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Abstract: High precision time-to-digital converter (TDC) in positron emission tomo-
graphy (PET) system was studied with the delay chains in field-programmable-gate-
array (FPGA). Time measurement includes two parts, coarse time measurement
implemented by a clock-driven counter, fine time measurement by delay chains in

FPGA. Differential nonlinearity (DNL) and integral nonlinearity (INL) were tested,
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and also, total time resolution of the double-detector PET experimental platform was

measured by time coincidence. The results demonstrate that the time resolution of TDC

reaches 79. 3 ps, and the DNL is between —0. 2 LSB and 0. 2 LSB, the INL is between
—0.2 LSB and 0. 3 LSB, the total time resolution of the double-detector PET experi-

mental platform reaches 2.1 ns. Performance of the TDC, implemented in FPGA, can

meet the demand of time measurement in PET system.

Key words: positron emission tomography; time-to-digital converter; field-programmable-

gate-array
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Fig. 1 Diagram of time measurement
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Fig. 2 Logic block diagram of TDC
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Fig. 3 Picture of double-detector
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Fig.4 Block diagram of PCB

3 #R5itie
3.1 HiEE TDC HEEE IR

i1 200 MHz 225 i 8, I A5F- 3 B4~ 4
R AT Y ) A] SE3R 240 102 ps, s Ja) ) ek )
FEN 250 ns. 24 2 450 NHF (8] bin, F) S IR
7 A B S B AL S 45 5, AR TDC 1 13 4
JELPEZ R —0. 2 LSB/0. 2 LSB( 5a) . Flf
re G B Ik o A A 7 A B Bk e A S, A% TDC
B FR AR P2l —0. 2 LSB/0. 3 LSB(E 5b),

TE FPGA &R o B 4o 38 2o 485 784 pof- 4 59 2% Jd
H 3 45 32 55 BT i) B R B 4558 B R T I B[R]
HE 3R I AN AH 7] 5 33085 S S5OKS 248 B[] 0] Sy St 2
BF ] bin 8 K T A B i) pl RE BsF (8] DR 28 B [
P DR O o B (] Bl o0 AR £ M il £k A 18] Sa
FE7Rs {53 A
3.2 BfES gER

i [R] 43 934D 45 TDC 4 B 1 B[R] 43398 Fn
PET Z S 8] 43 HF W8 43 5 & A Bk ob % 2B
A, )5 3 e Wk PET 5287 & Eill 5.
Il 6a fy TDC (14 i 8] 1] B 43 % Kt [7] — 15 5 73 i
P 65 53 ) 000 o o 5 ) ) ) 3 19 43 9 Ry 112, 2 s,



640

JRTFRERLERR  4ASE

04r 4
0.2f

0.0

DNL/LSB

1 1 1 1 1
0 500 1000 1500 2000 23500

INL/LSB
=)
=
T

-0.2F

—04 1 1 I 1 1
0 500 1000 1500 2000 250

bin i

K 5 TDC £kt () TR ALk (b)
Fig.5 DNL (a) and INL (b) of TDC

I, TDC B 4338 112. 2 ps/v/2=79. 3 ps.
TERES, PET S246-F- 6 b %) IE X iy £800
R Tob v o W TR 17 W 1 RS I/ X 17 DO
PR AN G F o H T A% 5 B A A R B R
A B AT A R ) 380 4 B ) — %t AN 58 4 A [
H s 7] 25 4 S AE — E B 43 A . 18l 6b TR

=
X
< 3r
33
o
©
T A
o Zr
1
1+
o —_— 1 |
U
Qnn PRPIVIV Ann
300 i OGO 1 200
Y S,
i\l i\l B2 /ng
H =)= e

6 I [ 23 B i
Fig. 6 Time resolution test
a——"TDC i & /] B 53 % 1 3l 5
b——W 4Rk PET 5 45 F & B 8] 45 5 1 i

[Fi] — Y2 = 451] 7 A 1 PR AN O Bl 0 3 i B
] 22 4 43 A o Ho 2 w8 98 B O &R S8 AR s Ja] 4y
BEL B TDC Ab, 3£ 00 25 . 7 3t 2 i H % 5 2
DO W 7 NI T o 2 RS o= A B o R
0.2.,0.4.,0.8 ns % A [a] i B 8] W0 & k7 B,
WA Sk PET 52 56 R 48 5 K 1) 8] 2 B
5 2.1 ns,

4 &R

ATAREM A FPGA 1A HB %E R 6%, S8 T
23 38 (1) TDC. 38 i % %€ 38 6 19 7 B 0k 17 24
FAFE T B 04 k] S R B L TDC B JE] 23
BE 1K 79.3 ps, B oy AR kR D8 —0.2 LSB/
0.2 LSB, fl4rdEgtt y —0. 2 LSB/0. 3 LSB,
FEXR K PET L85 &5 L ob AT 1 i 18] 45 45 I
L M EE R R A J7 R 9By TDC fE 1k g
HIUKG BE IR 2 PET 2 4e X i (] ] & f) 2
KT — Pl SE AT KT BE AR SCAS 1 IR

WIS

B E 3k

[1] RAMIREZ R A, SOONSEOK K, ZHANG Y X,
et al. Ultrahigh-resolution L (Y) SO detectors
using PMT-quadrant-sharing for human &. ani-
mal PET cameras[ J]. Nuclear Science Symposi-
um Conference Record, 2006, 3: 1 865-1 869.

[2] ZHANG Y X, WONG W H. PET resolution and
image quality optimization study for different de-
tector block geometries and DOI designs[J]. Nu-
clear Science Symposium Conference Record,
2007, 4. 2 885-2 888.

[3] FENG Changqing, LIU Shubin, AN Qi. Elec-
tronics of BESTI TOF monitor system[]J]. Nu-
clear Science, 2010, 57(2) . 463-466.

[4] SONG Jian, AN Qi, LIU Shubin. A high-reso-
lution time-to-digital converter implemented in
field-programmable-gate-arrays[ J]. Nuclear Sci-
ence, 2006, 53(1). 236-241.

[5] WU Jinyuan. On-chip processing for the wave
union TDC implemented in FPGA [ C] // Real
Time Conference, RT” 09, 16th. US. IEEE,
2009 279-282.





