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Abstract

Power gating is one of effective techniques for reducing leakage current in semiconductor chip. However, power gating
cell (PGC) which is used to switch the power source causes performance degradation and the associated reliability problem
by increasing IR drop. However, the newly raised problem caused by different scaling properties between gates and metal
wires demands additional considerations in power gating design. In this paper, we propose a robust cell placement based
power gating design method for reducing the area for power gating cell and metal routing thus to meet IR drop
requirement. Experimental results by applying the proposed techniques on the application processor for smartphone
fabricated in 28nm CMOS process show that power gating cell area is reduced by 16.16% and maximum IR drop value is
also decreased by 8.49% compared to existing power gating cell placement techniques.
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Fig. 1. PGC area and placement determination methods. (@) module based placement, (b) cluster based placement, (c)
DSTN based placement.
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Fig. 3. Physical level design flow in power gating design.
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Fig. 4. Power distribution network modeling in power gating design. (@) Overview modeling in PDN, (b) Single node
model in PDN, (c) Abstract model.
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Used cells in the design
PGC size type
Threshold voltage
Added power estimated value during physical
level design flow
for i « 0 to number(p) do
Istd(i) + Cell_current(i)
Itotal — Itotal + Istd(i)
end for
. for j < 0 to number(q) do
for k < 0 to number(r) do
Irc(jk)  + Current(PGC(j,k))
Num(pge) « ceil{( Itotal + v ) / Ipcc(k)}
Size_array[j,k]« (Num(pgc), PGC(j,k)}
end for
. end for
. {Number(pgc), Type(pgc)} + ninimum(Size_array[])
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HA 14
. ] s 1 _Llfl’ ¥ 1. PGC M g wake-up time H|1
Jai-Ming, et al.”ellA A|QHe WS o]&ste] F&F Tablel. PGC area and wake-Up time comparison
AAI(A, Lin's method), £ =i [IIF 149 A HAi& (Normalized).
& W43 PGC WiA 71EwHS wkddk A7(B, PGC A B €
- PGC (pm’) | 3237062 | 28295.71 | 28215.71
method), PFABFo 2 T4 1] PGC ¥iA 783} 24 A
IP_1 | Wake~up Time| 5 o 8741 8741
9] current group®l W& 22 A wjx] 3§ FA4S A (Normalized) ' ' '
2
Aohs BAe 2% 483 A7(C, PGC+CG method) o VI\)fGIS areaégm) 147,658.37 | 12379411 | 12379411
- ake-up lime
o]tk Nommalized) | 10000 | 8384 83.84
¥ 2 AA uf M A 2 DRC H|W
Table2. Design and DRC violation comparison.
1P P_1 P2
routing A B C A B C
total routing area(umz) 9,447,563.00 9,320,370.00 9,397,240.00 3,370,370.00 | 3,278,055.00 | 3,366,905.00
PDN routing area(umg) 1,588,702.00 1,551,302.00 1,552,258.00 1,171,615.00 1,099,232.00 1,099,232.00
PDN/total(%) 16.82 16.64 16.52 34.76 33.53 32.65
Cell Area(Normalized) 100.00 97.65 97.71 100.00 99.56 9R.62
Metal routing violations(ea) 5 0 0 16 0 0
Cell utilization(%) 77.40 80.29 81.03 72.85 82.32 82.22




20164 68 MX3E ==X H53H H6E 63
Journal of The Institute of Electronics and Information Engineers Vol.53, NO.6, June 2016

(d) (e) ()

3210, AA i MA IR drop Z2t 22, (@)(d) Lin's 7|, (b)e) PGC 71,  (c)e) PGC + CG 7|
Fig. 10. Overall IR drop map in tested design. (a)(d) Lin's method, (b)(e) PGC method, (c)(e) PGC + CG method.
E 3 Zf IRdop 2 x| U Mee E 4 4 H¥REd wE 4A B o] AA C2f IR
Table3.  Cell Utilization in maximum IR drop region. drop 7HM & Hl
Tabled. IR drop improve rate of design C compared to
Static IR drop A B C design B in accordance with cell utilization.

IP1 |Max IR drop(nV)| 2590 | 220 | 2370 Utilization(%) 66.24 728 8232
IP_2 |Max IR drop(nV) | 37.72 31.33 3478 Improved Rate(%) 114.68 112.09 107.24
HEoltt, of 7oA PGC7F A AAlo] A= FaF= o 7% #uets 39 Aol xS AREste] Y &
PGC ®7 S¥3 wid 2 A ¥3s A4 WA 9 g fAaAZ & AnkPPe A7), dE 4w], aga
O % st FHES gk T& ol TS UWEP PGC ¥4 ¥ 42 &
PP =7], A¥ A, 281 & To L5 7 PGC ¥4 Hug & H dAe] E&AS Eeldt A
Atk PGC W4 5W #4123 PGC WA vug & oA AREE PGCO & WAL ¥ 13 #t} B, Co

3 AAlY] 84S eldth AdelA AHgE PGC 785 PGCe] ¥ WA o]

T WA & 15 2k B, €O A% PGCE F WAel A djn] 27 1250%(IP_1), 1616%(IP_2) TAdtl S-S
A M) Z47F 1259%(1P_1), 16. 16/(IP 2) Aaskles s}, o2 & B =M Aok A A4
Ittt ol Bl 2 m=iwellA AlSkE A Hi& £ o] &% PGC WA 4, TF 44 2 wjx] ol
< o]&3 PGC W3 F4, %% A7 gl uiA] ol PGC WA ZddA 7]E] Wy o] o a34ds
PGC WA Zdol|x 7]&e WY ov] o 3490 golgd 4= r). wake-up timed gk =2+ 717F HeF
Qe = Qv wake-up tlmeJJr A 2 717F Ft of FAAF wet Ay E PGC /¢ vl&vE /S
o FAAF e AEE PGC N vl&E A F AU o2 F&) 71E WA thiu] w52} 7|7to] X
T AT o] & Ed 7IE WA diH] BlEA 7]3ke] H o 7% #dete 39 Alold A& Abgste] HE &
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