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A CAD System for Telecommunication FPGA

TAKAHIRO MUROOKA,! ATSUSHI TAKAHARA,! AKIHIRO TSuUTSUIf
and TOSHIAKI MIYAZAKI!

This paper describes the dedicated CAD system for newly developed telecommunication-
oriented FPGA. This CAD system supports the total design environment which is composed of
technology-mapping, placement, routing and verification-tools. In the placement and routing
algorithms, the properties of our target FPGA architecture, are well considered to achieve the
efficient implementation of given circuits. Experimental results indicate that the newly devel-
oped FPGA and its dedicated CAD system realize high performance circuits more effectively
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than our previous FPGA and CAD system do.
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Fig.1 The architecture of PROTEUS-Lite FPGA.
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Fig.2 Routing resource architecture.
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Table 1 The number of routing resources around one BC.
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Fig.4 An overview of PLCAD system.
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Table 2 Sample circuits and their technology-mapping results.

Before After Time
Circuit # of gates # of FFs | # of LUTs  # of FFs (sec) Circuit function
fcount 62 13 45 13 0.1 13 bit counter
sc.mng 103 11 65 11 0.1 Small controller
hec 111 48 85 48 0.1 CRC generator
cellgen 192 54 136 54 0.1 ATM cell generator
stmlgen | 320 93 228 93 2.0 STM frame generator
stmlt 608 118 378 118 6.0 STM frame terminator
sigg 899 209 611 209 13.0 Large controller
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Table 3 Placement results by the PLFIX.

Before After Time
Circuit # of LUTs # of FFs | # of BCs | (sec)
fcount 45 13 18 48
sc.mng 65 11 32 50
hec 85 48 : 35 50
cellgen 136 54 51 54
stmlgen | 228 93 99 59
stmlt 378 118 150 68
sigg 611 209 220 79

T4 FRHRLEOZERRTOREI
Table 4 The number of routed nets handled by each

procedure.
Procedures Process Time (sec)
Circuit | LRP LSRP GRP | Rtime Time
fcount 46 76 0 0.4 16.7
sc.mng 54 115 0 0.6 17.5
hec 73 128 0 0.8 18.3
celigen 113 221 0 1.5 23.3
stmlgen | 179 433 0 2.5 33.8
stmit 286 730 0 6.1 54.9
sigg 469 1108 5 37.0 124.8

DHRBLBEOERLER YV FAKEAEL RV, 20
o9, BHEOBVWEREREZERT HLEFEL,
HIWBORKEELZBICHEHAL TW5., ZOREE,
GRP TOHRFUHEIET SN,

# 1 Rtime I RBERMBICEL ZHKBEZRLT
VW5, GRPHEAT S -0 sigg *RWTTRT10
LN T L TWwWa, MEEEICOWTIE,
EERKWLBBIERTNVT VAL THET A7 AL T
L B AR 7o -8R, PLROUTE O E#LEIL 350
BEERTH 7212,

X 11 & PROTEUS & PROTEUS-Lite ® H#&
Y=V TORBRELEL 7200 TH 5. mBOEE
i3, 2NFNOHEMD CAD ¥ A5 4 (PROCAD)?,
PLCAD Tf7-7z. M 11 O#EE» S, PROTEUS T
2 LUT O HELN 20%% B2 % L HEEHITHE
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Fig.11 Routability comparison.
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EEENTERIZZ > TW5h, 20720, BWLUT HH
RTCOELEE{IFER IR TV S, —#RI2iE, B
BEEOEMIEHLEOGERZHEMS TS, #
T, EELAETEREFRO AL ZBL -EE
ZATH &L, BITBOEREREEY Tl
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PLCAD ¥ A5 4 & PROTEUS-Lite ® # 4 5Ff
797012, CAD Y A7 A% &0 721 FPGA
EDORBEITo. BA T, E2 0 SAEIREY
XILINX #® CAD ¥ A5 & (XACT) #fHL T,
PROTEUS-Lite & F—#HETHES DL R FE—
(0.5um) TH A XC4010E IZH#HL, CAD DMLE
BRI RSN A-BED 27 ) T 4 VIS ARIE S Bk
L7,

5 ICKRELRYT. XC4010E ® CLBiX 22D 3
AJILUT (3.2gate), 120 4 AJILUT (8gate) &
FF (10gate) THREN %, =L L TIZ FF
CETCEDTHB -, FRENATEH IS — i
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HALUT L 4BOFF#HL T 5, HicEET L
BCI3# 5347 — b LB, FF2BREH 137 —
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Table 5 Comparison between PROTEUS-Lite and
a commercial FPGA.

PLCAD XACT

Circuit PROTEUS-Lite XC4010E-5

# of Time delay | # of Time delay

BCs (sec) (nsec) | CLBs (sec) (nsec)
fcount 18 80.8 34.0 32 44.0 35.8
sc_mng 32 87.6 49.2 38 47.0 40.1
hec 35 92.4 24.5 59 50.0 22.6
celigen 51 115.4 61.5 82 76.0 55.1
stmlgen 99 167.8 70.1 150 125.0 80.3
stmlt 150 238.9 57.1 209 178.0 48.3
sigg - 220 377.8 1143 306 304.0 814

ZDOFHETIL FPGA BiRkoMAETIZ% { CAD ¥ X
TLEEOLHEEROERLE L THEL T3,

EEMESD BC & CLB B2 k#&TsL, &
DOEEICILTH BC #2° CLB # & 9 biwn,
PROTEUS-Lite (X XC-4010E & lX_T, F# 0.68
EnRE7Oy 7 OFHATR AR EHTExS. =
i, BEUHERBROSMYZEEL CHETLABCO
DD, EROBEABEKICEEL TWa I LR
LTWwW5,

BRL-HERBROMRETIZ, PLCAD O RIiZ
XACT OfREEL TS TH 5. NHEERHTIE,
PLCAD iZ XACT LD Z L OBMZEL T3, =
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RN XACT & L TRRICITDN 70T
H5b.
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BB E RIS T T Y r— a vy EBO 7 Y740
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5. ¥ & &

EELRRBERYREMICEOBEMNER FPGA
T& % PROTEUS-Lite ®#f CAD ¥ A7 &4
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SO vTY Y VEREIREYRML Twb. PLCAD
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