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Directed Logic Circuits Based on Silicon Microring Resonators
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Abstract Directed logic circuit is a paradigm which employs the optical switch network to perform the logical
operation. The status of each switch in the optical network is determined by an electrical Boolean signal applied
to it. The operation of each switch is independent of the operations of other switches in the network and the
operation result propagates in the network at the speed of light. Therefore, the directed logic circuit has a very
high operation speed and the overall latency of the logic circuit is very small. Silicon microring resonator is an
attractive structure to construct optical directed logic owing to its outstanding performances, such as compact
size, ultra— low power consumption and CMOS- compatible process. Therefore, the directed logic based on
silicon microring resonators is easy to realize large— scale integration and low- cost manufacture in a CMOS-
photonics foundry. Directed logic circuits based on silicon microring switches including OR/NOR, AND/NAND,
XOR/XNOR, encoder, decoder and half-adder have been proposed and demonstrated by our research group.
Our recent research on directed logic circuits based on silicon microring resonators is reviewed and new
development in this topic is introduced.
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Fig.1 Principle of directed logic circuit composed of optical switches
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Fig.2 Structures of different kinds of microring resonators. (a) Microring resonator with one waveguide; (b) microring

resonator with two parallel waveguides; (¢) microring resonator with two cross waveguides
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Fig.3 (a) Architecture; (b) microgragh and (c) dynamic result of OR/NOR gate
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Table 2 Truth table of AND/NAND gate
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Fig.4 (a) Architecture; (b) microgragh and (c) dynamic result of AND/NAND gate
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Fig.5 (a) Architecture; (b)microgragh and (c¢) dynamic result of XOR/NXOR gate
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Table 3 Truth table of XOR/XNOR gate

X Y XOR XNOR
0 0 0 1
0 1 1 0
1 0 1 0
1 1 0 1
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Y (EIT) J5UEE, % BLOF 92 80 1 PR 388 4IR 6% A9 48 45 2L IR 15 5232 W (CRIT) B S I PR 388 4R 4 T S /Il s
BRI 7)) TSI T — Bl &5 4 50 A [ 32 iz 5 h e (S /5 9E s/ 3k, R s/ 87 o

port A: CW A

_ S | Cl—MRR1
&,
X Q
boOOlOlllOOllL_OJllOOOI
g()— : I 1 I 1
o
£ . C2—MRR2

—

000101110011&11000

1 1 1 l

(=]

Y output port

C3 —— XOR result

I&O 0/1 1°'1{00f|1\0fJ1{0f1°1|0|1\0 Of1
1 14— XNOR result

1 10 00/11/0/110/1/0,0/1/0/1 1|0
0 1 1 1 1 1 1 1 ! |

0 02 04 06 08 10 12 14 16 18
Time /ms

©
&l 6 UXU‘UZL' S/ (a) JEFRIE]; () 58 05 1 R0 (e ) sl A8 T 25
Fig.6 (a) Architecture; (b) microgragh and (c¢) dynamic result of U-to-U XOR/NXOR gate
i Cl1——MRR1

—

Voltage (a.u.) Voltage (a.u.)
f==]

portA CWA, port B: XOR F
— S — 0 0f1 1f0|1 10 0 OfJ1f0}J1 1 1140
- 0 - " v ol " -
0|1 1 E 1 110 0 0f1 i o0j1 1 10 O
portC XNOR o= z c

_C3 ~=XOR result

0/1j0 /17170/1]0 0 J1Ff1:110 O0/1]0

C4 =——=XNOR result

(=]

—

11013040} 1301 1 0A040}1 11701

Voltage (a.u.) Voltage (a.u.) Voltage (a.u.)
p—

(=]
T

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6
Time /ms

®) (e}
Bl 7 JET CRIT (1 5 ul/[F ul” (a) J5U 3 P15 (b)) & 055 PRURT (o) 3l 25 I 3l 2 2R
Fig.7 (a) Architecture; (b) microgragh and (c¢) dynamic result of XOR/NXOR gate using CRIT.
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Table 4 Truth table of encoder

Electrical logic Output logic
I, L I I, Py Py
1 0 0 0 0 0
0 1 0 0 0 1
0 0 1 0 1 0
0 0 0 1 1 1

% 25 A T AR FH OG0 DA R e 6 3 ), AS PR U2 2 28 ) 45 01 52 B0 T O T Y g 5 28 45 A Y, S i
BEE N 8(b) i, sh A 45 K i 8(e) Fim -

port Y,

-+
port A: CW A |
> —_ PN
@MMRR
@ L—J B b - "
l port Y,
-

Q

O O O HO RO O -

1—MRR1

[ T1. [1. [iooo

C2——MRR2

LT T ofiles
——MRR4 : Om
LN Mo

5—— Y1 port
g S8l rmas ddn o o/im
C6—Y2 port
[ }l f }| lﬁﬂdﬁl l’lflﬁq (|O}1l0[|

02 04 06 08 10 12 14 16 18 20
Time /ms

(b) (c)
P8 it (a) B HLE; (b) W3S PR () 3 2 I il

Fig.8 (a) Architecture; (b) microgragh and (c) dynamic result of encoder
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TAE B A AR W IR Y. 3 DA B B OE T R & (P =), TR HY, Y, Y A B RO I R
(P, =P, =P, =0). % L=1,L=0 ,MRRL{E T K A 41 R , MRR2 78 TARE B K A, b AR o 78 Yadii
RN RO R (Py = 1) 185 H Y.L Yo, Yo i B ROL I R B (P, =P, =P, =0) . ¥ [,=1,L=11 ,MRRI
5 MRR2 7E TAE P 4 A AR I 9% , 76 Y. 3 A3 B AL D488 (P = 1) 7R3 H Y0, Ye, Yo i3 2 D) R8I
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Fb IR EAHR
Table 5 Truth table of Decoder

Electrical Logic Output Logic

1, L Py Py P, Py,
0 0 1 0 0 0
0 1 0 1 0 0
1 0 0 0 1 0
1 1 0 0 0 1

( @ C1 —MRR1 ©
output port 1 F [

I i R I e ) Y L

1 C2——MRR2
0/1]0f1

0
i C3——Y1 port

.3 110J10 0

1C4—Y2p011:
/1 oo [,

1 C5——Y3 port

A ALY ST A A

1 FC6—— Y4 port

11.4dB 000/1

0
0 02 04 06 08 10 12 14 16 18 20
Time /ms

Voltage (a.u.) Voltage (a.u.) Voltage (a.u.)

K19 P A% (a) LR (b) AL A (o) 2 285 il 45 24
Fig.9 (a) Architecture; (b) microgragh and (c) dynamic result of decoder
3.6 FmeF
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Fig.10 (a) Architecture; (b) microgragh and (c) dynamic result of half adder
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