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CHUYEN MACH QUANG LUA CHON BU'O'C SONG SU’ DUNG
BO VI-CONG HUONG RING VA THIET Bl GIAO THOA PA
MODE 3 x 3 MMI

LE TRUNG THANH
1. PAT VAN PE

Trong nhiing nam gan ddy, cac thiét bi vi céng hudng Ring (microring resonators-MRs)
dugc Gng dung rat rong rai va da dugc diing lam co sé cho thiét ké hau hét cac thiét bi quang voi
chit lugng cao trong hé théng thong tin quang va quang tich hop nhu dung lam céc bd loc
quang, cac bd dinh tuyén va chuyen mach quang, bd didu ché quang, va cac bd ghép kénh-tach
kénh quang [1. 2]. Trong [3], chuyen mach lya chon bude song st dung MR ding b6 ghép dinh
hudng da duge thiét ké va ché tao trén céng nghé SOI (Silicon on Insulator). Tuy vay, hau hét
cac MR duge ché tao cho dén nay déu diing cac bd ghep dinh hudng (Directional coupler) [4].
Gan diy, cac chuyén mach lya chon bude song vol cong sudt chuyén mach cue thap va ti so
phén bigt cao (extinction ratio} da duoc thiét ké [5, 6] dung MRs dua trén cic bd ghép giao thoa
da mode 2 x 2 MMI. Diéu nay cho phép sir dung cc uu diém tuyét viri cia MMI so véi bo ghép
dinh hudng nhu sai s6 ché tao cho phép cao, dé dang tich hop véi cac thiét bi khac trong mach
&uang, kich thudce cue nho va suy hao thép [7, 8],

Trong bai bao nay, ching tdi s& phan tich va thiét ké mdt chu trac chuyén mach quang mai
lya chon budc song si dung MR va bd ghép 3 x 3 MMI. Dé co thé d& dang tuong thich véi cac
thiét bi dién wr hién ¢o, dé dang tich hgp vai he théng thong tin quang va tan dung duoc cdng
nghé ché tao vi mach, thiét bj dugce thiét ké va mé phéng trén céng nghé SOL. Su dung hiéu (ng

nhi¢t quang trén silicon ¢o hé s& nhiét quang cao, cac chuyén mach quang lua chon budc song
vai ¢dng suat chuyén mach thap ¢6 the dat duoc tir cdu tric nay.

2. PHAN TICH VA THIET KE

Céu tric ctia mot b chuyén mach lua chon budc song ding MR va bd ghép 3 x 3 MMI,
cling véi cau tric ctia bd di pha duge mé ta & hinh 1(a) va (b) tuong tmg dudi day.

O hinh 1, L,,,, 1 chiéu dai cia bd ghép MMI, a,,b, (i =1+3) la cac bién d¢ phic cta
tin hi¢u & dau vao va dau ra cia bb ghép, va R 1a ban kinh Ring. H la chiéu cao rib, r = h/ H
Ja hé sb budc (step factor), a,la chi s6 chiét sudt cia Si, 7, =3.48, va n, la chi sb chiét suat
cua Si0),, n, =1.46.

Gia st cac ng din song quang & diu vao va ra la cac dng dan song don mode, bé ghép 3x3
MMI dugc dic trung boi ma trdn truyén dan M sau [9].
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trong do, cac h¢ s m, (i, j =1+3) thé hién luong tin hiéu dugce ghép tir cac tin higu & cac cong

dau vao a, 151 cac cong daura b, .
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Hinh I. (a) Cau tritc cia chuyén mach ding MR va 3 x 3 MMI, va (b} cdu triic cta bo dich pha

Dya vao nguyén If giao thoa tong quat (general interference) [7], dé c6 dugc cong suét bing
nhau tai tat ci cac cong diu ra cia 3 x 3 MMI thi mbi cong déu vao va diu ra cach nhau tucmg
ing mot doan D =W, /3, va chiéu dai t5i thiéu cda MMI phai duge chon [a

Loy =L, @

At
T AnW?:
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length) ciia hai mode bac thip nhat cia MML. S, 13 hing sd truyén lan va duoc tinh tir phuong

trong d6, W,,,,, la chiéu rong cia 3 x 3 MMI va L = la chiéu dai phach (beat

trinh tan sic trong éng din sdng da mode [10, 11]
B kn, —— | (3)

v6i #, 1a chi s chiét sudt mién 161 dan séng cia MM, k =27/, 4 1a budc séng quang. W,

1a do rong hi€u dung cta mode v, véi v = 0+ N -1 vaN la sé mode duge truyén trong mién
MMI.

Dua vao cac tinh toan trén, ma tedn truyén din dic trung cho 3 x 3 MMI tinh duoc 13
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Voi @=-08,L,, + EZ 1a pha tin hi¢u khi truyén qua MMIL. Tir d6, mdi quan hé gitra bién

dd tin hidu phirc tai cac cong ra va vao cia MMI duoc tinh theo

b, my my Wy a
by |=\my m, my|a,|=Ma, (5)
b, My, My My £ & a

va a; = aexp(iPb, (6)

trong do, a =exp(-a,(27R+ L,,,)) la suy hao truyén din trong vong Ring, ¢, (dB/em) la hé s6
suy hao quang; ¢ = B(2R+ L,,,, )+ A¢ 13 pha tin hidu sau khi truyén qua vong Ring va bé di pha
véi hang s6 truyén lan 8, = 2mn I A, By la chiét suét hiéu dung clia mode co ban trong éng
din séng quang. Khi dién ap V hay céng suét P dit vao bo di pha sé& tao ra mét luong di pha Ag
theo hi€u irng nhiét quang duoc tinh nhu sau [5]

‘ Ap=mr— 7
. ¢=r (N

& day V_ (hay cong suat P ) 1a dién 4p (hay cong suat) cdn dit vao bo di pha dé tao ra mot d6
di pha 7. P duge tinh theo cong thirc

L, |on
L, lar
trong d6 On/OT 1a hé sb nhiét quang cia Silicon, on/oT = +1.86.107* K™ t"c,li budc song A=
1550 nm, Wy, Ly tuong (ng 14 chiéu rfng va chiéu dai cua cye nhigét d§ (heater). t 1a chiéu cao
cua lop dém oxit Si0,. L, la chiéu dai cta phz‘?m nhiét trai ra ngoai cuc nhiét va dugc tinh gén

W
P, =Aky, (E}H‘ +—y/ (8)

ding theo

k. ’
L, =~ht |5 (9)
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voi k,, va ky, tuongingladd dan nhiét ciia Siva SiO,.

Tén s6 cét va thoi gian dap Umg duge tinh tryc tiép tir cong suit chuyén mach la

P
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¢ ddy, pg,,. va Cy, la mat do nhiét va nhiét dung riéng cba Si0,, py, = 2,203g/cm’, va
Cyo, = 0,703J/g.K : A, la dién tich phin dugc dét nong, dugc tinh theo
Ay =Q2L, +W, )(H+t.wuz)- - (1)

Tur cac phuong trinh (5)-(12), ta tinh dugce tin hiéu phic tai cac céng dau ra | va 2 tuong
ang la

id ]
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Déng thoi, cong suat quang tai cac cdng dau ra 1 va 2 twong tng duge tinh nhu sau
L=l vat, = (15)

Bing cach lhay ddi dién ap dat vao bd di pha, tan sé cong hudng quang cia bd vi chng
huong s& duge thay ddi twong img. Diéu nay c6 nghia la, ta co thé thay déi budc song chuyén
mach bang cach thay déi dién ap didu khién V va m6t bé chuyén mach lua chon budc séng co
thé dat duoc tir thude tinh nay.

3. KET QUA MO PHONG VA THAO LUAN

Trong phan nay ching téi thiét ké va mo phong thiét bi trén cong ngh¢ SOL Phuong phé#p
BPM (Beam Propagation Method) [12] dugc su dung dé téi uu hoa hoat dong cia MMI Cac
tham s6 dugc dung trong mé phong nhur sau: Cée cdng ddu Va0 va ra cua thiét bi duge ndi voi
soi quang don mode, déng thi viéc chon cac tham sé cua ong din séng quang nham dam béo
diéu kién don mode 1a cue ki quan trong dé dat duoc mét ti sb phan blet cao hon cua chuyén
mach. Qua nhiéu mo phong cau triic ong dan song voi cac tham so cdu trac khac nhau, cac tham
s6 dat duge dé thoa man yéu ciu nay 1a hé s6 » = 0,6, va d6 rong cia cac dng din séng cong diu
vao - ra cua thiét bi 14 w=2um. Ban kinh coa Ring dugc chon du lén dé giam suy hao,

R = 400 wm. Cac mé phong duge thue hién véi hé sé suy hao quang o, = 1 dB/cm. Chiéu rdng
cia MMI, Wiy = 24 um, va khi do chiéu dai cia MMI tinh duge 18 Ly = Ly = 1722 um theo
cong thire li thuyét (2) tal budc song quang 1550 nm. Thyc hién mé phong sé bang phuong phéap
BPM cho tin hicu truyen trong MMI, chiéu dai cia MMI duoc tdi ru la Ly = L= 1790 um
nhu dugc chi ra trén hinh 2.

Hinh 2(a), (b) va (¢) md phong cuong db contour cua mode ¢o ban trong dng din séng tai
cong dau vao 2 clia MMI, trudng trong mién da mode MMI va tmong tai ba cong daural,2va
3 twong tng cua MML Viée chon céc tham s6 kich thude cua 6ng dan song dé dam bao diéu
kién don mode cd anh hudng lén dén hoat déng ctia MMI va cua chuyén mach. Khi diéu kién
don mode duge dam bao, chat lugng chuyén mach dugc ning cao va dam bao dugce hoat déng
ciia MMI theo thiét ké. Chi sé chiét suat hiéu dung coa mode co ban trong éng dan song Ring
duoc tinh theo phuong phap FDM (Finite Difference Method) 1a n,, =3.4557 . Tai khoing

cach Lyng = L= 1790 pum , tin hiéu tr Cong dau vao 2 duge chia déura 3 Cong dau ra nhu trén hinh 2.
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Hinh 2. (a) Contour ciia mode trong éng dan séng & céc cong dau vao 2 cua MMI,
(b} truong trong MMI, va (c) contour mode tai cac cong diu ra cia MMI

Howa ol s o b

Hinh 3. (a) Contour ciia mode trong 6ng dan séng ¢ cdng diu vao 1 ciia MMI va trudng trong MMI
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Tong ty, tai chiéu déi‘cﬁa MMI dugc chon nhar trén, Khi kich thich tin hidu vao dau vao |
va 3, tin hiéu s& dugc chia déu tai cac cong dau ra trong (rng nhu dugce chi ra trén hinh 3, va 4.
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Hinh 4. (a) Contour ctia mode trong éng din song & cng déu vao 3 clia MMI va trudng trong MMI
.
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Hinh . (a) cong suét ra (chudn hod) tai cong 1 va (b) tai cong 2 cia MMI phu thudc vao cong sudt dién
dat vao heater tai budc song A = 1.55um , trong trudng hop tin hiéu dugc dua vao & cong 1

Hinh 5 va 6 md phong céng sudt tin hiéu ra (chudn hoa) tai cac cong 1 va 2 trong truong
hop tin hi¢u vac dugc kich thich tai chng 1 va 2 tuong Gng. Cong suat P tinh dugc tir (8) la
46 mW. Két qua mo phong cho thdy, thiét bi hoat dong nhu mot bo chuyén mach vai ti sé dong

mo (on~ off ratio) xap xi 18 dB khi tin higu duoc dua vao cong | vara & cong | voi cong sudt
chuyén mach 7 mW, va khi tin hiéu vao & cdng 1 va ra & cbng 2 voi cong sudt chuyén mach
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83 mW, tuong tng. Pay 1a dién ap nho nhét c6 thé dat duoc cho dén thoi diém nay, theo nhur
hiéu biét cua chung tdi. Nhu vy, phy thude vao dién ap diéu khién ¥ (hay cOng suat P) dat vao
bé di pha ta co the digu khién duge tin hiéu ra & cbng 1 va 2 theo mong mudn vdi cong suat diéu
khién thap va ti sé dong mo cao. Ddng thai thoi gian dap tng cia chuyén mach la kha nhanh
=334 us.
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Hinh 6. (a) cong sudt ra (chudn hod) tai cdng 1 va (b) tai cong 2 ciia MMI phu thude vao cdng suét dién
dit vao heater tai buéc séng A = 1,55 pm, trong trudmg hop tin hiéu duge dua vao ¢ céng 2

Bing cach thay ddi dién ap diéu khién ¥, tin sé cong hudng cia mach vi cong hudng duoc
diéu khién tuong tmg. Qua tinh toan thdy ring chi can dai dién ap tir 0+92mW ta c6 thé didu
khién budc song céng hudng di hét dai tin tw do FSR (Free Spectral Range) cia thiét bi. Nhu
dugc md phong trén hinh 7 va hinh 8, cong sudt chuin héa cua tin hiéu tai cac cong ddura 1 va 2
phu thudc vao bude séng quang tai cac gia tri cong sudt dién diéu khién khac nhau 13 0 mW,
23 mW va 46 mW, Két qua mé phong cho thiy, khong nhiing thiét bi thuc hién chic ning
chuyén mach ma démg thoi con thue hién chic ning nhu mét bo loc ¢6 thé bién dbi duoc
(nf'nable) véi cong sudt diéu khién thap.

o
i <
@ \ \ o~
‘:‘. \‘ :’ \ :r g-
= I i 2
; ] i o
o " " i
i i H p
T ¥ =
- [ >
- H &
o H o
3 [ = -
- ! i 2 a7 K u
b © P=0mW Fz 23mW P= 46mwW
[a] ) n L e
- TEED [EEH B [T 15508, 1651
[ EaE e (YR
() Bude sang {nm)

(ak Budc song (nm)

Hinh 7. (a) cong sudt chudn hoa tai géng ra | va (b) tai cong ra 2 khi tin hidu vao cong I,
tai cac dién ap diéu khién 0 mW, 23 mW va 46 mW, tuong ung
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Hinh 8. (a) céng sudt chudn hoa tai cong ra | va (b) tai cong ra 2 khi tin hiéu vao cong 2, tai cac dién ap
diéu khién 0 mW, 23 mW va 46 mW, tuong ing
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bé théy rd wu djém cuia thiét bi duoc thidt ké trong bai bao nay, chiing t6i thuc hién so sanh
no vai ¢du tric chuyén mach truyén thong st dung cdu hinh Mach-Zehnder nhu hinh 9 dudi day

B4 di pha, +V bl

4y 2,
a, s/E'e_ﬁ;fm'ep 3d8 TN i

Hinh 9. Chu tric chuyén mach thuc hién béng MZI (Mach Zehnder Interferometor)

Bién d¢ phac du ra b,,b, trén hinh 9 quan hé véi bién d6 phirc dau vao «, va a, theo [5]

b . A .
BT
, b, 2 o1 0 1A 1Aa,

Tir do, cong suat tai cdng ra | va 2 ciia chuyén mach MZI khi tin hi¢u duge dua vao cong | la

. .o A
P =" sm“(é’ﬁ ,

va P, =e " cos (A2¢) an

trong d6 Ag duge tinh theo (7), L 1a chiéu dai canh MZL1.

Hinh 10 so sanh hoat dong cta chuyén mach dya trén MZ1 vé&i cdu trac coa duoe dua ra.
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Hinh 10. So sanh.c4u tric chuyén mach dua trén MZI va clu trac duge dua ra trong bai bao

R& rang la cong suat chuyén mach da dugc giam dang ké so vdi chuyén mach truyen thong
su dung MZL Cong sudt giam xép xi gan J0mW. Tuy nhién mdt trong uu diém ndi bat cia
chuyén mach ma ching téi dua ra trong bai béo nay 1a né ¢6 thé thue hién chirc niang lua chon
bude séng dua vao viée didu khlen bude song cdng huong cia mach vi cong huong thong qua
dién ap diéu khién. Do viy, céu tric duge dua ra co thé duge (ng dung rong rii trong hé théng
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thong tin quang tdc dé cao trong tuong lai nhy ding lam bo loc bién déi, bo chuyén mach, va
diing lam b diéu ché quang té¢ dé cao.

4. KET LUAN

Bai bao da dua ra mjt cau tric vi cong hudng quang thuc hign chire nang chuyén mach fya

chon budce song bién ddi duge sir dung bd ghép 3 x 3 MMI. Thiét bi da dugc thiét ké rén cong
nghé SOI va mé phong bing phuong phap BPM véi dé chinh xac cao. Dya trén cac wu diém cla
SOl thlet bi ¢ thé thuc hién chic nang chuyen mach lua chon budc séng voi tde d6 cao va
cong suit thap, Dong thoi, bang céch thay déi dién ap didu khién dat vao b di pha, thiét bi ciing
thuc hién chire nang nhu mét bé loc bién ddi. Bic tinh nay hira hen kha nang {mg dung rong rai
clia cAu tric duoe dua ra trong cac mang théng tin quang toc dd cao trong tuong lai.
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SUMMMARY

WAVELENGTH SELECTIVE OPTICAL SWITCHES USING 3 x 3 MULTIMODE
INTERFERENCE COUPLERS BASED MICRORING RESONATORS

A wavelength selective optical switch is developed based on a microring resonator using

3 x 3 multimode interference (MMI) couplers in this paper. The device was designed using a
silicon-on-insulator (SOI) single-mode rib waveguide. The switching function can be achieved
by using the thermo-optic effect making use of the large thermo-optic coefficient of silicon. A
very high performance of the switch with a low switching power and fast response can be
obtained by using this structure. ¥

Keywords: Integrated optics, optical switch, multimode interference (MMI} couplers, ring

resonator.
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