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Abstract

A highly precise and flexible timing system has been developed for the L-band linac at ISIR, Osaka University. It
provides four RF signals and several timing signals for operation of the linac and for experiments with the linac. A
rubidium atomic clock producing a 10 MHz RF signal is used as a time base of a master oscillator for generating the
acceleration frequency of 1300 MHz. The 1300 MHz signal from the master oscillator is directly counted to produce
the four RF signals and the clock signal of the timing system at 27 MHz. The master timing signals for linac operation
is taken from the AC line frequency and it is precisely synchronized with the 27MHz clock signal. To make an arbitrary
delayed timing signal, a standard digital delay generator is used to make a gate signal for a GaAs RF switch, with
which one of the 27MHz clock pulses is sliced out to generate the delay timing signal. Any timing signal can be made
in an interval of 37 ns and the timing jitter of the delayed signal is achieved to be as small as 2 ps (rms).

BRKRFEM LN RIAF v I A IV TVAT ADOEREEN

1. [FLHIC

x0T N—T7TIE, KIRKRFEER FHFZEPTL
N REFITATF v 7 OEFEETEVAREZE
BAI VT VAT LAORIBEEIT>TND, KE A
VTV AT ME. AERTOLANY BT A F w7 KB
SIEDBRIC, EERERESOETH LY AT A
NEHT AN, TOVATAEF TR, EFFO
REM L EE G D 72012, EERFIROIMNTILUEIC
LB DT AE A BR—RIEE(10 MHZ) %8 A LT,
F7-. HONIMEY 2 — LA HAYECHRED S
WRIII AT AOREE{ToT-, ZOFEH T, &
BN U T —RFEERR - WERICHKESND N T —
2OV A & FEARNNHE P4 T H 5 1.3 GHz REDO RIS
JE13KI5~6 ps (rms) Z 2Rk L 7=,
TDEAIVT VAT ADOETFH S . SDERFE
BN A —FEORMYIEE L2 EXE 5720y
AT ADENEENEIT - TE 2, ABFEESTIL, #E
R, I8 AN LTZmERFA A v F & Hviz[HE
HARIEE 20 It T o T2 2 A R U TV AT LD EAL
IZOWT, ZOWEFRRE G ORET D,

2. EHLNVREAA VT VRATA

LN RIAF I DEAI VT VAT AT, K
L QT D ERFEERAIE N H—15 54D
([FIHER) 123 6ivd, REEFIEAERTIL, K
YERRIR 2R/ B D 1.3GHZDORFE B & E S H 95 =
Lk v, SHBA™108 MHz & 216 MHz RF{E 5.
L—H—— FRERH D81 MHz RF(E 5. I#ZR
VAT AEEROIENE vy 7 L7527 MHzZ v
{55 (NIMV~UE5) Z2/E0 M3, £/, U

! E-mail: shigeruk@sanken.osaka-u.ac.jp

H—EZ3AEMTIE, 2EORM S AT L& HWN
IR 2 VR — 3 v hRERE X OIE RIS
LD MY =7V AEERLTWD, A S
HZEHDO NI H =V R, FTOENT 4 LA BfE
VY ENEIVMSAIGBIERF M 2R ET H T LN TE
% (M1E]R)

2.1 RF{E B FEATT

RFEERAMMTIT., HAMER KK TH 2
1.3GHz RFE 5% U I Nh oo 24— KDy EeR%E
i, IEESEER S LN —H — 2 2T AT LB
B D43y A RFAE B F X O27MHz O 3K 5 JE 1 &
2y 7 E#ER LTS, KA IV T VAT LTI,
NAH ) A X L~UL D/ & 1.3GHZD SEHERFIE = %
F R+ (Rohde & Schwarz: SMIQO04B)7> 5 [EL#Z1E D
LTW3, IBY AT A TIX54MHzD FEHERFIE 5 %
24315 L C13GHz RFEHZED Hi L T\ /e, #rlH2
DODFFETHEALZ13GHz RFEED AT ML %
e 5 L, FiESR L VW 1.3GHz REAZEHAR LT
F53, 10dBLL E /A AL~ BRWVERfEER XS 117,

SEERTIE, 13GHzZ EHEI U T 5 Z LIT X
D216, 108, 81, 27TMHzD 73 JE{E & ED L T\ %,
INETIIT > =S EARFHE IO FE A ~L7 v
HENS, ERAEEFOMIZEZL OV T n—F=7
ADDDPRIEL TWDEN Y h-T7= (XK21) |
F 72, 1.3GHzIZ X 5 3 JE{E & DR Y v # — D
END L, ZOV T N—F=7 A5 NEYEE %
FIEEETWDLEN G o7, ZONELLT, &
JEZ T )EICMHZAF IR D /X R/XA T g v B — &
Bk g 7 4 v 2% — (81MHz & 108MHz) % Bl
L. A7 hVEMER X ORBBEOSEL K - 7=,

-537-



Proceedings of thedth Annual Meeting of Particle Accelerator Society of Japan
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

aaaaaaaaaaaaaa

81MHz
(Laser Ref.)

216MHz  108MHz 108MHz 27MHz
(SHPB)  (SHPB)  (SHPB) clock

L-band timing system 2006 June 13
Shigeru KASHIWAGI

START
140V, 50ns 140V, 50ns

aaaaaaaaaaa

,,,,,
ToFemto To#2

®1: FERILAY RETFTAF v 7 54 S o 7o AT WA R,

22 N U TS FIRAR

FUH—EERAETIL. VAT LOILEEEZZE
L. TIEONIME Y 2 —L, TUX AT 4 LA B L
PRFFE &2 RXR—RIZHEREINTWDE, ZO K
T — 15 BFAET TIX. BN IEZHERIZ B 72 P
BRI #(60Hz) E RF & ORI Z1T 5, K3(A)IC
RLT=. 7V w77 ay ZEE(Phillips: 794) & 22 A
> LT v A LA (Phillips: 756) THERL & 4 5 [R5 A1
A, BRI L 72 60HZz L A & 27TMHz 5L Y 7
oy 7 R EE5, ZORFERM L7Z60Hz L

REF 0.0 dBm MKR 81.0 MHz
1048/ -0.22 dBm

A Write MNorm B_Blank Morm

MAR;KqR
81.0. |MHz

324MHz

243MHz

START 0 kHz STOP 500.0 WHz
ARBW 1 MHz __ *VBW 10 kHz _ SWP 100 me _ ATT 10dB

®

T
81MHz

2 2:1 3MHz
L1

PP | SRURPUU FRVPRED. 1 SPRPRIPN SRR S

|
|
\ 162MHz
|

N |

Hz:mhﬁuRM§%ﬂM%&ib%<7hna(i)74ﬂ
KL (F) K74V —FD,

ANB Yy hAT—TF & {H RF/SLAD f
WL (774 A v °SHBT v 7 OEIEMK L)
BLOE—LEIK L EZRET D, KIZ, ZOMIKL
NIV R & T VU H VT 4 L A (Stanford Research
Systems: DG-535)D4H N U H—& LTAAIL, T
B OWRFRERRIE SV A Z T 5, Z OREOIRIERFH]
X, 27MHzIEHEY v 7 OTEAMGT ns)21 AT v 7
EL. MEEOOHIET2ENTE D, ZORIEN
JL A Z BRI #)37ns (27MHz D 1JE ) O TTL SV
ANCEH L, BHERFAA v FEREESEAL-DD

MY T—r2E LTHWA, £L T, K3B)DH
A LF v — MR LTZERIZ, ®EE DDAk ORF
AA v F BHV2IMHZIERE Y 0 v 7 D1V R &)
3, BB, Bl L7217V 2 &2 RPE R L
Teth, MEREEE THIEL T, Sihdg=a o AR—
v MRFERR - HIEFRA~E BT D,

XI3(A) Cor L7z [AHIEI OB Y > & —1%, 24
YUT VARBKIZANLINTWD N T VAR —D
EEBEE L 27TMHZzEEHE Y v v 7 OBEIREE (Vv
H—) \HFT D, BIEDOV AT ATIEEIC T
VALK —OEEENFEEREE 2RO TS, I
EFT, XAIVT VAT AREBEORBIZHL Zo=
A F A EFHWNT W20, [ B2
S~6psTRIEEICHIR STz, —J, SEBEA LT
RFAA v FHHWT2IMHzZ 12 v J {2 50517
a2y 7 VA2 Z2G)0 3RS (K3(B) 0%a .
RFA A » FOENMEEEA2IMHzZ 7 v 7 O 1/2 )8
LLF(18ns) Tdh U | IR D JH I E RO R\ D
ZHWAE T, 2IMHzZ 2 v 7 D17 a > 7 3L A
ERERSUIHTHENTE S, KV AT AT,
TTL SV A CEIET 5 IR 4k GaAs D A A~ F(Mini-
circuits, ZASW-2-50DR, DC-5GHz)Z il L 7=, A
A v F WM (K5ns) 2327MHzD 128 #1112 e~
DT, U H—DOTTL SV A InsFa FE D B ]

-538-



Proceedings of the4th Annual Meeting of Particle Accelerator Society of Japan
and the 32nd Linear Accelerator Meeting in Japan (August 1-3, 2007, Wako Japan)

(A)

27MHz
AND(1) Input
27MHz  Max 60Hz
(cl

clock) trigger

60Hz
AND(1) Input l l
o

Set Quad
AND(1) Outp Logic Un t(PS7SE)

FIFOutput

1
i
v
i
I
. Reset
i "

Delay line(1) ! ine

Delay| | ine
“{ AND(2)
utput Quad Majority

AND(@) Outp Logic Unit(PS-756)

I
Delayline(2) | — | 1

1—
IDela

27MHz Clock Output-1 -+~ 27TMHz Clock

Input RF Switch Input
TTL Trig—q
‘‘‘‘‘‘‘‘‘‘‘
(-5V) —q zAsw -2-500R
TTL Trig. —I_,— Output-2+—q pe=(+5v)

Output-1

Output-2

3: [T AT ADLA LT v — #t7m/ﬁl (A) =
V77 7 A & AND RIS CHRERL S D[R ] o 25
L, (BYGaAs REA A v FIZ L 57 2D LA,

Uy —=Nboltb LTHUIH S5 7L A DI
Ty B—~OREITR N, ZOUIH LS 2 D[R

WL, A4 v T ORIIEIC LD EOLHIL L
27MHz7 v v 7 OV v X —I2 K-> Tk % 5,

23 TRT v 2N —

BRI HERRICMET L U T —L R
VIS TE WS E N TR S D LRI, F1
4@umvkwvi1ﬁ%¢éﬁ£#%éo%@t
O, FAIVIT VAT EAOEIEIZIT N T TR
H—DT Ty cBEEFIH L@, &SEED
TGy 2 —Z4RBER LT3, Bl
DORFAA v FIT L
R T RABRFRIER R L= BT NT v =0
P—EED Y H—EF LR H(0.63V), hT T
AB—=DTNRZ o 2@fEL N T—FEDNH 1
0 ERFENS BT AUX, 1psPA TORFE Y v ¥ — % 3EH]
TXx5, TNETOTNRNT o =23 —TORR
U X — DRI, HIBRIZER T T2 L A BEE &R D ST
HLEVREEBIEORRRENERFNTHD &5
bbb,

FZTAE, TART Y 2L — T4 U 5 R
VoA —kTELRV/NESLTHEDORBEOEL %
1Totr, 7P —HEEO L ARMERE N5 PR
2 — 1A X DHEEENKSE (HDEE - KH3V)
DNH ER D FHEDO B REICET 5 & L i
WERIZT I v X —T7 53U —ZBILTA v E— &
VRAE T, BE D ENDEEE RS TRRET
TRT oy 2V — R BREN T X DR & LT,

3. BEY v A —AIERER

BB ALTERFAA v F 2 H R A &
BBEMATTNNT oy = Y —OFM %247 5 72
O, 7Y 74 u A a— 7 (Tektronix:

DY a7 b H—o00 R0,

CSA8000B, 80E03)% fiv . 1.3GHzXYERFIE & & 4%
N H—= VA OY y Z—EEIT ST,
2TMHz#EHE 7 v v 715 5 D 1.3GHz RF{E 5 I2%F 4
BT > 24 —130.96 ps (rms), RFAA >~ T2k D
PHENZ MU =L 2D Y v X — K11 ps
(ms) T - 723, RFAA » F TOMN /2R E O
BAIX, A v FORIBIEIZ X 5V 2B DH 1L
EUIH LRI I ot EsH O F 7 AL D
W OWEDRK EEZ HILD,

Wz, AT T v = v —H
(50V with -46dB Att)x/~"d, 737 vz bt —
H A OSEH B30 KefiiL, 140V CTHI1.86ns, 50V
J1T044nsThH o7=, F7=. T XT v = /)L —
HD OB Y > Z—1%, 1.52.0psFEETH -7 (X
4T) o LEDOKERNG, REAA v F & HW A
IR L T RT3 ULt — A B O AR A |2
Ko, Hhndgsa RN —x o bR I OVER - HIE R
\ZiED MY H—/3V ZADEER Y v #— % 5-6psin b
sFEEE T/HhSLK T HHERICKI LI, 5%,
27MHzZ v > 7 OKEREE 2 Esd, Theb b
=V ADEREECEITD TETH D,

& Xk

[1] MR M, SBIEIERFERES - H290E Y =
T 7 AN iRk, p558, Aug 2-6, 2004

[2] S. Kashiwagi et al., Proc. the 4th Asia Particle Accelerator
Conf., Inter. Free Electron Laser Conf., Indore, INDIA, Jan.
29 —Feb.2 (2007)

Fie Edit View Setp Utiiies Help [Tiggored

|Gl VB B o ] [ B S sz
X4: (k)T /8T vy = L —50V H % E (Rise

time ~ 440ps), ( M) Y v # —HEREF (Timing
jitter ~ 1.51 ps (rms) , 10.0 ps (pk-pk)).
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