U 355 R
e JE B TE] I 2 (TDC) HE i
BB

MS1022 & — 3 ikl L IR [ 5 (TDC) i, & MS1002
IFH = s 5 MS1002 4 IHIsE A e s,  HAREZ MS1002 (15T
HIhfe. MS1022 NS TR LL R as . BERITFOC, it
TR B AR, IR K TR T A0 i o [ P 334 o
T H— PR B, PIT IR K KSR . AR LRSI
offset AIYMFEILEh + 35 mV, A[ERERANEE. H
DATSEER 65 — A 358 Jok v R A GT 53 55 >R ) I B A0 £ 5 38 ) 4
INo TS IXANERTT LU R e e . ERE )
W, KPERMER RN . @il a4 StartTOFRestart
A LASE R — G PR3 I 2 COTAURIIZE AT ) (16 300 A0 gk 1 s
0, MR R0 A (R B A R H S P Y FE o

Bt S

W EVER 1:

B XUHIE R B 75ps

B RUHEE UK B 37ps

B JIEJEHE 3.5ns (Ons) £ 2.5 s

B 20ns J/MKePIIRE, feZ TR 4 S keh
W EVEF 2:

FRIRTE FORS BERE X Thps A1 HER

BUREFERLA 37ps, PURGFEALLC 19ps 1) 53 4%
MEJEH 500ns & 4ms (4M g )
AR 3 ANk, AT A B AR EE 3 AN EdE
L NG

B he e RIS L A%, ATl gu R imAs s, +35 mv
WA

AR B — IR T Pk B

PN A BOFH - N JE BRI R ¢

AR HL A TR B 2 AN PR 2 AN HL R

15 P B B TG

B 24 MR EEE, PT500/PT1000 B M iy
W N R R Rl R A

77 it RS 2R
7 il B 3 A T ERA4FK
MS1022 QFN-32 MS1022
MS1022P LQFP32 MS1022P

MS1002 5MS1002P k& B2 L 2UA ], ARSI .

MS1022

LQFP32

N AN SR il A 16 A
RERE N F P AR 7 fik
5 17,5 AT ROKS
W HERIhFE (B 30 FPI R — IR
4 0. 08uA)
FEEk ) Re
B kb ARy, mE TR 127
Ak
T B/ RS A ik A
ek FEE (1) STOP Bt il 7 11
IRIIAE 32K P4 (500nA)
7X 32 {7 1¥) EEPROM
%Y
B 44 SPIlfEH0
B [fEHE 2.5V 3 3.6V
B ERE-40C 2 +125C
B QFN32/LQFP32 Ff%:

&

W H

mOEERIER, KK
Lo il

AN AT B2 7

Http://www.relmon.com
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3 i iR MS1022

A

A /5]

%)
H

{

ZFZHAW
f 1iun 9ARA 1S bo leuy
~tun
PN
NSS O—
MOS O— mw Mmu Mmu |
()
— o
. (] ©
0S O— 4% f%f NN 1%18._.
IS O— =
i
1iun do s Xs§N
4 *@ 2+ ]
NS _wmu_# F_”wd_ #__NLHHEMMCQU 10 1e Joud)
AF . « asnd a1
N9 Hiun o1 Y90 D 1 un NCHAH 11un 8.n 1e sedus|
- = = 5 EEEd

CLK320UT
CLK3Z2IN

SENSET

6d0oLS Ni

TdOLS Nd

LAVLS NA

¢dOLS
TdOLS

LAVLS

NMOd ST

dn A1
NI Jd14

1.7 2017.07.12
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B B L AHEAT PR 2 7]
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MMEwp  ms1022

e

Z £ 5 Z ¥
W% AL L R Ve -0.3~4 v
10 fHHL L A v, -0.3~4 vV
NS R V., -0. 5~Vec+0. 5 vV
A7l T.. -55~150 oc
SN i T, 125 oc
ESD P4k HBM >2 kv
UM i B AR A PR 2 7 WA 1.7 2017.07.12
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U R

MS1022

A2
HEAEAE 0 TAE A
Z £ 5 WooowW & M | HME UM [BORME | A
P RZ L L H P V., Vee= Vio 2.5 3.6 vV
10 AL L A v, 2.5 3.6 v
— RN b THH ] s 200 ns
— N BT I ) Ty, 200 ns
it S kR A b TV ] s 5 ms
it B R R A T B I () tr, 5 ms
A T, Tj RNREHER 125° C -40 125 C
B0 FH Rivis) Zh-IR S 28 K/W
*FE AR XIN, XOUT, C1k32In, C1k320ut
BERHEEE (Vio = Vee = 3.0V, Tj = —40 | +85° ()
Z £ 5 oW & M | HeME S [ BORME | A
32kHz e FEIR L TeetT 1o, X 32kHz SHR T AE 1 uA
I V.=V, = 3.6V 200 uA
4 Mhz fhPRH V.=V,.=3. 0V 130 uA
Bzilin) <1 uA
] T B G LR L A ] B9 5T 4 mA
FASHI Ligq BT A I 5% 4], @85°C <0. 1 uA
ERAEHLR I, TOF-UP/DOWN, 1/s 1.1
36, PT1000, 1/30s 0.15 uA
T 5 I R I, 30 Fb—Ik 0. 085 uA
BLALLS 43 FL iR | FEIE B 53 0.8 mA
e FRLIA Liotar BERD 2 VRIS 1) 2.3 uA
30 Fb— Vil I
i Hh LR Vo I,= tbd mA V,=Min. 0.8V, v
Fr K s V., I,=tbd mA, V,=Min 0.2V, vV
PN EN S Vi, LVITL, V,, = Max. 0.7V, v
LA [iMEENES Vi, LVTTL, V, = Min. 0.3V, v
it R ik A e P LR Vi 0.7V, vV
it 2 Ao R A L LR Vo 0.3V, vV
it 2 A R A B A Vi, 0. 28 vV
oM S BB A7 R A ] JRAS: 1.7 2017.07.12

Http://www.relmon.com
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U R

MS1022

2 ST A
% 4 w5 W & M | BoME (UMY (RO | SR
AN C,, ZE @ Vee = Vio, 7
o C, f =1 MHz, T=25° CH} pF
X JA] Cio 9
PT 3] t.b. d.
(ZEPLTIIAN t.b.d
FEHDL L I I i
% 4 w5 W & M | BoME (UMY (RO | SR
EU 1 8 N HE S TR <1 5 v
(e kase)
STOP1/STOP2 iy N[
Ricontas 200 Oh
T T i 1 FO B o !
FIRE UP, FIRE DOWN #tH R X FR A oh
gterantrams | " R, HIGH= R, (LOW) "
FIRE UP, FIRE DOWN %t
_—‘ N IFIRE 96 ITlA
AT H LR
EEPROM
% 4 w5 W & M | BeME (UMY (RO | SR
T A 10 e
% A @ 85° C — I
B O B N 1) AR W
PR i)
LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12

Http://www.relmon.com
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U R

MS1022

s 24
fi PE) 30 .6 (V,,=V,.=3. 0V, T =25C)
Z £ i R A e N N L S e o N I X A
WG 162 .
DOUBLE RES = 0
M PR LSB DOUBLE RES = 1 37 ps
MR 2: 19
QUAD RES = 1
(ERUR (TP M 182
DOUBLE RES = 0 t.b.d
o DOUBLE RES = 1 ps
MERL 2:
QUAD RES = 1 t.b-d
b= (En ¢ WEVEH 1 3. 5ns 2.4us
' WO 2 (AM SIERE) | 500ns 4ms
AV B2 eTES INL <0. 1 LSB
ZE AR LS DNL <0. 1 LSB
I = G
Z 5 /5 woow & AT
PR ISt 3 R ik A 2 e 2 R A R s
PT500 PT1000 PT500 PT1000
43 HE%E RMS 17.5 17.5 16.0 16.0 Bit
SNR 105 105 96 96 dB
LN 35 ° 0. 9912 0. 9931 0. 9960 0. 9979
3.6V 0. 9923 0. 9940 0. 9962 0. 9980
AiREEE vs. v, P | 3.0V 0.9912 0. 9931 0. 9960 0. 9979
2.5V 0. 9895 0.9915 0. 9956 0. 9979
WIS vs. V., 0.25 0.23 0. 06 0. 04 %/V
B2k 7@ dO=100 K 0. 05% 0. 05% 0. 02% <0.01%
WEER vs. IE 0. 022 0.017 0.012 0.0082 |%/10K
WA vs. Vy, 0. 08 %/V
WU p 5 <20 <10 <20 <10 mK
FHER vs. IE <0. 05 <0.03 <0.012 <0. 082 mK/C
PSRR >100 dB
1. rfgiE4aside v, = V., = 3.0 V3Rf, C.., = 100 nF HJ PT1000, ifj 200 nF H{J* PT500

(COG-2£7Y) ,

2. AN TAAHCLA Jit S5 fil A 22,

AN 1 UM

AN AT B2 7

Http://www.relmon.com
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3 s v Rl MS1022

e

TR RIBIE, LU RS A V. =3, 3V40. 3V, FREEIRE -40 °© C~+85 ° C [R4ft
S R 1

IR 7 o
Z £ i /M ST SONEN Li¥iv
32 kHz Z272% fhdRiny B Clk,, 32. 768 kHz
32 kHz fhd ¢ . .
16 b AR ] o
e AR S 2 I B Clkys 2 4 8 MHz
Pl 2 i i AL AR I 1) Cosst 100 us
£ R A R TR Lot 1 ms
HFATEN
z K % B L fir
V,.=2. 5V V,.=3.3V
AT AR o 15 20 MHz
FATE B, kb Tout 30 25 ns
FRATI P, ki Tou 30 25 ns
SSN F )3 B B % Cousen 40 10 ns
SSN 7 S AGH 2 1) (1 ik o 5 Covsen 50 40 ns
SSN 7t SCK T B Ji 1) PRFFISS [1] Thson 40 25 ns
BHiAT R E) SCK R B 1 st 1] Tou 5 5 ns
/e SCLK K BRI I IR DR KR I (7] Lo 5 5 ns
7E SCK b T 21 s A 2801 (1] T 20 16 ns

FATE (SPI JfE7¥, WPRMHEAL =1, B8P =0):

FATE LS5 4 260 SPT 3N, BT E—A> SerialSelectNot (SSN) {55, MIMAHER T
YEALE 3-2kih SPT #2 11

AN SCK [ _ETF-APE-& 527 INTN 25 40 (/e B IR 3

LM Ffs B R A PR 2 &) BiA S 1.7 2017.07.12
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M i R MS1022

MIcEfE (MSB) TFAG et AR ARAL (LSB) &SR AdiriE LA 7 sUse ity . Bt LA
FERE T AR, B gy SSN RIS LOW-HIGH-LOW [#jHg-F-

sussn

SSN

SCK
SI MSB X | X X LSB X

tsuci — —
—

Kl 1. SPT 57

Eoussn t t
¢ pwl pwssn
SSN Cown

st X mse X 6 1 X s [X
tsud:ﬂ P t
S0 " { msB X msB-1 X 1 X LB ——
tvd — }‘_
OPCODE DATA
Kl 2. SPT 21 /7
M STOP 38 1 1 B /57
STOP no pass U s,
_’| HtS—EN
EN_Stop
.y e
EN
&l 3: SCH1 STOP J@iE i /7
Z # & = B/ME S PN A
@%‘Eﬁiﬁﬂlﬂ oy t.b. d. - ns
,TE%\E{%T#Hﬂ‘I‘Eﬂ tSH*EN t b d - ns

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
57T 8T
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3 s v Rl MS1022

RGEE NI
Reset ot
(at pin RSTN) !
_’ trfs‘_
Start/Stop accept % accept
Kl 4: RGERANT
2 Al 5 e /ME N =<K {2
STk o8 Ty t.b. d. - ns

FERAL K P LT Ja B R] LA 2

=3 trfs . b d —
S e B ) 5 t ns

e EREAE, BT 500 1 s 4 AT LS SRR HL K4

LM Ffs B R A PR 2 &) BiA S 1.7 2017.07.12

Http://www.relmon.com 57 HH9TT




2 5 R

MS1022

&I
= s 5
;\ E g oo/ g ;\ ;\
S0 »n 285 ad4
o SN
ml%yUUUUUQ%m
XoUT|— ) C_|p12
VIO[ D C_vio
GND [ D GND
FIRE_UP[ MS 1 022 E PT3
FIRE_DOWN|[ C_|pr4
FIRE_IN[ (| LOADT
INTN| 8) (17 | SENSET
aifNRIANRINNNEE
5 SESSE
=g
=Rk
WS B W A | N0 | AR S AALEH
1 XIN | [EBESHE L IETILT TN GND
2 XOUT o mn R IK B L
3 VIO - i 11 LY
4 GND - Hh
5 FIRE_UP 0 48 mA ik i
6 FIRE_DOWN 0 48 mA ik R A 2
7 FIRE IN | CRENET AE S A GND
8 INTN o 4 mA TR, RHEPE L
9 SSN | HRATHE LMWL RS, AR
10 SCK | HATE i
11 ST | ATE AR AN
12 SO o 4 mA =& FRATH LR
13 RSTN | RGN, AR TR
14 Ve - P AZ HLE
15 CLK320UT o 32 kHz W EP4r b5 ol
16 CLK32IN | 32 kHz H8h4 AN GND
UM i B AR A PR 2 7 fAS: 1.7 2017.07.12
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U R

MS1022

e | E MW 4 K| 10 | ZERA OB WM B AAEH]
17 SENSET | T TR EEN N GND
18 LOADT o 24 mA T S0 e e B/
19 PT4 0 >96mA FF TN i 1 4
20 PT3 o | HlmHiii i B U 0 113
21 GND - Hhy
22 VIO - i 1 L Y8
23 PT2 0 >96mA TF L RE I O 2
24 PT1 o | WL T FE G 1
25 EN STOP2 | Stop JWiE 2 ffFEu T, ARk Vio
26 EN STOP1 | Stop iWiE 1 ffFguy T, ARk Vio
27 STOP2 | Stop JHiE 2 GND
28 GND - Hh
29 Ve - P AZ HLE
30 STOP1 | Stop iHiE 1 GND
31 START | Start iiH GND
32 EN_START | Start JHIEALHE, m=HFAR Vio

E: AP ERERAEANED, FEE LR CRMER” ZRERERERNAMER KB R

HATRE.

AN AT B2 7

Http://www.relmon.com
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M i R MS1022

LY HL s

MS1022 Jy i B ARG S F . O TR B AR EAUR, (i iR B2, NIz R
A e A AN R

MS1022 HEAHP X FE A W ity 1
Vio - I/0 fdieg &
Vee — WIZALH R

FITAIA) Ground 51 RIS N84 2 BRI LR AR K2 B Vio AT Vee WiZalad —>Hidt ok
B 52 (K2 P s T 1 de sy t . AN EER T ORI 5 8, 8 S 1 10 LIRS R A T4

ISP [F0) 5 s R AT 2P TR I RO, 58 AR T4 i) R A o8 e = 2 ik =)
HLJE, DAL 70 A2 PR R0 8 e i B

Vec 47 pF (F/N 22 pF)

Vio 100 uF (/N 22 pF)
H P P T I — AMBEULI T T 245 L R T AN AT R DG s R

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12

Http://www.relmon.com FB7TT FH 1270




3 s v Rl MS1022

Dyre ik
—. B R EFFRIA
1. REFAE
MS1022 4 7 41 32 ML IIC B AT A7 e% . 17 24 AR ERFAFAs AL, HaTlg AN, XU frask
W MS1022 [F3AE . A% 8 AL n] LA F Lhlnfz fil = 1 1D, n] LA isk[al.

A RHSI N F AR ES I
ZH AT A BRME
ANZ_ FAKE 0 15 0
ANZ FIRE 6 98-31 )
0 8-10
ANZ PER CALRES 0 99,93 0
ANZ_PORT 0 17 1
CALTBRATE 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 95-98 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 0 924-97 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
EN_INT 2 29731 1
6 21
EN_STARTNOISE 5 28 0
NS B AT IR A ] WA 17 2017.07.12

Http://www.relmon.com 57T H 1300
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MS1022

2 TTAFA A BIME
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
DO 0 0-7 0
D1 1 0-7 0
D2 2 0-7 0
D3 3 0-7 0
D4 4 0-7 0
D5 5 0-7 0
D6 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 TST02 1 11-13 0
START CLKHS 0 18,19 1
6 20
TCYCLE 0 16
TEMP_PORTDIR 6 11
W2 6 22,23

AN AT B2 7

Http://www.relmon.com
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U R

MS1022

IR0 Gk 0)
fir | A (FE5WHh Eitipa ey
{f | MS1002 %)
31 1 0 W five 3 D RS IIIK AN 4. | 0 = KM
30 | 0 | ANZ FIRE[3:0] | HAx 3 fi7fE&AF4% 6 TPt 1 =1 Akph
29 | 1 (FIRE#) RSN ANZ_FIRE >15,
28 | 0 MARAL ¥ & PHFIRE AN GE R H o 127 = 127 kv
27 | 0 0 = A7
26 | 0 DIV FIRE B ARG S e A KR4y | 1 = 2 0
25 | 1 AR %
24 | 0 15 = 16 4345
0 =2 A= 61.035 us
#00 ANZ_PER_CALRES | ¢ & R A HERE %8 S AR 1M 32k I | 1 = 4 A= 122.07 us
(CALRESH®) ) 2 =8 M= 244.14 v
2210 3 = 16 4 E = 488.281u s
21 | 0 DIV_CLKHS W CLKHS 71852 0= A8, 1 =245
20 | 0 (C1kHSDiv) gk 2 = 49180, 3 = 45340
ESCTAEIT | mIRE M EITLE | 0 = MRk
910 A SRR ) B I )b R 1= @ik—HIFH
START CLKHS W4 START _CLKS (Wit 2 7EdF | 2 = FHIRMEIR 480 ns
[1:0] AE4% 6 M5 20 Ar. E fE 3 3 = YRR 1.46 ms
18 |1 WA 2.44 ms A1 5.14 ms B, | 4 = JIYREEIR 2. 44 ms
AL ICE N 1 5 B 7 = JHYRACLIE 5. 14 ms
.. ANZ_PORT N — 0z2¢@§@%ﬁﬂ@ﬂ%ﬂﬂ@
(PORT#) 1= 4 AN R D
0=128 us @ 4 VHz
16 | 0 TCYCLE B D TR FR I ]
1 =512 us @4 MHz (#EF%)
ANZ_FAKE 0 = 2 K GOhilE
15 | 0 @&m) T FEE I T 1) A Oy 0 LT Y O
SEL_ECLK TMP | J&F¢ L)% P45 4 3 cycle i oh i 0 7 J 2. 765 kit AR
14 |1 1 = W 128 * CLKHS 1A 4h
(SelC1kT) ZEET
JA (FE AMHz @Rl 5N 321 s )
. i 0 = AEUERH (N ETE M 1 i)
13 1 CALIBRATE TFIE /M 78 ALU 7 A HE L= RHITR G
NO_CAL_AUTO = | 0= RS B A
2 0 (DisAutoCal) TR/ R TOC IS AT R b il 1 = XM A RE
| MESSB2 MR 2 02@%%%1
(MRange2) 1= JEJEHE 2
. N 0 = FERMMAES  LEFH
10 |0 NEG_STOP2 ) stop BIE 2 FiA I

AN AT B2 7

Http://www.relmon.com

WA S 1.7

2017.07.12
FB7TT 15150



3 s v Rl MS1022

N ZH
(VAN FE5AA filiik a

i | MS1002 %)

0 = ERIAMARE S - LJH

9 0 NEG_STOP1 K stop lIiE 1 A .
1= RAINES - TR
0 = ERMMAGES - LFW
8 0 NEG_START ) start JEiE 1 A EJL ) N
1= RAMIANES - FHE
7-0 | 0 D0 A HAL, 81U Ay A7 AR A5 45
FER1 Bk D
(VAN 55 H ik B
| MS1002 4 F5)
31 0 MRangel: MRange?2:
. . o 0 = Start 2 =1.Stop Chl
30 | 1 FHF5E X ALU 845 B 7 5K
1 = 1. Stop Chl 3 =2.Stop Chl
HIT2 MRangel: HIT1 - HIT2
29 | 0 2 = 2. Stop Chl | 4 =3.Stop Chl
MRange2: HIT2 - HIT1
3 = 3. Stop Chl
28 | 1
4 = 4. Stop Chl
27 0 5 = e MRange2:
6 = Call Chl 1 = Start
26 11 AT X ALU P45 55 s 7 = Cal2 Chl
HIT1 MRangel: HIT1 - HIT2 9 = 1. Stop Ch2
25 | 0
MRange2: HIT2 - HIT1 A = 2. Stop Ch2
B = 3. Stop Ch2
24 | 1
C = 4. Stop Ch2
0 = XMIIhAE
23 | 0 EN_FAST INIT | JEBshHew)ia1bTh A B i
1 = BshThiE
22 | 1 PRFEBIAMA
21 0 0 = stop JHIERH
20 | 0 HITINZ 7E stop I 2 YT Bikh £k 1 =1 Mk
19 | 0 2 = 2 AMikh
18 | 0 3 = 3 ANk
17 | 0 HITINL 7E stop I 1 (KUY kK vk 4 = 4 Dkph
16 | 0 587 = ARVFRE
32kHz IR R Th AL . — M 0 = Ly
= ¥
15 | 1 CURR32K R 5 7 B LR, A e .
. , - 1 = &g (R MS1002 #55X)
TR ] DURSIE 3R (0 1E 8 TAE.
fire ik vh I /Efl % TDC start. | 0 = 5 MS1002 AH[A
14 | 0 | SEL_START FIRE o .
Start i A\ K54 5] 1= W fire Wiffk Start
oM ER B R AT B 7 AT 1.7 2017.07.12
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U R

MS1022

(A N €iR=aa )] ik ey
i | MS1002 &%)
0 = MS1002 ZhfetHlE, & PR IT A
1310 START .
52 X EN_START & BRI Zh&E. BR T | 1 = START_TDC %
7E MS1022 W LiRE 2 4, BLAE I | 2 = STOPL TDC f#iy
12 1 o SEL_TST02 LA TARREG S ki . w R | 3 = STOP2 TDC #ith
SEL_TSTOP2 > 0 A4 EN_START | 4 = JTJoi L4t
WK 2B = P 5 = @il EN_STOP JF )i DELVAL %t
11 0 6 = n.c. NikER:
7 = 4 kHz (32 kHz/8) H4h
0 = 5 MS1002 W [RIFE D RE, 75 ER L
0 0 i) Fire in %A
1 = START TDC #itH
€ XFIRE_IN B ThEE. BT | 2 = STOP1 TDC %iH!
MS1022 Hh T e AhIX AN IE T | 3 = STOP2 TDC it
o | SEL_TSTO1 DA e i A5 5. W R | 4 = TP Stop LRSI A
SEL_TSTO1 >1 W4 FIRE_IN ¥ | 5 = TOF=UP, =1 4 TOF UP Ml & Jf
FlRs 2o 4 31 GNDS JE B B
6 = RUN HA, =1 *4 hardmacro JT &
8 0 RIS i
7 = 32 kHz clock
7-0 | 0 D1 B Bz, B3 n] AR A S 55
RS 2 Gk 2)
(A N €iR=aa )] fiik ey
i | MS1002 &%)
- MR, | oL 1 Tineout ITRRAL
30 | 0 EN_INT[2:0] A RAEET 6 Bit 30 = 1: End Hits thifil % fr
29 | 1 Bit 29 = 1. ALU iR s
28 | 0 RFEDGE2 JEIE 2 1RO 0 = FIFsl R
27 | 0 RFEDGE1 JTE 1 IR U 1 = EJFRFBRHY
26 HAERE stop ki B & 1 LE I
PL start J#E 15— AN Bk o o
| 0 DELVAL1 DELVAL1 = 0 % 16383. 96875
) BITUR I 14 REEBR 4, 5
DLNBG S, Tref HIG5 5L
7-0 | 0 D2 Bt Az, B nl AR A S 5

AN AT B2 7
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U R

HAESR 3 (Hutk 3)
P%e'E EN FIRST WAVE = 0:

MS1022

AN 55 H ik B
i | MS1002 & #5)
IAEM R 2 e BB o
EN_AUTOCALC B 0 = %M
31 |0 A TFJE SRA I koo i e 4 B
MB2 1=
FIRE S ENEZA #5449,
TF)E Hh s — R ThaE. R 0 = %
30 | 0 | EN_FIRST WAVE | JPJi, ABATERFA7ds 3 FITF A7 &% .
4 Pl AT I U a
i IR R SR ALU BN | 0 = S5
29 | 0 EN ERR VAL
OxFFFFFFFF 3|45 B 27 17 o 1=
0 = 64 Hs
28 |1 |1 =256 ms
AEPETERE 2 P i e A e
SEL_TIMO MB2 2 = 1024 bs
B shi]
27 | 1 3 = 4096 bs
@ 4 MHz CIKHS
o6 JAEfE stop Mk BEE TN,
DL start JEIE 1258 — A4 ik ob i
| 0 DELVAL2 . o DELVAL2 = 0 %] 16383. 96875
g BRI . 14 AP35 2, 5
B /ANER Y, Tref HIRTEL,
7-0 | 0 D3 A HAz, B0 ] £ AR A5 45
% EN FIRST WAVE = 1:
AN 55 H ik B
| MS1002 & #5)
IAEM RS 2 e BB o
EN_AUTOCALC B 0 = %M
31 |0 B TFJE SRAF I koo i e 4 5
MB2 1=
FIRE S ENEZA 454 4.
TF)E Hh s — R TR, R 0 = %M
30 | O | EN_FIRST WAVE | JTJi, ABATERFA7ds 3 MITF A7 &% .
4 POl AT I U a
i R R SR ALU BN | 0 = S5
29 | 0 EN ERR VAL
OxFFFFFFFF 3|45 B 27 17 8% 1=
0 = 64 Hs
28 11 | 1= 256 Bs
AEPETERE 2 P i e A e
SEL_TIMO MB2 2 = 1024 bs
P £h] B
07 | 1 3 = 4096 s
@ 4 MHz CIKHS
e N S 28 R A BR 2 ] BiA S 1.7 2017.07.12
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U R

MS1022

(VAN 55 H ik W
| MS1002 4 F5)
26 | 0 RFEBIAMA
25
PG — W5 3 A stop & | 5 F 63
| 0 DELREL3 i
%0 BRI JLA R385 44 DELREL3 > DELREL2
19
B S — WA BEE 2 4 stop & | 4 F] 63
| 0 DELREL2 i
u BRCES JLA R385 40 DELREL2 > DELREL1
13
BEE S — PRI RIS 14 stop &
| 0 DELREL1 i 3 % 63
g BRI JLA R3] 44
7-0 | 0 D3 A HAL, 51U Y A7 A AR A5 45
FER4 (Hubk4)
% EN FIRST WAVE = 0:
(VAN 55 H ik W
| MS1002 4 F5)
31
| 2 RFEBIMA
27
o6 JAHRE stop kb B 1 LE K
DL start 8 5 — A Bk b oy
| 0 DELVAL3 . o DELVAL3 = 0 %] 16383. 96875
g BRI . 14 AP35 2y, 5
S ANEGR Y, Tref HIRTEL
7-0 | 0 D4 A HAz, B0 ] £ AR A5 45

P%¢'E EN FIRST WAVE = 1:

fir | A G5 HA Eitipa W
i | MS1002 4%
31
| 2 TRAFERIAE
27
26
| 0 TRAFERIAE
17
UM i B AR A PR 2 7 A 1.7

Http://www.relmon.com
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U R

MS1022

(VAN 55 H ik W
| MS1002 4 F5)
0 = JT o ko 5 il i
6 | 0 DIS U e L 5 TR R
1= P ok o 5 I
BEE B — B U . i
i ‘ 0= LT
15 | 0 EDGE_FW By A RUR I 15 UK 6 P
A H AT 75 N
\ 0 = KM
14 |0 OFFSRNG2 WAINAAME) of fset + 20 mV
1 = JFH
\ 0 = KM
1310 OFFSRNG1 WAINAAME) of fset — 20 mV
1 = JFH
0=0mv
1=+1nmv
12 )
| 0 OFFS BWE LSS of fset, 2 MIAMYE | 156 = +15 mV
) RUEE, A H 1wy 16 = =16 mV
17 = -15 mV
31=-1 mv
7-0 | 0 D4 A HAz, B U Ay £ AR A5 45
FER5 (Hubks5)
= e
(VAN 55 H ik W
H | MS1002 4 F5)
3L 10 Bit 31 = 1: 2 /MITIT
Jok e A 2 14D i o T (J I FIRE DOWN)
30 | 0 CONF_FIRE
37 b 011 A LLBEE Bit 30 = 1: SCp%iH FIRE_UP
29 10 Bit 29 = 1: S<MI%yHi FIRE DOWN
28 | 0 | EN STARINOISE | % start JMiE{5 54 1 = JFJE AT
BT, YN MS1022 B
DIS_PHASESHIFT %i$E é?% o 1 = XHIABA B S A BT,
PhP=AE start Bk IS (91 e N
27 | 0 | (DIS PHASENOIS ) MS1002 A HEE K 1
B fire B2 3 start), i§ I 0 X4~ H 0=
TEA i T4 AR R i 2 K
2% | 0 0 = AEH
HTFREHER KM IIMESR | 1= 1 REHX s
95 | o REPEAT FIRE 5
10 .
24 | 0 7=7REL

AN AT B2 7

Http://www.relmon.com
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U R

MS1022

= S
(VAN 55 H ik BE
{5 | MS1002 4%
23
| . PHFIRE X2 15 AWk kPR FIER | 0 = Az
) (PHASE_FIRE) FIAEA K P A T AR A ¢ 1= &
7-0 | 0 D5 A HAz, B U Ay A7 AR A5 45
FER6 (Hutk6)
= e
(VAN 55 H ik BE
{5 | MS1002 4%
TF e 768 7 % U I P T Y
LI 5. 5 TF ), 43X A | 0 = STOPL FI STOP2 by % 5% A\ it
31 | 0 EN_ANALOG HB 43 W 2 70D = I L LAY | (55 MS1002 %)
A HPE. STOPL Al STOP2 3XAMKF | 1 = B4 IT 3
i P 0K B h B8 4 AU\ i
n S T N5 5. XN
R Sensel WAES. EATER 0 = AR 74HC14 [ (MS1002 FE%%)
30 | 0 NEG_STOP_TEMP | #BLbAR#s NI, 1A AE4E MS1002 R ———
= TN B
719020 B 2 0 04 0 i
29 | 0 RFEBIAMA
28 | 0 5= -1mv 7=7mv
27 | 0 4= -2 6 =6mv
WHE L offset A -8 mV F
26 | 0 DA_KORR
+7 mVe L2 [ AMEIER
9= -7 1=1mv
25 | 0
8= -8mv 0=0mv
24 | 0 RFEBIAMA
23 0 7 HL I fA] -
0 =90 Hs
2 P A SRR A ), 4 BT E
W2 1 =120 Ms
22 | 0 F) RC 1 FEL A HEAT 78 HEL I A1)
2 = 150 s
3 = 300 s
H AL 2 W25 47 3% 2 BIR =A%
EN_INT. A~ [R] (1% A Wi J Py 55 38 5
% 7% B:. EEPROM Zh{E, flin
21 | 0 EN_INT[3] EEPROM_COMPARE, ¥4 iifi ik MS1022 | 1 = EEPROM Zh/E 45K
1Z4T, JUHJE EEPROM 5 :4E 0 7
S % 130ms. Kk, SR
ERAE S5 R AR R L.

AN AT B2 7
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U R

MS1022

(VAN 55 H ik B
| MS1002 4 F5)
0 = kM
1 = #FEITH
AW E R B IR | 2 = 480 us ZEIR
20 | O | START_CLKHS[2] | . .
(B ARAZMZEZA74% 0 Pik & 3 = 1.46 ms
4 = 2.44 ms
5 % 7=5.14 ms
19 | 0 TEPRMlOR 23— UCRE MR ER | 0= 0.5
CYCLE_TEMP
18 | 0 2Pl 50/60Hz W5 ES H 1=0.75
17 | 0 e P R B O TR R e | 2 =1
CYCLE_TOF
16 |0 2Pl 50/60Hz WG ES H 3=1.25
MS1022 7] PLEEAT — AN 58 211 i
5 0 1760 TRAT S TRIRUR G KATES AL, LA | 0 = 50 Hz WJEARE, 20 ms
BRI . EWRNEZE | 1 = 60 Hz KIEaE, 16.67ms
MIZEIR 38T 50 B¢ 60 Hz H%h
& XARE PR fire IE A BN
Ao s Wi FIRE_UP ¥ 3R \
0 = High-Z (MS1002 #xX)
14 |0 FIREO DEF %, IB4 FIRE DOWN buffer MIi% —_—
BRI BRAAI K. 24N A B4R
BRI A 1, DA A 1
RN EVEE 2 BN ER SRS | 0 = e (MS1002 #i5X)
13 ] 0 QUAD_RES
4 f5M 75 ps F| 19 ps 1 = JF)H
EM YR 2 HoRl SRS IR | 0 = M (MS1002 #ExL)
12 |0 DOUBLE_RES
M 75 ps F| 37 ps 1= JF)H
0 = PTL > PT2 > PT3 > PT4
11 TEMP_PORTDIR | ¥4 00l 8 i 11 9000 ¢ O3 5. )
1 =PT4 > PT3 > PT2 > PT1
0 = kM
10 3 A E R KR N S L= 1 AR
I 25 DL 27 4725 0. W ANZ FIRE ' )
9 ANZ FIRE[6:4] \ 2 = 2 ANk
> 15 FB4 PHFIRE X T Jik ppAH A7
H% B AER
g WEEALEAA R 197 = 197 Bk
7-0 | 0 D6 A AL, 81U Y A7 A AR A5 45
2. FEE AR

4 R A7 B R A B A7 oS 0 ] DU L R 3 VRS OxBX BHAT IR ERER AR S oo hE A ], ]
Dk 4, 2 80F 1 7

TENCE P A7A IR ID A7 A7 A P LIOE o Ak e VERY 0xB7 MEAT 1L IXAMRAEIS A 25 L 1DO,
ID1 ... ID6 MIMFLH 74 bytes MME B Ml FFa6 Kk,

AN AT B2 7
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M i R MS1022

Motk | 5| ARk ik
0 RES 0 | 32 | LR 1, [EeiF s, 16 M EGT s, 16 A/NGHR 4>
215 20’ 271 2716

1 RES 1 32 | MESER 2, [ e S, 16 ALy, 16 A/ NG Ay

Bk

B

2 RES 2 32 | WSS 3, [ e S, 16 ALy, 16 A/ NG Ay
RES 3 32 | MEEE R 4, B eVF S8, 16 MBSy, 16 /NG

15 14 13 12 11 10 9 8-6 5-3 2-0

5 | [ it | toc | i | mis | g

S % B s | || e | 2 |18 |
4| ST 16| Bl o O g | SR | s | | ) | ) | e

21 2]¢S lik | ik

5B 5 P | s

5 84 84

REG 1 WoRE Z Ay 1A e 8 47, FH kI 5

Em

5 8
8 PW1ST 8 | WP I B LA, e v A e 1A o HE

1. REEH
Bt SR NS5 R A7 3 K70 BE A B O A7 Al R 1 TR A HEE R E o BT LR 20

il

HAGEm e 1 pA T fe s .
s WG 2 A IEE, DOERFSEUE I,
o JUEMRNEHE 1 A AT DA T AR e
o FEDERVE R 1 AP OR R AR R N, A0 s ] ) A B P A IR e R B o SR gt
I 22T PN HERS B0 B, ) ALU 3 FFAEAR R 2 R %5 774 h 5 N OxFFFFFFFF

WEEE 1, #TRUE(Calibrate = 1)

M4 %%nzVﬂ4ﬂ¥¥A£HT%¢i]BﬂﬂﬁfL§ﬁ PN REVRE IS b 48 T SR SR HE IR BR LA DIV CLKHS
(DIV CLKHS=1. 2. 4) . FHE(EIE 32 78 riZL, W 16 7350 16 A7/ . DRIt — M
A A — AN IR A7 A o AT sy (27) FFaR,  DABRARAT (27°) 453, £ L 2 (1AM TE
A

Time = RES X X Tref X N, 4 N=1, 2 &4

Time < 2 X Tref X 2ClkHSDiv

MEJEH 1, AATHHE(Calibrate = 0)
AEASHEA A2 A AT A5 28, LA 16 AT XA R 4 R A7 481K & 16 7.
L5 LA A SIS 16 BB 0. S5 AUACFRIRIRAT RS, DA 2 MM A
Time = RES X X 75ps

W 2
FEDEVER 2 Fr, MS1022 HSZ R UHEN & . I 4t H A8 Y EE v N B B 3 1 A5 8, 3B
FEUERF b 2 T-AR S SEYER B2 DL DTV CLKHS (DIV CLKHS=1. 2. 4) . FSUE(E & 32 {7 5F

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

B 16 ALHEEON 16 AT/ DN —AMSHE(E A — AN EER A s . AT M
F7 (27) TFIR,  DARARAT (27°) 455, BL 2 AN A7 A
Time = RES X X Tref X N, with N =1, 2 = 4

i EE)
TN TR I, e 2 (R S5 R (R
X0 TR0 FL IR A ) BUARL A S5 H BEL R AR [T -
RT = Rref X t./7,.,

2.2. WEHFHFH

A g Eiiipe [l

20 %f:;i?“ AR T A R A R

5-3 # of hits Ch 1 WIRTE channel 1 ids% RIS LRIk L

8-6 # of hits Ch 2 | /RFE channel 2 id=% NS JLIK kb H

9 Timeout TDC Ao TDC W& e v H 1 = Jith

10 | Timeout Precounter | W nPUEJEHE 2 H 14 A7 AR V- EAs 11 1 =

11 Error open I S AR SR R W 1 = FFi%

12 Error short I S AR SR R 1 = g%

13 EEPROM Error 7E EEPROM w7 — AN Hak 24 1 1 = 4%

"y BEPROM. DED zmgﬁﬁﬁqgmmw¢ﬁzﬁﬁﬁ%%miyzzm
[P R

5 EEPROM_eq CREG %%m%%ﬁ%*%%@%@%rmwm¢m | = HF
=}

2.3. PWIST #fi%

LR A A 8 ML EETE R A Ar s, b LA, T 7 A7/
PWIST 45t T 56 —/NMEIBEuE (R4 M v R G Ol ) FNEE 11 i /e i [ e Y= 0 1 5 B L
. ¥EvaH: 0 %) 1.99219

3. EEPROM

MS1022 45— 7x32 {7[f] EEPROM. XA EEPROM AJ LA F- A7 Aifslic B &, LA & 1D BAS 545, AW
TR R A 2 T DAEAT 1 -

o W0 B A AE AT A A5 N EEPROM

« ¥4 EEPROM [ P4 264516 2 C B %5 A7 4% 4

o LUASTHC B 25 A7 A HH (1) A 25 FT EEPROM Hh (1) P4 2%

BT ID 24k, REANREWSE[A] EEPROM (1) N 281K, I SRS R P LA 5 XN 0 F e, H
Al N TGV HC R

AJ LR L RIC P 74 55 EEPROM i [ N 34T LU . AEIRES Z5 245 24 EEPROM eq CREG

Bk & R AT B

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

EEPROM A7 —/ N IR R AR TE (hamming FEE0AD) . AT USRI 2L 1F BN 7 (1 B 2 <

o BT LUK PR ANAL HY B A R E AN B 21 IF

o 1] LUK WU AN H L) R O EL DA

HARSYOIRAS ARSI oR, fof7 EEPROM Error (FRAMMASIN) F1 EEPROM DED (W74
BRASI)

T LA LR / A ELHE EEPROM, AR # s A o — RS A B — AN B — A R 11
i, IBAHRI—MEHE S ABITFE, A 2 W7

7t EEPROM 1 ¥4k n] AAEBEAT B — Bl 2 AT RS L FRFERT 10 4F @ 85 ° C . it
ZHPEMINFH Compare EEPROM fiy4 (9 nds H— ) B AR A7 I R) 2 o] LG B o (1) S

3. BAFRD

AR (=) B
HEX MSB LSB
i - 24 frElF
h8x L{O]|O|O|O0O|A|[A]A]|BEANMA A 39 K
, . 8, 16
hBx LIO[1|1]0|A]A]A| BRI A 39
’hB7 110[1]1]0]1]|1]T1]|Read ID bit 56 iz 1D
’hB8 110(1(1]1[0]0]0]Read PWIST 8 i
'hCO [ 1| 1[0]|0]0]0|0]|0]| 5% EEPROM
hFO [ 1| 1 (1] 1]0]0|0]| 0| K EEPROM 245 [l Fic & 25 17 s v
hC6 | 1] 1100|0110 | K EEPROM FIPCE 75 17 & N A HEAT HLAEL
’h70 0]1]111]0l0]0|0]Init
’h50 011]0[1[0]0]|0]| 0] Power On Reset
’h01 0{0[0|0|0]0]|O0]|1]|Start TOF (J5i%4: Start Cycle)
’h02 0{0]0[0]|0|O0|1]|0]Start Temp
’h03 0{0]0[0]|]0]O0|1]1]Start Cal Resonator
’h04 0]0]0|0|0|1]0]|O0]Start_Cal_TDC
’h05 01]0[0[0[0]|1]0]1]|Start TOF Restart
’h06 01]0[0[0[0|1]|1]0]Start Temp Restart

MS1022 25 MS1002 ‘H 27 s ik, ot
h80 + 3 ANFATKE&4E MS1002 e 78453 5 N L & 75 A7 4% 0.
h80 + 4 NFATE A G NI E &FA72% 0 LS 1D0 (fXAE MS1022 #ixH) .

AREECHAT G BEAS A AR AL AR T
A 1 ]

« hCO, hF0, hC6 4=l &t EEPROM £ I IS, X Sopi 4 R EURR BLRFAE 130ms, JUHX EEPROM
AT EHAE IR, P E 254748 6 24 f¥ bit3, EN INT 7R T EEPROM #AEMIZER. X—prmf

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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2 5 R

LUK 7S B ILEAT T 2B 1.

MS1022

« hO1, Start TOF: fphkk —KIFEIME. 15, 4 Mhz @RI R . E£40 T e il
(START _CLKHS) 2 Jii Lb i 23 M1 2 2 Wi [ B S TT IR o 2 AR 1 S 78 FL B Vreef 10 ANTG B fire
R BE N 2 F) GND. o B8 1 78 B 2RI A (TW2) SR 2 Ji, Fire ZZ b4k i fire fkpb. (EFT
B H) DELVAL LR LR 2 5, stop M IENG & FT JF ol A2 ik o 76 1 50 » AR 2
14 MHz @SR OCH, IXANIE A i S RREIRL 0 o RSB AL, ININ = fKH

« h05, Start TOF Restart: IXANETIEAEMDEIZTT Start TOF WYX, 43 5l 75 #0219 b3 i [a)
0= U N == o St/ O SRl 1 €0 = i 2 S e e T8 3 P T Y A/ P P ) PR
K Start_TOF Restart f14-2J5, MUK &E BIBUCTIT, A5 I UAGR. 76 L
IS i I T e 2z ] PR I T [ mT DA o TG 2% CYCLE_TOF A 50 Hz {3 60 Hz (W54 .
AR I B PR AW B 2 JA) PR e SR o] LA ] 50/60 Hz M

CYCLE TOF ff{H E% 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: H§ & filtfc — IR LM B . € F S & £ 5w 1 PTO BEAT JL C# 55  H
(ANZ _FAKE) . 4R J5 FF 4 4% 007 & o 11 PTO > PT1 > PT2 > PT4, 1% TEMP PORTDIR #% ¥ & Jy

Ly 82 3 PR MLy 4 2 U R R BRIt 2 i 1 PT4 T 45

* h06, Start Temp Restart: IXPMEAFMDKSIEITIREMN = Start Temp PR £E FUFHI T
YEEEIN 2 1) (AT V) ZE IR B S 5000 CYCLE TEMP LA 50 Hz 8% 60 Hz [f5sa .  IERIER

PN 2 8] (VU SES m] A 50/60 Hz WE7S,

CYCLE TEMP [FJ{E E% 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

« h03, Start Cal Resonator: M&xfil/k— U T sl e IMARHEN . TDC H 2l — B ]
Mk, ARG h 61 us | 488 us, Wik ANZ PER CALRES & M43t . W45 o a2 ik otk
B W, BE R, o Clmdi e e FIN A 1, AAAE S R A AE A 0 . HIX A4
REFISATEL, Ko fs R 25

« h04, Start Cal TDC: X2 K2 A ahillE 2 NS ep . EEN 5 ERHE TDC 11
i RS R E N B HE auto—calibration, NWIATFEIX M4

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

=, WELEE—

1. BER

« ME=JEFEI M 3. 5ns ] 2us (0-2us £EANA] stop MWIE L [1])

« 2 AN stop MIEART—A start Wik, AV K 75 ps
« 1/ stop MEFIX] N —A start WiE, #AKEEE A 37 ps
* 20 ns Rk Z ) fge /N T

« B4 stop WIERZ 4 Mkl

o ALEPEREANIIE Y FTF/ T B UK

o TR IR B A0 S B B

o AT LI S AT 3 PR A Jk v -2z 100 £ B [ [ 6

« OB WOBR G, RF,  ToF, ATE

Hey 3 TDC N A B PRI AT T AE 3 5K LA vy g S 0 42 P [ [R) B T 1] B 3 17 3 Al 0 I ] TDC
(K3 D0 S P R o BE T LR G A, A O FRL B AR AR R T U R A A 5 T S A T PR ) W LA
AEFHEI o ORI E 5 AT N AR AF 5 T B4R ] (1A% F ] o

High-speed unit

Start N coarse :
counter i

Stop L4 \ 4 A Y y ‘ ‘

> dynamic value memory

\
v

data post processing ‘

D AITEEN A start {55k, stop {5 5 8UER . MBI & AL E MR
THEUE AT LAVHSE Y START {5 %5 F1 STOP {5 5 2 W] IS 1) [F] K, M L mTIA 20 476

3.3V Al 25° C W, MS1022 [f1fp/ Ny HEF L Thps. RMS W% K2y 50ps (0. 7TLSB) o /&%
TR L 0 1] FL R (R AT A A AR IS TR) A AR K (RS0 o T 8 o A v SR A 9 B2 R v, T AR A 1 5 17
(PR ZE . (EACHERI R, TDC P& — TP ANV IS b o S0 o ) 8 0 P 52 T 0 /N IR B i
tyy = BIN x 26224 = 75 ps x 26224 =~ 2 Us

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

1) (1) ik jf‘*%f“ﬂ
tph 2.5 ns (min.) e /INTK e et
tpl 2.5 ns (min.) e /INTK e

3.5 i
tss ns ns (min) Start F| Stop ZIH]
2 us (max.)

trr 20 ns (typ.) TR BT

tff 20 ns (typ.)

t.ob.d ARRHE | B ket IR
t.b.d. KA | BUPNE SR AT RN )

tva

txx Jo S Ta] PRl

BRI Y

. 2 1
vy s (max) - 96224 X LSB

N TN R D B S R 1 W A w2 S N S A 5 A ol A L B Y S Y I P T BUR s o €2
220 ) bit 8-10 f7 (EG START, NEG STOP1,NEG STOP2) MIZif7-#s 2 M) bit 27& 28, REFDGEx K
LR AT o

AT 1 START/STOP 4y A3 11 1) 32 4 v P 30%

2. WERE

2.1 1%E

FEFFARAE F MS1022 2 R, 000 BT

WEEH 1 P FERER:

a. JEFENEIEHE 1
WEAAEAE 0, bit 11, MESSB2 = 0.
FFAFar 6, bit 12, DOUBLE_RES = 1 MEFENUR IR kX ANk, P &R 20 #L8Y 37ps
MA 75ps. (HAUNAH —A stop IETT .

Configuration
1 Z S -Mod
b. lﬁ%?t%lﬁ%* —ngemany hits per Chan.
RA7A O M bits 18 & 19 MZFfras 6, | Cock
bit 20, START CLKHS FRiifffmi% I
. WS HCR A 32kHZ INHep, i | Initialization |¢—
05 FUR i B U B 1 (Rt !
TDC unit waits for
-Start pulse
A% 0, bits 20 & 21, DIV CLKHS j&Jf] | -Stop pulse(s) [renE|
sk Vi T 5 i ] ,
%mﬁ/%ﬁﬁW$ﬂA%ﬁQM(l ] ——
B4 o RO ETERE 1 R measuremfnt
e L S Write
2“5 '% Eg ’ 7'3/ \‘ﬁ?f ETI‘ef ( W ﬁBHT!EEF) ALU postprocessing new value into
TR0 1 B IS TR) (IR I, ALU A 43 1FE | according to HIT? & HIT2
s - ~ . HIT1&HIT2 one stop more than
i TAE. 0 ALU % {4 OxFFFFFFFF 1 only one stop
| Interrupt H Read Data
B B AT R AT 17 2017.07.12
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M i R MS1022

[N EROR 2Tref CNFSINER) <2us, LAGBES LR R HEI I [] % H o

c. BCEPTREHEZ I kAN
F P el AAEZ5A74% 1, bits 16—18 (HITINI) 1 bits 19—21 (HITIN2) 1 ¥ 5 MS1022 il
AR, A EER L T RENE 4 K. MS1022 &—EHllE HR 5RO BN hits
U R A oA

d. FeHEk$E
P 0055 P 40 6 2 BRI S R fEL P P e A8 iy 402, BT L MS1022 [F) ALU 75 2 Py S 1300
gEBL . M A AEAE 0 1) Bit13(Calibrate) S “17 SRiGHERMENIR . AT R HER .

T HHATIGHE, TDC MR 1 ANFN 2 ANSERREE, XA EdEEAN Call Al Cal2 f7fif
K,

AR E AT R e s Call # Cal2:

— J@d SPT #:Kki% Start Cal TDC $84SKEMAKLIE;

— JEIVE FAEEE 0 1 Bitl2 ( NO_CAL Auto) = “0” KEZNEH . KB FHLSE
pv & ) T

e. BN ALU Hdhab s
JUE TDC B AR M EIE AT DA 4k, S AT LA tiE X ALY S AME 5 2 1)
(2, ATLAZE 27788 1 1 Bitl16-19 (HIT1) LAJ% 20-23 (HIT2) whitfrik'®. HAKBEA:

0 = Start 1) ;

1 =1. Stop Chl 9 = 1. Stop Ch2 Regl = 0x0Olxxxx — 1lst Stop
2 =2. Stop Chl A = 2. Stop Ch2 Chl-Start

3 =3. Stop Chl B = 3. Stop Ch2 Regl = 0x2Bxxxx — 3rd Stop
4 = 4. Stop Chl C = 4. Stop Ch2 Ch2-2nd

6 = Call Chl Stop Chl

7 = Cal2 Chl Regl = 0x06xxxx — Call
ALUGHEET Hitl — Hit2.

WK AR, ) ALU sl 23047 58 A RHETHSE (BR T IEAE SR HERE 2 Ah o EIXFh
B2 T, ALU 230 Call/Cal2 JEUAEHEE N 25 f79ed)

HITI — HIT2

RES X = ——M —
Cal2 — Call

Cal2-Call = gradient

Time = RES X X Tref X 27¥"= RES X X Tref X N, N=1, 2 or 4.

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

P N
measured
time forbidden
Cal2 TR
Cal2-Cal1l
REEX == I=gradient
Call :
|
|
|
2xCal1-Cal2 '
=offset ! <
1xTref i 2xTref real
; time
time

. P A AT
MY 2SS 2 (¥ Bit27628 (REFDGEL & FEDGE2) , FH /T LAESE STOP B ol fi
(RFEDGE= “0” ) 384 T RIF BT IR fitt & (RFEDGE= “1) .
HI P Al I v s A A7 A 0 (1 Bit 8-10 (NEG XD fEfE—AMAiH (Start, StoplStop2) 1Y
IR ARRS . 4 RFEDGE = 0 I, NEG_X = 0 JU_EFRivflok, NEG X = 1 I FREI .

g. Tl
TSR Ping, INT ] LA AN R i, ER7f7+s 2 [ Bits 29-31 (EN_INT) DA 54745 6
bit 21 7 rhgEAT k.
Reg 2 bit 29 = 1 ALU C&UERLT
Reg 2 bit 30 = 1 BEE KPR T
Reg 2 bit 31 = 1 TDC W& Hocus
Reg 6 bit 21 = 1 EEPROM B4
WERFTEHASEA LU L PR, nE s TDEBAFIMET. 7S R At
I E A IR
AT T WEZ G, HP A SuE &R “Init” HI4A1k MS1022 LIfE TDC BEWIEAZ Start
Al Stop 155

2.2 P&
VI )5 TDC e 13N il B Start ka5 THiG TAE B2 :
< B FNRE MR ENETER | P AN BB RS 4 DCRFE)
o B BBIIER . ETER 1 P4k 2us ) JEAEIETAE

] R0 JE G B A7 /E TDC 3B RS T A1 Bits 3-8 Al s HURARMIEH « it
BEATAGHE, W ELSER 222 J5 TDC TRARHl & — AN RIPRAS IR EEHERT B A ] (Tref 1,2 30 4)
KSR IAEHE (Call M Cal2) Huefrifkdr TDC .

Start J_l 4' Cal2 '
Call

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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2 5 R

2. 3 BE AL

MS1022

EMELERE, ALU JFUGM I HITL AT HIT2 (18 & A FEE 0 45 Bl N S 7 2s . il
ANHEATRCUE, ALU A&%5 16 47 JR Gh 50 24 75 A7 o W R ReME, ) ALU FI5%G 1 B 4 (1)
HEAT VR AR 32 A e 17 A B3 A7 2 .

PEE HITI=HIT2=5, w[{JWkT ALU.

ALU “TARRTAE 2l (R 1) b A 15 A TASCHE A L HL s R

A et
3.3V | t. b. d | t. b d
2.5V | t. b. d. | t. b. d.

ek s ALU ZFNA/E IR (FE REG2, EN_INT HHiHE)

B R A7 A AT B 2

i, PR A EAL . ARG A A S I EAIR IS 1, IR A EAEE . R

AAFAR AL 0-2 W] LU 7R HARANIR BT I SE By B

2. 4 S

BULLEF 7 34009 10110ADR #E AEfg i
BT o BEEYHT 16 IKIEIR CRESHERHR)
BF 32 AR R , MS1022 Mk
A (MSB) TF iRt 45 5. 55—~ SCK 11
TR A INTN B (R .

a. ARRHEHHE RS A
AR A DA — B M T 2 IR
16 7RS4 %, IBIN = RRHERTTIER
i) ~75ps 7 3. 3V Al 25 ° CHEE R
Time = RES X X 75 ps

b.  AHEE
REHERH A2 LA 2 (AN 5 B 32
[ V7 B A DASEHER B (K 55
Time = RES X X Tref X N, N =1, 2
a4 W ZE A ek .

2 XTrefX ClkHSDiv

73 ) ALU K2t H 5 NG5 R 75 74
hFFFFFFFF.

%1
[TV

BN regl=" h014400 4 P RHACEE 1,
14 1st Stop —Start

WILRL . ..
while (R rh bR &
BN regl=" h024400
SEFF (4. 6ps)

BN regl=" h034400
SEFF (4. 6ps)

BN regl=" h044400

14 2nd -Start
14 3rd-Start
14 4th-Start

SR (4. 6us) AL I A RAE T A RS #1047
ET Ards 0 B 3 o, ANFRE AR 77
fEasttihl 4. )5 MS1022 £EHEAT R YR 2 |
WA R AEARED “Init” FERBILE A LAE T
TDC A LAECHTIY Start A1 Stop {55

ALU BRI RV — KA o WA IE—UCKAE, WLZE HITL/HITZ FENHm4
kfen ALU TFEASRRE,  fEM HITI/HIT2 BAGAZ)E t.b.d. ns (KVE(E) i
t.b.d.ns CAFRHE(E)D Z WASBETFR W] HIT1/HIT2 HEATiE S #4F o

AN AT B2 7

Http://www.relmon.com
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M i R MS1022

=, WEREE—

1. iR

« Hf5—A> Stop IEXT Y Start HiE

o WL HEEA 19 ps / 37 ps / 15 ps

o [AIBEIK PRSI 3 5% R 2 x Tref %] 4 ms @ 4MHz

« WHETGHE: 2XTref~4ms @4MHZ

« A 3 UCRFERE ST, AT 4 R

G157l b2 A N AT 1)

« REANH stop 5 SHA —MKSE R 10ns el % 0, w32 4EERIY stop fiiAE
« BRI B AR AR R KK

By TDC o LA 5 X I A 8 0 PRI (R A% R A AR SR AT s FEE IS ] TR Bl 1) (e m] 25
T 1) o FENEENEE 2 PR AR HC AR R TR (R KN RN RR 23R AR RN
FEMBET, TDC [ e 50 T AN A I TR DR, AL A START % STOP {5 5 2 AH 4R 13
AE B LTI AR )RR I ) CRERvH3as ) o AEPRUORTBF DI Z 7], TDC 1 Ak I i) o 34
e CRETHEES) .

Finecount 1 Finecount 2

[ - Cal2 -
» - > - | Call ;
! oA P

Ref. :
clock i i

I

Coarsecount
Start

Stop

Runtime —‘
High-speed unit

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

3.6V 1 25° CHJ, MS1022 [Ff/Ny#i%E Tops. RMS M K&y & 50ps (0. 7LSB) o [1HL
8 P A 49 S IR I [ = B e I B R L o AR S TR 2 o 0 4 R R e DU R R s
DAL RS, eI E e 2 hb bR, AereuE i), TDC 43l s — AN A1
ANFEVRERS B 3 o

RS HE B A AN FL M FEE PR SR ) o
I 52 BT R R 1R

tyy = Tref x 2" =~ 4. 1ms @ 4MHz
Start Al Stop I[P ZELL 26 A7 ¥l & o o5

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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2 5 R

MS1022

i) (444) ik
tph 2.5 ns (min.) e /INTK e
tpl 2.5 ns (min.) e /INTK e t,; >
2X Tref Start #| Stop [ b
tss . . Start
@ Dis Phasenoise=1 :
N \ FtssANitrr+ tff_’
trr 2X Tref bItus R BT Stop 1
tff 2X Tref TR B R Ry MEont *tmi____mg_ﬂ
tva | 4.6us(max) | ALU FFEAFIBURA INT L
. 4ms  (max) T K
v @ 4MHz = X Tref

A N ity A AT B B b TR B T Bk R A RO T B A AT A 0 1) bit0-2
(NEG_START, NEG STOP1) %&£ fih 2 %% o

AN K START/STOP i A3t 1134 <7 5 v HE S0
i

R Start—Stop Z (AP 22 /N5 SRR €, 5 W) TDC K 20 I A3 /T ¢, IR ZE kb 75
ATATAE 30 HRAN S A R 0 45 5L o

2. WERE
2.1 %8
FEFFURAT ] 2 /i, 2006 MS1022 JEAT ¥ &
WEIEH 2 FERER:
a. JEPENFIEE 2
WE AP 0, Bitll, MRange2 = 1,

Configuration

{

Clock calibration |

|¢7

b. MEFEZH I b |
LEIEE ] 2 T MS1022 75 28 BN Sk | Ifff
ST I BRI, ZEARTREN ] T, nHeTeeen

e o \ o i
IS ol 4 DN 2 TR P AR e e A el | P—— |
i i) LRI Pl 1, 32. 768KHZ 1Y) 7
Hﬂ'%ﬁFzEéilZ‘@ﬁ Ij/Jo | Fire pulses generated | | Waite.g. 1 s |
25 47%% 0 [ bit18&19, START CLKHS /i .
. S TDC unit waits for
KU P, WSRO mE AP | -start pulse
Ny e 2N > = <H- = |
B WAL T R g gy SR puee) [ Resdvam |
KA, P& 4 MIN 5k 2, X | Calibration T
b e g o measurement | Interrupt |
Sk v WV BEE R 3. 1
ZAEAL 0, Bits 20&21, DIV CLKHS 2 ALU postprocessing | - T |
. . N " i art temp measurem.
FEI S 15 5 LTS e Ay 43 1 1 “ngl 5
1, 2 Eji D . | Interrupt I_’| Read Data |
B S PR R ) BiAS: 1.7 2017.07.12
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M i R MS1022

I B 0T S5 /NS [ 1) AR g A EF i) [ B A 52 1 o /N B T T B Ay

t,, = 2 X Tref X 20"
e RIS ][] B A =

ta = 20 X Tref X 27
TGN R

2 X Tref X 29"" < 2.4 ps
) ALU EASHERS 233 H H-far HH i OxFFFFFFFF
R

TR 43 A0 T IS B A3 A BRRE FEE RN XS BE A P 0 2Mhz 21 8Mhz [KYEFE N, 7 VYRS

FE R LA 2MHz +++. 6Mhz YEEEN .

c. WHEPT IR EL
M Pl LIAEZF 4% 1, bits 8—10 (HITIND) HrifzsE MS1022 B &) hits M. 7Edl &
2 TPOHIE 1R I 3 K. KA Start HMAAER—UCRAETHEL, BT DA HITIND [ EE S o2& E
BB FIRFEEZ 1. MS1022 & —ELl i AR 1) hits B K AR %5 4748 0, Bit
11 %] 13 (HITIN2) INE 0.
filtn: A HEEZ 2 stop kel WK E HITINL = 3, HITIN2 = 0,

d. JEPERCHE
ALIELL R 27 A7 4% 0 ) Bit13 (CALIBRATE) &y “17 SRIEREAGEMNI & . AEM RV 2 Fb
AT REME. TDC 23 B & 1 /NAT 2 ANFEUE R fb B 30 P ke me e, IX AN B/ o4 Call Al
Cal2 fHitik k.,
AR E AT R IEHHE(E Call HT Cal2:
o i SPT 21K 3% Start Cal TDC Fi54 3 Bk IF
BT AR 0 1 Bitl2 75 K2 BN H h 43 B 1E NO_CAL AUTO =0 Hzlhki#E.

e. EN ALU H¥sib s
LT E EN_AUTOCALC MB2 = 1,MS1022 #42x H vt S AT ik P 4R 5 B 85 NAH N5 47
AN, ST A 3SANEERIAME. AR S N R R T 3 . XS
A A LR MS 1022 (13845, AR 7e TR WHT B N fras 1 IR ERF T o

JH LK EN_AUTOCALC MB2 BE'E A 0 KM, A4 ALU SRR R BETHHE—UCRFE. AT LAEZ A72% 111
Bit24-27 (HIT1) DA 28-31 (HIT2) ik ALU THEMBFIAN Kbz 8] R 1) ) B o

i EJa 2 RRERIGIE 7%, Start BK#PLE TDC N EYER Stop Rkyhab#E,

Regl = ’ h2lxxxx = 114 Ist Stop Chl-Start

Regl = ’ h3lxxxx = 1% 2nd Stop Chl-Start

Regl = ’ h4lxxxx = 114 3rd Stop Chl-Start

ALU 557 I A TR) g 2

HIT1 — HIT2
Cal2 — Call

Time = RES X X Tref X 209

RES X = CoarseCount +

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

o PR AR 7 X
W B A AR 2 I Bit27&28 (RFEDGEI&RFEDGE2) , FH F ] LLi%k 48 STOP 4 NS b THE kT %
ATl s % (RFEDGE = 0) i B FFUTFI N BT [ fid % (RFEDGE = 1) o I/l il B %5 4% 0
ff] Bit8-10 (NEG X) fEfF— Al (Start, Stopl F1Stop2) Hhn— ¥ R AH %S .
*4 RFEDGE = O I, NEG X = O W EJboifk, NEG X = 1 W N FEATilA .

g. Tl

Hrg I (PINS, INTND WL AR R W, 7E27 7 2 (1) Bit29-31 (EN_INT) rhiffTik
¥, AEEE6 Bit 21 (EN IN) o
EN INT = R#HE T W

reg2 Bit29  ALU 5git&

reg2 Bit30  CURBITIILBE FERFEEL

reg2 Bit31  TDC Hjris i

regb Bit21  EEPROM ZfE4h W
ALE R EREA ] ET . 2B SCK I LT 2 5 AT INTN 45 R (P s ) o 3BT 2
B2, FP il kAR “Init” BI4A1E MS1022 LAE TDC Ref8HE2IK Start Al Stop 15
T

2.2 P&
WIUEAL 2 J5 TDC P e ® Start JMIE LS — Mkl G TG T, HE:
o IRBITHSC B B RFEEL (AEN Va2 HhiliE | B el T 3 UCRFE)
o BCH B B EE S AR A I BOE A A Ay 3 11 Bits27&28 (SEL TIMO MB2) Kik
FEAN IR [ SE A s Ao DR 1 AT B vt B TR o E AMHZ,  BSPGE I BB
SEL TIMO MR2 (@ 4 MHz, CIkHSDiv = 0)
= = 64 Us
256 us
1024 us
= = 4096 us
TER TR 2 2 e, TDC Wil s P AN JE U I ) B AR A T A

0
1
=2
3

2. 3 BT
EMELE R, ALU JFUAMC I HITL A1 HIT2 (1% & AR s -0 45 Rk N & A o ALU K
PTG I AT V2 AL 5 32 57 11 8] 72 V7 55 8 25 2 A e,

ALU JEATVE ST AE Bl FR I ] e A3 R R PR

LAk |2 Akl |3 ANk
3.3V | t.b.d Ks
2.5V | t.b.d Ks

S I SR P A7 G s S 2L B A h Wi i B AL (R ALU T IT T, 2 W35 A7
&% 2, EN_INT). 5340 th a5 RIS SN 1, fF a1 B A2l B i g 38t hk4g

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

EFRTLATEIRE A A28, Bit0-2 H&EH,
2. 4 B

PRAE ] ki AX0S 10110+ADDR sl AeM S s T FE AT 32 IRIEHN CReHEXAE ) . MS1022
M E5e i A R (MSB) TFaf i 45 3.

RS T DL 2 (P MBS TE 7R 1) 32 7 (1) ] 72 V7 s B RER A LA M A 3001 4 d5 /N A3 1)
) 1) 1) 5 o

Time = RES X X Tref X 204

5 MS1022 7R T N & 2 BT 2008 ok AR AR “Init” FRRAIAG 4 LM T TDC ] LA

OB Start AT Stop 1545 .

IY. Stop Biik

U RASREEATARAT . MS1022 W] LA E R 1, MR DRiGETE STOPL B 3 Uik b AT
ke BEREETITBL START 5 5 2, REREKC T 10ns, PS8 AE MCIBILEA 511 S 4N i g5 |
MO o SRHPY DR T SHSI START B STOPL A0 5 I AT 1.

A {EZF A7 3% 4 (f) DELVALI , DELVAL2 1 DELVAL3 {7 5 & -
* DELVALL, DELVAL2 I DELVAL3 j& H 14 {7 BEHGH 2R 5 A/ NEGH o AL [ e 77 ik, ZEfe LAY
FRREHE I B 1)

Delay,, = DELVALX / 2° X Tref X 27

o S SN DR RN 1) 3 AN I 1Y)
* BRIGAE BRI, i LA R AR A LE A —AMEK 3 A 2]

U SRANE N F AT (R B 11, AN 20 B AL AR BE A 00 BT AT 1K) DEVAL % 77453 41
BEE N 0 IR, KA S IeHs 2R M .

i :

4 Mhz =%, ClkHSDiv = 1

DELVALL =’ h3200 fF start {55 200 ps oA SO0 — M lkah
(128000/32 X 250ns X 2' = 200 ps)

DELVAL2 =’ h3300 fF start {55 204 ps i A fVFeess —AMkoh
(13056/32 X 250ns X 2'= 204 ps)
DELVALL =’ h3400 f start {55 208 ps oA SaVFRaess =AM koh

(13312/32 X 250ns X 2'= 208 ps)
i

i BEUEAERS

FHXS T MS1002 15, MS1022 N ABEER T DMESMOBHU HLER A B850, I3 mT A 0 Ky
BN IS . JCHR B A B R MR Ik, XA ThRERE S KT
AR KIBETE, AR P I HL R TR A ] R T O 22 2 A BT L A R e e o BN 110
B FEEAE S B LE mV RIEIK 10-200 M EZRR GRS F SRl mil s o 2%

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

Niig,  FT PR LGRS IOk DL R UV E A i, LA Il Fo PR i R 1/3 VCCo Bl 2
WS DU B2 1 7 ) RAEBEAS R I BN o BrBAs e LU I S TR BRI L R 2 S ()
T2mV) XA TR R TR A I PR I F R R SRR S AR A 1A P
T R AT E o G0 SRR R R s BEIN TR AR IR 1, A W 2 RS 2 I Bl i A 3 /)
F2 mv,

P e8I I MS1022 (i B e EA T o Al AT IO A & Rl R TR R, AT SR PR
AR 7 T FE

Wil 4 Start_TOF Restart ¥4 T3 — UGE 75 3 I 22 1Rl =, I3 X 0 F

« 4 MHz mddR G TT a5 SR — BUEIR B 2 HR% w8 2RI ;

o LUARER 122 W R DL ROBEAUL T SR 2 Bl 1L vl 5

o RS0 IE (STOPL) [ LA S B FE31] GND;

o N Fire K AF2% 0 (FIRE Down) tH4:i% 42 5] GND;

o TR Sl TE (STOP2) FHEZKG S 4 A B Vref, TDC &FfF(E TW2 rh BT B (1 iR 5

o BAUTFISIGILFE STOP2 H Ak UL v IR «

« FIRE_UP iE#e4m A F| TDC /K START 1555

« JTE M) five T4 B K475 1 FIRE UP ik,

o B Sl It STOP2 45 & B L a . Wi il— AN 80745 5 45 B3% $2 TDC FRITI STOP
4 N3t

« 24 STOP J i el 11 [ I 1R)3K 21 J5 (DELVAL), BEIS) TDC K- 25 FF 4 il & ‘e ml LI e %2 3 /> STOP
s

o LRI IR R fE PR O S O AR A s DA RSEHUIT OGN AMhz @i dfe,  HL I )< B B IR B30 0
B, LERS A e 2 1 A 5

o PERA IO S AN IA], IR 50Hz/60Hz [R5 %y s A2 Db IUII, B Bl 0B e 2
PRI 45 TR

s FELERT S, AR I R S5 A0 Ul & 2 v P AR K

FIRE_UP | FIRE

1

% upP T Enable TOF_up
Transducers
p— FIRE_DOWN | FIRE
i ‘L | S
== DOWN Enable SEL_START_FIRE
I START START
- STOP1 —
STOP1
_D— TDC
STOP2 — —
i En_Analog
L o &
TOF_up.
Vref )
Enable
B S PR R ) WEAS: 1.7 2017.07.12
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M i R MS1022

FLAR 2 IR AS L M of fset M BEE AT BALA 1mV A JEAtHEAT, M — 8mV 3] +7 mV. IXMKE &
TR 2947 2% 6 350 DA korrt, Bit 25-28 HEAT, UL 2 fOAMEIEAL .,

T AR AN S P RS, AT LU 30 58— N I LA of Fset D 2235mVs

N BN

MS1022 05 Ffie 1 ZERER Tt it BRI T N2 R, Bt IR 2 WA
WAL A (. AEABTIRFAE, IXMAS HLS of fset A2k A S HEATHA I ok 22 A IR 26—
AP SRR 26— DB BRI PG 1 [P (1) ToF WATI TRl g, 28— ARl
AN 58 BORs 2 55 AR RAT IR TR (1~ 0 1) G2 S EAT PUAL, e A2 RS 5 iR L I3

HI T of fset MR AREARN IOFEA, DRI 2% B BcAT K IR 00 T T LLgs T de s . R IR &

gi— NEZhhE:

C AP, SVERIENIT, A ok

- A IV T LA S0 E T A M SR AMH [ e O

« KBTI LA BAR HRIAL 3 (19 e 2K 2 24r o T3 K D)

o 5 FE 0 T DA RO B BT 135, O FL T LR A O (ALK T % e 213 5
- (B HLIE offset IEMES, L AT BL 5

A7 IR T A = Bh A e il =
A KK, SIS )
G I [ 52 1 stop B ks 1 (J
€ DALVAL {H) & AREE A R AT
[) PRI A A A2 A5 K TN ST 1) A .
HIRZ P Z AT RS CAT I ] (1 s 1)
ZBKT VAW Hrp—A R
L[ 52 ) DR 22 A A 1 B g s
R FE Y R 7 T X T AT T 0 11
RGN PR AR RO UL, IX PR
15 R ) 0 T AT S 2 R P A AR
ITAIE. HEXN T msh& MRS
IKFRAL, IS J7 [ AN (I i
R AR IEH T .

I T (R S 2 A i 46 e
L 2MHz A1 4MHz [FHeheds,  anitbstar LA
SO PN A1 NG Rl W CEVS b
(R L o

Receive signal
with no flow

Nl
I

(stop masking) | | [

TDC stops \

Receive signal

with strong flow /\

vl
RVIERN
Fixed DELVAL | | \/]

(stop masking) [ | |

TDC stops

Shift ToF > Period

AN AT B2 7

Http://www.relmon.com
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2 5 R

TIHNEAT — R AT BESS IRAF HE 1R
WiE. HoerelEkgeds B LR &
RABRI F B W oAk i S
XL S 2 FEONRF 5 R
+400 mV F| < £80 mV. AEIERT
LT [v) R AN FH — AN E of fset [
IS fige ST 55— [ R N, K os
SN — NP . — B — NI
MEAEAK T of fset {ELAI i, A4 M &E
g R A — AN

WL MS1022 [R5 — AT I ThRE,
O AT (1 P e 4D I T 2 A DG 56
—ANBIBE ], i SEAT S AR
AR IERETCRI . BRIk, — S0y
TR R A DL B 2 s (1R

MS1022

Receive signal
with good signal

quality /\
oy A

Receive signal Half the amplitude only
with bad S|gnal

quality

=iy
_ UL

AAFE L LT .

F34bs S RLIE SR AN bk 98 AT AR M I A 5 (K, = EER I e n] BUR
I I G FEE P T A P AR I I Bk ko

TEERT MS1022 58

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

wave savely
1. 2. 3.

— PR A -

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

5. 6. 7. 8. 9. 10.

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

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

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

AN AT B2 7
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M i R MS1022

Lo BkibeAzds, Rl —Bs o /5 R LA AR I RS FiL s of Fset BE B — DM gL /K F o
DELVALL ¥) stop Bl o2& FH T4 stop kil aiix B ] (e 7s, o] LRSS e e 26 AT I 1)
stop BIAIHE 2 1. JE M P A3 — DI LA of fset Sk, EBIBEIMES
KF T offset Fri’t & MR

2. MS1022 P& 75— MKk S R, ek s AZIHIRE offset [] OmV. 857 1
offset M EERL /T 1V (11, BT AN EERE 2 AR 3 /MK o

3. KIS IELDU A B A A 4E 240 DELRELL %1 DELREL3 &, ¥ IR ARG 15— P ik
Mo BN E DELRELL = 3B ALES — DR RIZ 5, Ko D55 = AN el g 1Al

4. A FUSEIN A R Y] (hwp) RNt C R, R S — IR LR IS
fE B, S 5 MK R R . TTEEE hwpei: e/ MWD e — RV AE 0-1 11 FlZ A I
o XATCAEBUN, AU BIE T8, AT LU T AR . i Raent
TR AR BLalE et LT R Z e, MARKAMESILLET RES FEREE T 0.5 ,
IS RT AAE S i R e 628 AN KA 5%

5. MS1022 Ki2x ABhHEIA 3 A stop ket ARJATHEIX 3 AMkah -3, XA AR
7 4 2l IOk o BRI T30, S R FLIKBE A S R it L i gl AT,
SR FT LAST 2 R 25 AP . T ARAE MS1002 24 7F X 27 A7 &% 1 MBI A fir 2o

6. —HEBOATENEI, MAMASHIEN stop 155774 A offset MHERF S IRFFAER

W ADPPTRENE XFEOLR, MEARASMA TDC, A TDC K24y th— Mt .
Bl RS RS BN AN AR E I A A

U F A A I

A | A ZH Eiiipe
3 30 EN FIRST WAVE | 1=2f—J B, Zfras 3 Al 4 A X
PL 2 BAME I BB HU R K of fset, DL 1mV Dy
i
0=0nV
1=+ mV
4 8-12 OFFS o
15 = +15 mV
16 = -1 mV
17 = -2 mV
31 = 16 mV
4 13 OFFSRNG1 BAMEN E + 20 mV [ of fset R
oM S BB A7 R A ] BRAE: 1.7 2017.07.12
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M i R MS1022

Ay | A 2 Eiiipe
4 14 OFFSRNG2 WAME L — 20 mV (A of fset MR
DR 1, Ry S 3 LA B 1) AT I [A]
DELREL1 %ﬁﬂuﬁ%%6&¢wwo.mmn1zpo
; - DELREL2 DELREL1 | DELREL3 iAZ0 B4 [ THAHBIE.
DELREL3 Bz
DELREL1 = 3, DELREL2 = 4, DELREL3 = 5 tHikLLA
M 3, 554 A 5 ASBEE B,
0 = JFA
1= kM
4 16 DIS PW Jok s FE M Dy g, L a] LUMHhE 8 st ok,
WALE PWIST &—A 8 AL iz s, W 1
fr#%e (Ell 0 2] 1.99) .
0= BTty
1 = MR
S BOGE W st A R . 4B GO
A B O B L, AR R R
1=FF 3 VST A BB IR bk e, R R K 2 A7
3 31 | EN AUTOCALC MB2 IR 125 4 o

. HENE
1. ¥R

TGRS, MS1022 45 —AN ikt B 3R BE D& # e, BRI T ks B AR S RE (iR
MU=

DU R L BEL XS R 28 ) 0 R PSS TE) 11 o DRI B BOB 2 0 S0 2 % o BEL RN, A S 2% e BEL gk
ATHH . 5 MS1002 AHEL, MS1022 ¥ —AN Pt Rr 1 TR T 85 .

Discharge time
Vioa 1~ 0.7 x Rx C, e.g. 300ps
>

Cycle t|me = [TCycIe+1] x 150us (@4 MHz)

\ /

PTL PT2 PT3  PT4
= >
- »

2 fake + 4 port measurements

LM Ffs B R A PR 2 &) BAE: 1.7 2017.07.12
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M i R MS1022

U R R TAT 4 AN B S 1, FLrp 2 AR IR AT R o ROk (R
AV CRE IR, AN TERSH . — BoR U 208 AN SH LR P4
g FUt AT A T

2 x PT500 / PT1000

TR AR AR 1) B /N L BEAE AN BE /T 500 KR T
1 H LK AR 3m. MS1022 4L A L “Lioonr

ML I RE, REE N H] 4 2RI IS v ¥
¥ PT500 5% PT1000 3354750 R W58 Fr ks i 2
SEAT R RGERFTRUE M ER. N PT500 8
PT1000 f& &2 IR, TLUASHPIAN S HBH
SR —AN 2% [ e BRI AT 2 5 4 18

SenseT

Odown
MS1022

2 x PT100

MS1022 [R] IR th 24 PT100 A 1K1 &, T
(HEN R IRUEMR A PR XA,
AT UORs A 275w PH 4 TR i A2 AU vy ¥ 1 L
EERE AR WA IR . AT B T %W%T
P st FEE S PR A Ml P A S £ NI BV
] (748 2 A £ o

o PT.

1
} pr2 MS1022

b PT3
PT4

MR 584 A B 5e i I B HLACE RN Start_Temp 8% Start_Temp Restart.
ik Start Temp Restart, MS1022 Wf<sMfmifd FEPRIR, PR Z AW (A ZEIR 4 50 Hz/60Hz (1)1
o XA TFK 50Hz/60Hz [

XU EE A, MS1022 J64E PT1 b IHEAT 2 8 8 IR IFAG hill &, SRJ54% 8 PTL >
PT2 > PT3 > PT4 %y (M@ TR B & 75 4 Ao H B 25 5, PR A s
7o MS1022 th m] LAFEAH B v WU AT UL D 5, SR ol S #5125 AN PT4 3 T 4R

4 A 25 R S AEL A7 0-3 k3. AR5 5 P HURR S RES_2/RES 1 Fil RES_3/RES_4
A LAV Rtemp/Rref LG . FRELE gyl e as, ot nT LLIRA A5 B B il & 20 1 2 & .

2. KRR E F1Fas i

TAArds 0 (1) 15 47, ANZ FAKE 528 T JFAA Il S0 5 A0 B s R kB X AN B0 T oe il
HL 25 70 JECH PR LB R A i A 2

ANZ FAKE = 0 2 YRl

ANZ FAKE = 1 8 YR iil&
AA7e% 0 1) 16 7, TCYCLE &' THREMEN cycle time J& MR,

TCYCLE = 0 128 Hs cycle time @ 4MHz

TCYCLE = 1 512 HBs cycle time @ 4MHz
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M i R MS1022

AATHE O [ 17 42, ANZ_PORTS 22 /bl I ity K54 45 ] o
ANZ_PORTS = 0 2 il = 1 MEEES
ANZ_PORTS = 1 4 il = 2 MEKES
PFAFA% 6 ¥ 11 £, TEMP_PORTDIR M3 I (1) Iy
TEMP_PORTDIR = 0  PT1 > PT2 > PT3 > PT4
TEMP_PORTDIR = 1  PT4 > PT3 > PT2 > PTI
Zifies 6 1) 5 A7, HZ60 e T Ly Fiflll&ElR] Start TOF Restart Al Start Temp Restart iy
A FIEIR ) I )

HZ60 =0 50 Hz JEu
HZ60 =1 60 Hz FEu
A7y 6 (1) 18 F1 19 fi7, CYCLE TEMP, ' T fish A 575 — Uil BEWI =8 11 i ) 2% R 2L LA 50/60Hz 544
h AL
CYCLE TEMP =0 0.5
=1 0.75
=2 1
=3 1.25

AL 6 1930 £, NEG STOP TEMP H44  [i4F SenseT B&42 LIS 5o XA EZE RN B 30 b
TSR A A DA SRR IR o BT I ) RO, SR D T A2 55 MS 1002 (1 A5 il 2 e i 2
HAL % 52 A 2RI
NEG_STOP TEMP = 0 Az, FEZE MS1002
=1 W, NN GRS 6

3. EEMAM A
h T RIS BRI MR, A HEREA AR HAIK dC/dU R . FATHEE AT COG RA1IZE
A KHEHR AR CfCap &4,
T T TR M A2 150 ws. PRI HE A Y iZ I BT H1) M
PT500: 220 nF
PT1000: 100 nF
BHE Teyele = 1 DL it H B 1R
FEME RN Y RIEAEAE A XTR BB AR A KL

4. LI FE
KA NS1022 BHATIREN & 5K A/D Fefeds i TR W AL, AR FERAS.
AT — RS SR (2 AMERES, 2 MR, BRI A EAN, LR N T
2. 507 /s o WIREE 30 FPHEAT — R ARV BRI AR ), P HIRIEFE 0. 08MA
EE A 7 VR I ThFENT 1/50 B2/, PTH00 ALk A sy in g% .

5. R A
L FE DN B IR BLAT R At A PR (RSO fE o 6 Pl LUK I AR B 2 I T %, AR
MS1022 BARAS ZF A7 A0 11 88 12 A7 5 1, IR 04E BT A5 AN — MR,
o BBk FA TSR OREE (< 8 x Tref = 2 Hs @ 4 MHz) , MS1022 ¥&fekmih i rashs
A 0x0,
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M i R MS1022

o AGIRISITIG . A TR 5 IS S N TR . MS1022 8 % i 25 /2 #5715 N\ OxFFFFFFFF,
VERE: MR I R AR B 5120 s (Teyele = 1) B, 2AZ{##5 SEL TIMO MB2
Jy 2ms, HNERFHWERE CINTN) wl g4 .

6. Wi IREMB A HIEAME

MS1022 F7i P8 I 8 A ok il A% [ s ) P BELAR A AR 0y v 5 PEE PR I TR P R e ey
it B A e s (R SESR IN TRDRE 3 5 IR B3 (R it 2, ey 3 B 4 R LU AR 45 R g 23 b
SRR XA TR LA A — S EH L LW iR 2. I, JATTRT DL —AMij i 5
A LT g AMERBORAME S BAME MW AZ o 0TI R B E QTR

T... = T,...../gainfactor
Toow s BT 1F S I 465 1R
Toneors s ATEATHE 55K 1F IR BE &5 B

gainfactor: MiaifeiEREL, #MESBIAIEA 1 k4.

I IX AN MEIT I, N PR IR R A A, B N AN TAAHCL4 TSR ke 48, it
SR A i T E SN [R) m B B ARG 7 B 1 2 2 ZE IR ALY 0. 05%.
SATBENSEAEY ISR, SRIEREN a1 4 1E R EL:
o U FEAL RS (LA HBE. CEG 4 PT500, PT1000)
o it R A g (MS1022 Py HBEk 4 T4AHC14)
* MS1022 fit B HE [

AH IR I R B 22 i I R A e it
T
FRATINS T A1t 2 ik A 245 10 14 2 21 1F REOE AR T4AHCT4 W B RAT 1Y) o ARSI (48] 4
T4HC14) T3 ZEA RIS IE R L, RORIEIEAMEIE a5, Rtl, #5775 2 AN 2Ry, 3dT]
SR FZUHERE N F TAAHC L4 A A 10 1) il 25 R A A 4% o

1
PN PT1000 fi A% /e 2, MS1022 pAy Ffs i s i A AT 3V (1 Pha Pt P o AR T T A28 A 198 2
A 0.9931. MR K2 IE A (K 25 T LOERE 1T 28 5CHEAT
Teor = Tupeor/0. 9931

Bl 2.
N F PT500 Vi FEAL I8, AR TAAHCL4 Jifi 5 3 fih A #8013, 6V e i s . 3925 RBH
0.9980, AR %52 IF 5 & BaT LLE L T 1A k7
Tewr = T/ 0.9962

JANNIE 75 %
MS1022 AR AEBLAAN A 55 2 nl 6 2 NI E 5
o PR Bl —AR RIS SR FH AR VI 2 TR R TDC I R LR T e
« XFF EEPROM 32KHz s 4f———FH 1 P35 2 1) 2%
1. SRR A%
IH A MS1022 45 R B —N e I Bl o HE TR IE, AR 2-8MHZ (FEDURE BB 4 2-6
MHz) , 47 e R Ky AMhze AEDIEE Y PR 2 Fh MS1022 38 75 25 it I 455 5/ Ay I i) S0 - o
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M i R MS1022

TCIR 358, DA —SC LA (1) 4 A 75— A ey Tl

EERAE — EEIRIIRS T, P TAEERN 260 HA. {H I i 4= A0 I 8 )R] 7 B A 75 22T
JA MS1022 W LA P 748 R i 2 Tl et U PO O NP IR o 0B B ¥ B 5 8 START _CLKHS SR5K
P, ¥E START CLKHS > 1 S¥Rl<frki% Start TOF, Start TOF Restart, Start Temp BX
Start_Temp Restart fiy& 2 Ja Ml a . A RS & 2 3RS — AN IR DLARIE S 3R
70 1P IV )75 0k 2 PRI -

Xin
Xoul

START_CLKHS

Il
Gl &~ W DD = O

SNl

mn R T

JESH 480 Bs

FEIR 1. 46 ms |:|

JEIR 2. 44 ms 15pF Lo
to 7 IEIE5. 14 ms 3 1

4 MHz
15pF

JH kb ) A IR AT PLORIE AR AE I 4 2 8] CL 28 58 A BRI « 6P % il ek it
FEIR 480 Ms gt LR o WX FR A = HE T FE AT DL BRI
Bl

FEHE 75 I U 0 = R AR — R R (g i (25 /[0) F v AR (R BN TSR KM 2ms o R
2T THEEI N 260 MAs X 2 ms = 0.52 HA.

2. 32.768kHz k¥ %%

MS1022 i B 32. 7T68KHz [ 37 I b ok 2 il e 5 g
S i R T SR ot R4y — S =
PRIz A o % Q

Wik 32. 768 kHz ki asth &AL T TARIRAS, 7 3V
IR FER LR 0.5 wA. MR G A LRSI |:|
PRISTAIKZI A 3s. 32. 768 kHz Y% 2 ASBENS 1 5 ] o 32,768 kHz
FEANH 32kHz BB, CLKIn %5 BAI0A 20 EEHz o 15pFT T 15pF

WA T RE I b T LA ok 5 A A H 25 A0 (F) B R MLV A IR, 25 A7 B IR 10 B -
SEL TSTOl = 7: 32 kHz 7£ FIRE IN % it o
SEL TSTO2 = 7: 4 kHz (32kHz/8) 7 EN START % i

(R IRt T LSS 4 3 R 7 e B AR 45 ) CLK320ut 451 (3. 6V e KAL) .

3. RiEmEBERS

BT 2-8MHz IR B G A IAR . B3P, P LX PR 2 2 IR AW L ). (RS
RN € 0.3-0.5 %), HHEAWHZIEE. Kk MS1022 4 A7 i iR vEm e I = DAtk
AN B B R 3 e (X R I o I LURS A 1Y) 32. T68KkHz I Aol JevE . MS1022 M 32. 768kHz [
BhsIH Star/Stop fikif, FEAsh TDC Bl Ly 25, 45 BAPbAE 45 a7 s, FEn ks
BOTEN . FTHURT LA RS R, ARG B PR 3 AR R R 2

FEZFAT A% 0 1) 23 F1 22 f7. ANZ_PER_CALRES " i LIS IF RIS EHEA T B, 24 R G R o
PLA H START Cal Resonator iy 4o AR TR HE .
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M i R MS1022

Bilan:

SR AMHZ 553%, CLKHSDIV=0, ANZ PER CALRES=1, Hip4hi izt 122.0703125 1 s/250ns
= 488.28125 (RES_0 = 0x01E84800) » %K B4 v A HERA 1) AMHz 11172 3. 98MHz, FeHEd =
¥l s 485, 83984375 (RES 0 =1E5D700) o HAF HIARSE I o] v 548 1E I $0E 1. 005,

TR ENBMRERLFE A, EN_START 454 .

4. el A A A M
4.1 N H

AN IO IS F TR v /v A AR b R P e iR o B PR (I
AT R FE . R 2 (VS R I TR AR, DR gt gt vl Al > J LA 2e . B 10 4B 119 T
PERFIFSREL, 1X AT A4 4 )Ly 100mAh 7S it o VBRI, SR IO 505 1y (R kG 3
HBAT

4.2 32KHZ INBITRIEL I F R T R IR 5% i)

32KHZ WS AR R, R 22 RA T T2 ) Le SR VAR TR] AR B 3 K294 3-
Sns. KEHEPFCHEN & (Start Cal Resonator) AG i HATRZ . FTLA, 240l 45 R e DU b
IHEL BN, WSS Rt & 7= AR 8l o Wl 4 SR B 20 M 2 s v N PR 0 i e LA v )
if[a] (ANZ_PER_CALRES) Sl i ) (P LUAE o SRAS () W Mg A TR 7, DA M A gl 2 o 0 o 45 2R
FEAEAR KRB

4. 3 REHEAEHE 7R i v A K B

FERE PR, DU 45 2R by 7 J8 AL A B 4 AR 0 e B A U HFRER ) e 4 1]
DAL AR P AL AR AR KN 22, W AT SE A AT i . D 17 J8E vt et Aok
FhBIe I GER IR, A IR 8 I 1) A0 308 304 478 I 18] IR 6 2000 ] — MR . I
P P BT A% 4 AN AL RN N 224 2 AN SERHERT PR LB IR 2 o I Bl vHE 0 7 ZE NI AN
P T HEAT M0 HLAEAAT AT AR T o

U Bk R AR
L. 8k

fink R J A AR 2 T A AR RS T KN EES R YR R KR A o e TR R O A A A
I f e SXAMIURAE PR, ek mT LA B HBR ABR 7 2-15 JEAT 2080, AT LLP=2E 1-127 Mk
JPA, WSR2 Rk 16 ARG, T8N ke e 48 vl i I 158 A A7 s R R AR .
o KIEARAY Start Cycle Sy fih & Wk b KA %% .

Jiko e AE g B HE P AN S 3 11, FIRE UP A1 FIRE DOWN. SN 7E 3. 3V I (K EhRE 11 &
96mA. b4, AR S T LA S S S PRI I Ao B A A R A SR b B R v FELAS
AR, BRI ARIE BRI G2 o] ARG 525k GND IR .

fisk A ok i R A AR T DASR F AL RS B0 732 0] A 22 k7 A R s ke 1) o SR IR, 52
WE I PR J i 1) B2 31 MS 1022 1 FIRE IN A3 1, SR J5 B0 AN TBOR 5 T N HH 2 P X
AT PR P o AR B (I, ASBERS AT 7S BRVX AN D BE
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M i R MS1022

2. R AFARHNEE
ik AN £
ANZ FIRE =0 KPR AR
=1 1 kb
=2 2 Mk

=127 127 MMkok
SEL START FIRE =1  Fire fikpl' B #5455 TDC [¥) START {55
FIREO_DEF =0  BRAMPIRE High Z (MS1002 #E%%)
=1 BRUCIREN GND. G R A FASEHUA T 73, A6 I B 1
B, NHHEARISMEHA R, C KRR

JoK AR AT 2

LE RS ASEELRE 15 AR5 LR, Bk AR o] DLAE 54728 5 BEAT5E X, 0 3 15 47,
PHFIRE. 0 FR/RMIKEIE, 1 RpNMNEBR. BKh 35 W ARAT AT LSB T4 DL i A5 5. MSB
ghE,
Bilan:

ANZ FIRE = 7, PHFIRE = 0x0055

1/0{1/0/1:0/1/0/0/0/0/0/0/0/0

ik b A (AR -
Jik bR AL A BN 5 fireclkl g M isy gt g4 CLKHS FH T4 1) 73 43 1 # DIV_CLKHS 3E[A]
FHHI

Pulse-Generator ~

Firel

CLKHS 1 ffirec[kl 1 Phase- 1 fﬁreclkz Fire-
A 05 shift m R Generator | Fire2

DIV_CLKHS frequency ANZ_FIRE
doubling
116
DIS_PHASESHIFT — PHASE_FIRE - g
CONF_FIRE
U R A LA RS 17 2017.07.42
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M i R MS1022

FEVE I B AR sl ok B BEA T A5 0, AR5t DIV_FIRE BEAT 4340,
DIV FIRE = 0 AU
1 FRLL 2
15 B&LL 16
WE P AEAE 5 M Bit 27 7 (DIS_PHASESHIFT) RIGHAHMAESITNAE, XA TIAEE & I Fi 4k
75 DS LE S5 1 109340 24 H 8 U 1R R4 7 1 75 A o
DIS PHASESHIFT = 0 #zhIhfeH i
DIS PHASESHIFT = 1 #®zh3hfex i
2
f. = f. X
fireclk2 fireclkl DIV B FIRE + 1
Fivecne HRAE Ry MK 2B B R HE 22472 7 FIRE UP/FIRE DOWN {55 S %S,

f I J1T T
fireclk2 i i i |
¢ > : i i
i Tfirecll}ﬂz
f:Firel /-
Fire2 i i
>

i i
TFirel / Fire2

an EEIR R D TFEAA Toene NBIE AR E—AN Kol Hrh—ANMESA FIRE UP/FIRE DOWN
fi H PR AR AT 3 — AN E R ARAE A
it
CLKHS = 4 MHz, DIV CLKHS = 1, DIV FIRE = 1
2

ffireclkZ - ffireclkl X DIV FIRE + 1 = 2MHz

FIRE UP / FIRE DOWN % Hi{E 5 K de KA «

:le = IMHz

Firel / Fire2 2 fireclk2

K
ATLLEZF A7 9% 5 [ Bits 29-31 (CONF FIRE) ¥ & 4Kz
Bit 31 = 1  FIRE BOTH (& FIRE DOWN {55 AT /K [)
Bit 30 = 1  FIRE Up FF)3
Bit 29 = 2 FIRE Down FFJi
WKHEEEIN (FRERTED -
E2917%% 5 1) Bits 24—26 (REPEAT FIRE) ] DL k41 G ER U B
REPEAT FIRE = 0 AfEIF
I B 1K

TR TIX
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M i R MS1022

MS1022 HEAZAE ANZ FIRE /¥ & (R Bk AN . nsRAE Sus YA BRI Bk eh, ) MS1022 5
Wt 8 g g — ANkt
R
A8 N F P BB R0 23 (R 0 B ANBEAE TR Th R . @ BVE RS 7 URAGFA 1 B IR R Bk MS127 1)
e
+. PREVIEEN

EM TG 1, MS1022 484t T PUEWIaa ik ThRe. a7 1 19 15 (EN_FAST INIT) =
L, bR & ABhWIaat TDC. BRUMAE R AT TDC wh O I AT Rk T o Xt
SSUEH T Eg N A X A A STOP {5 5 (AR EA F S .

+—. BERT

TR A S I O VR R il R A R, WA RDD WoR i ZE 2 R . AR

 FHP D AZIRAE— 2 “mg s DUE TDC Pk fh 2k (R R A D IR BEAMIE . XT3 i

ZEANREHAT LB, 75 WP 2 T MR [R)— AN dpe VAT A0

gt R T e I ZE T R BT Y . WS BT AE START B in—ANBE LIRS & . X Fh
5 UL FH T TDC #2021 — 47 START 15 5 4R J5 Il 5 STOP1 A1 STOP2 2 [H] (R i 2 (A8 FH v CEE ol
MO

W B SRS 5 11 20 A7 (EN _STARTNOISE ) = ,,1 “WJLAFF 3 5 B e,
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2 iR MS1022

TR e R ) SR ]

1. iR

MS1022 Ak AR D REME A e R BT RN o T30 i N BB Th g, B3R5 — U 1 )
R Lhfe, woks R D, Bk A= 88, BT ¢, ELAas, STOP Bl i 11 T RE LA R P A%, AN
T AN I —AN AT R 5 R HL (IE /G AD) 3t T LABEAT ks FE I

AT HL S T LR R S, RSPl DRI /o T EIREoR T AN LR (R s gl P R
FH MS1022 BEit 38/~ i

Para
JI08
FHIR
= 100 —— 10m
: U g o
H ! Disgroii o ¥ =5
i Paga
1R | a o b o o0 b &
- T o=
= & Mg ] [
s ol E E ,Pj "] g ?) Ej E Ternpaeabure oold
--:; _1;&.. e : s ool L.: e
LT, | w
608 Wi i v ] BT1 @
XOUT L
i IT PTLO00
VIO -2 \ig Wit V1D 2
by T furw bt
& GHD MS] [}22 GHD & s o
o FIRE L@ ma &
& FIRE_DOwm T4 5+
MHr . FIRE IN LOROT e
& INT 'é o SENSET o  100n=—=
2 z ., =5 A
£ 4,
aisgbtasg
LR T N Y o
o]
MS616Fb12 f
s S00nA
10pF —— 10pF

ZLA0 T HE P RIS 23 4 BT i B R AR oA S A IO A (R AN H e 31 B I -

o r R P [T R AR v AN s L R B e e A SR B 0 F BRI LA

o TR PR AR b, AT B — AN R AR s W BH DA TR HL 2

 NE MR G AR BATERE T — 32. 768Khz A1 9 fh AR LA S —> AM (B e iz o FIRE_IN 8 JIm] LA
HT 32. 768KHz &R 1t IK )« PRI e i WA 7 ZE— MR AE IR % 45

o SO FRL U 20 U o B N ] 5% 30 R 2 R4 VOC M VIO 2258 43 3 it — AN/ e BH SR AT 40 B8

IO 2 11 MR TR AT BT I T AR
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M i R MS1022

2. A AR LB R B

A (I} Eiiipa
ANZ FIRE = 10 (W25 1r#4% 6 1Iuii) .
DIV FIRE = 3, BkaPASpHiA = 4 MHz/4 = 1.0 MHz,
ANZ_PER_CALRES = 0, 4MHz fgheifiit—k 61. 035Hs [F1ll & HEAT R
DIV CLKHS = 0, 4 MHz P& &4 S8 WA 73 00 e SR S s o
START CLKHS = 2, Bi#HR% & a5 AT ] 28 480Ms
ANZ PORT = 1, NPT 4 AN R0 5 v

. + hasoesoo | TCYCLE = 1 512 s i LA I ARERIN o]

ANZ_FAKE = 0, 2 RSB,

SEL ECLK TMP = 1, I 4MHz f4f 5 SCUEL o i S G B ]
CALIBRATE = 1, {EMEVGH] 2 WITETF)E .

NO_CAL AUTO = 0, fEIFEVOH 2 WAT0CE N Aok,

MESSB2 = 1, JF/HMlEIEE 2 W& > 2 s 2,
NEG_STOP/NEGSTART = 0, FrfailiExf T EA-uriiu.,

AiE: WRAEA Start TOF B 0K START CLKHS=1, WA58mE XM

HIT2 = 2, HITL = 1: fed&EJGH 2 7+ 1. Stop - Start.

EN FAST Tnit = 0, JXP] HITIN2 = 0.

HITINI = 4, & 34 stop Mkl (FEMRIEHE 2, start HWE—AMK
AL B 4 AR

1 ’ h21444000 | CURR32K = 0, N FHERIA.

SEL_START FIRE = 1, 5H W fire Jkrh EEIK) start /55
SEL TST02 = 0, EN START FFJi.

SEL_TSTO1 = 0, FIRE IN % B A kb o

£E: FREMHIRE, Fire in flEN Start X MNERAEES .

EN_INT = b0101, Hrikril it i s, ALU PFEE45 K 5% EEPROM 3h{f
ghigh (RN 2 W3 A28 6) .

2 ’ hA0230000 | RFEDGE1 = RFEDGE2 = 0, 1N FFFit.

DELVALL = 8960, 5 — MM THIETE 70 Hs Z )5,

A B DURYE SR 8 Bl 5 % & DELVALL {5 (BIGFiETED

EN AUTOCALC = 1, HZHEITA 3 Mk,

EN_FIRST WAVE = 1, JFR&—AmpLH .

EN_ERR VAL = 0, 4ihm)ie i, (g Ragfras SN OxfEerefee

3 ’ hD0510300 | SEL TIMO MB2 = 2 , #F start JkalJg 1024 Hs ARUENME S WS H
DELRELI = 3, DELREL2 = 4, DELREL3 = 5, {EWrHIE— ik il &2
3, % 4 F ZE5 A stop Bkpp

A P DURYE SR — R e B SREHAT B EWCE JLA stop Bk

DIS PW = 0, Mkl os e 4% T 5

EDGE_PW = 0, 7 _bTHoHdi s bk b s i

OFFSRNG2 = 0, A& FEN of fset

OFFSRNG1 = 1, OFFS = 10: f offset {6} = 20 mV + 10 mV = 30 mV

4 " h20004A00
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M i R MS1022

#iE: offset {H A UARIESKFR RIIRIE AR 5 3RS AT HE
AT A fH filiik

CON FIRE = 2, 5[ FIRE UP, FIRE DOWN = FFji. WM T
Start TOF Restart #AFf%, AZ4 FIRE UP Al FIRE DOWN ¥ &A%
IR RN RO I o fEiX BT R 1 P AR BT A T — IR R i
TEAEFA (FIRE DOWN = JF/2) .

EN STARTNOISE = 0, FFii.

DIS_PHASESHIFT = 0, M ICIF e KB IR R AR ZE

REPEAT FIRE = 0, Joism ¥Rk,

PHASE_FIRE = 0, {EANS Rk b A S AR

A WRAEA Start TOF, FEFKEE CON_FIRE=1 4T — Rl
A

5 " h50000000

EN_ANALOG = 1, NP Al Lh i 2 L i o

NEG STOP TEMP = 1, ]V FH P 38 25 R fid i #5412l & DA KORR=0,

ETFAER 4 TP BEE LB 3 of fseto

W2 = 3, 300 Ms ZEIRRZ il AR T 7 o

EN INT = b1101, Wi time out, ALU ready m# EEPROM Z{FE4k
wen i (RINZ W25 (78 6) .

START CLKHS = 2, B&EHRGHPEIRN A 480 us (S W74 0) .

CYCLE_TEMP = 2, {EM/NIGE 2 A ZER N H &% 1.0 .

CYCLE TOF = 2, EP/NEE 7 BNy Z2 I ) Y GBI R4k 1.0

6 ’ hC0C06000 HZ60 = 0, 50 Hz A3Lfifi.

FIREO_DEF = 1, 243 F A 3540 L B BP0 20 FF 3 QUAD_RES = 1, W H]
17 ps .

DOUBLE RES = 0

TEMP_PORTDIR = 0, k(1) & 05 .

ANZ_FIRE = 10 ([ABZ 03745 0 IR3H) .

#AY: fE{FF Start_TOF Restart ¥AERGAT CYCLE_TOF=0, HZ60=0; iX

BTPIIR AT CRBERTE) [RIRGES R A &4 8. 3MS; RIFETEfE A

Start Temp Restart #EAE#SE}, CYCLE TEMP=0, HZ60=0, PR EMN

B [F) R B 18] A B 0 8. 3MS.

3. WEFRE

BB

Ki% SO =’ h50

REUERS £

% SO = 7 h03 Start Cal Resonator
Check—loop ININ =0 *?

Ji% SO = hBO, BHL ST = RES 0
FHEZREL = 61. 035/RES 0

T EAFIF
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% SO = 7 h02 Start Temp
Check—loop ININ =0 *?

Ki% SO = 7 hB4, iEHL SI = STAT
STAT&’ h1E00 > 0: —> Error routine
K% SO = 7 hBO, HL ST = RES_0
K% SO = 7 hB1, #2HL ST = RES_1
Ki% SO = 7 hB2, HL ST = RES 2
K% SO = 7 hB3, EHL ST = RES_3
Rhot/Rref = RES O/RES 1

Rcold/Rref = RES 3/RES 2

FI A W UESCH 2 A Hh A AT IR S
g PRI F— R RAT I (] ) o -

K% SO = h70 Initialize TDC
K% SO = 7 h05 Start TOF Restart
Check-loop ININ = 0? (_EJi# TOF)
Ki% SO = 7 hB4, iEHL SI = STAT
STAT&’ h0600 > 0: —> Error routine,
timeout = TFEK.

Ki% SO = 7 hB3, EHL ST = RES_3
#i% SO = 7 h70 #JUE TDC
Check-loop ININ = 0?2 (F¥f TOF)
Ki% SO = 7 hB4, iEHL SI = STAT
STAT&’ h0600 > 0: —> Error routine
K% SO = 7 hB3, iEHL ST = RES_3
R HLIAE AT LR AR BT B A B4R S5 155 RN & TR

T sk Jk e A, A A e
K% SO =7 hB8, 1EHL SI = PWIST
Wi PWIST < 0.3 {5 K59, MR HIRE(E S,

MS1022
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M i R MS1022

QFN-32 EfEHER<F, 5 x 5 x 0.9 mm®, 0.5 mm 5|Z&[a)H
R
HUOMEREAL, 3.65 % 3.65 mm3, W GND AHESZ. £E FISHAER T GND Z AMASRENS 245
AT ELE R R R GND,
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A JEDEC 020 W FERUR A 22 L, MS1022 %145 2 MSL 3.
PR 2k
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Max. peak tem perature: 260°C
250°C, for up to 10 seconds

Package body
surface

temperature

re-he atiny
140 to 200°C
60 to 120 seconds
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X-ON Electronics

Largest Supplier of Electrical and Electronic Components

Click to view similar products for Multiple Function Sensor Development Tools category:
Click to view products by Ruimeng manufacturer:
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