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Speeding Up Technique for Post-fabrication Clock-timing Adjustment

of Digital LSIs

TATSUYA SUSA,t MASAHIRO MURAKAWA,tt EIICHI TAKAHASHI,
TaTsumi FURUYA,t TETSUYA HIGUCHI,* SHINJI FURUICHI,
YOSHITAKA UEDATf and ATSUSHI WADAftt

To solve the problem of fluctuations in clock timing with large scale digital LSIs (also known
as the “clock skew” problem), the post-fabrication clock-timing adjustment technique using a
genetic algorithm (GA) has been proposed. However, the adjustment time increases incurred
when more programmable delay circuits are incorporated within large-scale LSIs is a serious
issue. For this problem, we propose a post-fabrication clock adjustment method to realize

practical applications.

This method reduces the adjustment time by reducing adjustment

points utilizing results of static timing analysis (STA) and adopting improved distribution for
initial population of GA. Moreover, we have developed an adjustment simulator to predict the
adjustment results by the proposed method in design stages of LSIs. Adjustment experiments
using the developed simulator demonstrate that our method can adjust practical LSIs with

1,031 flip-flops within a few seconds.
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Fig.1 Post-fabrication clock-timing adjustment for
digital LSIs.
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Fig.2 Adjustment using genetic algorithms.
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Fig.3 Realization of faster clock speed than design

specifications.

gobooooooooobooobobobooooooo
gbobooooobooooooobooboooobooon
goooboboooooobooocoooooooooo
goooboboooooooboobooooobooooo
LSI0D00000ooooooooooooooooo
goooobooooooobooooooooooboooon
0000000000 000000000LSIOO
goooboooooooooooooboooooooo
gobooooooooobooooooobooooonon

21 O0O00D0OO0OOO0OOOD

goooooooooooooobobooooobo
gooomiocooooooooboooooooooo
goboobooooooooOooOooobooo200a0
000000000000Y00000000000
oooooo

0300000o000bo00 90pst100psd80ps
goooo3goooooooooooooooooon
goooboooooboooooooboboobooDo
gooooobobooobooooobooooooo
gobooooooooooooooobooo BODOO
O 100ps000000O000OO0OCODOO0O 100ps
goooobooooboooobos3suoooboobooan
goooood 9opstobbOoOoOOdOnOlo0psO
Oo0ooooOo000BOOOOOOOOOODOOO
jotooobooooooobooobooooooboboo
goooobooooooooocoooooboooono
goo030000000o00000000000a0
goooooooooooobooooooboooon 3
goooooooooobooooowpsbooboo
goooobboooogloopsooooooOO

Oct. 2007

BO 10psO00O0OCOCOOOODOOOODOOODODOO
goboooooooboooobocoooooooboooo
go030000000000000 10psOOO0O
goooopoooooooooobo cooooooo
00 10ps0O0 8OpsODOOOOOOODOOODOOO
gooopooo cooosops0goooOooooO
gobooooboboooobooooiobooooDoboo
goooboooooooobooOooooooboooa
gbooboooooooobooOooooobooooa
gbobooodooooooobooOoooboboooo
gobooooooooobooocooooooobooo
gobooooOoooooooooooooooboobo
gboooooooooooooboono

o0o0oooO0o LSIoooooooooooooo
goLSiocooooOOo0o0oooOoooooooooo
0000000000090 00000LSI00O0n
gobooooooooboooobooooooDbooo
gobooobOodooooooobooooobooOooOooo
goboooooooooboooooooooobooa
goboobodouoooboooooooOooOooooboooo
jjooooooooooooooooooboooooo
gobooooooooobooooocoooooboooboo
00000o0ooooooooooooooooooo
goooooooobooooooooboboooboooo
goboooooooobooooooOooooboobonoo
goobooooooooooobooboooooobo
oo0o

22 JO0O0O0OO0OOOLSIOOOOOOO

ooooooooOoOoOooOoOoOo LSIooood
gobooooOooooobooooooboooboobo
0000000 0000000 LSIODO0O000
goooboooooooooooocooooobooo
gooooooo0oOooooooooooOoOoO LSt
gooooooooooooooooobooobooooo
gooooooooboooooobooooooobooo
goooobooooooooobooboooooobobo
goboooobooobooboooooooooooo
ooooooooooOooooooooLsIocood
oo0o0ooOooooooooooLSIocooooog
goboooobooboilioobobooooboooooobooao
020000000m30LSI0D0000onO 3000
ooooooooo LsIcooooooooooog
goOoomiooo3aooooooboboooooooo
goboooooooobooobooOooooDbonoo
goooooooo



Vol. 48 No. SIG 15(TOM 18)

3. ubboabooaboobogobaboa

ooooOoooooocooo LSIocoogoooo
goooooooooobooboobooooono 40
goboobooooooooooooobooooobooon
ggoooobbbbbboooooooboooobo
gobobooobobboobooboobobooo
gooobooooobooooboooobooobo
04000100200 3000000000000 3.10
3.20330000000000
3.1 0OO0OO0O000O
gobobooooooooooboobcooooooo
O000000000ooooooooooooLsSI
gooobooooooooooboooooooooo
goooooooooooboooboooooon s0
gobobooobooboobobooboobooo
goon
(1) LSIOODDOOO0OO0 STAD Static Timing Anal-
ysisUOOOOOOOOOOOOOOOO0O0Od
gooooobooodoooooobooboboooooo
gooooboooooooooooooooo
gooooooocooooooooboooooo
oboooooooobooobooooboooo
gooooboooooooooobooooooo
OO0 STAOOOOOOOODOOOO
(2) OD0ODOODOOOOOOOODOOODOOOODO
ggobooooboooboboono
(3) DOoOoOOoOoOoDUOUOOOOOOOoOOO
oooooooo NOOoOoooooooooo
goboboooooooooooobooooooooo
goooboooooooooooocoooooooo
ooobooooooooooo NOOOOooooo
gooooboooooobooooooooooooon
000000oooo LsIoooooooooooo
04000000000000D00ODOOODOO
goboobobooboobobooobooboon
O NODOOODODOOO LSIOoOooooood
3.2 0DO0OOOOOOO0OO0
O000oo00oo0o0oo0ooooooGADO
000000000000 ooo0ooooGAOO
gooocooooooobobOobOOo0o0o0ooooooaa
goooboooooooooooboooooooooo
gooooooooboooooooboooboooooo
goooboooooooooooobooobooooooo
goboboboobobbobobooboobobooo
gb0ol1go0ob00obo0oobobooboooboboo

ooo0oO0o LsIooooooooooooooooon 81

BEL(STAZE &)

B IEEBRORE
BYRL

o [EgysaL—vay
I

74 U AIVERET

T RYE&E

) [cazALERE®RI DYV BE |
1

04 O0OODOODODOODOOO
Fig.4 Flow chart for the proposed method.
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Fig.5 Flow chart for reduction of adjustment points.
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Fig.7 Model for operation of a flipflop.
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Fig.8 State transition model for operation of flipflops.
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Fig.9 Comparison of distribution for initial parameters
of an individual.
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Varij = Dij X Opel X N(O, 1) (6)
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Fig.11 Flow chart of adjustment using GA.
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Fig.12 Adjustment results using reduced adjustment

points when operational frecency is raised.
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Fig.13 Adjustment results using reduced adjustment

points when Vdd is lowered.
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Fig.14 Adjustment results using improved GA when
operational frecency is raised.
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Fig. 15 Adjustment results using improved GA when Vdd
is lowered.
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Fig.16 Frequency distribution of evaluation iterations for

adjustment at operational frequency 280 MHz.
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