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A Layout Design Approach for Low Power Circuits
Using On-the-fly Generation of Pass Transistor Logic Cells
Based on BDD Structure

KAZUKI FUKUOKA,t MASAHIRO NUMA," KEISUKE YAMAMOTO'
and HisAsHI KONDOHTt

We present a layout design approach for pass-transistor logic circuits with lower power
and delay by reducing wiring complexity based on a library-free approach and multiple row
placement style for pass-transistors in the cells. This approach has two features: on-the-fly
generation of dedicated cells of sizes larger than conventional predesigned cells, and placement
of transistors in the cells based on the structure of BDD for the given logic function. Exper-
imental results for benchmark circuits and a Wallace tree for 16-bit multiplier have shown
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lower energy-delay products than conventional approaches including CMOS logic circuits.
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Fig.1 Conventional PTL cell.
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Fig.2 Concept of proposed approach.
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[El#E REid set_BDD_structure(B)
B foreach (ve B ->I)
set_node_order(v);
FERARR set_edge_side();
}
= IR« NGUVRAEE
CMOS T4 @ @ set_node_order(v) /* SMBH FINDDRSERREFRIZIVEL LD BDD /—RIEFEZRE */
, ; {
GEANES GRSy P=0); 0 ZIVOBET D/ —F
ﬂ fl=ew) 1Ty VOBRET SR 4
add_node_list((lev(v), v) /¥ J—FZL~LZLDYRN lev_listllev(v)] DFRRIZENM */
[vrvavyr a7 o] If (10 ZRFUTU VR && 0 1/ SAIEH, T3/ — R T
CMOS set_node_order(f0);
A SLTFY if (FL 2RI TR && fLIESARER, BH/—R TRV
set_node_order(f1);
@ v AT Tk }
ﬂ set_edge_side()  /* FLHEEANELARDEINCO, | TYVOMEBRIHRERE */
= {
| KLAT Y Mk | for (level = n; —level >=0;) {  /* 4 BDD L)L level lzo\NC #/
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ﬂ for (list = lev_list[level]; list '= NULL,; list = next) {
v =list->v; 1 FEBTB/—F *
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if (prev_right == ') Il
v (next '= NULL && (€°(v) == e’(next->v) l ’(v) == e (next->v))))
v->e0_right=1;
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Fig.5 Design flow with proposed approach.
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Fig.6 Symbolic layout process.
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Fig.8 Intermediate inverter.
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011 7-3BSAOOOOOOO
Fig.11 Cell layout for 7-3 BSA.
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Table 1  Count of sharing diffusion, global wire length, area and CPU time.
00000 (0o0) 0000 [pm] (DOO) 00 [pm?] (0O0) 0ooo [s
ooo SPL 0000 SPL oooo SPL 0Dooo SPL (0000
bl 3 (1.50)| 1 (1.00)| 74.4 (0.63)| 85.5(0.96)| 322 (0.93)| 297 (0.92)] 2.07| 1.96
cc 51 (1.55)| 28 (1.47)| 2402.0 (0.79) | 2856.4 (1.13) | 4554 (0.90)| 5198 (1.19)| 16.44| 6.93
cm151a 8 (1.00)| 8 (1.00)| 277.7 (0.59)| 277.7 (0.52)| 990 (0.83)| 990 (0.83)| 2.54| 2.60
cm163a | 24 (1.04)| 26 (1.86)| 1552.0 (0.96)| 1517.6 (1.01)| 2525 (0.87)| 3366 (1.26)| 5.77| 3.14
cm85a 46 (1.18)| 42 (1.27)| 1499.7 (1.09) | 1417.8 (0.96) | 3104 (1.05)| 3564 (1.23)| 4.84| 2.99
pele 58 (1.53)| 36 (1.24) | 3244.9 (1.22) | 2178.4 (0.64) | 5816 (0.85)| 4356 (0.86)| 8.25| 7.14
pml 49 (1.14)| 6 (0.75)] 1861.1 (0.68)] 1117.0 (0.62)| 4703 (0.95)| 2747 (0.97)| 7.93| 3.16
t481 35 (1.17)| 11 (0.79) | 1079.2 (0.60) | 622.9 (0.60) | 3366 (1.23)| 2327 (0.92)| 7.51| 2.85
x2 38 (1.27)| 18 (1.29)| 1275.9 (0.83)| 1470.8 (0.88)| 2574 (0.85)| 2673 (0.97)| 5.69| 3.40
z4ml 34 (1.42)| 20 (1.21)| 696.9 (0.80)| 771.3 (0.78)| 1559 (0.83)| 1856 (0.78)| 3.58| 4.45
0000 | 265 (1.26)| 14.1 (1.15)| 960.6 (0.80)| 870.8 (0.78)| 2303 (0.92)| 2190 (0.98)| 5.47| 3.56
U2 EDDOOOOOOOOOO 03 EDODODDOCODDOD CMOSOOOOOOOO
Table 2 Comparison of ED products with conventional Table 3 Comparison of ED products, wire length and
approach. area with CMOS.
SPL oooo EDOO ooooo oo
poo oo oo 22| oo oo 22 OO0 '~sPr, oooo | SPL 0000 | SPL 0000
oo oo bl 0.96 1.29 0.88 101 | 1.08 1.00
b1 1.03  0.56 055 | 1.06 0.75 0.71 - 069 0.67 111 132 | 124 1a1
ce 14.85 11.47 0.77 | 17.28 11.03 0.64 eml5la| 0.70 0.70 0.61 061 | 0.80 0.80
cmlSlal 3.94 399 1.01 | 4.09 3.99 0.98 cm163a| 0.82 0.70 133 130 | 082 1.09
cml63a) 10.11  9.61 0.95 | 10.48 8.19 0.78 cm85a | 0.40 0.74 1.40 1.32 | 0.93 1.07
cm85a | 26.50 8.51 0.32 | 23.75 15.61 0.66 le | 038 o018 127 oss | 1o 076
pele 24.12 22.15 0.92 | 28.02 10.54 0.38 ot T Tar 0 T 0 T iae 08s
pml 1582 11.77 0.74 | 6.66 5058 0.84 st | 310 11s Las ors | 174 1o
t481 | 155.55 25.16 0.16 | 8.79 9.06 1.03 - 203 0.0 ogs 008 | om0 o2
x2 7.86 14.77 1.88 | 12.66 6.74 0.53 saml | 075 050 115 125 | 073 o087
z4ml 14.86 11.48 0.77 | 9.05 7.67 0.85 =5r 0T 091 068 Tosoos T T 097
0000 | 1273  8.64 068 | 9.00 6.41 071
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04 0O00O0OOODO
Table 4 Power and delay of multiplier’s cells.

0000 [pW] 0000 [ns)
ooo 0o oo
CMOS 00 o= | CMOS 00 ==
Half Adder | 20.45 15.74 0.77 0.37 0.23 0.62
Full adder | 20.01 18.49 0.92 0.69 0.62 0.90
7-3 BSA 63.56 52.24 0.82 1.76 1.71 0.97

05 16bit0000 Wallace Tree0 0000000
Table 5 Power and delay of Wallace Tree.

0000 [mW] 0000 [ns]
ooooo 0o 0o
CMOSs 00 CMOS CMOS 00 CMOS
Wallace 1.57 1.29 0.82 2.91 3.12 1.07
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