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Nanophotonic Technologies
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Abstract: The delay of S-input logic gate based on a CMOS structure is proportional to the square of S. In
case of optical logic circuits, it is proportional to S. The signal-power degradation characteristics for CMOS
and optical gates are quite different from each other. This paper proposes a method for designig high-speed
large fan-in logic functions with nanophotonic technologies, which mitigates several issues introduced by the
optical logic gates. This paper provides conditions for minimizing the delay of optical logic operations. In
the last, several examples demonstrate the advantage of the optical logic circuits designed by the proposed

method compared with the CMOS-based logic circuits.
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FAEREEL.
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MEERT B & ART MIVIEDOFNEDE D, Q1 (Quality
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2ETHRAREZLED, ANBDPEEIZKREVE AR
HE, 1) BIERX, 2) F5mESL, 3) HALEL, 4)
AR EREROMEZ 2 HS5. IS DRMEEENT
5720, ARETRKTDX ST, ZEBEDOV) 7IVERE
SEIUTRERL LT S AJIERERT — M %, Sz X 50
AT — NERTLBRILL TARMIEL T2 F L2 RET 5.
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TDH AT — N O NBEMERE 1op0 TH—TH
LERET S, £z, KEITRET S FHEIIEL AN AND
X% AJI XOR & & 1 FEOMM TEHTE 2B HEAH
T&E 5.
WHS—NDOANEAE N U, WS- OB E M
L5, HARE D XN (2),3) TERIND.

D(N7 M) = (MS)Tgate + (M - 1)TOEO (2)
S= NN < M=log,N (3)

X (2) BE—HILIWHE T — N 2 DB T 2 RHE ORI TH
O, WTIHEIIH AT — NERICLZZEBMIZE £ 58
ZHFEOBMITH D, X (3) ITARME TS5 AN
FEE— N D AT, FELS— N OBBOBEGERLTY
5. ARRHEED CMOS [\l & g g 5 2, CMOS [E#EE Tk
ZBALDBRD A (2) B THITHY 2 B IXAFE LRV,
WET— NDANIBIZ 205 4D ERTHS. —F, K
27— P TR BALDEE ropo DR E BB 573,
CMOS #i#l 7y — h kD RKER S EJZED> I LNTES.
Fhz, —MITHSAT — N D 14010 1& CMOS FELT — + D
TEIERFFID 1/10 525 1/100 FEEEIZ/NE W,

ZIZT, TS bOBEM 27 A—-XE LT, A
HEN LT — DAL S = VN 22
HOEREREICEET 5. EEORKTIE M, S IXHREK
B BEND DD, HEDZD I I CIX R IHEE
UCimd 5. K 8IZ N AJs AND #BEIZHEWT, CMOS
[ B& 2 DWW TCBER R AY 10 ps D 2 AJ1 AND 77— b DR
REEIZ & o TR L 72 [ OB EE, B X USEEIEEIZ DWW T
Tgate = 0.2 ps, Topo =25 ps & LB ED M =1,2,3 12
BIFBBELZRLTWS, HEFETIE MBI MEE M+1
BTOREREND DL AN N THIEL, THUEDAS
BUZBWTIXEIZ M+ 1 BORBENNEL 2D, DFD,
D(Ny,M) = D(No, M +1) Ziifile 5 N = Ny &E&H57
e d5e, BEAINSEBZZ ANBIZEWNT M +1
B, MABWANBIZBWT M BORKE2#INT 52
ETCRIENNE 725, MEFEELUZEE N BPRELR
2R (3)ICED SHAELRBD, WHT— N1 BD
720 DIEIE STygre IFREL LD, TDD SHHEDIZ
RKEVWEE, Topo DRELRBIEZ L HR->TTHELE
fbZfTWw M 2 RE< L, SZHIBUT Stgae /NS L
72N, EROBIENNS 5. ZoflTik, A
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(Tgate = 0.2 ps, ToEo = 25 ps).

Bt U 7= 8 5] 2 Be B D G [E 13 CMOS R # & b & Kl i8
BUZEIS B5BIEDVNI K B Z L RLTHE D, CMOS [
XS B G B DB 2 MR T & 5.

3.2 ZAIREREOEERME

Wz, ST = NDATS 2T A—RE LT, AN
BN LT — N OB M =log, N 2Z/LXE728550
BIERFIEIZEH T 5. F£72, fifie RRIC M, S (FEHBE
PIZHEER L CE R B, M =loggN IZL DR (2) D M %Y
ETBLRORX (4) HESN .

TOEO + STgate
InS
KN4 %2 SITOVTHAT S L, BIER/MAZ G- Sy
2RIANG)AWFOND. ZZTW TV O W
HTHs.

So = exp <1+W(t0EO)) (5)
etgate

KB &Y, S NP MIZEST, T0 20K
Tgate & Topo DATRETES. TN, M,S % EHH
FEICHEER U 7235 &, AU S, DFELT — b & W72 Bes
My = logg, N DARMGE R AMER D AT N OiBLiHE
DL % F/IMET B Z L TEkRT 5.

% NJIERELHAE OB 2 R/MES 212 H D, M,S %
FREPHICHR L Caliam L C & 7278, EBEORIEKIZE T
FINSIFERBE R BERH L. £T, W5 — D
B M IZDWTIE [ M| & [My] 2BRHT 25MiE 3 5.
ZIT, |z] & [z] xENFN oz RS E XHEKTH
D, r ATORKOEHRL » L EOB/NDER % Z0Z 0
9. WS — bDOANESIER (3) 12 M = [ My, [Mo]
ARALTESND SIZ2OWT, [S] 2ZhZFho M &
HOETHWS. S| 28T 5L SM < N &0
FIWARRT S, 220 (5, M) D ERX (2) ITRALTE
JED I AT\, BIED/NS 72 (S, M) 28HT 5. 7272
U, MEEPHNONELHOHIREICLD, S OMIZHAE
INDHAM Spae WEEL, S > Spmae £85I
A (6) 2 I H5/NDOERB M 2L, TO M %24

D(S) = InN —toro (4)
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WT S 2HEHET 5.

Smaac > W (6)

3.3 RY—UvFUI~DHIR

3.18i& 3.2/iTl%, £ A5 AND % A1 XOR 2 &, 11
FOMMTERHTE MBI OV T DR E T 7. AREIT
R =22y F U IZHER AND & XNOR D& kB
ANDxNoR K2WTHikinE ik s 5. 24 MOz k>
2 ANDxnor = AND(Ay, ..., Ax), A, = XNOR(Xy,Yz)
TH5. REFIEES A ANDxnor CIEIRT BB
K9D&Siz, K7D% AN AND EEOHEED AND 7' —
M, B5D&57%MZL &2 TV U TR L 72 3mEE
F—PMIBEEHMZ B, V) TIVERRERD S, © MZI O H
JE, S EY RORZR—V ey FUTERIZE L LS.
772U, MZIIZ &% ANDxnor FIE I 1 D EAM 12 &
% AND [E[BIZ LR —fRITIZ 2 DT BERN K E W, &
He MZI DR % 5 #E 7 EAM CTEOMICRET 5. D
T, MZLIZ X %y — bl %, 2 BRHBBED Sy A
HHAND "= MZAHTBIETCNEY hDNE—VTY
FrTEITS. —MRITS, <So < NTh5.

IDEE, RR—VvFUIITET BBRIERR (7) TS
AoNd. TIT, MSsTgae, 13 2 BEHEAED AND 7 —
buiéLL@%ﬁf%b BS1Tgaten EFIBD MZIIZ &

FERT— D DIBIETH > T, aMTyate, [ FEELEHIZET
5@L@%®$nf%5. 72, Tyatel, Tgatez FENTH, K
1D MZI & EAM %2 XHMEi§ 2 DIZ 8§ 2 8IET
H5. LIZ2BHD AND 75— s ~OBATETHY, M

Z 2 BRHDBED AND 7 — b OBTH D, Th o DR
IR (8),(9) THX 5NB.

D(N, M) = (MSy + 351 + aM)Tyate, (7)

Tgatel = BTgate2, TOEO = QTgate2 (8)

azgﬁfﬁﬁ (9)

Ui, NE =V~ v F U7 ORBEEF/NMET S0

BREERTFIECO>WTHRARS, A (7) 2 (9) #RAL, N
E M EEBREABRLUT L TR T3 & BER/NE 72
5HBELEMER (10) BRSNS, 20K, Fo65N7 51,5
EFHWTM =0,1,2,... TOREZFHEAL, W/NMEz &
M ERMTSE. M #0128 28R (7) 20
TEMEL, M =08 2BEIEK 5 D& S5 7% MZI %
N&yUTw%%thLtLTN@mlt?é 7z,
S1, 8, & AREUCIRIET 25413, &__{J[ﬁ]t
Sy = | MRY/NB|, [ MYNB] l22WTC, S§1SM > N %t
L7z ECBEEBMET % 51,5, DRlAGDLE RT3,

S M+1
Sl = ?27 52 = +\/ ) (10)

BIER/NDOBERMEN (10) ODBKRTELZA%2EZ 5.
%BEIXL@ MZI iZ & 6Eﬁti ﬂSngateQ “Cﬁéﬂ’b, Z @E}iﬂi
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. H
ﬁXllXZ% \Iﬁ%$
OOk A
X1®Y,

Eﬁyl Y,
Sl SZ

9 AWEEIZ X 5% A ANDxnor [FIEE.

.
X@Y,

R (10) 12 & D 2 BEHBABED AND 7 — b D DIEIE SoTyate2
CELWV. SEREFTIRTH—HEELTWEd,
@me%ﬁt?bg%ﬁtim%¢®éf® w2y — b
DFENPFLNZ L THD. Z1ik, CMOS T — M

LT &kﬁbiﬁﬂﬁtﬂﬁfﬁ5 7z, 3.2HiT
WAz 1 FEEOWME T — N EHAVWAEE T, SHeTY
—EWIHREIZ LD \_71’1«73‘55204")0) IXEHTH 5.

4. %ljj @/ﬁ%:@:&n-l-{ﬁl

4.1 % A7 AND ZE DRI

Tgate = 0.2 ps D EAM & 700 = 25 ps DX % T
WT N = 1000 AJ7 AND [FI %MK T 22 L 25X 5. £
TR (5) &0 Sy =447 2B, W, B507 S 2R (3)
WARATHIET My=181&%0, [My| =1, [My] =2
Yis. £72, X(3) &Y, M=1122\T [S] = 1000,
M=2Z20VWT[S]=32,%5. koT, BILH/NERT
ML LT (S, M) = (1000,1),(32,2) 2755, X (2) 7
5 D(1000, 1)s—1000 = 200 ps, D(1000,2)s—32 = 37.8 ps
b, £oT, (S,M)=(32,2) 2% 32 AJ1 AND 7 —
b 2EBEARER AL, BB 37.8 ps £/ 5. CMOS
D2 A} AND 7 — b DiEIE% 10 ps £ U, 10 BERRGET
1000 A3 AND [a[#% 2 fEk 9™ 5 L BAEIX 100 ps £ 72 0, 12
FEFIRI & B [EEE X CMOS [FE 3T U 2.6 45558 & R
HoNd, BARKZRREEKIZRE 10 D& 5 7% 32 B x32 BD
EAROEIEE 5. EABRIZT 22 LT, KBAS
INTHLS VY TUERS NIRRT — F 2Ei0T 51
MIZFEP T2 THE LIRS, 20k E, ABETOL£TD
HET — N DOBENE L RSO BENRIMEEI NS,
FHEOEHO-OREETRT S 2Lz Z itk bRy
AT Xigor D5 Xigoa BFAET BH, T o ITHIICH
Br G2 RN EITS 22 ET S, ZoflT
i X001 = ... = Xigou =1 25 5. S 2H—{LLEWVWEES
IZIE S =310V T VEREAGEDES & L.

4.2 %A OREEDREH

Tgate = 0.1 ps DV ¥V TR L 1050 = 25 ps DHIR
HWEAWT N =200 AJJOR M EEKRT 52 & 2F
Z5. 172U, 2.6 HiTR AN & 6 ER DM
DD Spae =20 THZ TS, £7, X (3),(5) &b
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g | 1 T
1 L 1

fﬁ i K TI-’

- H - =
B 10 1000 AJJ AND oD [a]E&AE ksl

So =753, My=1.23%70, (S,M) = (200,1),(15,2) »*
BAT2EME 5. X (2) £ D(200,1)5—200 = 20 ps,
D(200,2)s—15 = 28 ps £ 75728, (S, M) = (200,1) »*
BIER/ANE D, 72720, S Spes ZEHATWSEZO,
R(6) LD, M=2%2BHT2. £oT, (S,M)=(15,2)
DD 15 AN ORY —hD2EBEARMELRAL, EBEIZ
28 ps &b, CMOS @ 2 A OR 77— b DEBIE% 10 ps
&L, 8EAMEET 200 A1 OR [ % ik 3 5 & B 4L
X80 ps 720, EFHEICT X B EEEEIZ CMOS [E#IZ
MU 29 fEEEE AfEd ohd. AHOBONT ok
a=09L85E, RA)IKN=SE2RATEZLTH
SN, (S, M) = (200,1),(15,2) i LTENEN
0.17 dB, 1.86 dB &7 0 ZE (kI & W ENIABEZHE I NS
DR TES, £/, ORY — METHEZEMAT S
Z X CEAEERE 200 5 15 1ICHIETE S, 2D LD
2, BEFEEZHAWS Z 2 THEHOS L L fHEERZ
I U 72 BR D IE DI K % J/NIRIC T & 5.

4.3 % AH ANDxnor EEDE

Tgatel = D ps D MZI & 744100 = 0.2 ps O EAM & &
100 = 25 ps DML ZHVT N = 2048 AJ)
ANDxn~oR EHEL, 2048 Yy bDNRX =V <y F T H
Hakikd sl eaE25. AB) &0, a=125 =25
Thd7=, S = “W/561200, S; = /25 L7 5.
33MTABREZFEZHAVT, EMITB T EEBEZG
"L, BEN B/NMEEZ B S,5,,M 2%H7 5.
M =0 OFF, BIEIX 10240 ps &% 5. M = 1 DK,
S =9, Sy =226, D(2048,1) = 120.2 ps £ & 5%. M =2
D, S; =2, Sy = 37, D(2048,1) = T4.8 ps £ 72 5.
M =3 DK, S; =1, Sy =15, D(2048,1) = 89 ps &7
5. &oT (51,8, M) = (2,37,2) OEEEKRE AL,
BBIEIL 74.8 ps &7 5. RERKIIMZIIIZLEVY TV
BEHROATHERINDEEIZN L, 100 5 EE#ETH
%. CMOS ® 2 AJ1 XNOR 77— b DEIE# 30 ps, 2 A
J1AND 77— b DIEBME% 10 ps £ 5. 2048 D XNOR
W3 AND #E % 2 AJ) AND 77— b 11 BEARREE ©HE
e B LB 150 ps & 72D, RBEFHFIC L B EEE I
CMOS [EEIZT L 2.0 f5Ed e RS 51 5.
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5. BHWIC

AWTIESF/ 74 b =2 A2 HWTERERS AJIGwELEHE
EEBTLFERERE L. BREFERE, AEEzHN5
& TBIERRE, MEZEAANIB T HHEHDOHEP
R ER Z il 2 fTaIcd 5. 7z, BETFIERIIBWT
BIER/NE 725 b & R U Tz, RIS, REFIEORKGH
2R U, CMOS EEIZ T % e, £ A0 DRI
BII2HMELZENTE S I 2R L. %%
HEEHWTOREEM S5 L2 EX 5 L, ZHBEIN
SWEEBENKREL 25720, HBEIPWEELERL
7 [ SRR DIRES 5D ERRETH 5.

HE

AWFED —HBIL, PR HR B 0D B 1 Al E 1 22 4
I THr 7= o hme P LV E D FE B - FIVE M &2 Skl & 3
SRR T &+ b =27 ZDHEMEAR | (JPMICR15N4) DB
D ANPASUE Y oY gl
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