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A Fast Routing Method for Channel-less Sea-of-gates Arrays
with Three Routing Layers

MASAYUKI TERALt HIROSHI SHIROTA," SATOSHI SHIBATANT}
and KoJ1 Satott

A fast routing method for CMOS triple-metal-layer sea-of-gates (SOG) arrays is reported.
The method efficiently utilizes the regularity in layout structures of channel-less SOG chips,
and employs our own over-the-cell channel router. Although it handles channel-less layout
structures, the time complexity of the detailed routing algorithm of the proposed method is
O(n-plog p), where p is the maximum number of terminals in a cell row, and n is the number
of rows of cells in the chip. The time complexity is equal to that of typical channel routing
in a channeled layout. The effectiveness of our method is demonstrated by our experimental
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results on industrial SOG chips and a well-known benchmark circuit.
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Grid lines "——" and "+ " overlap each other.
: grid line which M1 and M2 wires can be laid on

--------------- : grid line which M2 and M3 wires can be laid on
: grid line which M1, M2 and M3 wires can be laid on

EH2 EHETFHOEFN
Fig.2 Model of routing grid lines.
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Fig.3 2-input NAND cell. (a) Intra-cell routing pattern,

(b) Intra-cell routing pattern placed on the base
array, (c) Ports, (d) Pins.
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: M1 wire for intra-cell routing
: Contact hole

s Wire of a same-row net in layer M1
B Via 12 (pin)
K4 2200 NHEOEFA Y +EZEOH
Fig.4 An example of routing of a same-row net.

K5 wrof (multiplexer)
Fig.5 An example of a cell (3 wide 2-input AND into 3-
input NOR).
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Fig.6 Global routing cells after introducing channels
with width of “0”.
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Fig.7 Routing requirement of OTC channel routing.
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Fig.8 Vertical constraint graph G(Tg U Tp) for routing
requirement of Fig. 7.
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ET =Ty —Tr &% 5. HEOVESY OEHTH
RBEIZ, Tr OB, Bo-BBELS T (T)
2O (C) WCEBTREE A L2 HWE LS
B (o0& (a) & (b)) 2HET S L HITEER.
ZDORAMEFIIITIZEDO TWER WD, 06T,
REDEBBMETH . k2L, Th = {t1,ta,ts} &
TolBRETIE, T = {ts,ts} THY, T OBKREKE
(B2HTLEBEBTLERE P ho=2 %825
BT LE%L (Thbh, =0 % LAEEONTED
Gt (a) DSz S N\, BES T 25 C ATE
B THBEEZLNDIDT, ta, ts 1 Tp DEE
ELTEIRLZW, F/2, T il th #MMZTHLWE
B Tr = {ti,ta,t3,th} £ T 5L, Tp BEBEARTET
HEHDT, th1d RNTERTIHME L CLRBITH
%\, Tr OFARIIEHRTEESNE 2L “merging oper-
ation” ' & “trunk assignment algorithm” ') % {§ 5
THERS. Lo X ) 2RBEEYRETILICLY,
BB Tr = {t1,t2,t3, 15,84 5. RIZ, B
BBty b3, th & 1, th TEFNFNRIT v 71 L2
WKEIDAT, D9 ORBEREES.

RHEFTHRZZE I, 7= |ToUTy| & L, To DED
T LOHRBEEORKRMBEE Ty DEH T L OBRKEE
DEKREDH%E D £$5&, OTCHEMT LT XL
DFTERME L O(rlog7+7-D?) TH 5. OTCEM
BICETT D, BES T 12T 5 “efficient chan-
nel router” O DEMEMMREE X O(IT| log |T|+ 1T - he)
ThsH. OROBFEOMKRIIH LT, DFFLAL
BALZWEEZTIW, Heller 50D FEERIZLI A
X, 1,000 7 — M HEDOF v 7T, D2 ITHETHF v
F VD “track requirement” 2% 18 &, 2,000 7" — b

3BF ALV -4 — 7 LA DdOBERBRFE 663

L | | |
$ Illkmglwmfh t'2 [_r] «— Cv
T tt
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M9 X7 OBRBERICHT B EMHER
Fig.9 A routing result for the requirement of Fig. 7.
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+O(IT" | log |T'| + |T'| - k) = O(7log T)

THY, REWLRF Y IV — 3O EERELS
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3.3.83 FuTLFIIHT S5 OTC F+ R IVEHRT
WIY X4

OTC Fv ANVEMREERK 6 DX —bT LA Fv
FEEICERAT B HELOVWTHERS., Fy7OTF
25 OTC B4R Ri,Re,-++,Rn £ F ¥ 3V O,
Cay-voy Oyt EKREWRTFATEY, Fu—INIVEHD
ERIIEF v R VICEINHT SN BoEe L LTS
A oMb, FHMEHNETIE, OTCEMER R, &7
OFHE LROF v 3V Cr & Crpr (k=1,2,--+,n)
W LTSRS O FEEEHT A, Ry, Cr B&
O Cry1 232 OTC BT VT XA DETH
i, T4 Cp & Crpr KEIDHIT ONTWABEY
Ry WTEBTA. FOXIZ, F¥ 3V C, HIZFE-
Y C, WTEHTA., L2LENES, TOK
FETIE, Crpr o TEBBRITEEER L. 21
LOBEIX, RO Rpp1, Cryr BLY Crqo 1T
5 OTC F% FIVEMD &L &2 Cpp1 & Rpgpr NT
B ENb, LA >7T, Ri, Cr BXU Cryq 14t
T3 OTC F v A VEHIZBWTIE, Crrr D ML
B M3BDL 7 v rDARTE h/2 OMEBRHRER
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F v TERIITT 5 EMER (Y ERk/F5 %Ry
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Table 1 Routing results by the proposed channel-based method.
[E1 % A B C D PRIMARY 1-GA
NR=R7 VA (¥~ +E) 83K 159K 422K 508 K 2.6K
N—3 oy 7 VERR 80% 78% 70% 72% 86%
IV 34,083 19,252 40,379 89,242 752
ATV 0 0 10 0 0
ES2S 37,577 36,316 43,805 141,823 904
T VFIK 122 169 276 303 26
BT L m (BKE) 2,025 2,811 2,197 5,022 601
Rk p (PHHE) 954 529 498 1,095 113
B r (FHMH) 1,906 981 1,032 1,619 209
54 2 b EALE TERER LA A Y & 10,641 2,317 8,146 10,323 0
FESATOHEL Ay M 167 76 197 37 1
YL ] 19.1 9.3 18.8 41.2 0.2
N A ] 18.5 25.1 24.0 54.1 0
HERS AR 35.6 30.3 74.3 96.1 0.5
MLEBRER (45) OTC EH 26.0 25.2 31.6 52.7 0.8
F v ROV LR 1.4 1.0 2.6 3.4 0.1
B 18.4 16.1 46.5 6.2 0.02
it 119.0 107.0 197.8 253.7 1.62
WEHE (m) 7.87 12.85 16.94 25.69 1.52
7k 241.3K 221.9K 321.3K 6474K 4.7K
B TR (%) 38.3 33.5 24.1 24.2 26.1
(1) RHHTHRERSR  TRERE] © [ VvoR—1T MORBICHATIES BEET-BOBESONE] Tl
4. EF fii
AEEE CEELAVWTIUS S0 L, BRER
#Y — L HGALOP ' & %5 L 72, FHH %I SUN4/
490 (21 MIPS) % H\w/z. SHETHV: 72 CMOS SOG
EBER1LISRT. JhIE, 2ETHRRME LS :
RELI-EVBELZRFD. g T Mi B 1=1,2,3) ® i
BEREyFETHE, gy i i3 =165:2:2T i
5. omﬁlﬁmo)m@mz;w/ Hi 19, M3 ik
BAENT v 7B hiZ16 THE. 200 LFIEZHEWN
CHELTRIZBETD, LROM3IBM v 7 2o ’
FX ANV ENFIBEICHEET S, FEF Ay MEK i
MEDINT A—F1E a=20 LFFELZ. HGALOP
DEMFERERLIIRY. SEBE 100%RH TS 7. sl
10 13K 1 OEE A OERERO—HH5THE. K Sl
FERF ¥ AVN-AERBTHED LA, Fv AL A A
FR TRV E IR TR AR ER T E Tl }# Rovting arca over a cell ow

5T ENRGHA. InHOREKIE, EBEED HGALOP
TV, TRTCF XAV VAFKRTCLAT Y b L7,
+T2 1%, LAFIRICEDIL T v A VH D B IRABH 2%
SOG Fv 7 ET, £1 ORBEBOL%H % HGALOP
T%V$WﬁﬁLW%A@ﬂﬂﬁﬁf%é F1&2
26, UTOZ L5Hh5
(1) ﬂ$/b%ﬁ%ﬂf@éivb®6~%%ﬁ
EHINTVD, CUAER/FER Ay bR

10 F1 Oplk A ORBEERO-—E
A part of the routing result of SOG circuit A in
Table 1.

Fig.10

HoOMBEEEIX OTC F v A VEHDO F1 & 13
BR%THD. THIREVER/AG Ay M
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F1OXHTEVER/EFR b ERAFEOL
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B EZRDDL p 57 LDAEVBRLTH A,
BRSO AR I R IE I X B RBIERZITHIDT
ZOFEEMEL O(n®-p°) TH2. Lal,
BES U NUVETROBREE 32.9, £ LT
W3 (6 =32) OTF v 7LD G VDT
R1EVFIEOR—- M p bk bhhsn
Zel, EREoiy P OFHEBREIL 0 E
72007, (GEVO—ADH6HEDOES) T
HEHI LG, FOLEBEIZSFE YRS
LV, I OBBSERF R A% Ting
SOVDFEEZHVTEY, %THR~NBIHR
B Y — VL OBERSEE O LIERE R & 1T 12 EE T
H5.

KB ILD OTC F v F NVEKHIIHEN DA%
L7z~ — V2 RAWTBY, £1&20Fy
FOVELRITEATS) @ “efficient channel router”
FHOWTWS, $£1 0O 0OTC F v FIVEHEDOML
IR 2 OF ¥ A VEBROZFNDOH 2.0~
20fEL o TVAE, ZOEIZ2DODF v 2V
W=D D7 N T) XLDENI LB, ERE,
72 3 v b @ “difficult example” D F ¥ FIVE
KIS 1T “efficient channel router” 253CHK 7)
DEFED2HFTD LIk >TWAS, LzhsT,
SIETHEN L2, A OTC F v A IVE
BFEEF Y INN—FHFIHNEEZ TL W
#1 o SOG [BIE, LAFIBIZ151E X120
W1DOF v RVBEEL, Fv T OREHRL Y
LV OREBIIEDIE T v RVHTEAET B DT,
Fr AN —FbETOCPUBBEEZEL LT
w5,

ARFFT 100% BEIELARAT] fE 2 SOG HFE D
&, EEMECHULIE CECRINEE L 20, HE TR
Hansry M, BFE, £47v D 0.5%2

(2)

(3)

(4)

(5)

|2 F1 OEHRET v AIVEL 8 O LR
Table 2 Processing times in case where all the trunks are
assigned by the channel router.
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TThob, 0w, BEMONIEREIIFEM
BEHOFNLTIIZONE Z EHFEn.,
ATV LAY MY AR EIBTR S B2V
iR e F v THEERE AN L LT, BRY
0275 LNERT — ¥ H3E7 — 7 BT 540
BT, ZONEREOSKROMEBERICNT 2
AT B,

R LCHRICERFEEL, BFOFMN L T 5
7292, £1 LRILEBBRICIHL, IK{fEbhTw
SHIRDEMHEY —VE@EA L ERERS IORT. 2
DY —=NEZT— T UVART, vVFlEwvo 23R4
DRVL AT MEEZR AN RO THE, #
DEBFEEL, WBERE )7 V-9 oBR IR
LEWEINS., B3 DPOLRDODIENFTND.

(1) HGALOP WY — VLT, 4~T7158E%
THb., ZOELRBHITEMERGOLEEED
BENVTH5D,

B ROBEREIL, AFEEIHRY -V X

N 2~5% RS, ¥THILHEIZ 0~11%D %\,
ZhiE, AFEOFMERIE HVH 3 CRM
THLOTH5E.

KF v 2N AR— ABBFEOLY) T — & 23T 5
AN, BERREESEVIRETH, PLETRT
LOMEFINS. Lo L, AFHEIE, HVH OB
FRAREVIHIHIBEERL TV 20, )7 V-
FIZHART, EERREIBELLT RS L)
MBELL. IO lid, LEo [EREROBERE
3, ZAFEPTRY VLY 2~5%EW] bl
BTE2%2, R1OEBHAZ—Ty Z e VERER
IDBVIREE (hEWR—2T7 LML) TEBLE
REFTA RT. RFEOFMERE O NIRRT I
O(n-plogp) THE7:0D, X—=XAT LAY A X%/]E
CLTERBMELSVIREBICLTY, R4DEXH1C
PR O MIEREM T A T DI L 2V, ECHRMEDS
EVIRRE T, BRI RELR T k520, K
FEOHEROMEIEMIIMAL, AFELHEREY —

(6)

(2)

B A B C D e b IR O B B 4 TN B 25, AF
F ¥ FOVEALIERG I (43) 10.6 9.2 15.6 18.3
=3 NHMNLEBY — VI BREER
Table 3 Routing results by a general-purpose tool.
I3 A B [¢] D PRIMARY 1-GA
AT 44.5 27.2 58.9 161.3 1.8
. BB BCAR 61.0 40.0 71.0 91.8 0.4
ki 1] IT il Fas
BN (1) 752.8 510.2 730.5 988.4 5.9
GEls 858.3 577.4 860.4 1241.5 8.1
REHE (m) 7.64 12.61 16.10 24.85 1.47
Y7 269.9K 2226K 330.8K 703.1K 43K
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K4 R1OMKAZPEAN—ZAT LA LTEHLHER
Table 4 Routing results of circuit A in case of using a smaller base array.

FEAR Tk Fr R AN—ABRBFE | HGZRERY -
N=RT7 VA (=) 78K
N—¥ v 7 VR 85%
L 18.4 42.3
S E A % 17.9 —
HREHE ECAR 40.9 62.5
SLERRER (45) OTC R 26.9 ) 7R
F ¥ A VELR 1.2 771.5
PR 51.1
&at 156.4 876.3
BEHE (m) 7.14 6.94
ELAARRE R v M 3k 18 0

BEOBERIIERSINE L0 5.

XKIZ, MCNC (Microelectronics Center of North
Carolina) 12X 5> 9 < — 7 [H% PRIMARY1-GA
YEERERLICERELR 1 L 3 LRT. BB
HGALOP TiTo7:. UTDIREND T CEREFT- 7.
(HMLE, M2RBBIUM3IBOERKY v Fi3%L <,
10pm TH 5. (2) )V EFEETIE, M2, M3EBDA
FRTS. Q) Erid&erodbfot sy y (3%
bbb, FIvs7) ECM2BLEEHEETS. 4)
VHIEE 26 &L, CAFIBICBERF v A LEE o
K RRIT RV, (2) &£ (3) b, EUrAER/EHIX Y b
BARLBEIAREL 2 L. ARLOFEVERICEL
R 1.625THho72. —F, HROWHY — ik
BIHRELE. HRY - VOREBPETEIP R VD
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ST {, M2 7213 M3 B idso 7B
*HEICBNIT27:0TH 5.

U EDEBRERNS, FWXDOT v 2N — AFEHR
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BIUHEPHWADT, AIHFTRRIOTENLD
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