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MO HiNH VA TOI WU HOA BO GHEP GIAO THOA PA MODE
3 x 3 MMI CHO CAC NG DUNG XU Li TiN HIEU QUANG

LE TRUNG THANH

1. DAT VAN PE

Cac bd vi cong huong Ring MRs (Microring resonators) da va dang duoc nghién ciru rat
rong rdi, va 1a mét trong cac thiét bj quan trong nht trong linh vuc quang tich hop [1, 2]. Cac
thiét bi nhu chuyen mach, diéu ché, va ghép kénh da duoc thiét ké va ché tao sur dung MRs. Cac
thiét bi dwogc thiét ké dua trén MRs da chira rat nhiéu wu diém so véi cac thiét ké khac nhu kich
thude nhé va c6 kha nang lwa chon budc song. Tuy nhién, cho dén nay céc bd vi cong hudng
Ring ch yéu duoc thiét ké dua vao bd ghép dinh hudng hode bd ghép giao thoa da mode 4 céng
(2 x 2 MMI) [3]. Gan day, cac bd vi cong hudng dwa trén 3 x 3 MMI da duge nghién ciu va
thiét ké [4]. Trong diéu kién i trong, mdt bo ghép 3 x 3 MMI cé thé duge mé ta bang mét ma
trdn 9 phfm tir nhu duge dua ra trong [5, 6]. Trong thiét ké va ché tao MRs, dé giam kich thude
mach va dé dat dugc dai pho tw do FSR (Free Spectral Range) 16n, ban kinh cia Ring phax da
nho. Tuy vay, didu nay dong nghia vai viée mft phén cong sudt quang s3 bi tan xa ra ngoai vo
#ng dan song Dong thoi, trong ong dan song Ring, cac mode bic cao ¢o the bi kich thich va
truyén din cung v&i mode co ban [7] néu ban kinh cia Ring qua nhé. Cac yeu tb nay sé& co anh
hudng 18n hoat dong cia MMI va cia toan thiét bj sir dung 3 x 3 MMIL Do dé, viéc mé ta mot
bd ghép 3 x 3 MMI béng ma triin 9 phan tir s& khong con chinh xéc.

Trong bai bao nay, chiing t6i s& phat trién mdt mo hinh ma trdn mai cho viée mé ta dic tinh
clia 3 x 3 MMI ¢6 xét dén anh hudng ciia cac mode béc cao duge kich thich trong mién ghép gy
ra do sy ¢o mit cia dng din séng Ring. Thiét ké t6i wu ciing duge dua ra dé giam nhé nhitng anh
hwdng nay va cho phép nang cao chit luong ciia thiét bj MRs dua trén 3 x 3 MMI. Cac mé
phéng duge thie hign bing phuong phap BPM (Beam Propagation Method).

2. LITHUYET

3.1. Cdu tric cdia MR diing 3 x 3 MMI
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o ddy, L,,, 1achidu dai cta bo ghép MML, a,,b, (i=1+3)1a cac bién do phirc cla tin hiéu &
dau vao va diu ra cha bd ghép, va R 1a ban kinh Ring.

MR la phén tir co ban dé xdy dung cac thiét bi quang tich hgp. Mt cdu trie co ban ciia
MRs dung 3 x 3 MMI duoc chira trén hinh 1.

Trong trudng hop li tudng, cac dng din song quang & ddu vao va ra la cac Ong din song
don mode. Dong thoi, cadc mode bic cao khéng bi kich thich khi tin hiéu di qua 6ng din séng
Ring. B ghép 3 x 3 MMI khi dé duoe dic trung boi mét ma tran truyén dan M sau [5]
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trong do, m, (7, = 1+3) 1a cée hé s ghép tin hiéu tir céc cong dau vio a, dén céc cong ddura b, .

Tuy nhién, do sy cé mit cia 6ng dan song Ring, cac mode bic cao c6 thé bj kich va anh
hudng 1én hoat dong cia MML. Gia sit ¢c6 N mode béc cao duge kich thich trong éng din song
Ring, khi d6 MMI duge mé ta bing mét ma tran (N + 3)” phin tir, (N+3) x (N+3). Trong bai
bao nay, khéng mét tinh téng quat, ngoai mode co ban gia s ring chi ¢6 mdt mode bac cao
duogc kich thich trong éng din song Ring. Bé ghép 3 x 3 MMI s& duge md hinh hoa nhu trén
hinh 2 dudi day.
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Hinh 2. M6 hinh hod 3 x 3 MMI khi mode
béc cao dugc kich thich trong Ring
Mbi quan hé giira cac bién do tin hig¢u phic diu vao @, (i=1+4)vadiura b, la
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trong d6, 7,,x, (i, j = 1 + 4) tuong lng la cdc h¢ sO truyen dén va hé so ghép cua tin hidu dua
vao tai cac céng diu vao i ghép dén cac cong diu ra j. Cac hé s6 T,k duge tinh bang phuong

phép m6 phong s6 nhu phuong phap BPM trong bai bao nay. a, va b, 1a bién d¢ tin higu phirc



ciia mode bdc cao; con a, va b, li bién d6 cia mode co ban trong Ring. Goi
a, =exp(-ay, (27R + L, )}, i = 1,2 1a suy hao truyén din trong vong Ring, véi o, (dB/cm) la
hé sb suy hao quang cho mode co ban va mode bdc cao tuong ng. Ta co mbi quan hé sau cho
tin hi¢u truyen trong Ring
a, = o, exp(j¢ )b, va a, = a, exp(jg, )b, 3)
o day g = B.(2aR+ L,,,) 12 pha tin hi¢u sau khi truyén qua vong Ring va bd di pha véi hing s6
truyén lan S, B, =2m, /4, va Ay 13 chiét sudt hiéu dung cia mode co ban va mode bic cao
duge kich thich trong éng dan séng Ring va dugc tinh bang phuong phiap FDM (Finite
Difference Method) trong bai bdo nay.
Tir (2) va (3), dic tinh truyén din ciia MRs duge tinh toan. Cac ddc tinh truyén dan cua

MRs phu thudc vao déc tinh hoat dgng cua MM, do viy viéc md hinh hoa chinh xac MMI 1a hét
siric quan trong trong cac thiet ké MRs.

3.2, Phuong phiap BPM

PM 14 m{t trong nhiing phuong phap manh, dugc img dung réng rdi va hi¢u qua nhét dé
gidi phuong trinh Maxwell bang s0 cho mé phong déc tinh truyén dan s6ng trong cdc thiét bi-
quang tich hop [8]. Trong phan nay ching 16 mé ta vén tit mdt so ndi dung co ban nhét cia
phucmg phap. Cu thé hon vé phuong phap BPM va céc k¥ thuat tién tién khéc ap dung cho BPM
xin xem thém tai liu tham khao.
¥ (Giasir mdt tin hiéu don tAn @ phy thude thoi gian t, truyén din trong méi truomg chiét suét

" Phuong trinh Maxwell viét cho

n = n(x, y) phin bd déu theo hudng truyén dan, cé dang e
tin hiéu nay la
VxH = jonte,E ~ (4)
VxE= jon’e, H (5)
trong do, Eva H i vecto truong dién va tir, £,1a hing sé dién méi cia méi trudmg truyén song.
Tur (4), va (5), phuomg trinh truyén song la

VxVxE =nk’E. (6)
Hay ¢o thé viét lai (6) dudi dang sau
V(V-E)-V'E =n’k’E : (N
Voi k = @y & p, va
V.E = (E g’i_ E @_) (8)
ox

Thay (8) vao (7), ta rt ra cac phuong trinh dao ham riéng mé ta dic tinh truyén séng ctia
cic thanh phan trudng dién ngang theo (9) va (10) dudi day.
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(9) va (10) cac 1a phuorng trinh m6 ta chinh xac dac tinh truyen song trong mai truong chiét suét

n. Trong thure té, hau hét cdu trac thiét bi thudng bién ddi cham so voi hudng truyén song (nhu

bd ghép 3 x.3 MMI trong bai bao ndy) nén su thay do} nhanh ca trudng 1a do thay d6i pha ctia

truong doc theo hudng truyén. Do d6 vecto song co thé duge viet dudi dang sau

E (x,y,2)=F,(x,y,2)e"™ (1)

& diy nla hing sé duge chon bat ky, thé hién sy thay dbi pha trung binh cua trudng trong méi
truong truyén song, va u ky hiéu thay cho x hoac y.

Y tuong co ban clia BPM 4 gia sir ring truomg bién ddi cham, tirc 12 bé qua thanh phén vi
phan bac hai ctia F, theo hudng truyén va ta c6

< 25](%

oz

0'F,

Z

(12)

Thay (11) vao (9) va (10) v6i gia thiét (12), ta rit ra cac phuong trinh truyén séng BPM
trong méi truong (13) va (14} dudi day. Giai cac phuong trinh (13) va (14) bing sb, dic tinh
truyén ciia truomg trong moi truong chiét suat n dugc tinh toan va mé ta.

3. KET QUA MO PHONG VA THAO LUAN
[ ]

Trong phan nay chiing t6i thiét ké va mo phéng thiét bi trén cdng ngh¢ SOL Phucmg phap
BPM ¢ trén dugc sur dung dé tinh toan cac hé sé ghép va toi wu hoa hoat dong cua MMI. Cac
tham s6 dugc ding trong mé phong nhu sau: D6 rong cua cac ong dan séng cdng & diu vao-ra
clia thiét bi 1a w = 2m . Ban kinh cua Ring duge chon du 6n dé giam suy hao, R =400m .
Chiéu réng cia MMI 1a W, = 24 um . M&i ng din séng & dau vao va dau ra MMI cach nhau
82mm . Chi s6 chiét suét cta Si 1d #, = 3.48, va chi sb chiét sudt cta Si0, 1a n, =1.46.

B.%mg cach kich thich mode co ban tai céng ddu vao 1 ciia MM, truong trong MMI duge
mé phong theo BPM nhu dugc chi ra trén hinh 3.

Céng sudt tin hiéu & cac cdng ra 1, 2, va 3 thay ddi theo chiéu dai cia MMI. Tai chidu dai
Ly = ML =1790.M (um), véi M 1a mot sé nguyén duong bét ky, cdng suét tin hiéu sé
duge chia déu tai 3 cdng dau ra nhu trén hinh 3.

Bang cach tinh tich phén chdng (overlap mtegra[) gilfa truong tai ddu ra MMI va truong
trong ong din cda cac cdng diu ra, ta tinh dugce cong sut ghep tir ¢ong vao 1 cho cac mode co
ban cua cac cong daura 1,2 va 3. Dong thoi, hé s6 ghep cbng suit ciia mode co ban dua vao

cdng 1 1én mode biac cao trong dng din séng Ring tai cong ra 3 cling dugc tinh toan. Hinh 4 dudi
diy mé phong cong sudt tin hidu duge ghép tir mode co ban ciia cong vao 1 1én mode co ban cua

. 3 1a A A 2
=1+3), va l1én mode bic cao tai cong ra 3, |KM| tuong

, 2 N 2
caccongra1,2va3|rll . K7,

ing.
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Wiy = 2pm

Lol -1700m

Hinh 3. Trudng trong MMI khi mode co ban duoc dua vao cong 1.
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Chigu dal MM (12:)

Hinh 4. H¢ 56 ghép cong sudt ciia mode co ban dau vao cdng 1 cho cac mode & cng diu
ra thay ddi theo chiéu dai MMI

Tuong tur khi kich thich mode co ban tai cbng 2, hé sb ghép cong guét cla tin hiéu nay ién
cic mode & cdc cong dau ra 1, 2 va 3 duge md phong trén hinh 5 cho chiéu dai MMI khic nhau.
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Hink 5. H§ s6 ghép cong sudt cia mode co
ban ddu vao cong 2 cho cac mode ¢ cong
ddu ra thay d6i theo chiéu dai MMI

Hé s6 ghép cong suit

500 1000 1500 2000
;  Chigu dal MM (sai)
Trong trucmg hop khong cé ong din séng Ring, trudng tai cong dau vao 3 cia mode co ban
tip trung chu yeu trong 16i 6ng dan song. Hinh 6 mé phong truomg tai cong déu vao 3 va truong
trong mién da mode MMI khi tin hiéu dugc kich thich tir ¢cong 3.

Tuy nhién, khi c6 sir xudt hién cua éng din séng Ring, cudng d6 cia trudng mode sé& di
chuyén v phia bién gidi gilra 16i va vo cuia bng din song. Do d9, cong sudt tin hiéu s& bj tén xa ra
ngodi vé éng dan song. Hién tugng niy khdng nhitng gay suy hao tin hiéu do Ring [7], ma con anh
hu’mg dén hoat dong ciia MMI bai trudng trong MMI phy thude vao vi tri ciia dng dan song diu
vao, tre phu thude vao vi tri kich thich tin hiéu vao nhy duge mé phéng trén hinh 7 dudi day.

W = 24,29
"

Vi tre doc {un)
o
.

Vertical posiion (im)

1 !
a 5 o 13 20 u 5 0 =] o
Horizonlal pogitioa { zm } Vi trl ngang { fun)

Hinh 6. Trudng trong mién MMI khi cdng 3 dugc  Hink 7. Trudng trong mién MMI khi céng 3 dugce
kich thich mode co ban trong truong hop khong co kich thich mode co ban trong truémg hop ¢6 anh
bng dén séng Ring huéng ciia éng dan séng Ring. Tin hiéu bi tén xa ra
ngoai vo bai Ring
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Tin hiéu di qua Ring duoc dua vao cong 3 cia MMI trong céu tric & hinh 1. Céc hé 56
ghép c¢bng suat cia tin hiéu nay 1én cac cong dau ra voi céc gia tri khac nhau cua chiéu dai MMI
duge chira trén hinh 8.
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H . Hinh 8. Heé sb ghép cong sudt cua

aar {1 mode co ban diu vao céng 3 cho céc

£ mode & cdng ddu ra thay dbi theo
chiéu dai MMI

Ha 56 ghép cong sudt

Ll = =V Hinh 9. Trudng trong mién MMI khi céng 3
N - T dugce kich thich mode ba;lc cao trong trudng hop
* c6 anh huéng clia 6ng din séng Ring
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Hinh 10. H 56 ghép cong sut cua
mode bdc cao dugce kich thich trong ong
din séng Ring 1én cac cbng dau ra MM

o

Hé sd ghép cdng suat

Chigu dai MMI (i)



Ngoai anh huong lén chét lugng hoat ddng cua MMI, sy ¢4 mit coa dng din song Ring con
cod the gdy ra sy kich thich cia mode béc cao trong dng dén séng. Mode bic cao ndy s& duge
truyen di trong éng dén séng Ring cung véi mode co ban va cong suft cha né s& duge ghép lén
céc cong dau ra. Hinh 9 tinh toin va mé phong trudng mode cua tin hiéu sau khi di qua Ring.
Céng suat ghép clia mode béc cao nay tai cac cdng ra cia MMI duge md phéng trén hinh 10.

Két qua mé phéng cho thay hé sb ghép cong sudt cia mode bic cao tai c4c cdng dhu ra la
kha 16n. Do vdy, viéc thiét ké cac MRs dua trén 3 x 3 MMI phai xét dén anh hu'o*ng cita sir kich
thich cac mode bac cao khi ban kinh Ring nho. Dya vao yéu ciu thiét ké, ngudi thiét ké khi doé
phai cén nhéc giita viéc giam nho kich thudc Ring dé c6 duoc kich thude mach nho va FSRs
16n, hay ting kich thude Ring dé giam suy hao tin hi¢u khi truyen qua Ring va han ché sy kich
thich mode bac cao trong Ring. Vi yéu cdu hién tai cia hé thong ghep kénh quang theo budc
song DWDM (Dense Wavelength Demultiplexing/Multiplexing) dé bao dam cac khuyén nghi
cia ITU-T, theo tinh todn ctia chiing t6i thi kich thuée Ring nén duge chon nim trong khoang
250+500m dé& dam bao suy hao thdp va khong kich thich mode bic cao trong Ring. Mit
khéc, vi tri cita émg din séng dwa vio MMI cin phai duge 161 wru hoa dé& giam nhé anh huong cua
su léch mode gifra bng din séng diu vao va cac mode dugc kich thich trong mién da mode
MMI. Qua nhiéu mé phong bing phuong phap BPM, d& giam nho anh hudng ca tan xa tin higu
do Rlng va gay ra sy [éch mode tin hiéu giira dng din song diu vao va MMI, v1 tri cua ong din
song d4u vao cong 3 ctia MMI duoc tdi vu hod va duge dich médt doan 0.3 L vé phia cong 2.

4. KET LUAN

Bai bao dd dua ra mdt md hinh méi mé ta dac tinh cta cac bd ghép 3 x 3 MMI duge dung
trong cAu hinh MRs cho cac ting dung trong xir li tin hi¢u quang. M6 hinh dugc kiém ching v&
mé phéng bing phuong phap BPM. Thiét bj dugc thiét ké trén cong nghé SOL Ngoai ra, chiing
16i ciling dua ra phuorng phap t6i wu hoa thiét k& MMI nhim han ché cac anh hudng cua céc
mode béc cao va giam nho anh huong cua su [ch mode giira éng din song quang dau vao va
mién da mode MMI. Két qua nay cho phép cac nha thiét ké tmh toan va thiét ké céc thiét bj dya
trén MRs va MMI dé dat duoc yéu ciu chit lugng mong muédn.
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SUMMARY

MODELING AND OPTIMIZATION OF 3 x 3 MULTIMODE INTERFERENCE COUPLERS
FOR PHOTONIC SIGNAL PROCESSING APPLICATIONS

¢ In this paper, we would like to propose and develope a model for descirbing and
characterizing a 3 x 3 multimode interference (MMI) coupler. A novel description matrix of the
MMI coupler, which takes into account the effect of higher order modes in the structure, is
developed. A design approach that is based on this matrix description is proposed. The positions
of the access waveguides entering the MMI were optimized. The design and simulations were
carried out using Silicon on Insulator (SOI) technology.

Keywords Beam propagation method, Integrated optics, multimode interference (MMI)
couplers, ring resonator. ‘
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