to smoke or fire, or that could cause damage to other property. When designing
equipment, adopt safety measures so that these kinds of accidents or events cannot occur. Such measures include but are
not limited to protective circuits anderror prevention circuitsfor safedesign, redundant design, and structural design.

m |n the event that any or all MSKSEMI Semiconductor products(including technical data, services) described or contained
herein are controlled under any of applicable local export control laws and regulations, such products must not be exported

without obtaining the export license from theauthorities concerned in accordance with the above law.
m No part of this publication may be reproduced or transmitted in any form or by any means, electronic or

mechanical, including photocopying and recording, or any information storage or retrieval system, or otherwise, without the prior
written permission of MSKSEMI Semiconductor.

m Information (including circuit diagrams and circuit parameters) herein is for example only ; it is not guaranteed for volume
production. MSKSEMI Semiconductor believes information herein is accurate and reliable, but no guarantees are made or

implied regarding its use or any infringementsof intellectual property rights or other rightsof third parties.
m Any and all information described or contained herein are subject to change without notice due to

product/technology improvement, etc. Whendesigning equipment, referto the "Delivery Specification" for the MSKSEMI

Semiconductor productthat you intend to use.
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