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A New Router for Reducing “Antenna Effect” in ASIC Design
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In this paper, an efficient router for reducing “antenna effect” damage is reported. The
antenna effect is a phenomenon of gate-oxide degradation by charge buildup on conductors in
plasma-based manufacturing processes. It directly influences yield and reliability of VLSIs.
The amount of the degradation is a direct function of interconnect geometry (e.g., amount of
floating conductors connecting to the gate oxide during the processes). The proposed router
combines a traditional router and a modification of wires for reducing the antenna effect dam-
age using a rip-up and reroute method. It reduces the damage with only a little penalty of
die size and performance. The effectiveness of the router, which is implemented in the lay-
out system HGALOP, is demonstrated by experimental results on 3-4 level metal industrial
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sea-of-gates (SOG) circuits.
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Fig.1 An example of antenna.

X2 EEH (K1 OEBICHTS7 Y7 FOBIEER)
Fig.2 An example of antenna (Reduced antenna from
Fig.1).
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Fig.3 An example of antenna (Reduced antenna from
Fig.1).
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Fig.4 Mechanism of antenna effect (A cross-sectional
view of wires).
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begin

begin

begin

begin

end
end
end
end

rprocedure damage calculation of a net;
Joreach poly, metal and via layer do

get sels of terminals and routings, each of which is
connected to each other with routing of the layer and below
Joreach set of patterns, which is obtained by the upper line do

if the set includes diffusion terminal then
if the set includes gate terminal then
Jforeach gate terminal in the set then do

AR < A(all patterns of the layer included in the set)
1 A(all gate terminals included in the set) ;
PR <« P(all patterns of the layer included in the set)

! P(all gate terminals included in the set) ;
add the following value to the damage of the gate terminal

@ the layer XAR

continue

+ﬁlhe1ayerXPR

B5 12o0%y MIHTEHT Y FFIHRY X~V OFEMAE
Fig.5 The procedure of antenna effect damage calculation of a net.
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procedure modification for reducing antenna effect damage ;
begin

define subregions and calculated congestion in each subregion

foreach gate terminal whose damage value exceeds D, . then do

begin
Joreach subregion which overlaps wires of the terminal net then
foreach metal layer then
calculate priority value of a pair of the subregion and the layer

1631

begin

end
end
end

\.

while D(the gate terminal) > D, .. do

get an unselected pair of a subregion and a target layer
to which the highest priority is given ;
rip up all routing of the net within the subregion ;
reroute the net with a priority given to the target layer routing

W,

K6 7 7F#ER0F AT BT 5 EQEIENE
Fig.6 The procedure of modification for reducing antenna effect damage.
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Fig.7 An example of subregion.
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Fig.8 An example of the modification.
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®1 SOG MY 2 EAEEREE (Dmax = 100)
Table 1 Results on industrial SOG circuits (Dmax = 100).
Al A B C
%A% —¥ A1 X [raw-gates] 300K 450K 250K
BRI 3 4 3
v MK 11,600 35,300 33,700
77— b TR 25,186 106,250 79,982
HLEE T 11,600 35,300 33,700
CPU B [min] | 7> 7FMES 2—-V3HE 1.2 6.0 4.4
FEAABIE 1.5 13.7 3.9
BIERT T4 — MRFH 245 593 131
BKY AVl 140,781 463 129,681
HBCARE [pm] 5,205,799 | 22,836,894 | 12,588,558
7 94,106 400,875 309,251
BEH I—7—FRTH 0 0 0
BKY A—JfE 99 100 100
BEHE [um] 5,296,315 | 22,839,994 | 12,588,948
Y7 94,610 402,826 309,559
z8
il
— § g
Dmax (=100)
2]
600
é B Circuit A
500 O cirens
8 400 .CllrcuftB
gn 300 Circuit C
S 200
£ 100
0
[=3 (= (=] [=] (=] (=] [
TI¥FRELFREEIE LR
Antenna effect damage value g
9 BHBBEMOY -V 54
Fig.9 Distribution of the damage before the modification.
”.-?5g o
5
LZ] l" I
E : Dmax (=100)
3 600 M Circuit A
5 500 -
) 00 O Circuit B
° B Circuit C
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0
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Fig.10 Distribution of the damage after the modification.
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[l A B C
CPU B5M [min] | 182.4 | 741.0 | 572.3
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FTRTOBBICB T, FHERRICT Y 7R
A=V REEL, UTo3EEDT| XL FEHRE &
AL ()29 —tkof2r— FRFORBETDHA
B IE R 4T FiE, ¥ A—VUPBRKFREELBZ S
=L BFIIHL T, FOHRTE ST ERATE]
XFLHEST 5. BoEBRoY 4 X3, REFEL
FIU 15 [pm] x 15 [pm] & § 5. T/, BEHEICE,
REBFEEL CEKCERTIETS. 2) (1) D
IR AL, 240 [um] x 240 [pm] & U 7=FiE.
WFEESTTEL, LVEVEBEE S BRA
EHET S, 3) ARLOREFE. IhLORRE
RIITT. RIPLROIENFD B, (1) HTIE
BETRERBICE & BT 2B ORBBETE (1) X7
VFFRRY A —VHBOMEI LR, (i) EVE
BCEREBET A FE (2) T, BECI VN5
BELECTHVMOFELDBH 2H/RECRS. &
LIZ—HDF — P BFICOWTIIY AV R BAEE
ERIICEIZ B2 EATETHRY, (i) REFE (3)
X, ¥ A-VHIROBMEFRDREL, TTOEE
TIRCDIHFDT v 7RSS A=V 2 EKHBE
PUCHIZ B2 ENTETEBY, ILEHRLETERD
Binb Lz,

TADFFZ, BERETRIC, B, CTHOEE
PRANRICHIZ 27 ¥ TR ZE L 2ERBEL
FHI0TC, BEBBEICLLIAIVY, HBEEH~OD
EMIIBMMTH L. LI oT, ¥4 4R, #43
YT R ERBLIIEROFHER L HAGbE bl LI
LY, EECERWLRT VT RELERTES.

6. #5 ]

AWLTR, 7Y TFHRICEDY A=V ZIKRT

£3 3 ODOFENE

Table 3 Comparison of three methods.

mf::3 A B C
CPU ¥ [min] (1) /MEBTOBIE 0.8 7.9 14
(2) KEBTOEIE 2.3 | 14.4 2.5
(3) ’REFI 1.5 | 13.7 3.9
BEHRTOTS —5 — MpF (1) MEBTOBIE 26 | 183 31
(2) KT OEIE 0 16 21
(3) I_REFH 0 0 0
R EREN (1 BERTH720) [um] | (1) MURTOBIE 2.3 6.2 3.2
(2) KFEHETOBIE 5.9 | 12.5 | 11.2
(3) RETFHE 2.1 5.2 3.0
7Rk (1 BERTH729) (1) MEBTOBIE 2.0 3.6 2.4
(2) KEHTOBE | 4.9 6.0 7.5
(3) REFI 2.1 3.3 2.4
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LHEEMFELZREL 2. BEL TS, (kT
BICXs&ery FOBRBBRICT XL BERERZFOF
WThY, ERE, ¥ 13V 70BER LT, TV
TTRRIZE B8 A=V 2 REHIFT 5. AFEHE
DEFMEE KHER CMOS SOG 12 & ) EFFL 7.
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