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Table 1 Typical parameters used in a standard cell library

Functionality O =1(ly, Iz, I3, ... In)

Cell area S [um?]

Input capacitance Ci, Cq, ..., Cq[fF]

Driving ability Falling resistance Ri[kQ]
Rising resistance R([kQ]

Delay (H-L & L-H) Intrinsic delay Di[ps]

parameters for every | Slope delay Ds

input-output pair Wire delay Dw[ps/m]
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Table 2 ISCAS89 benchmark circuit characteristics @

Circuit name | # of inputs | # of outputs | # of D flip-flops | # of combinatorial gates
s27 4 1 3 10
s208 11 2 8 96
$298 3 6 14 119
s344 9 11 15 160
s349 9 11 15 161
s382 3 6 21 158
s386 7 7 6 159
s400 3 6 21 162
s420 19 2 16 196
s444 3 6 21 181
s510 9 7 6 211
s526n 3 6 21 194
s526 3 6 21 193
s641 35 24 19 379
s713 35 23 19 393
s820 18 19 5 289
s832 18 19 5 287
s838 35 2 32 390
s953 16 23 29 395
s1196 14 14 18 529
s1238 14 14 18 508
s1423 17 5 74 657
s1488 8 19 6 653
s1494 8 19 6 647
s5378 35 49 179 2779
$9234 19 22 228 5597
s13207 31 121 669 7951
s15850 14 87 597 9772
$35932 35 320 1728 16065
s38417 28 106 1636 22179
s38584 12 278 1452 19253
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Table 3 Libraries used in this research

Library Feature size | Number of cells
[um]

A 15 00 400

B 0.6 00 400

C 0.25 0 400
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Table 4 Contents of the 11-CyHP library

Category Cell
Flip-flops D-FF x1, D-FF x2
Inverters INV x1, INV x2, INV x4
Primitive gates 2-NAND x2
2-NOR x2
2-XNOR x1
Compound gates 2-InvNAND x2
2-InvNOR x2
Multiplexers 2-MUXInv x1

Table 5 Contents of the 20-CyHP library

Category Cell

Flip flops D-FFN x1

Inverters INV x8, INV x16

Primitive gates 2-NAND x1
2-NOR x1
3-NAND x1
3-NOR x1

Compound gates 3-AND-NOR x1
3-OR-NAND x1

(only cells that not in [Cable 4] are listed)

CD D)

2-InvNAND 2-InvNOR 2-MUXInv
3-AND-NOR 3-OR-NAND

Fig. 13 Compound combinatorial cells in the proposed CyHP libraries
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Table 6 Average relative delay, area, power and synthesis time of the 11-CyHP

Original library Delay Area Power Time
A 1.05 1.37 1.60 0.28
B 0.99 1.27 1.25 0.71
C 1.11 1.40 1.89 0.46
Average 1.05 1.35 1.58 0.48

(the numbers are calculated using equation (5) in section LD__D])

Table 7 Average relative delay, area, power and synthesis time of the 12-CyHP

Original library Delay Area Power Time
A 1.00 1.08 1.19 0.31
B 0.98 1.04 1.07 0.43
C 1.07 1.03 1.26 0.48
Average 1.02 1.05 1.17 0.41

(the numbers are calculated using equation (5) in section LD_.D])
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00000000000
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0000000000000000000000 0 [ableshfableobiooo
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Table 8 Relative performance of industry sample using 11-CyHP

Original library Delay Area Power Time
A 0.88 1.55 151 0.57
B 1.04 1.46 1.25 0.47
C 0.97 1.60 1.99 0.65
Average 0.96 1.54 1.58 0.56

Table 9 Relative performance of industry sample using 20-CyHP

Original library Delay Area Power Time
A 0.86 1.28 1.29 0.59
B 1.01 1.19 1.21 0.51
C 0.89 1.14 1.64 0.71
Average 0.92 1.20 1.38 0.60
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000000000000 000000000000000D0Do000oooOoooDoOooOOooong
0000000000000 o00oooooooooooooooooon

Oooooooooooooooo

wire_load("WL_EX"{

resistance: 0.42 /[ wire resistance per unit length
capacitance: 0.37 /[ wire capacitance per unit length

area: 0.02 /[ wire area per unit length

slope: 1.05 I/l used to estimate wire with large fanout
fanout_length(1, 2.5) /I length of wire with fanout=1
fanout_length(3, 4.5) /I length of wire with fanout=3
fanout_length(4, 5.0) /I length of wire with fanout=5
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Fig. 14 Wire load model used by the logic synthesizer
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16 Layout flow used to verify the proposed CyHP libraries

Table 10 Increases of delay, area and power of the 80K gate sample when using 11-CyHP
Performance | 11-CyHP 20-CyHP
Delay +4.3% +0.8%
Area +69.9% +23.8%
Power +77.2% -0.7%
Table 11 Increases of delay, area and power of the 32 bit CPU core when using 11-CyHP
Performance | 11-CyHP 20-CyHP
Delay 00.1% 0 2.6%
Area 041.63% +17.3%
Power +139.6% 0 2.6%
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000000000000000C0 Cable100Mable 110000

00000000000000000000Iable8NTabledn 000011-CyHP 0000
00000000000000008KOIODDODOOOD 70000000032000 CPUD
00000 10000000000000000000000000000000000000
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00020- CyHP 0000000000000 0000000000000000000
20000000000000 LSIDOD0000000000000000000000000
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000000000 2000000000000000000000000020-CyHPO000
00 20000000000000000000000000000000000000000
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Fig. 17 Layout of the 80K gate sample (0.25[um], 4 metal layers, die size = 1.60[mm])
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Fig. 18 Layout of the 32-bit RISC CPU core (0.25[um], 4 metal layers, die size = 0.91[mm])
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Fig. 20 Relationship between |A] and the operation of an inverter.
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Fig. 21 Switching region(shaded area) of CMOS circuits in l4s-Vgs plane.
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Vosar = Ky (Vas =Vr )" (8)

Losar = K (Vos =Vi)* (Vos 2Vper) (9)
V, V

los = IDSAT(1+)\VDS )(2_i - (VDS <VDSAT) (10)
DSAT  VDsaT

UO000OVes, Vr, VosOUOOOOOOOOOOOOOOODOOOODOOOOOOODOOOO
OobOO0O0OlsO0OO00O00O0O00O00O0O0O0O0OIesar, VosartUOOOOOOoooooooono
O0000D00OAIO0O000000000O0Ky, KiOOOanOOOOODOOOOODODODODODO
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Table 12 Actual values of a power law parameters

Process A Process B Process C

Parameter Shockley model (1.5 [um]) (0.6[um]) (0.25[um])
nMOS | pMOS | nMOS | pMOS | nMOS | pMOS

2 1.72 1.98 1.57 2.00 1.54 1.62

n 1 1.29 0.44 0.71 1.00 0.36 0.78

Kv 1 0.43 0.43 0.64 0.66 0.36 0.71
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