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Abstract

Metal-Metal Matrix(M®) layout is a recently proposed layout style which uses minimum
amount of poly wires for high speed operation®. In this paper we propose a method of
generating functional modules in M® layout style. In the proposed method the transistors and
the input/output lines of the given circuit are first placed in M® layout style and then they
are interconnected using two metal layers. We develop a new placement method by
simulated annealing, and we modify the well known channel routing method for the
interconnections. When we applied our method to several logic circuits, the area of the
generated layout is smaller than the ones by the previously known method. Our results also
compares favorably to the other layout styles like gate matrix layout.
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Fig. 8. A CMOS logic circuit and its placement result.
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procedure track assignment(S, n, 1. {ty. fpi1. ...
o tepigah)
for i=0 to g-1 do
case
Doty == A d2Ee] SRAl
S(r2.,,—1)via = S(r2.,, —1).ml =1;
S(7,2.,,—1).net =n: s=r2, —1:
Dby == EBALEL] s me 24E 93 A
le:
S(r2.,, —1).con = S(r,2,, —1).ndif =
S(r2,,. —1).ml=1:
S(r2, ~1).net =n: s =24.,~1:
Doty == EMA2E]2] AlP|E
S(72.,,—1).ndif =8(72,,, —1).poly =1:
it 8(72, —1)net == n or S(~2, —1).net
== -1 then
S(r2,,, —D.con =S(r,2,, —1).ml
=3(r2,.,, —1).poly=1:
S{r2.,. —1).net =8(~2,, —1).net =n:
S =72, ~2:
else
S(r2., ).con =8(7r2.).ml= 8S(r»2.,,).poly
:1;
S(r,2.,,~1).net =S(»2,,, ).net =n:
s =72, >
end if
end case
if i # g-1 then

forj =sto r2.,..—1do
S(rj).ml =1 S(rj).net =n;

end for
end if
it gy = A WE3] 34 then
t(,pn = ch+, 4]‘% ﬂ]71ﬂ't}'r
end if
end for

end track assignment

O 9 dESY JdR-E AEY #Hololxe r WA
3o gddsl= 34 (N-part)

Fig. 9. A procedure to assign a part of
nets to the I1-th track of the
symbolic layout(N-part).

A UE nel Holde 4%l g A9 Hrd 4,
Ctpr B TEEERE wkeF el S(rey),

... Sr.c,., v E5F7F A

|9 o VR

S(r.c,+1), kel FHa

¥ 32% AR %1%

(Z21h)

215

gk 3] Elmde] EX wigRe] Aol Eal
A 2~E)9] Z#el Ee A3 dd3oleie (o]
¢ F 2wy Zil"lﬂ}l ) b= nef ¥E
YE Lty tepers oo s tepraas) EY rof 33 &
glom N-part®] A% L 7L 7 9ol HQluje}
Edy= s

azld) olgigt & HA-2 shie] vE AAE &
A wlidEls Ede] #9384 9l Afds EE 2
g2 8% 4 9leh WE no| A WEZ} oheln
3pz}. vk no] AR EmidEo] 2 Elw|do]i o]
0] 919 g9 270 uERE o] WES Y& A}
f el 3t} A2 Holop-g 7] Ysle] A}
43+ Al wbHe A delRl AFxK (left-
edge-first) B4l WlH-& &g Aolmd 47! oo}y
o] A =2YRe Alxsled ol wjAlg i)
A r AR Ede] WEE Wity spAsxE 9
A, BE 2§ UEd| dgte] Wil oA o
we]&!Te Agsie] 15k B vE w2 Ay
2 217 9ol HQ) ol o)ate] wAlghc}! P!
o, B P 2 WEe]] tiEte] 2 W B} ke
HA-& ?6}!?&4. T8H o EE Sgsls k5
qkel &) Eao] $13-Fo] ojxAw ulo] gjrpw o)
UEE 7oia] wjalght! P

a9 100 23 8(b)e] wixHAzE wjAigt A8
olote-g Hwelr}

712 Avdgh wp ez AR Holols FA
gt Folle o] AlA] Hololow wWEslejo} Ju}
olF ¢I3led A wlofe} Felo] YA|F FAF 7}
E1 AR W) Hololg dE ¢ QuE j) o
%J 105 2 25 A delli Zele) 3 w39
Mg AHss TelEo] EA gt o|ag F9 #o)
ol WHE A= 80| HuZE 0|5 7edt
o] E< WA g2 olFsledo} it o]E $jale W
A AEE dHolopg Zalste] ek 22 WEo &
gt ZFu] Ao)Ed| sigshl= glalo’ Fald Edoy
Mz ol A(E 2i-1. 2i+1, ... ) EZAFcpA ol
7%4011 AR Eallshe S5 7P 21Zf 9l
25 ALE xS Zelz oixgtomsy e

T Fdg AR

Urben dyeel WAl Felst i
eSS ddshe e A dEE JAAA ¥
A% N80T ajeb A 0 e ot 7 2ol
el e Edel H9w BA) sigre] S
HAgte] o] F $& ¢ ol A sl o] F o]
Falal dedsl AR oekee] A8 z2Agske) ¥ 11
o] ole]dt FA)2] & of|& galr}

=
aE

.
o

hom



216 g-ve JEH2 gojobk YE 7enE 44 wRE T

=N { mmme SN AL STSEITISREY SEEEEEEEN /77 R

¥y [/ i - 7 SRR AN 777 SARNNG
b7 Egi 4 I w
: . 3

@ﬁ i}w.ﬁ\.w,m
§ 77, N 7 T

M%MVN
o 74—

=] E“\\S//;&

S
o e

T2l 10. 23 8(b) o] wixZxte) ohgt 4] 2= #ojoh-t
Fig. 10. A symbolic layout for the placement result in Fig. 8(b).
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(a) Before adjustment. (b) After
adjustment.

gl 11, 2o 9)x =AY o
Fig. 11. An example of contact position
adjustment.
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Fig. 12. An example of contact position
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vz 18] 130 9ke] 13 8(a)ell ¥el CMOS 3
22 N-part® Gee 5'*'o] 2o}t whyel] 2]s}e]
75 ARE malr} o] A HwEY [3] ]
Hel AR Sale) A FaAol WEE I o]
o} 23 8(a)e 2& 329 N-partd %219 7%
2% gAdr)2 s AnE 29 14e) walel

a8 13, 2% 8(a)9] 328 N-partd Gee &
o) Horat W o TH A

Fig. 13. Gee's result for the N-part of the
circuit in Fig.8(a).

a2 16. 2% 159 329 N-partE $-g2] 7]
SRE AR AR A

Fig. 16. Our result for the N-part of the
circuit in Fig. 15.

a8 14, 2 8(a)el #29 N-partd 329
Ve E AN 2 A%t A3

Fig. 14. Our result for the N-part of the
circuit in Fig. 8(a).
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Fig. 18. A Logic circuit that has trans-
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mission gates
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Table1. CPU time for our module generation.
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