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vantages in speed, energy consumption and size, a silicon waveguide integrated electro-optic half-adder is de-
signed based on an Epsilon-Near-Zero and ITO electrical-tunable film. The ITO electrical-tunable film is
used as the switch for the optical path, and thus achieve the half-add function of two binary numbers. Simula-
tion results show that the device unit can complete the optical signal logic control when the applied voltage is
0 V and 2.35 V. When the hybrid electro-optic half-adder works at a wavelength of 1550 nm, the insertion
loss is 0.63 dB, the extinction ratio is 31.73 dB, the data transmission rate is 61.62 GHz, the energy consump-
tion per bit is 13.44 fJ, and the size of the whole half-adder is less than 21.3 pmx1.5 umx1.2 um. The device
is compact and has a low insertion loss. This provides a theoretical foundation for the design of high-speed

hybrid electro-optic logic devices and half-adders.
Key words: silicon-based optoelectronics; electro-optic half-adder; epsilon-near-zero; coupled mode theory;

ITO; optical waveguide
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Fig. 1 Schematic diagram of the proposed electro-optic half-adder model and its electrode. (a) Top view of the half-adder;
(b) 3D model of the half-adder; (c) top view of the half-adder with electrode; (d) 3D model of the half-adder with elec-

trode
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ITO 1 SiO, MY JE B 43 il 15 # 4 15 nm 1 14 nm,
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(1375 S R WD, FF ARG RS, R & IR S
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A B TR ARI/IN, AR R O DR, 2
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Fig. 9 Transmission and ER vary with gap in ON and OFF
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WX (6) MR EIE = 13.439x107° I, AB 4, 154

1 bit JHFEMILIFEN 13.44 1T,
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Tab.1 Optimized parameters of the device model

Parameters Values/nm
ITO 15
Si0, 14
gap 140
Le, 1350
Lec, 8700

KA G 1 S BOG A inas 1 705 B8k
¥, ¥ MR 2% 2 P B bRk EAE 2R, 2
i 10 32 BB AR DX e,y RV I 00, 10, 01,
11 45608 5, I H o sum, carry (19% H D)
LMK 8 s . HIE 10(a) Bz (1) H 1435 43 A
5 AT, 2B R X L y WA 00 (2 HE
T, RN E a B — E I L4, JF7E a I
S A s 1 DX,y 5P, B4R T OFF R
A, M5 SN E T carry Yy, TAE sum fy St 1%
AEFE S, TSI T 00 AL il ko ag
(F T2 A I R s, F R o3 A KB Rk
RIT- TR i, T S B PR 2 5 {1 3% B = R A
Fefn s, LT GRS ) o S A ] X
B x, y AN 10 BB PRI, HE 10(b) B HLRE
Yoy A il DL v i, FREI Y A a U S nl BAE S BT
TESR— D@ AR Xy SEEL T 2, O fE 54
HERBT ¢ W 'F, fm, YefF 5 sum b
i, TAE carry $i i 5 A B AR S5, st S
T 10 A T RE . Y AR X X
y B 01 (2 54 i, B & 10Ce) Bz 1) B R
Yo At L e A, ARG IR A a U M AT R,
TESE AR X e x SR T A, e S
BT ¢ W, &5, G5 E T sum i,
M TE carry %t S I A7 DGR F i, XSt 1
01 {7 —HEHIMZE DA . 3 B 450 XK X, y it
T B I, A 10(d) B i B RES
AR OL AT, BRI G a B AR AT HIT, 7655
— AR X3y SEE T A, R S AL E
T oo, B, TR BRI X x RS
X, ESERT alk T, &5, bFES A
carry Vi H, W 7E sum $i H i A 65 S5,
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55, AR A AR R 62.53%, RAEAK(8)
AT DA S B4 AR 1L, ), AR
AR () TR A RTEG E ER. 43T, 2F
TINES 5 A A A URE 2 A6 3 B4 ] X 88 x ., y it
Jin o1 ZEEE R RIS, S 0.63044 dB. Tfif/
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1.0
0.5
g
g
= 0.0
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=700 =500 —-300 —100 100 300 500 700
x/nm
(a) 00
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=700 -500 —300 —100 100 300 500 700
x/nm
(c) 01

THOG R e 2 R ] X3 x, oy i n 11 3244
A RS0, S~ 31.73 dB,
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Tab. 2 Truth table of the half-adder

input
sum carry
X y
0 0 0 0
1 0 1 0
0 1 1 0
1 1 0 1
x10*
1.0 0.9
0'5 0.7
g ~05
= 00
0.3
-0.5
0.1
-1.0
=700 =500 —-300 —-100 100 300 500 700
x/nm
(b) 10
x10*
0.5 0.9
g =0.7
£ 00
- 0.5
-0.5 0.3
0.1

.0 2
-700 —500 —300 —100 100 300 500 700
x/nm
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Fig. 10 The electric field distribution of the half-adder under different biasing conditions
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Tab.3 The performance parameters of the electro-op-

tical half-adder
iput
sum carry  ER/(dB)  IL/(dB)
x/V yIvV
0 0 0.00035  0.00026 \ \
2.35 0 0.54762  0.00021 347387  0.57609
0 2.35 0.54081  0.00019 35.1733 0.63044
2.35 2.35 0.00038  0.56622  31.7320  0.43103
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Fig. 11 Equivalent simulation circuit of electro-optic half-adder
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