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Global Layout Algorithm Based on Key Gates within Segments of CNFET Circuits
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Abstract: Aiming at the problem that traditional silicon-based circuit layout algorithms show low timing
yields on carbon nanotube field effect transistor (CNFET) circuits with varying carbon nanotube (CNT)
densities, a global layout algorithm based on the key gates in a segment is proposed. Firstly, we analyze each
level of the circuit from the bottom to the top, and establish the gate delay and gate tree delay models, and
then we combine the CNFET circuit correlation matrix to establish the statistical delay model of the segment
with the mean and variance of the delay; then, we determine the correlation between the timing yield and the
statistical delay of the segment through the theoretical analysis; finally, we use the asymmetric spatial correla-
tion of CNFET circuits, and we use the lattice search strategy to continuously adjust the key gates in the seg-
ment by iteration. Finally, using the asymmetric spatial correlation of CNFET circuits, a grid search strategy is
used to iteratively adjust the positions of key gates in the segment to reduce the segment delay. Experimental
results on four OpenCores test circuits show that the proposed algorithm improves the circuit timing yield by
20% on average, and reduces the execution time by 25% compared with the CNT density-aware benchmark

method, which reveals its potential application in large-scale circuits with high timing yield requirements.
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Jra, dE—2P T T OURACR. SR AT A 5 R A 7
TEGE SR RIBR P, ASCREMAGISN. 5%, ZE
PR WU 2 I T B (E A 2 1k 551, A 5 32 %)
W46 A Ry 52, AT g BUR W ST R R A A
fift. AL, SRR RGN AR AT G A N
43 i (statistical static timing analysis, SSTA), ;%
THAE R B 1Y 1153 5 5 A (]

5 SLIEHER

A Sl F — & 28 0 A U AR Dl SR R A
K145k Legion R7000p2021H, #5#; AMD Ryzen 7
5800H AhbFEZY, F Mk 3.20 GHz, WAFK/INN
16GB, 1#/E &% Windows 10. SZEHi ] 10nm
CNFET #RifEsRITE AT S0, FESHNR 2 fr
K. SIS ERE OpenCores 1Y 3 N HL I FI—A> 32 i
Pk g Ve A i, W2 3 TR, AR/
349 3| 6992 NI, Sl MATLAB 2022b 5%
BT 3R, iR A REAEAA R R RN,
Tk B EEARA AR RN, ik ¢ BASCN T
oo R LB IE AR 25 PR T 08 AR e BT
FS, 3M I Kraftwerk2 i 45 JR 45 BAE W46 AR
Jab, AT IR ER A, B 8 RN 9 Ay BRI T
Kraftwerk2 7€ 4 N B AR R 2s 8, DLEAT
AT T S N R AR B S, 10
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®2 WMERTEIESH

2R i
CNFET #H& B Ly/nm 9.5
CNFET M5/ 98 [ /nm 28.8
CNFET Mg /N 58 /nm 240.0
FrRifE BT K B /um 0.679
B SR TT T B (REXT) 0.884
CNT B f%&/nm 1.3
a. adder b. MI-ALU
F 3 SLIGfE A R EE R
5 FHL % 24 B (WE
(a) adder 349
(b) M1-ALU 1096
(c) 32-bit multiplier 2775
(d) AES-128 6992
¢. 32-bit multiplier d. AES-128
B 10 ik CisfTR &a kb & R4
B R CHE 4 MK FisfT e 4G ik iei
IR ELTISERE
SEu g ] FaR 3 B R B e L AR ME BT
- adder o MI-ALY HET TR, SRJR ) SSTA Jr ik i T B i 4
IRPCARZE . R TR B Al SEME5 R, A5 k4R
B AT 15 WO 5 UGB AT ] B~ S (E AR R
BB TR ], BARBEE R 4 k. AR 4 WTL
FEih, ik AR RS E IR LR ROR b, (R
BATEE AR ik C BARIR AR B3 T 7
o A, (BB AT I R AR IR 4 J, X AE R HUASE v i
c. 32-bit multiplier d. AES-128

TR EZN; Jrik B e AR R i
55, PR AT AR, S S AL 3 R
MITEREDL 25, A SCE L— N7 BTN 98 b ——
frit SER AL, B AL o F R LA 2 s 17
WPEIARE]. nTRUAE, Tk C FESALm ] EER {1k
Ti R BURAS, WA B R#MEZE. GaTiE, A
L S X C L AR L, AEi2 4TI (8] 1 22 B A
@, R EIERRCR ERIB A, ik, £V
FCHATESCPREY CNFET HL BT i AT ).

Kl 8 Kraftwerk2 7£ 4 /~HL I b A9 R 45 SR

F4 IMAELEHER
FER fiAk BB AT E] /s
A HEB O HEEC A JiEB ik C
(a) 12.07 -2.20 10.83 0.64 0.53 0.35

R

(b) 2596 —4.60 21.76 3.52 2.51 1.55
(c) 3497 1.70 31.26 1494 12.20 7.98
(d) 3136 3.16 27.36 103.80  85.10  62.90

K9 HITHES N R Kraftwerk2 QR EY 22 1k . OHUME RS ST R L.
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ARSCHEW T —FpEE X CNFET HL IS 19 42 )5 7 Js)

Bk, B SEBAR TR R, ZRE L
CNFET L B A X FR 28 [RAR G D 98 S e, LA
B S 3R - P4 (B FIAR o 22 2H R e SE Ry H B R

i&’

123 W AR SO DS O S S o8 4 | B Lo

TR, ASCRIERESARObIR R CNFET HUH
AR Y R, [ I A 50 9 4 Ay P ) 75 17 2 B IR A
TEARRI TAE D, B 202k i REVEA T 38 2200
1, FRRER AL R USRI e 255 A it o 18 2.
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