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MEERFT, AERN T ERKECETNREZE, REAF _RELRAZ Yy A THAHEMN
BN BRI AR ERE, PR ERAUINRB 2 MBEGE, W, ARBEREL TP

W1 RS 8 T 6,

EREF WA flash HHEF, & CPLD 84325,

KRR EEFAAFEGREERTRERERE, REET, FAFHNEXRT LR
ANTF100ns, FETUALEHEREKWANE, A FE, F4, ZHAT A CPLD k#E 5 NOR
flash 7%, URZWES ZRETHeER N EREAREF %,

KW EBTRANEREGA; ot &K NOR flash; UK

hESZES. TN16; TN2

1 5|5

IEH F & 97 W )2 B8 R (Positron Emission
Tomography. filFK PET) % '] H T 1E B F 25800 1
25 AR, TR KRN I R A, SR AT A R
FR, WL A= Py 1A o 9 A R R B 0 KOG 1
AR, Ho o PR R AR 4r, ol T e
IER O HEAT 25 W BT 5T, B AT ARG M 2 W
HERf R DL AL — 7 T, TR A W B8 2 R 2l AT 5T
b EEREET Y LR S — I, ¥ PET
Xif 5 (6] 43 B A AE SR bR 1 BEOR I A K PET B, 4
A1 mm ZEAN, FTLEY PET BEA M E, X
AHTEHE .

AT Y PET R4, HLILH 8 44
Do 7R 1 P i —Ar Kaifgrh, 3 554 B
BGO A, Forbdgdedh ik th 99 SRS B 51 25 L
FH4% PQS(PMT Quadrant Sharing) F205 4 1~ 4
0y PMT # 4G . PQS A B 48 HI 9 T4 2k &b 44 A
PMT M3 tbein 1+ 1, &4 PMT HA —4
B 4 R R IZ N R d iR B A DG 85 5. R PQS
FOR B PET 500 4% B 6 JH 19 PMT % oK 249 2
D75V o 1A Y JEFATEN T B R AR B A7 AT 58
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(D RAF BRI E, A .

4 4
>IXV, ha%s
— 1:14 ﬂt‘u Y: 1:14 ’
2V 2V

i=1 i=1

B XY S e SR AR S 4 AR AR Y
PMT i, V&4 PMT Wit .

h T SEE T A R CRI B RRSE A . dn SR
JH CPU = DSP (¥ i3 5. 2 A K& iy i [a] FF
B, KB RE RGO KRG v F AN FHMZE
Ko ABITHHARN TR RLIER, DAE
{55 MBE RS SR At a8 i Hhk . 3% Z 18] i R
B R B SR D Bk N B — R T ik
YEFE T 58 B — YR AH L B B 1% .

(2) Bk ZJa W7 B A 5 i 20 7 31 B Y
# L, BE UL BR TR AT 2 00 45 B 2208 7 ir A
SR TN KR A% 007 B g S 2, B RS H e
(crystal identification) , tAbh, H F 50 3k Y 55 1]
e o7 T R AR Lk . PRIAR 23t B AR, DA 325 B
A3 AR Lt AR S 50 . FE A 0 B, SR AR
MHE AR R BL G T s S5 8, wiaT DU IE
23 (] A 2 P i e W) R R L

(3) &t B K HER PQS B 2%, H &4
block P Y £ & A% 19 O H W6 (9 7 & 22 51 7 22 %6 LA
P BRI ] LS T84S block 1% 8 — AN KA AE &
BAE . DASIER K 22 B B = 1 . B2 AT AR 25 A B
SR AT LA % R R, SRR A A
- ROPAOINCER ( E NN R A |
SEAF 2 SR S R A I RS 4H 1Y B A 1
RS AE X e B (E A R R .

1 RRPETY Fl HRRT v, LUT bk 34 52 9
TR 3AEBAES . ATE M LUT 28,
DA/ B 24 0 a5 R B B FRLAS . (B Ry T A 5
R HERE AR T B LA R Oy XS B SCRE LUT
ML . 7E HRRT WFoE, BBRik &R . s HlE
A 0 3R RN g i B (E A R AL T RAM a1,
H FPGA £H RAM, K AR SCmg LUT, fr
DA m R . (A Y RAM 2 3B 5 R 2881, &
W EHEAZ H PC 1710 1M FPGA k%54, &
5 F AR RAM N, fff R SRR A 7 i,

HIE A BRI T — R R %, HU
PATER L A 3. Rh A% A 8 A R0 5 A% BB i B (E A

X

F, ZLUT FEMBEOR. RAMFLH, #EE

P, AT SEaT AN EE s R AR 5 R AR . O AT Bl e 4

A N, T AT ECG FIFIE ]

BEIE.

2.2 R
ZAERFHR KT PET 2006 & WLE 2,

4 N

Detector ring

Coincidence

|

LookUp
k= Ethernet K ﬁ )
table eme PC

1

i Flowboard

Kl 2 SLIEY PET R4 AL

PR Sy =528 1) R R B 5 LR 7 B b 28 5 £
A, JAF R EE R, BTl LUT
FE, % B AT DUTCEE A G R Z T i) DUBCEE AT B i 2
J& o WA LUT M 8% 7E 75 & M 200, B 4456
W 8 4~F Ak, #ias Zi i 8 4~ LUT Lt
R LUT B AR Al 2 )5 B R 2 1
A LUT HEgHR . LUT BOERF G AR S 0 Bl 52 2R
A AL BE B T A R G, S —ER A T R
PR BIFF A M, B3 mseed fa) . (H27E Z&ad i ik
B i) H R R o BB O BN I . PR B A TR T Y
BT A T, BRI A K, BT LI
LUT L& FE A A B 2 05, XA AR HAT 2 T i
AL MHRKKEMRT RGERRE 0, 1A, EFE
ZIE AR RO R R, S Ak B P RE R
WAL T, Bl A AELIES WMIES) K45
(4n Flash) .

TE/NE#H PET &G, v L FATTEN SR &K I
Jei s PMT 7=A: B th e 5 ead ek . AD 28 fe, 3%
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BT EM, fFEWMMNER ¥y ECFRIMNERS Xe, RISE 16 F . AR XA R, £F & H e A 32 A

Y FIRE A5 5 DA BAH JC 4 il 45 5 e [F)AE S A 4k
FME B A . FlowBoard J2& 7 $% 38 B H1 LA K ¥
M B BEAR B R X P B Al B A R R L AR T B DAOR
RIRET, R —H FPGA LY RE Z e, #&
R AR K Al RN LK R % Al 22 ] 58 2 FlowBoard
B3 8005 . LLK R R R B PowerPC 1) MPC5200B
Samba FF &AM, H FHEM T 100 Mb/s PLIRKRI#E T,
Bl RI-45 W O AL £ £ 5 %) PC,

ZAR R A HTRATVEEF KW
PET &%, ibid HF Ak PET & SPECT(Single

Photon Emission Computed Tomography) ,

3 EHRRERE(LUT)HIZT

3.1 HBIBG4H

ME 1R, BRI XA 5X9 174X
9 FERA% . Bt LLIC Sf i A% L B A AT B8 4 RN 4 B 2 AR
ZE/ATE 6 bit, ¥ CX[5..0]H CY[5..0], fin L
4 PLEY o XG5 ModL[3.. 0], AT ARG
AL E S BALA 16 bit, —RFFEFHMEETANET,
HRK B2 32 bit,

5B M T i BT S 4 4 A S A
{H 2 A 4R 3R HRE & — 45 Uie . DR g s [R] A 4P (9 PR
WAF G EHEA ) X p— M LB P 16 bit 16+
5 BERT XS B 6] — R A7 & PO+, AT RE
SN N R — IRAF A AR 2 MRS —IRFF G

AT —ANFRIC AL CHK, 2 £ AR U] — 4 At
HFE AR, M CHK="1", ff EXE—IHE
FAEXSHH 1 AAPETF, B CHK=" 0"t
TH 2 AT, DAORIX A3 M40 1 0 T 2 A & T 16
— KA F A

RIEF L, AR EBHRILG] AT ECG {55 FIIF
WEAR A5, DL T 2 i 0 R RN WSS Bl i A A AR
Bl RS ECG 19 R 3 2 i 8 A4
FHAZ . H 3 bit FRic; fEIFIRAE 543 T 6 AN AH A,
WH 3 bit Frid. mZAW —E BRI E FHT R
TE—iE, EA Sk E ECG M Aric . B4
P ALY kB2 32 bit, HAER T ECG ML FRid
6 bit, HRRNIIR, WERRBMHEERFR.

e T B F A B A K R L B R A
WNFFE SR 55 0l — A B ) B
AEXE T — A FH A7 A B ] & 00 /2 08 . RT DA Gn R A
B 3 PET HHECE — M AE 100 F 500 k/s Z[H],
Zeat FIFO ZZ b, V1 J5 0 808 i R ETE 300 k/s
Zedi s XBE, MR 127 A F O E— AN, T
AL I ] BE /N T 1 ms, AR —S 0 v E A 8
ANAHAL s BEASAE AL S [R]85 B 2 125 ms, dEiE KT —
AN A B B ) 5 B 1 ms, 3CRE— AN B f P 1y 2
1453 51 WA A AR AR A7 19 FT BE R R H /N, AT LLZ
AT, PRt B B A K E O 127 A
. b 14 32 bit MSkER, Hb 1 kbit K/, &
M1 s,

F1 LUT EEHHOHESENX

B Head Eventl

Event2

Event 127 Total

KJ¥ /bit  32(3+3+others) 32

32 32 1024

T T LLOK 190 A2 i i i 2R HdiE 5 i
FEAL R K R AR B LR W 2 H AR, O PC &
TS B DR R B B A BT D i I e Y
PEEK. EHE, RABIEE, BT RS/ ECG
AT 2 728 A B AT AR 2% o 3 2 8 T ) 0% 2 B F 4
FZHR, ERFE. A 120 DR F R R
INEREC i LiP
3.2 LUT TEEASEHEY

AN A AR R A A TARR
(D Ak, W PET 76 % Mz 17 i IR A .

2T S8 BN AT 55« 8 i A R 07 AU AT EO ik
FERIEIZH ;. CPLD R4 H .0 a2, &R
B GT X8 15 B i A S HG R S IR (LI 0 B3k R
Fs AR ECG {55 FP I #5455 dn ic Bods (L /Y
FAAE o i 48 A0 32 1 45 SR AT A0 A% 2 5 UK A B
il UK M %% 2 PC,

(2) AL O A AT AR 2 S
PMT WAFTEANA2E 5 A IR IR AL 45,
AR U N A ) B A R R N A TR IR
N, PC i LK R % ik A 4 36 A 3 O B8 45
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LUT H #§ A .

A L, A& R R — B Altera MAXII
EPMI1270F256 $h47 & 45 i, X & — AR A
B REAH A CPLD, ARG KA. IF X FF
ARG v g fE ISP, & 0l LR B /N & FPGA,
DL B G215 249 H JH B s [

Pt $R 3R 1 ) B 2R W] DL I EPROM, &
MR, S O, R s R A RN, R A
A, FTEZH EPROM F Bk, X 238 it 1
(T AR AN Ze k. 4, EPROM B85 R )5, G
AR 2 B, R Flash al BLf# e ix A [a] f5,
NAND Flash £ 5 KBy 45 5, 5 P9 3% 2 bk 132

R, (R EF] PET R8P 8 =R 1 45 45
EA WA BE LS 0k 3 B B9 NOR Flash /2 847 1Y
YeHE ., ARV T 4 A Spansion B S29GL256P-
90T, Wik HFAEftbREZ, Wik HF 1764 2D map
. IR E LA R A = R, A RN 256
Mbit, ¥ % B T LA 4 8 bit(byte) , Al DAL
B A 16 bit(word) , TUNAFEUEE] A 25 ns, FENLAF
HHFTE 2 90 ns,

3.3 HIERE

AVt Ry CPLD # I REBIRI 70 4 41X,
XG5 K ILTT A 3 B

Xa[9,.0]
————
[ ) Flash3 Flash4
Ya[9..0
| Crystal || Energy
“M position || threshold
AddrX[9.0]
CX[5.0] T T
CY[5.0] EM[9.0]
XEL[9..0] * | ) J/"
h
Flashi | | Fash2z| 0 B
/CLK +
YEL[9.0] XEL/EL| |YEL/EL] > Global CLK
0b3 -
- : MAXII . e
A EPM 1270 C SPls
CHKL F256 [—
ELpo] | B » —:—“‘ ECGin
| b D | EcGpi
» Breathin
> [
11AGs | > ? 4 | Breathout
ModL[3..0] Contrels / DataOut L
Ter e Status [36.0] WriteOut
Reserved input signals l
l Connectors
PG Ethernet .
FRGA slave board @9 PC
Flowboard

Pl 3 i H B 109 BBl Al 7R

CPLD iy A X 33450k H PET &4y |k
—H— M EMIES . Hh WCLK + & Ik i (%
5. BIR ETHRAR R R — OB T A ST, CHKL M F
PRICAR &R 1Y WA ST 2 5 8 T A — YO K R,
ModL[3.. 0 &N+ AF IR ER 3 XA 4 S5 .
2yt buffer JF AL XELLY. . 0] FIfE (55 YEL
(9. OB ASHEFTE— AR M 884 KN AL S, B
119k % BB B2, Flashl FI Flash2 43 %11 3% XEL/
EL 1 YEL/EL 1 BR %, 15 2 19 45 R 1% 8] CPLD,

YERT —2 2D map & R W77t & Mtk

BX A C X FEMTAELIMAE flashs
flash4 /) 2D map i B £ X GE it B (H R . P
flash Ltk (5%, Horp Xal9.. 0]f1 Ya[9..0]2
Zot BRI A RS R, Mod[3.. 002 A5G 7 i fe
B IX g5 . ARG T8 2 &AL E g5 CX
[5..0]H1 CY[5..0], AT LA 2% 5 A% 19 fiE i 1Y
f EM[9..0], @i i EM9. . o]JFYtFhEi= EL
(9. . 01k 5 BRI F 4
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B4k, C KB4 74 SPIfii, HIAM PET R4
WH BB S H M PC 5. X B K ECGin M
Breathin A T # Wt ECG F1 I 0% 77 #2 55 A, 2] Wr
ECG FIWF R 25 S 1/ 0 A0 A7, 78 B A S = 1R 15
BALMLEFT EAric . ECGsplit #l Breathout A DA
AR Ay oL v, RN R 1 42 1 B A S i o 2 R A

D X i) 2y E & Al $0 R AR Al FlowBoard 38
{5, B F M FlowBoard 1% —3FH——~"LL
KR B2 13 {5 . Hf DataOut il WriteOut 4
e, A T AT, A RS A — A
SOt EE S, & H— WriteOut 1E kb, i@
1 FlowBoard {28 DataOut; 1M 7E 5 A =0, N2
B AR OKE Ok F LR W B Flash B85 B A8
DataOut 4% 2, IFH WriteOut ik s F A 4% %
B i ORI . 455 5 FUR SR S 8 E AL, i
TARBEA, flash & B2 45 A flash 2 72 5 0% 45 {0
EATRAEEH RN AR

W20 3 T 7 1 B0 i 3 RAFAE TR L
M AEB AT AT ToRL . 33k 2 PR BT A5 =X 5 2 4b

FtH EPLD BIAAA#BR 2 R 1Y flash #8544 /9 1 bk 1A
[B] BB . T B NS Flash #:4E, Flash #3441
B B G 1t RN A AR A AR I

TR B A B CPLD #2461, B VHDL 52
BRI A

4 HEESMESIK

4.1 F CPLD %5 Flash 7125

Flash g A6 S0, G4 ik CE# | fi b
e OE# . H (Hf) ik WE= | 558 RY,
T Reset # MY WP # , 2H flash [ %,
WEA OE£="0", WE# ="1", HE#hlf i
FE GG 1Y AR . OB M hE 51 A A, 280 — B[]
B R R SE RS . AT LAAS BAE B0 £

Flash #% 1 B9 4 72 % 4 & 247, DL Single
Word Programming %, Fi 3 B E+8 4,
ity S )45 E MUk B AR E Y HE S TEER 4
JR Bl S B A 2 R SR L AR 2 PR

% 2 Flash By 8 7 45 12 R 1Y

Cycle Operation Byte address Word address Data
Unlockl Write Base+ AAAh Base+555h 00AAhA
Unlock? Write Base+555h Base+2AAh 0055h

Program setup Write Base+ AAAh Base+555h 00A0h
Program Write Byte Address Word Address Data

LTS — T WE 2 #1 CE £ (/1 254k
KB e Hhk AR . O il &% flash P9 AR S HL,
PUJE sh ol 45 a0z g 1 5 30

4.2 MWK
te 2R F AN I A I 7R A 3 AR DK R AR

K 4 FlowBoard X LUT FH (£ FILL KB F M (£
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MPC 5200B samba, KA FlowBoard £ 4k, 2=l
PR N SR E S iy

e Mo g O e PR R I, A R AR RE A ST B
BB TIRE . A T RO A4 G R BB . TER A
Ui e R T A AE DL L HLBE . A5 $R Z% A FlowBoard [8]
AT DL R G A7 B A . CPLD BB A8 IE A 152 1
Flash BN %5, 3F B AT LI Flash 2844 N 5 A5 .

/NS PET (W 3HE0RTE 500 k/s LLIN, W {H 7
3m/s AN, WA B 1Y Flash 4 -4k 5 1]
/NF 100 ns, XA EEHCAT A 58 20T DLW 2 R
K. FEERA PET REHH BRI LW FIFO Xt
BRI gE o, LUT BB A9 28 38 B i) 58 42 0 2 R
BLEOR, I RABKI AL,

MPC 52008 samba f9 L4 K M 1% i o R B¢ B
100 Mb/s, SZfEA ] 94 Mb/s, Xt F/Nshyy
PET 3+ BUR R U2 R B 1Y .

R G i R I & MR S s . &
S5 5 TR #8ARCE S — 20 1 SR

5 #ig

ARG IFSEI T PET RS0 A 40 R HL .
1% FL % DL A 22 07 CAT B0 0 Y BR VR 52 B RN A A
L8/ 2D map £ 3. JIF A BRECH 08 . % gL
G T X ECG MPENE T4 {5 B i b3, Jf HnT LA
LT AR AN WA, YEREW 5. TR
L E,

KRB R flash &7 14 F7 6 A $0 3% . flash &8 14
HaER,BEHE, AR L RERE, KkAA
WARMTF2s 18], A CPLD i Flash, sEE P, &4
PET %48 m s AL FRAY 2R . ZE RN T , 5 flash
SR B, B RS K B X R E R S AT RN &

GEPERE AT AR AT

A JE AT HEAT LATR J T Sk s (1) 22 30m A
T RATHEEAE S A AL (2) 4% Flowboard £ 4k .
UK 3R A LUT W R G 28—, ol — 8
P52 4 d AR B ARAE 1 (9 52 24 1 5 (3) Flash %
2k H Write Buffer 52, 0] LL45 %7 08 5 0T
BHRFFEE A flash N AYEFE]
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graphy (PET) system is proposed. Position and energy signals for a coincidence event are generated in a co-
incidence circuit board and sent to the LUT board, in which the centroid of this event is calculated by the
LUT approach. The centroid is used as an index of the crystal element. Corresponding coordinates and en-
ergy threshold of this crystal are obtained from the other tables, and the scattered events are rejected. In-
terfaces for receiving respiratory and electrocardiac gate signals are designed for future use. All the look-up
tables are stored in NOR flash memory which is controlled by a Complex Programmable Logic Device. The
LUT board communicates with PC through Ethernet board.

The advantage of this specific hardware design is that the LUT operation can be performed in a more
efficient way, with a <100 ns time delay. The paper also describes the operation of the flash-memory with

a CPLD, and the data flow between this LUT and other modules in our PET system.

Key words: positron emission tomography; look-up table; flash memory; Ethernet





