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T A AT 42 2R A HE B9 AT AR e 5 ke i R 4
PG HEHE, BELZ HE IR AN EL
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AbF AR Z B RS A s, % [a) B Pl
— AN B AR T4 0 IE i 0 BB 1. @
T SBARKRE . ToRE . LBE(. w. s 53 5lFE
IREJREKE ., TEE . KNS S L a) A
B HA RN, FEHE IR B NG H ¢ RV R A
PR, PSRBT A R ThRE.
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B1 ZitEER
2 iTEEBEITET
2.1 51
EFPLTERBKT =MASET), HiEEE

BN Y=4BC, HEELHME 2R, ZHA
5118 5 4 MOS EHETE&mEHm, 4. B. C
RSN, V AZIEHITHES, NMOS
B N3 EAEZNLL I, PMOS 4 P1 AIMHRA
NMOS & N1 (IR AREAEZ PR 55—, PMOS
& P1 B9IRHL . NMOS 4 N1 iRtk 5 PMOS & P2
FIMHR . NMOS 45 N2 FHRAHIE. N3 BRIz
PSS X, ZHLL N3 BB E 0. P1&EHINI
BAHX— A BIME AR, EEhRERIZ I
BRI S5 VTR, T Tk 522k
ZIRTERIR A A Ce BIR/IARE, EZL% L
FEAERR A BEG S AE, @l JE% P ERINLE
B YA R ST 807 2 A Y B, A X £ B P
{555 IE2 e 0 B85 1. P2 BRI N2 4
R T — RIS, AR Y. 2t E =k
AN5TIH Pl ERHERKES 60nm, IHEEE R
260nm, N1 EHHEKES 60nm. IHEEEH
200 nm, P2 B HYEEKE R 60 nm JAIE TEE R 260
nm, N2 B 87EE KA 60 nm. J4)3E T8 &4 200 nm,
FIEHZ Cc M 0.8 fF.

MR =N ST IEE 2b)FR, i
HRR A L I 8 R 2 SR A2 B AT
FERHS EERSE I, RICR A & 24 B I iR i A &
HZY, HARE R 2.484 pm’.
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22 FHiE4N

BT B B A AR AU AR R A TR,
Bt =N BT RO 3(a)
P =N e, HiBHERIRA Y=4B+
BC+AC . HLERZEMIHA 54 MOS & 3 Tk
1 ARSZHLL. P1 I NI LR P2 A N2 94
LR S — AR SN S A S, S —H
AR AR TR Y, 55

HHES T RARS L Y. M BB kT LI

WINES 4. B, C X Y B9VE AR, M
ML 4TI B TR C 0l 5ZINATE
HRRAFEEEAME, HACh 15 F %4 E =
NS850 TS BIE PMOS 4 P1 A ELE KA 200
nm, JAETEE A 120 nm, {KEI{E NMOS & N1 4
ERKEH 60nm, JAIE T4 400 nm, PMOS % P2
ERE R 60nm, JAEYEE A 260 nm, NMOS &
N2 {ERE A 60 nm . JAE T8 A 200 nm, HoRiA]
mE 3R, EEHEF 2.484 pm’,
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P, SR H 5 AR ] B L 25 1 SE U 2 8 )
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Mz R IXAETLIE R, BIAES 4. B Wi

B YEOVE FRRBEAHIE], BEINGE S C X YRO1E
FAFREESETHINAS S A, B 4> BN Y Ve
FEZ AL BT ¢ 5Z MBS &
L A ST B 5Z BT R SRR 2
fi5, RIATFIMLA SZIMEZ BB EBER
FIFILL B 52 MR & A RS, WS
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Bk, EEEFY 2.484 um’.
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K, S T AR NG 43

Y=ABC+ABC+ABC + ABC=
(AB+ BC + AC)-(A+ B+ C)+ ABC =
CO-(A+B+C)+ ABC. (1)
BB R () W, it B — 07 A meskn
1Y BZERRSIE ML E =M E ] Y=
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ELITE 2, @ TR 52
AN A B L LU SEBUAS ]2 ThRE. 4] 9
MR ZITERET T AIRX.. 2k, $2ik
AR 3 MAFEDZEEDIRER ST IAHIEE R
W, Hop, & EHT] Y=4B+BC+AC 5% H.
WD) Y=4B+C W& 78 2 AHE]. ML, Bk
HELLE 0 oA Jy BEA T ) TR SR ARG Bk i it
BT B 2t LA MRS REA 7 1k ) TREI.

Y=4B+BC+ AC

B9 BERX. ZmiE. #EltsEE
4 LBERERH

41 5N R

1E TSMC 65 nm 1.2 F, MitE=MN51]
BEATIHRESIE, (FEIEEME 10 PR, &itHEE
BT TARRSAH AR A (Discharge  State, DS)F
SRABARZS(Evaluation State, ES)PiFH. 7£0ns B %), X
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AR, ZIL 8 0. 7 1ns B Z, X
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B 0 BRAR AP 1, 2Pk V= 0.48 V I
JEAGS, Mg Y& 0. 765 ns A, TH4
A FTFILL B 7% 0, (X4 C DB 0 Bk
AR AR 1, SRA AN IER, 2k VL
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] 2 T D FERE RSO, Har o Y 542 4 1 IF
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it BB R ] Y=AB+BC+AC AT REL
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Y=AB+BC+AC WL V JHEZE 0. 1E 1 ns B}Z,
BB AL T SRAEDIRES, T 4 AT B FH A2
B0 BRASMIBAE 1, T C B 0, Tk 4
AT B BRGS0 ETHRAS R A 2R K
MAER, TR0 Erede 0.47 V RS S, it )E
FACR BRI IG, BE T —H A8 A
Wi Y ohi%sE 1. [, 7E 3ns BFZI, YT 4
FFME ¢ &4 LTHREER, ZMALR A B
B, FEA 047V HIE(ES, SR Y
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Z I LR Y R B, HAE A 078,
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WARGRA T Y o2 1. (iE&
W] Y=AB+BC+AC TE AR 712 T Wy sh#E A
AERIEDL, FiH Y ST 4 AN FEEN SRS VE A 7
B, T Y1 i Y Sz 8 NI R
tHEVE A A, A 2. MREch 4 3%
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Z, AT B A4 EFHRAE, G HA Co
BN, FEAE 021V HE(ES, SR Y
hiBEE 0. TE3 ns PR, THZ C A4 ETHIRAE, &
A EZS 2CC B, oA 0.43 V LRSS,
BB AT G, & TR AR Yo
1. 7F 7ns BZ, 3 RSG5 HONIEEH 0, %
PRBr= A 0N R RRAR, MM Y i 0.
TE9ns B Z), FHiek B T4k C it &4 ETHR
A5, R B BER 0.67V, ZKBIER
THESEIE A8 0, HEGRAHR I ¥ ohiE

1. (FELE B Y=AB+C TEAR T2 T 1)
FERRERHESL, i Y51 4 AN IRE SAH S
gk, BT Y1 i Y Sz 8 NIk
B RARZRE A T, T 2. MHRh 4
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AR, HECTIThHES 8.69 uW, HiHidi Y2 1)
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—f e EHE R E .

E— W T B DU A e AR KSR B A &
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HHT, ZMEHBEEE, FETRENEEH 0 22
B 1 BRATHY, 7EZINLE FREFPARRN HE. 7E 1ns
BFZ, HINBEINEL A[4:1]=1011 ., %L B[4:1]=1010,
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fRAIERL C=0, #it Y4Y3Y2Y1=0101., CO=1. 7E 3

ns %), BIABINEL A[4:1]=1101, %L Bl4:1]=

1100 BN C=1, Fith Y4Y3Y2Y1=1010, CO=1.

TE 5 ns B Z, HINBEMIEL A[4:1]=1001 L B[4:1]=

1000 AN C=0, it Y4Y3Y2Y1=0001 ., CO=1.

1E 15 ns BFZN, SABIIEL A[4:11=1111. %L Bl4:
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11=1111 fEAL#EA C=1, il Y4Y3Y2Y1=1111.CO=
1 FEAEREN, BT LITE N4 Nes S5
HIREIER.

SR 4 ASFFIRHY RO ES SR AR S B AR
LR R e, 145 07 EAR I BB AE 7712
THYHMEINFERAGERE R, 5154 CMOS &itJr
EARNL, ST EIBRI] Y=4B+BC+AC 1l Sk
g, A AR 72.2% . 61.7% . 20.4%,
TR Y=4B+C W H S REEE . T, I
¥4y Y 50% . 37.3%. 8.1%, HILET DL, Prik
TR BB AR TR SR AR ThEt
IS 7 B — e 3. SR LGRS
I a A LIS B I 2854 52 4 AH ] ) AN [R] 32 4R o
REMT], H AR RIE R 2Rt v i 45 4 Y S
Pz —, Wil BT 0T DGR A i (5145 21 1R 6 Y
BEEThRE, R EA R T TRRE ).

*1 SiEXigit B

any T2 iR R shEl  iERY
. HLE o )
WRES nm #® um’ gW  ps

CMOS Y=AB+BC+AC 65 18 6480 1121 142
CMOS  Y=AB+C 65 10 3960 578 99
L Y=4B+BC+AC 65 5 2484 626 113
LitE  y=4B+C 65 5 248 531 156
KiE g 65 26 11448 10.84 170

5 g

I 2 S RIS R A B 5T, BRECR A
HH [ B B S5 48 SE IR R Z FE T RE, $H —Fhdt T
IR EIMERIT 7%, #E TSMC 65 nm CMOS
TZ2TF, RE2EG TR TRITE ST THE
ZRIBEET], FFaki SCELL T E A s A A
S INES, D7 EIIERT T 26 5 i B AT IE
HIZEIhRE. RS, PRkt B2t B A ines ik 45
AL 2N )45 4 O AS )22 S h BE RO AR ALY
), HHEADUSE TR, vz T
Gty Frrp, R v AR A L B T 1) TRRRRE T H
FHEREZEX.
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Design of full adder based on line crosstalk computing

LI Lin, ZHANG Yuejun*, ZHANG Huihong
( Faculty of Electrical Engineering and Computer Science, Ningbo University, Ningbo 315211, China)

Abstract: With the on-going reduction of the characteristic size of integrated circuits, the interconnected metal
wires take up an increasing proportion in the chip space. However, these wires are only used for data
transmission, and the chip’s computing ability still depends on the switch of transistors. How to improve the
computing ability of chip with limited hardware resources has become a key issue of IC design. In this paper, by
studying the capacitive coupling effect resulting from the metal interconnectors and the advantage of using the
line crosstalk phenomenon to complete the logical operation, a design scheme of full adder based on line
crosstalk computing is proposed. The scheme first establishes a line crosstalk computing model, and uses the
same line crosstalk computing circuit structure to implement different logic gates by adjusting the inverter
threshold and the capacitive coupling strength between different interference lines and the victim line. Then, a
full adder based on line crosstalk computing is implemented on the basis of logic gates. Finally, the simulation
verification under the TSMC 65 nm CMOS process shows that the designed line crosstalk computing circuit has
the correct logic function. Compared with traditional design methods, the line crosstalk computing logic gates
achieve lower overhead, and the line crosstalk computing full adder acquires the ability to resist reverse
engineering scheme.

Key words: line crosstalk computing; capacitive coupling; logic gate; full adder
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