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Methods to Reduce Glitch Power Dissipation)
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Abstract We present an efficient heuristic algorithm to reduce glitch power dissipation in CMOS
digital circuits. According to the location and the amount of sizing, gate sizing is classified into three
types. The buffer insertion is divided into two types according to the location of the inserted buffer.
The proposed algorithm combines three types of gate sizing and two types of buffer insertion into a
single optimization process to maximize the glitch reduction effects of separate ones considering cost
and gain trade off. The efficiency of our algorithm has been verified on LGSynth91 benchmark circuits
with a 0.5um standard cell library. Experimental results show an average of 69.98% glitch reduction and
28.69% power reduction which is much: better than those of separate gate sizing or buffer insertion
algorithms.
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1:GlitchReduction()
2

repeat {
do Timing Analysis;
do Power estimation;

for each gate G which has Vet _sw(G) >0

4

5

6

7 AP(G)gan = (GainEstimation(G);
8 AP(G)eor = CostEstimation(G);
9 GF(G) = AP(Ggn — AP(G)eon ;
10: }

11: " = select the gate which has

GF(G);

12: the largest positive
13 G

14: GateSizingBufferInsertion(G');
15: } until (no gate G has GF(G)>0);
16:}




410 AR AE}H=EA

42 aam s=53
1= Aol WYl 98, AClE Gl Y
%axw AANYE o, gaaE A9 Fo] Aol

5 ARG g ©1Th AY A 0] event-driven simula—
tion®ll &3l A=) W7o,
HEol MAE eventS ZEE %7@5401;]1:} z%y_)rsL =
HolEZAHL eventE Alo]Y] EFE BA WEo wj&
ol Tt ¥ 69l greedy4 < =
& AA G AE G 28] eventE ol tislA
xR R 0}‘41]‘2 7rele= ZHA
= oA A5 AFzdelE e whebA, FeF
=d #5EAY eventEo] 2AFE ZE eventES F
2] %) 0] : i—’F A event®E FlM= AL EE vhAT
A7} opud It Aol E Alold &
15}W A7 AAL 1, type3 A°IE AL
g 02 BE ACE Ato]A AN YL
ﬂix]od% F7tA T ks g2 A, 2 A0

oK

FHolo

old Holx =tA4e event®: & /M =& E«T’] ZE
7+= event7b BT b event’} X E B EWE oA
oZHE Y¥dE RE eventE 9 {@.5\_3’_7]-

£P(G) ] F7VET

1:GainEstimation(G)

2:4

3: AP(G)gain =0

4: g = output node of gate G;

5. for each event e on g {

6: if (e is glitch) {

7 for each event e’ occurred by e {
8 g’ = node to which e’ is attached;
o ARGyt =5 - Co+ Val + fi
10: }

11}

12: }

13 return AP(G)gain

14}
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1:CostEstimation(G)
2:4
3; AP(G)L‘OAt = Oy
if (generated glitches) {

4

5. FindCandidate(typel gate sizing);
6: if (candidates found) {
7
8

AP(G)cost += ComputeCost(G,candidate);
if (lgenerate glitch)

9 goto prop;

10: 1}

11:  TFindCandidate(type2 gate sizing);

12:  if (candidates found) {

13: AP(G)eost += ComputeCost(G,candidate);
14: if (Igenerate glitch)

15: goto prop;

160}

17 FindCandidate(typel buffer insertion);
18 if (candidates found) {

19: AP(G)cost . ComputeCost(G,candidate);
20: if (!generate glitch)

21 goto prop;

220}

23:}

24:prop

25:4f (propagating glitches) {
26:  FindCandidate(type3 gate sizing);
27 if (candidates found){

28: AP(G)eost += ComputeCost(G,candidate);
29: if (!propagating glitch)

30: return AP(G)con ;

310}

32:  FindCandidate(type2 buffer insertion);
33:  if (candidates found){

34: AP(G)cuxz += COlTIDUteCOSt(G,Candidate);
35}

36:)

37return AP(G)cost ;

38}




297 AYLRAEE AF AolE Aol MHAY THAY

5]'7] g Brak e
O A ZqAME ACE G
=X E AV
}. o] AL events} ©] eventE Afe] €]
AEpAE Bodoza ZFHEL 218 7904 com-
putecost e AEH AR FHRACET} *}O] z s
W7 AYE RS e F71EQ) 1 K=
o] =3} eventE 2] A5 BAZ 0|88}, 2 eventoﬂ

LRE A

o 2EEE Ao
| a8 AgE o ok S,

im
S
>
o,
2,
&
I
hinA
flle
2=l
o
0O

5. M3 2

Aoty ¢ 182 Ultra Sparc 1 Workstatiori’&,“’ﬂ/ﬁ
Cololz FEHYeH LGSynthdl WiAwka F2E Ab
|

= 7S Bz gelo] He= 2 AAs) o |
= a3 DA | H% event® AAgch Ao 8] AZHAY. 5259 2] WL SISEIE oL
E7} A}olA HAY HErE AUEE 2o WE event
L H7E e sm AABEAA AT 050 £T 4 1
d 3= ¢ 9o =g E A ]
]OL] ; ?;3 : e “]ELT;] 1j:aalﬂa] J/}:];ﬂle E targeto @ &1tk o] FAM ALEH HHAE
= A (o] p=i = 7133
EQ9| B NZ evente] A 3 Al =
0 AE TE AZE events] ARG AB g D L0 AFGIEIM olE H2S 27IE HAG
1 evente MZ2F eventd] A4S ol & &+ -
ok 2 to} 2 ;B;oL = to] AL —'/\] A5 A drh. AN AHgE el RHUE buffer, inverter,
DA even aE — b= even = % i
18] 28 3o =y}= —c‘, 15t Zho] B ) : ; nand, nor, and, or A°|ER T4 dgolglon ZholHg
o o 258 or|slrE glo| TR RBE
o1 2 ANERS £ FeE mea a0 IS SIS dolied 3ho2 dane s
Z Z- EZo A 5 5 Fa
T = ¢ T
e e e S A 2Ae 00%e] AEED 0% o W
mas, o = . = . - -
4 0|=71|A_‘ = Lol wa} #899ck Event-driven simulationg 9
. =SAT - . *
Aol Gel o]=AE GROE AHE AG),, T g 9 WEY Hi Aes AR A3iA AdEA A
- T = AR5 sain 2 2E 8o tEiA 3018tk AlClES inertial
2 2~
AHHE KO ol Ak A 8 G SISAFE A qoayz Aoe) A@e a2 AEHT. B 19] A
_ - > .

o Agugoz B2 FIXNE AATE AV o ARE AN ® 19 ‘Gate Sizing'FEL AY
#e] olEAFE FEA AAE T3 A Zanr 2 gz _g_ typel, type2, type3 AlOJE Apel@Eke o]
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Gale Sizing Buffer Insertion Gale Sizing + Buffer Insertion
Circuit | #of
Glitch Power | Run Glitch Power | Run Glitch Power | Run
Name | gates | T1S| T2S| T33| reduction | reduction | Time | T1B T2B| reduction | reduction | Time | T1S | T2S | T3S | T1B | T?B | reduction | reduction | Time
ratio(%) | ratio(%6) | (sec) ratio(%) | ratio(%) | (sec) ratio(%) | ratio(%6) | (sec)
comp 212 3|16 6 69.57 2440 1 15| 5 61.92 15.88 2 2 6 6 8 3 88.23 30.96 1
C432 222 51 4 1 473 2.23 1 1211 6347 24.37 1 4 4 1 11 1 7025 26.46 1
€880 378 101 0| 4 2147 9,04 2 191 3 48.33 16.05 3 11 0 4 17 2 57.20 20.38 3
i7 470 | 824 0 | 17 58.03 1831 16 | 87| 0O 78.35 11.95 16 | 82 0 17 | 26 0 7835 19.57 16
C499 602 | 21| 17| 12 14.03 795 15 | 10| 13 5.37 2.70 8 |12 16|12 |15} 8 4556 22.34 14
.C1908 672 13] 8 9 41.20 21.06 8 24| 12 36.17 15.37 i1 12 8 9 17 | 4 58.64 2645 10
too_large| 764 | 21| 7 | 18 57.35 18.76 11 | 83| 11 77.69 15.20 16 16 6 17 | 38 3 84.06 1991 013
. rot 796 | 28| 8 | 17 56.93 16.28 13 | 37| 10 86.24 18.14 13 | 26 8 18 | 31 6 91.18 20.91 15
C1355 978 | 41| 0| 10 59.66 32.89 22 | 441 9 4448 23.32 26 | 42 0 10|11 1 61.66 33.40 24
C2607 | 1024 | 32| 5 | 21 58.19 23.07 18 | 44| 20 60.51 18.68 2B | 32| 5 19| 22|12 7457 25.04 26
C3540 | 1321 | 47| 8 | 29 56.83 31.83 46 | 95| 32 29.31 1473 87 | 68 9 34 1421 11 71.91 40.17 68
CB315 | 2123 | 91 | 23 | 80 54.13 27.98 190 | 167| 58 58.94 26.07 241 | 85 | 26 | 73 | 127 | 23 70.40 32.19 226
pair 2160 | 63| 5| 14 41.18 14.19 71 [107] 13 5854 17,51 g7 | 53 4-112 | 88 | 4 80.33 2538 92
k2 2225 | 64| 4| 3B 79.78 44.46 43 | 204| 18 82.62 37.90 101 | 60 4 135 | 4 477 50.10 58
dalu | 2380 | 61| 6 | 39| 7164 4773 104 | 180| 96| 67.09 3747 317 | 60| 6 | 40 | 92| 14 81,06 4921 159
'C7522 | 3274 | 215| 28| 101| 2438 13.47 770 | 191] 64 16.31 6.75 767 | 204 19 | 79 | 158 | 32 40.65 21.00 818
i10 3728 | 81| 14| 24 32.46 1727 ° | 247 | 149] 23 26.33 10.98 410 | 86 | 17 | 27 | 115| 7 51.79 2524 |, 328
i8 3914 | 146| 11| 21 50.83 24.82 204 | 233] 22 40.51 1593 327 | 156 | 11 | 23 | 181| 3 62.94 27.18 319
des 7061 | 168| 27| 89 48.73 21.83 1024 | 150} 38 4719 20.23 976 | 124 | 20 | 68 | 91 | 21 66.02 28.63 1134
Average 47.43 21.93 52.08 18.38 69.98 28.69
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