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Abstract In deep-submicron technology, process variations can severely affect the performance and the yield of VLSI
chips. As a countermeasure to the variations, deskew, which inserts Programmable Delay Elements (PDEs) into the clock tree
and adjusts the clock arrival times of FFs, has been proposed. One of the previous deskew methods measures the arrival clock
times of small amount of FFs and presumes that of the others under the assumption that process'variation follows Gaussian
distribution. This method assumed that PDEs have continuous delay value. We extend this method to handle PDEs which have
discrete delay value. We utilize that the constraints hold totally unimodular and decide the delay values of PDEs by the linear
programming. Our experiments show that the yield is improved from 19.4% to 85.4% after applying deskew method for a
sample when the arrival times for 0.15% of total FFs are measured and the delays of 16 PDEs with delay steps of 30ps are
tuned.
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F1 EHEEMEPDEZAVAEZ oy JEERABRBICLE T A% 2 —FHRGEIRRE 19.4%)

FF B E ¥ 1024 512 256 128 64 32 16 8 4
PDE ¥ ratio ratio ratio ratio ratio ratio ratio ratio ratio
2 40.2 34.6 29.0 18.2 10.4 1.2 0.0 0.0 0.0

4 85.0 82.2 78.4 66.0 48.6 14.4 1.0 0.0 0.0

8 95.8 95.0 93.8 88.8 82.6 50.0 16.8 0.0 0.0

16 98.8 99.0 98.2 97.0 95.2 86.2 69.2 0.0 0.0
32 98.8 99.0 98.6 88.6 97.8 94.2 84.6 0.0 0.0
64 99.0 99.2 98.0 98.4 97.6 95.0 91.2 6.2 0.0
128 98.8 99.0 98.2 98.8 98.0 96.4 94.4 45.8 0.0
256 99.2 99.4 98.6 99.2 98.6 96.6 96.8 77.4 0.0
512 98.8 99.4 98.8 99.2 98.4 96.4 96.0 88.0 22.2
1024 98.6 99.4 98.8 99.0 98.4 96.4 96.0 93.4 72.8

2 BBEEZEMEPDEZAWVWEI/ny JBERAZEHEIL LD T AF 2 —FHEGTR R 19.4%)

FF Bl 1024 512 256 128 64 32 16 8 4

PDE % ratio ratio ratio ratio ratio ratio ratio ratio ratio
2 38.8 33.4 26.8 16.0 8.8 1.0 0.0 0.0 0.0

4 84.2 80.4 76.4 62.6 43.6 11.6 0.4 0.0 0.0

8 95.6 94.6 93.2 87.4 81.2 43.8 9.6 0.0 0.0

16 99.0 98.8 98.2 97.0 95.6 85.4 61.2 0.0 0.0
32 99.2 99.2 98.8 °  98.8 98.6 95.2 80.0 0.0 0.0
64 99.4 99.4 99.0 99.0 99.0 96.4 91.4 1.4 0.0
128 99.4 99.4 99.4 99.4 99.4 97.4 95.0 26.2 0.0
256 99.8 99.8 99.8 99.8 99.8 98.2 98.0 74.2 0.0
512 99.8 99.8 100.0 99.8 99.8 98.6 97.6 88.6 2.6
1024 99.8 99.8 100.0 99.8 99.8 98.6 98.0 94.0 65.6
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512 100.0 100.0 i xf<|-(cp Ts =80 =~ 14r)-3 U’“")/‘DJ()
1024 100.0 100.0
FHXGRTO)EBETH L
JIETRLELI, RADOHFEET S FFXED Y CEEOEBIE, 1, 0, -1 DWW TFhh,
oy JEERAEERHRETS. 22 HITRALEDL CEREIL T RTEY,
FE#, BERT IEOELTRE% pLT5L, PDE HIK <h3s.
j D PDEBERII px; THDH. 2T, R@2)&B)IR & o T, H#HR 1L, totally unimodular[11]& 72 3 D T,
ATBE, RWEG)DLIICRB. RETI2HRBHEHRE L, ERcBEEEZREL 2L
T, - Ay — (1, - 1,)+3 ,criz+a',3$pxj—pxj. (4) T, BEMEBH I LATES.

px; = px; SCP-Ty = A, —(1, - p)-3\a} +o7  (5) . =B

REFROFPELHBTI0, ERIZL Y, [10]
TRRBIN-ERELEMEELF> PDE ks oy
B EBAEREICLBT A2 —FHELEEST-

(TH-A,.i,—(/zi—y,..)+3,[of+a,f)/pij—xj. (6) 7z

x;—x, s(CP—?}—Aii,—(;zi—yi.)—S afw,f)/p @)

J

ZFZTCMBEp THIILEXORVMNLR2S.

-48-



#£4 BEEEBEMEPDEZAVEZ /7 ny JBERAEHREICLDT AX 2 —FHEGETRHE 16.0%)

FF Al E ¥ 1024 512 256 128 64 32 16 8 4

PDE # ratio ratio ratio ratio ratio ratio ratio ratio ratio
2 38.0 32.8 28.6 16.2 8.2 1.6 0.2 0.0 0.0

4 86.8 82.6 717.6 64.0 49.0 13.0 1.4 0.0 0.0

8 97.0 96.4 94.8 89.4 82.4 48.2 13.2 0.0 0.0

16 99.2 99.4 98.6 98.0 96.4 87.8 64.8 0.0 0.0
32 98.8 99.4 98.8 98.8 98.2 95.8 82.4 0.2 0.0
64 99.0 99.6 99.2 98.8 98.8 97.0 89.4 7.0 0.0
128 98.8 99.6 99.2 99.0 99.0 97.6 93.4 45.2 0.0
256 98.6 99.4 99.0 98.4 98.4 97.8 95.8 79.0 0.0
512 98.6 99.4 98.6 98.2 98.6 98.0 96.8 88.6 22.0
1024 98.6 99.2 98.6 97.6 98.4 97.8 96.6 91.8 75.4

# 5 BEBCGEEE PDE(p=200ps) AWV 7 0 y JEIBERAEZEREIC L DT A X2 —FHRGEIRHE 16.0%)

FF Bl & # 1024 512 256 128 64 32 16 8 4

PDE # ratio Ratio ratio ratio ratio ratio ratio ratio ratio
2 21.4 16.2 14.0 7.2 3.4 0.6 0.0 0.0 0.0

4 50.2 41.6 32.4 17.6 7.2 1.0 0.0 0.0 0.0

8 77.4 70.0 58.2 33.0 15.6 1.4 0.0 0.0 0.0

16 96.8 95.8 89.8 71.2 44.4 3.2 0.0 0.0 0.0
32 99.4 99.2 99.0 94.0 81.0 18.8 0.2 0.0 0.0
64 - 99.8 99.6 99.4 98.4 97.8 54.8 1.4 0.0 0.0
128 100.0 100.0 99.8 99.4 99.2 93.2 18.8 0.0 0.0
256 100.0 100.0 99.8 99.4 99.4 98.0 85.4 0.0 0.0
512 99.8 100.0 99.4 99.6 99.6 99.0 97.4 0.0 0.0
1024 99.8 99.8 99.4 99.6 99.6 99.4 97.6 9.8 0.0

X6 RFFRARBICLEAERBERGETR M 16.0%)
PDE ¥ 8 ot 1H i

2 49.0 49.0
4 90.8 90.8
8 98.2 98.2
16 99.6 99.6
32 99.6 99.6
64 99.8 99.8
128 100.0 100.0
256 100.0 100.0
512 100.0 100.0
1024 100.0 100.0
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