#33% B W
20104 8 A

% # R
NUCLEAR TECHNIQUES

Vol. 33, No.8
August 2010

TOF I8 RGU%H B T2 A HE AR

FHE T H]

RxE #odE i

(TERERZRURAR SRR TFXESLRE, VERFERBAELLRE,
FEMEHAKRZERYER &L 230026)

HE NMBTPEHZRERYERAHNRN EHRREXAEE FNERANEFANLLRT, WEN
T CATES ] T MR S A . PN ER AR HISEALT 3U PXIHREAN 6U PXI Wi £, FIH EXERE R
B SRR S th 5 A b AT T e i P R AR RO RGERT 8, LHEBI AT 11 ps(RMS)AI 12

ps(RMS), #HE®RItEK.

X7 NEEEh, HeRE, RMS, LVDS, R

hESES TN789.1

R, CATHE(TOF)# & &%
HFHEENE, HICRE ps ERHNERE .
FEARYELREES, W+ E BEPC 11 f BES
m', =& BNL fj STAR®., Bk F .0 LHC B9
ALICEP!, TOF %z B FEMBROMEET
HPTDC(High Performance Time-to-Digital Converter)
IR TR, KSR B 25 ps. L BT RGEAIRT
G E RS RS TE, BRBTFERENE
KT, BHE TOF B FERER TEMMAE
fEs

RERHHEERVEN, UMESeENERAE
Aff, CAR el shl TRt S 22 0 M REE R AR, H
ZA KEKB fJ Belle ##ll3§, FIS%E A 508 MHz f15f
SRR Rt el WA 16 ns, $130<20 ps'®);
i HIBESSRPMIF B RS, KA R R G KA
F MR Mrt gl ah<100 ps™; b5 BESII A9
TOF B f%¥ 7%, EX#HA HPTDC ME#ME S5+
<20 psl®l. AT, B TE RGN EEREE
T e R HME SRR ER 2 &

P EEEBE Y BB RFTE ECR BTHR
FyEERGiZ L, ARNEMEEENHARE TS
B4 7R, YR FSHE=hEREES,
TR P AR T TR A . BT IE RS
HE £ (HIRFL-CSR)CSRm N #sc+, HEH
FRMHITRFOERR, MELLEBE. ¥IT
o} E] 55 AR -7 B bR B R ATET A B IRSES AT K
TR B T ERGERT R A 306U

o E R B I8 H TR £ E 5w 430 H(KICX2-YW-N27) ¥ 8

B B F% PXIHAS, BT LECESHER
A FHIHPTDC T f, MEXE 25ps, BREBAF
HETIAMBES, REE 40 A H-ABES 5 R
SRMEARKXT 20ps.

B AN AT B () B M T e B AL T
PXI BLFE, {FFRMEETRS VUTHENZEE
FEEHRINE S ERE 1.

Experimental
Facility

[ ntetntusiniasierSrriundl & hadnsienid LT ]
U6 U PXI 8 Hits % Hits
Cratc Clk Fanout
Module

High Resolution FOMHz C|
TDC Module #1

TDC Module #N

B 1 THEMEEL B TEREL A
Fig.1 Block diagram of the time-of-flight readout system.
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Fig.2 Block diagram of the clock modules in 3U (a) and 6U (b) clock modules.
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Fig.5 Histogram of the clock jitter of Channel 11 in the 6U
clock module.
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Table1 Skews among Channel 5 and other channels

of the 3U clock module.
BES @R ik 2 FHb R Z
Channel  Test 1/ps Test 2/ps Skew/ps
1 335.19 382.14 -2347
2 406.09 351.38 2736
3 368.77 348.30 10.24
4 359.31 354.26 2.53
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Table 2 Skews among Channel 11 and other channels

of the 6U clock module.
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Channel  Test 1/ps Test 2/ps Skew/ps
1 360.33 533.88 -86.78
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4 445.11 404.90 20.11
5 497.92 402.29 47.82
6 491.70 384.28 53.71
7 468.86 392.65 38.11
8 456.13 396.55 29.79
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10 475.26 376.58 49.34
12 450.89 441.63 4.63
13 43047 43042 0.03
14 420.51 432.35 -5.92
15 431.31 455.17 -11.93
16 432.07 431.32 0.37
17 448.38 419.03 14.68
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19 393.41 467.76 -37.18
20 347.39 501.85 -77.23

& 1, 3U B8R IFEE 5 54K EN R
EBRKMEH 2736 ps, B/MEK-23.47 ps, FiEE
B mENKTF 51 ps, IR ZER B HHG
REhEHENN S RENGESEKEER . Flu.

BIE 1| FEIE 2 EREERE 5083 ps, HFH
H U B L R B R <25 ps; . BRNBIESS
SERKEEN 635107 m, HHHY 46.25 ps Kbk £
(¥ 1inch, $$1ERH#N 50 Q, PCB £&~EF ST
iB~185 pst™h).

iR 6U W e fFes, LUEE 11 BEAE, R
HABEESHAAMmE. §3F 6U RN 5E
FFE 2.

H% 2, FEMEEIEE 11 SRABERNEmE
B K{ERN 53.71 ps, B/IMEH-86.78 ps, FrHE
BT BB R ZAR KT 141 ps, WRERBHH
SREHEHR GRS mENGSRKEER. #
. EIE 1 AEE 6 (A RE 140.5 ps, H
o B H R R R VR A B AR (R 25 <50 pss PHIETE
FELKEERN 1.6x107 m, SNBHREHN
116.55 ps.

3 it

D EBERERY BT R R M 2R A
BN E B F IR SRAHE RN REZR &I T
B E RS R e, SWK, 3U M 6U B SR E
BT BIEE 357/ F 11 ps F 12 ps, 3U Fl 6U i}
MiE S B E R AR IR ZE 2 R AKT 51 ps A1 141
ps. ET 3U PXI B MRk R B & RGO AT
RV BRA TN BB G P BAEH, B A
BEMAFERTER, SR HRORSEIET
HPTDC E¥EE R RN EHFER. 6U B e fet
BRI AR B IR MR R AW ER, BIK
%% B B F 0% 88 ¥4 H) ik £ IR (HIRFL-CSR) T2
7 CSRm AWEESLR I B F#RETF.

B %30k

1 LIU Shubin, FENG Changging, AN Qi, ef al. IEEE Trans
Nucl Sci, 2010, 57(2): 419427

2 Schambach J, the STAR Collaboration TOF Group.
Proposed STAR Time of Flight Readout Electronics and
DAQ, Computing in High Energy and Nuclear Physics,
Lalolla, California, 2003

3 CERN/LHCC 2002-016, ALICE Addendum to the
Technical Design Report of the Time of Flight System
(TOF), ISBN 92-9083-192-8, 2002, 61-70

4 ITU-T Recommendation O. 171(04/97). Timing jitter and
wander measuring equipment for digital systems which
are based on the plesiochronous digital hierarchy, 1997

5 B RERFRITESTOHERAMRA: L
X AL PEAEHEARKE, 2005



8

FHEE: TOF MEFRGLH BT EMN R RT 607

YANG Junfeng. Study on the jitter performance of
high-speed digital serial communication based on
electronic signal: Doctoral thesis at University of Science
and Technology of China, 2005

Furukawa K, Suwada T, Kamikubota N, ef al. The timing
system of KEKB 8-GEV linac. International Conference
on Accelerator and Large Experimental Physics Control
Systems, 2003, 130

Liu DK, Leng Y B, Cheng W X, ef al. SSRF Timing
system. Second Asian Particle Accelerator Conference,
2001

LI Hao, LIU Shubin, FENG Changgqing, ef al. TOF Clock

10
11
12

13

System for BES IIl. IEEE Transactions on Nuclear
Science, 2010, 57(2): 442445

Altera. Board Design Guidelines for LVDS Systems,
2000. http://www.altera.com / literature/wp/wp lvdsboard.
pdf

S$Y89113 Datasheet Micrel, Inc., 2005

SY89828 Datasheet Micrel, Inc., 2002

Nelson Soo. Jitter measurement techniques, application
brief AB36, 2000

William R, Blood Jr. MECL system design handbook.
Fourth ed. Printed in U.S.A: Motorola Semiconductor
Products Inc, 1988

The clock modules in TOF readout system for heavy ion experiments at IMP
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Department of Modern Physics, University of Science and Technology of China, Hefei 230026, China)

Abstract This paper describes two clock modules in the time-of-flight readout systems, which are applied in the
Cold Target Recoil fon Momentum Spectrometer (COLTRIMS) system and the Cooler Storage Ring (CSRm) at
Institute of Modern Physics, Chinese Academy of Sciences. The two clock modules are designed on 3U PXI module
and 6U PXI module. With high precision crystal oscillators and clock distribution, these two modules offer clock
signal to the TOF readout electronics modules with low jitter less than 11 ps (RMS) and 12 ps (RMS).

Key words Cycle-to-cycle jitter, Skew, RMS, LVDS, Clock system
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