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Wavelength Conversion Efficiency with
Quasi-phase-matching technique in the Microring

JIANG Wenting, WANG Kuiru
(State Key Laboratory of Information Photonics and Optical Communications,Beijing University
of Posts and Telecommunications, Beijing 100876)

Abstract: Wavelength conversion is a hot spot in the research of optical communication network, and
it is also an important part of all-optical signal processing. The micro ring resonator with small size and
strong nonlinear effects, easy integration, etc., can fully meet the needs of integrated optical signal
processing and low power requirements, so it has good application prospect in the application of
all-optical signal processing. In this paper, the effect of wavelength conversion based on four wave
mixing effect and automatic quasi phase matching technique is studied. Silicon, GaAs and silicon
nitride were chosen as the materials of the waveguide microring. The effects of wavelength conversion
efficiency, pump power, coupling coefficient and linear loss were analyzed.

Key words: Optical fiber communication; Wavelength conversion; Quasi-phase-matching; Microring
resonator; Four wave mixing

0 315

TR LGRS ST S R 2 — o AEG A, SELPI AR B A 2 T
BeZ — W2 R N RO E SR SO L AR Ze i DU, (FWMD o SR Bl HAT 14
BUNL W N FE R DIFEMREEIL AL, S BRI 1 e AL . FWM 2 — XS A
PR Z R R, AALUEHCE M FWM RS SO SISO H R OB 3, AR
AR NI TR, T AR N R A BE PRAUE S I B o BBl NMTRL R E A IR 22 Ry
%, HHEDC S OB R, BTG, SRR, MR, AR T HER UL
BoREE HEAALVEACEOAZ FRHT B Attt IR 46 e ] AR AR AL R &R, Tl
RLESS BN 2 B AR, SR BRI ACR . ARG AL VE AU B o 2R

PEZ Y. 2300 (1989-) , L, W@, FEMFITI: A58
BEBAAN: T30 (1962-) , &, #Fz. WS, FEMIT: 26(F 5408, E-mail: krwang@bupt.edu.cn




45

50

55

60

65

70

mﬂ&iﬁiEﬁ http://www.paper.edu.cn

1) SR AH AR RE X T Kerr R0, AFRBOGREAZR TR, SEIUX — i Rl 5 7 2R
2L R 5 .

TIAE e Kb A5 RPN AT St 2007 4, FREZS/RR2% 1) Lipson 4@ 417
HI Si3N4 1R, SZELT JL mW B A T2 R R s8N, A Pasquazi 25 HIM
VYRR, A RHSHL T 2.5Gbit/s i K ##,

H a0 o] T E ORI i g A A R B RO S A R -V R &)1 T4k
MR BYERSY, MiBA8 A A AR GRS . R R AT IR s i E 2k
PR 25, FURBRADEIRAgE ), NIEEMOAS 2] T Z o3 E. 1N-V 4 E AR
PORE - AR TSI, el SRt . RN S O R AR & e, T A1) H
-V A EERSEIOA T R 5 D T AR D68 . RAE VM B RAIRSRA . T T2
B RSB A A, IR S A i AT G

AT LIE . GaAs FIEAEELE g I A4 L BT 4 s o 25T DY 38 VR AR, 1 30 K
AR, KA A SUEAHAT VT B AR S OB A 4, A7 B0 AT 25 P DR 2 0 e 5 R0 2R () 5 M o

1 HEARAIILAE S KA R

TSR LATRE R 5 o e K At
FETRE S o2 RO T ORI 1 e T OO, BB 15 e iz D T4
Yoo FEMICBATN, LW RIARR LSO . WA DY B IR K AN 2 BT Rt
[31,
dA 1 z 2 -
2= e+ a2 @)]Ape + G0 + 160 (Ape | +2045 1" +214,1) 4,

+ iy A" Apz "exp (ikz)

X

dA 1 . 2 2
= la+ af R @A+ i + 80 (AL + 204, [ + 214, [7) 4,
+ 12y Aps Apz A exp (1kz)
Ii.equ 1 X X 2 2 o
2= oo+ A @A + 100 + 1) (Mg + 20451 +214, ) 4,

+ g A Apy "exp (ikz)
Horby Buas Bpa MBSRALKNHEL Brot TPA RE, cfe 8 MEHUFE RS a4 A h#R 7K
B, afff = 1.45x 1077 (A/1550)°N, Hrp N & TPA AR -2 /O 5 EE, A (um)
AP, HEIHEREEA K X T ESCEE KK, N = Br - 121067 /(2 -hv), Hrhhv
NEIOE TR R, 2 HHBOR T4 A . AWK AL, BN TEEN
N~ BT,I2/[2(1— e~/ "],

75 FWM 7, 3255 FWM R0 I 5 R 194 19 2 16 T 207 20 G A AL USRS R Ve g, A
MEIHAE T, ARLILAC A T = Bae(wf — w3) + Boclws, —wi) +volp. WTULEH,
PEVCEC S E S AR e R AR SOCRIRBOG A . I 55 DU 4 R B S R B OB AT G,
HAR A A % AR R A = 2k, — kg, — k; = O, {5 SRR DG EE B iRk 3 i
K, BN SESFAANLICES (PPMD R FE o 5 L —ANAHT1F FH K J& Ccoherence length), L; = m/ Ak,



75

80

85

90

95

mﬂ&iEXEﬁ http://www.paper.edu.cn

HEELFREHKIEL < Logn N, A&k A RFIVUBIRA, 52X — A AR, DT ECAR
HEFAAZUCHL (QPM) 1L Fi.

WA R DU BRAGLRE I 1 o, B3 5 N, Al RIS SO A H BT —
I, FEEH SR Al S RS H S 2 R R A ANOR, e i Ge L
— A XA ENERS, Wit o i OGS A R AE S, i Ay
P R DU RAIAE F 1 7= A2 R PR A e o« R T e AR LR PEVE B, JRIHE G S5 i K3y
BB AEROA BRI K AL . FEA X AL T e N

(:i) = (; ll:) (A;E:;:(frcz.])

AP e, o MREGRIT, Wen® +0° =1,

Wy, Wg 1y 12 Wy, Vg, Wi

1 A P R DY TR s S &
Fig.1 Schematic diagram of four-wave-mixing in Micro-Ring

1E BRI, AR R
Y=pg L0 ‘fxw

Hrppy(8) = (0.88+ 012 cos*(26)), BWK 1 Fin. ARLME Ry S BEE LA E AL
A, AR R AN BB B/ XK A
L, 2nR/8 =nR /4

Hor RO AT 0 T SEIEARA DUAE, IXAS DI B V% 55 T AT E K Lo, 223
DL b2 sk 45

ey —des —ky ==
IR R R 2 B2, BRI RTIR BEARAL LG 45 A o XA REAN T BEAP 38 0 2 (1 E
PERE, AT ST RS, BRI A ShHEAH A DL R A .

2 fHESHT

IR I NE, () = —jkE; (£) + rae’®E (t — 1) , HhxRrEmHE SRRBE 32
]RS-S A AR, WEre +x® =1, a = e Y @I 7oA T At — B I BURE, ag
TR FAESARAE, T ASERIA R Es— B R, ¢ = %ﬂiﬁﬁiﬁl%*%%ﬁ*}% IAH



mﬂ&iﬁiEﬁ http://www.paper.edu.cn

100 frifh, BBESRMIDEHILE( = 1E () — jKae®E,(t— 1. Kok F. Wt
TN S =

1—rae/®°
FATIEFE SOI. GaAs. Si3N4 i T4 RHA VP 1 B i LA I IR HEAH 407 C JC 1) g A8
e, RS B R SRR CR I N 2 AT 07 BT . B RS HOk A ek,
FEB I ARLRMET I Hny = 8 x 10722 mA/W, AECH1200ps/nm-km, RS H N
105 0.4x 1072 m?, AR %K 3.37, XOGT IR L K045 x 10722 m/W. GaAs [#dE4k
PEAT G R N 13 x 1072 em® /W, XOL TR RECH F = 24.00m/GW, G HEL) R A
0.5um?, A MBATG AN 3.374, H MBI T A4 20ps. FALRE A 2037 41 % 0
Nesp = 198, FLMETIHE R An, =24x 107 em® /W, P37 B 100 B H
Agpr = LA5 3 1072 2m? . R RLRATEOR N ZE N TR0 5eV, L 2 NI S KBORT
110 B HIROE T ROV A A R TR0V T LA 2
WAL K 1540nm,  FEIH IR K 40mW, {556 KAE 1490nm %] 1540nm 2 ],
I ImW. iR i Sas R h B 2-61 5 45

-15

sl [—sol

— — AlGaAs 1\
o o5l | siaw |
< ) p] ;” ﬂ
2 305 b1l 5 il
Sl G ke
Ll\ il fPEhiY M} Nt
£l MR
245-
g-sn-
'%_55_
BOE
R 155 156 187 158 159 16

idler wavelength (pm)

2 =PRI T A5 S - IR A I e s 2
115 Fig.2 Conversion efficiency of signal-idler frequency
B 2 9 =M R AR T IR BTO G I e 4 R 2o NI T LLE B, R IR i
TLEL S AP RIAT R 20dB 2247, T GaAs B LUk S04 3R i 3dB A4 .



120

125

130

mﬂ&iﬁiEﬁ http://www.paper.edu.cn

10k

A5)

20k

25 F

30k

35

40+ — 50l
— — AlGaAs
45+ Si3n4

signal-to-idler conversion efficiency (dB)

'500 0_|1 0_|2 0_|3 n_lai u_ls u_ls u_l? o_la 0_|9 1
pump power (VW)
P 3 sk A B S D AR 4K

Fig.3 Variation of conversion efficiency with pump power

P 3 &t Rt = A RHBE SO B AR S O BE AV D 3R ARk o S D ARG
FIfE 0-1W Z[0]. HI&l 3 IE Y, = RiAPRHRIFE A S B AL DA< S8 iy 4 n 3w
B K =M O EXT HE, GaAs (WA R, HURER 3dB Zifh, HLAUb At K 20dB
Fikio EANGIRL K 2 5.

-15

20 F

25+

30k

35+

40

451

signal-te-idler conversion efficiency (dB)

S0r —— 50
— — AlGaAs

S5 Si3N4

_GU 1 1 1 1 1 1 1 1 1
0 01 0.2 03 04 05 0.6 07 0.3 0.9 1
K

4 FECRHIR S R B K L
Fig.4 Variation of conversion efficiency with coupling coefficient

K 4 AR RIZePEARE T = FrRA RO e o BERG & R« (A1, B EURE
A a=3dBlem. W LUREL, X =RORPERR UG, BEER G R B IN, 155 -WHDCH R SCR
SRR AN o R T A IR RE, 2V RTINS A B0 0 e et 0 VL AR B AR
NI, RS MEARRE N 3dB/em I, GaAs. fEA Si3N4 TR 43 5l 7E R A R 4L «=0.3.x=0.4 I k=0.5
BTG fe KA, W2 Ui, A RIL LW K, GaAs P IMIAEMALIL
P A e R 0 R R B R B AR — 4



135

140

145

150

155

160

mﬂ&iﬁiEﬁ http://www.paper.edu.cn

-10

20t e 1
30 F

40F -

signal-to-idler conversion efficiency (dB)

A0 F
1dB/cm
------- 5dBfcm
60 10dB/cm | ]
— 20dB/cm

_TU 1 1 1 1 1 1 1 1 1
0 01 0.2 03 04 0.5 0.6 0.7 0.8 0.9 1

Kl 5 A FIZ SR FE N5 5 -G AR B & Rk (3R

Fig.5 Variation of signal-idler conversion efficiency with coupling coefficients under different linear loss
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