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A Clock Distribution Circuit Layout Design Tool
for Large-scale and High-speed ASICs

MASAYUKI TERAILT TOSHIKI KANAMOTO,t KEN KOTANI,t
YASUNORI SHIBAYAMA, T KAORU OKAZAKI,"® YASUTAKA HORIBATtf
and SHUHEI IWADE?®

This paper proposes a clock distribution circuit layout tool, termed CCgen, for ASIC’s. We
employs the trunk layout style, which can control the resultant clock skew within a specified
small value for large-scale clock distribution circuits. The proposed method consists of floor-
planning, trunk circuit generation, placement and routing, and clock skew improvement that
adjusts drivability of clock buffers based on the densities of flip flops on regions of the LSI
chip. The application results are shown in order to demonstrate that the method is effective.
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Fig.1 Clock tree circuit.

0000000000000 000000O00000
0DOo0oDoOooooo®®Y000 10000000
000000000000000000000000
0000000000 00000 FFOOOODOOO

OO00oo0oD0O LSI0o0oo0O rFOOODOODCOOO

oooooooooobbo0oooooooooooo
goooooboooooooboboooooooooboo

Ooo0O00oooRCOOODOOOOOOOODOOOOOO

goooooooooooooboooooooooon
gboobooobooooobobooooooobooboooo
obooobooooooooobooooooooboo
gboboooooooooocoooboobooooooon
gooboobooooooooooooobooooboon
goboooboooboooboooobooooboooooo
gooboooooooooooboooboobooooooo
gooooooooooooobooboooobooon
gooooooooooooobooboboooooo
oood
gooooooodoooboboooooooooon
OO0 ASICOO00000O0OoooooOoooooO
goobobooooooobooboooooooboooo
ooooooO00O00 rPFOO0OOOOOOOOOO
goboooboooooooobooooooooooon
oooooooooooooooocooooboooon
goooooOoOooobo0ooooooboboboboooo

gooooooooooooooobooocoooboooDo

go00OFFOOOOODOODOOODDDODO FFO
gopooooooOoooOoooDbboOorFOOODOO
googooobbbobooooooooboobo
obooOoooboOoooooOoooDboog FrO
gobooooooboobooboooobboboooo
000000000 oOoo CCgend clock distribu-

000moooo AsICO00DOO0O000nooooooooooooo 1295

ZEL I
JAD%858
JINIRNNRNENANNNNARANINNENEY

LT TTI ]
MIEBFRIE

A A
=%

02 LSIoOoood
Fig.2 LSI layout.
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Fig.3 Clock circuit of trunk layout style.
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Fig.4 Layout flow of clock circuits.
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Fig.5 Clock trunk layout results by CCgen.
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Fig.6 Calculation of buffer cell count.
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Fig.7 Dummy cell circuit.
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Fig.8 Area for dummy cell replacement.
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Fig.9 A trunk wire connected to buffers.
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Fig.10 Parasitic RC networks.
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Fig.11 Processing flow diagram of CSDP.
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Fig.12 Clock skew analysis results.
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Fig.13 Relationship between skew and FF count.
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Table 1 Resulting values of clock frequency and skew by CCgen.

LS1% |EEE#UE| 52 | PRS0 | RSB |20y 2| XFa—E |BRR/BNr 0y V8E | BB/ Sy | )3y 7 7D tpdfl
i AEAEL (o p S .

A 1.44G [0.25um - -2zfns/1.121ns,
. e 69,290) 133MHz | s 5 > Z7| 100ps, 97ps 1.245ns/1.148ns 2,806 208ps, 164ps

B1 0.876ns/0.308ns,
Lome 0.18 2,581 | 200MHz |k 5 > #7| 68ps, TOps 0.895ns/0.825ns 153 120ps, 126ps

5 . -1oum 0.808ns/0. 754ns,
Z 2,822 [200MHz [ 5 >~ Z| 54ps, 57ps 0.814ns/0.756ns 221 120ps, 126ps

c1 0.581ns/0.500ns,
4,839 | 166MHz | s 5 > 27| 8lps, 8Tps 0.581ns/0.494ns 308 120ps, 126ps

o 1.5H6 10.18 0.780ns/0. 732ns,
2 16,577) 166MHz | k= > 27| 48ps, 49ps 0.796ns/0.74Tns 608 120ps, 126ps

D L5 |o.18 3.906ns/3.533ns,
: 10U g 313| 120MHz| A& | 373ps, 505ps|  5.057ns/4.552ns 2,225 438ps, 306ps
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Table 2 Application results of CCgen skew improvement.
LS |64X645EI4ES, /Ny 7 7 Z?F:L:{[E_(_"fse, fall) %/J\i%g{ﬁ (rise, fall)
[EEE | OFFsy (B |/ D sty bR s bE] RE{LE

A 1~51{E 755 |136ps, 130ps| 100ps, 97ps|1.089ns, 1.113ns|1.127ns, 1.148ns
B1 0~ 31§ 13 96ps, 99ps | 68ps, TOps |0.77Tns, 0.793ns0.808ns, 0.825ns
B2 0~33fH 69 92ps, 97ps | 54ps, 57ps |0.712ns, 0.715ns[0.754ns, 0.756ns
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Fig.14 Clock skew analysis results.
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Fig.15 Clock skew analysis results.
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