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Abstract

A new Field-Programmable Gate Array (FPGA)-based Time-to-Digital Converter (TDC) with a wide dynamic range
of more than 20 ms has been developed to monitor the trigger timing signals in the timing distribution system of the
KEKB injector linac towards the Super KEK B-factory project (SuperKEKB). Various pulse devices, high-power
klystrons, pulse magnets, electron gun, and beam monitors, efc. are working well in the injector linac operation. These
pulse devices are driven by feeding not only regular but also any irregular (or event-driven) timing pulses. The number
of the timing and control parameters is more than one hundred. The timing signals are distributed to the pulse devices
along the linac beam line with optical fibers based on the parameters to be set pulse-by-pulse in the event-based timing
and control system within 20 ms (or 50 Hz). The 16-ch VME-based TDC has been implemented on a Xilinx Spartan-6
FPGA equipped on board with a time resolution of 1 ns. The time resolution was achieved by applying so-called 4x
Oversampling technique, and the precision was obtained to be less than 0.5 ns within a dynamic range of 2 ms. The
various nonlinear effects were improved by implementing an external clock with a built-in temperature compensated
crystal oscillator and with a high-precision and low jitter. Although the event-based timing system is successfully
working, we have no sufficient systems to monitor the timing signals with higher reliability. This is a reason why we
developed the new TDCs with high precision. In this report, the details of the basic design, developments, and obtained
experimental results are reported.
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Figure 1: Schematic timing diagram in 4xOversampling
technique of the FPGA-based TDC.
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Figure 2: New VME/FPGA-based TDC module.

Table 1: Basic Specifications of VME/FPGA-based TDC
Module

ERNTG A —%
IRF[H] 53 fRRE [ns] 1

AL F Iy LY [s] 4.3 (32bit)
@A & — N AT lch/ NIM [50Q]
A by FEHEAT

16¢h/ NIM [50€]

<IVF A~y T 4

VME A Z AJ

ERNEYE:- AJ

FPGA XILINX Spartan-6
XC6SLX75

P CLK 250 MHz

FhE CLK EPSON TG-5501CA

(50MHz, TCXO)

2 MBH LD X HITK TDC DOFEARIEILE -
THMIT FPGA, #MifiZ v v 7 (CLK) & VME A %
T = — AN TR T 5. FPGA O I TOM
REN T — MMEENTWD O TR ETIXERRZE
ZETHTERN,

AR TDC DFE AL TICE LD 5.

(1) #H@EAZ—F AN 1ch IZH LAy 7EEA
Jix RE 16ch(32 By M) Th 5. i@ =
& — ME B ORE MM S 5T RE.

Q) NN FINEITH G LIz~ b F A~ LA
e

(3) SiTCP[13]% FPGA WIZ=2— k352 & T
VME/CPU ¥R L CHxry b T — 7 15
(Ethernet) % L C7 — & B0 M 23 Al BE.

(4) FPGA [T XILINX Spartan-6 (XC6SLX75, DCM
250MHz)[14) 2458 L, AN 2 = > 7 1 XA

B> EPSON TG-5501CA(50MHz, 14:7E)&
HZz E FE+1ppm, TCXO) [15] % f# .

#%ik4 5 X HIcA TDC TiE, EEMER OB
BEEE bR ay 7 BFERHLEZZ EICLD
RFFRIEHANRE EE S RIE I C e L= 2 & 2 fiiu T <.

4. FHEEFE
4.1 RIERE B

A TDC OIEFEFREMMIEIZIX, SRS £L Digital
Delay Generator (Model DG645, rubidium time base)[16]
ORI 21T - 72, DG645 @ tms ¥ v X —
1L 10ps/s THDH. AREGBRDOA X2 R AT ATX,
50Hz %A EHETLHOTHAFIv I LY
& LTIX 20ms THRHITH D23, TDC EARDFEMERT
AT 9~ < HeRKBIEREH] 800ms £ TOMREEIT -
7o B3 BRI O R E LT 6k 2 JIE RS R AR

(a)

120

e
100

8o |

| [ns]

Set

60 |

E
|
A L
ST
v

20 [

0 e—eo—oo—o . *o—o

L L L L
10° 10 10* 10° 10*
Delay Time T [ns]
Set
(b)
2
® Measurement

 E Fitting line 1
= 0 j % } L e [T 17 e
£ = I T
i
= -1 g
|
A
ol ]

3Lk i

_4 L L L L L L L

10 100 102 100 10t 100 10° 107 10°

Delay Time T [ns]
Set

Figure 3: Variations in the time difference of the
measured delay time to the setting delay time, (a) the time
range of 800 ms and the solid line shows a guide to the
eye only, (b) the time range of 20 ms and the solid line
represents a linear fit to the experimental data.
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Figure 4: Variations in the time precision of the TDC as a
function of the setting delay time. The solid line indicates
a power-law fit to the experimental data.
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