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Abstract This paper proposes a hierarchical layout synthesis method for high-speed layout synthesis of CMOS logic cells.
The proposed method partitions a given transistor-level netlist into blocks and place all transistors hierarchically. Intra-block
placement uses an exact transistor placement method which is based on Boolean Satisfiability. In this step, a new cost function
is introduced to maximize the number of the connections by diffusion sharing between blocks. All blocks are placed in the
minimum area and the routability of a generated placement is checked using Boolean Satisfiability. The proposed method
reduces the runtime for cell synthesis drastically. Although this method has possibility to generate wider placements than the
exact minimum width placement generated flatly, the experimental results show that the width becomes larger for only 1 out
of 32 cells. The comparison results between a commercial tool show that although the width of the layouts generated by our
method is a little larger, the proposed method generates 32 CMOS logic cells in only 3% runtime.
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Fig. 1 Cell layout styles of the proposed method.

BARMICER SN IEBOBEZIILALEMESEEZERL,
RER L% VTR % KIBICHIR T 2 2 &ASTE B, &R
SHAREBIH L CRRFELARCTERTREEHEEZHVT
LVHERTEREERHET S LT, BRETELZELVLLTY
FMEBRICERTAZIEEFTRELT A,

AT, FTE2HICBVTSERALAZLATY PR Y
ANZOVTHRN, E3HTRETL2EVLATY OB
ERFEIODVTHETSE. HVTEIHICBVTERERIC
DVTHR, BEICESHTELOEERNS,

2. BIVLATIJRREANL

EFETRATALVATYIASANER LICHIZELE L S
BRT 5. SRODLAT Y RS A MIIERIFERTFE (6]
LEHDLDTHS. P/NFIEZ—FIT 25> CMOS t IV DIEHK
NEEBRIEICBIT DR R 5 4 L OBRADIEEZ Uehara 5 [7]
WEoTHEZLRTWS. R1HD 1 55 314 Uehara & D A
5 A NIZEDVTVSH, Uehara DA S 4 L TIIHEHI %M
FBREFHOPN FI VA RLTETICRBT 20123 L T,
FFETRY - PANESHRBELEPN T PRS2 ET
WEREBTHLVIRATANVERALTVS., CORSAVER
WAHRILTEMERLZ LEO—HOMEMBEIZx LT, Uehara 57N
LATTPASANE D BIROPNECEBEERT S EHT
X5, RIADADS 14 IZLVHBRBDOAI A NVEEHELT
Wh, RFETIE, ERFELRBICEVAZ 5 DOFHERIS
HLTWAE. BIISRT LI, NPHESEOERYFNEFR
N-region, P-region & L, #DMDES % G-region &£ 35, ¥
7z, P-region O LD ER4% Top-region, N-region D F D IS %
Bottom-region LML, LAT T FPRAZANVD 655 13 IR
NTV2 L), EROBHEICE > T, #BTE 5HEBAHE
ENTVD. R1FD3IBLVIIIONT, BRBH1 XD}
IR DEEBME L Gregion NN ¥ — b HFDEHICK
DN aAVBERCDEFRERFELRL>TWAED, Thb
X VARBOTEESE XA LSS LAENTHY, KEL
EEATIRR ., AFETRUEDLAI 7Y AT A VOTFT
CMOS FHERIKOL VLA 7Y M RBHIERT 5.



K1 AFEIBIBEEVLATIIRAI AL
Table I  Cell layout styles of the proposed method.
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Fig.4 Additional variables introduced to maximizing the number of the

connections by diffusion sharing between logic blocks.
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Fig.5 Problem definition of the inter-block placement.
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Table 3 Comparison results between our hierarchical transistor placement
and the conventional method.

Cell Width (#column) Runtime (sec.)
name #trans. | Conv. | Proposed | Conv. | Proposed
aoi2l 6 3 3 0.02 0.03
mux2 12 8 8 0.23 0.13
2033 16 9 9 0.25 0.06
oad4 20 11 11 0.69 0.04
fadl 28 15 15| 201.05 0.28

Total(32 circ.)  — 184 184 | 207.20 2.56
Ratio — 1.000 1.000 | 1.000 0.012
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Table 4 Comparison results with the commercial tool and the conventional

method.

Cell Width (#column) Runtime (sec.)
name | Comm. | Conv. | Prop. | Comm. Conv. | Prop.
a0i2l 3 3 3] 1878 0.04 | 0.06
mux2 6 8 9| 17.16 642 | 145
a033 9 10 10| 28.12| 39226 | 257
oad4 11 12 12| 1880 11641 | 4.60

fadl 15 15 15| 7306 | 30576 | 1.24

Total(32) 182 | 188 | 189 | 833.31 | 1926.18 | 23.69
Ratio 1.000 { 1.033 | 1.038 | 1.000 2311 0.028
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Fig.7 Layout of full adder generated by the proposed method.
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