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TOM TAT

Chung toi dé xudt mot thiét bi c6 kha nang két hop dong thoi hai ky thuat ghép
kénh theo buéc song (WDM) va ghép kénh theo mode (MDM) dua trén nén vat
liéu SOI (Silicon on Insulator). Thiét ké gom hai bo giao thoa da mode MMI cai tién
ghép ndi voi mot bd ghép ndi dinh hudng hinh chit Y d€ tao nén mét bd ghép kénh
hai budc séng (1310 nm va 1490 nm) va hai mode (TEO va TE1). Thong qua phuong
phap truyén chum tia ba chiéu 3D-BPM va phuong phéap chi s6 hiéu dung EIM,
thiét bi dé xudt da chitng minh dwoc kha nang hoat dong trong d6 rong bang lén
dén 40 nm v6i hiéu suat chuyén d6i quang ludn dat gan 60%. Tai budc song trung
tam 1310 nm va 1490 nm, hiéu sudt chuyén d6i quang ludén dat trén 96% va nhiéu
anh huong gitta cac kénh luén nhé hon 1% 6 tat ca cac trueong hop duoc khao sat.
Cau truc thiét ké€ nay mo ra mot hudng nghién cttu méi két hop gitta ky thuat
WDM va MDM d¢€ tang dung luong kénh truyén cho hé thdng thong tin quang

trén chip.

Tw khoa: SOI, WDM, MDM, PIC.

1. MO PAU

Trong cac hé thong mang truy nhap quang, bd ghép kénh str dung hai budc
song 0 hai ctra s6 1310 nm va 1490 nm dong mot vai tro quan trong trong viéc ghép
kénh cac tin hiéu ¢ cac dau vao khac nhau. C6 nhiéu loai by ghép kénh budc séng sw
dung cac ciu trac hinh hoc khac nhau da duoc dé xudt nhu bo ghép dinh hudng [1],
cach ti Bragg [2], MMI [3], b0 cong huong [4-5] va cau trac kep tdc [6]. Tuy nhién, ky
thuat ghép kénh phan chia theo budc song (WDM) dwoc ap dung trong cac bo ghép
kénh thong thuong c6 moét gidi han nhét dinh vé tai nguyén budc song. Vi vay, mot
khia canh khac dang thu hut cac nha khoa hoc tap trung nghién cttu la phuong thic
ghép kénh phan chia theo mode (MDM). Ky thuat nay duoc xem la mét hudng phat
trién day hita hen dé tang dang ké dung luong ctia mang vién thong quang. Ngoai ra,
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su két hop ctia ca hai ky thuat WDM va MDM trong cung mét mach quang ti (PIC)
dang duoc nhiéu nhém nghién ctru dac biét quan tam. Trong khi k§ thuat WDM ghép
mot s6 tin hiéu séng mang quang vao mdt 6ng dan séng duy nhat bang cach st dung
cac budc song khac nhau [7-9], k§ thuat MDM cho phép ghép cac mode triec giao trong
cling modt budc séng ma khong bi anh hudong nhiéu gifta cac kénh [10-14]. Trong cac
nghién ctru truede day [15-17], nhiéu nghién ctu tap trung vao viéc két hop hai ky thuat
MDM va WDM trong cung mot ctra s6 budc song, va chu yéu tap trung vao dai bang
tan C. Ngoai ra, mot s6 cong trinh da cai tién thanh cong viéc tich hop hai ky thuat
MDM va WDM trén mot chip don 6 cac ctra s6 bude song khac nhau. Mot dé xuat ban
dau c6 thé ké dén la cong trinh trong bai bao [18]. Thiét ké cua thiét bi dua trén bd
ghép hudng va bo ghép giao thoa da mode (MMI) dé€ ghép hai mode TEQ v6i hai budc
song 1310nm / 1550nm. Tuy nhién, hiéu suat chuyén do6i quang twong tng voi bon div
liéu dau vao cua phan ghép kénh theo budc séng va theo mode la kha thap. Suy hao
chen ctia bon kénh 6 hai budc séng trung tam 1310nm va 1550nm lan luot 1a 1,2 dB
(76%), 1,4 dB (72%), 1,9 dB (65%) va 2,1 dB (61%). Mot nghién cttu khac dya trén cong
nghé tinh thé quang t c6 thé ghép hai mode TMO0 / TM1 va hai budc song 1550 nm /
1300 nm [19]. Thiét bi duoc thiét ké ti tinh thé quang t& 2D dua trén nén vat liéu SOI
véi cau tric nho gon 29 um x 12 um. Két qua moé phong cho thay suy hao chen trong
bdn kénh luén nhé hon -1,1 dB (77%) tai cac budc song trung tam.

Trong bao cao nay, chung to6i dé xuat bo ghép kénh két hop dong thoi hai bude
séng va hai mode trén cing mot chip don quang tit. C&u tric nay nham hd trg nhiéu
nguoi dung hon & phia thiét bj dau cudi trong khi van duy tri co so ha tang mang truy
cap (Hinh 1 (a)). Thiét k&€ duoc dé xudt bao gom hai bd ghép giao thoa da mode hinh
canh buém va moét bo ndi chit Y khong d6i xting xé&p tang dua trén 6ng dan séng kénh
silicon. Cu thé, thiét bi ghép kénh két hop nay hd tro bon tin hiéu dir liéu diéu ché trén
cac mode TEQ. C4c tin hiéu nay duoc danh s6 tir D1 dén D4 tuong tng voi bon dau
vao cta hai bd ghép kénh WDM hai budc song. Hai dau ra ctia hai bo ghép kénh WDM
duoc két néi véi hai dau vao bd ghép kénh MDM hd tro hai mode TEO va TE1. Do d6,
chting t6i chi can st dung hai bd ghép kénh WDM hd tro hai budc séng ghép ndi véi
mot bo ghép kénh MDM ho tro hai mode thi thiét bi co thé ghép bon tin hiéu don 1é
trén cung mot kénh truyén. Thong qua phuong phap lan truyén chum tia ba chiéu 3D-
BPM va phuong phap chi s6 hiéu dung EIM, thiét bi duoc dé xuat co thé hoat dong
trong dai bang tan C, hiéu suat chuyén d6i quang ludn dat trén 96% va nhiéu anh
hwong lén kénh mong mudn luén nhéd hon 1% tai budc séng trung tam 1310 nm va
1490 nm.

90



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 23, S5 1 (2023)

OUTPUT
TEos (A1, 12)
a) b) TtEQ1,22)

Port2

Al
A2

Al A2 Al A2
D1 D2 D3 D4
TEo TEo TEo TEo

Hinh 1. C4u trtic b ghép kénh két hop hai ky thuat WDM va MDM trén cling mot chip don:
(a) Cau truc 3D, (b) Cau trac 2D.

2. CAU TRUC BO GHEP KENH KET HQOP HAI MODE VA HAI BUOC SONG
2.1. C4u trtc chung

Hinh 1 (b) chi ra cdu trtic va cac tham s6 cta thiét bi ghép kénh két hop gitra hai
ky thuat WDM va MDM trén mét chip don. Moi bo ghép kénh WDM hb tro hai budc
song 1310 nm (A1), 1490 nm (A2), vi vay trong treong hop nay hai bd ghép kénh hoan
toan giong nhau duoc sit dung dé€ ghép dong thoi bon kénh tin hiéu mode TEO (tit D1
dén D4). Trong d9, cac tin hiéu D1, D3 dwgc diéu ché trén budce séng Al, hai tin hiéu
D2, D4 duoc diéu ché trén bude song A2. Su két hop ctia bén tin hiéu nay sé tao thanh
hai cdp tin hiéu ¢ cac dau ra voi tat ca déu la mode TEO. Hai cép tin hiéu TEO nay duoc
dan vao bon cong dau vao ctia bo ghép kénh MDM, tai d6 cac tin hiéu dau ra ciia mode
TEO lan lwot duwoc ghép kénh va chuyén d6i thanh cdc mode TEO va TE1. Toan b thiét
bi duoc ché tao dya trén dng dan séng dang kénh c6 chiéu cao dng dan séng H = 0,22
um. Vat liéu ctia 16p 16i dwoc lam bang Si trong khi 16p pha dudi va trén déu 1a SiOs.
Chiét sudt cua cac 16p Si va SiO2 dwgc chon Tan lugt la nr = 3,45, va nc = 1,46.

2.2. B§ ghép kénh hai buéc séng 1310 nm va 1490 nm (2A - WDM)

Bo ghép kénh 2A - WDM la bo ghép giao thoa hinh cdnh buém c6 kha nang hd
tro ghép kénh hai tin hiéu ¢ hai budc séng 1310 nm va 1490 nm (Hinh 2 (a)). B ghép
kénh budc song nay dugc thiét ké dua trén cau trac giao thoa da mode (MMI) nhung
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hinh dang duoc diéu chinh d€ giam phan xa ¢ cudi cau trac giao thoa da mode, dong
thoi cai thién kha nang thu nhan anh sang va tang chat lwong hinh anh giao thoa ¢ dau
ra. C4u truc nay phu thudc vao d¢ dai nhip Lx (A) va tinh chat tw sao anh duoc tai tao
dinh ky doc theo hudng lan truyén trong viing MMI. O day, d6 dai nhip L= (A) duoc
xac dinh boi cong thirc (1):
4n W, Wegr
L )T 32 O

trong d6 Wes la chiéu rong hiéu dung nita chiéu dai phach, Wela chiéu rong
hiéu dung ctia by giao thoa da mode hinh cdnh budm (tinh cho mode TE) va duwoc xac
dinh theo cong thttc (2):

A
W, = Wy + - (nZ —n2)7%2 )

V6i Wwmwila d¢ dai vat ly tai canh 16n nhat cia b giao thoa hinh canh budm, n:
va ne lan luot la chiét suat hiéu dung cta 16p 16i va 16p vo ctia thiét bi. DO dai Lvw ctia
bd giao thoa da mode hinh canh budém thoa man diéu kién (3):

1 1
Ly = E(3an¢'131nnmj) =3 (3 an'lawnnmj.) 3)

Trong d6 m, n 1a cac s8 nguyén duong. Néu m, n cing ch&n hodc ciing 1é, cac
budc séng 1310 nm va 1490 nm sé duoc ghép vao cing mot cong ¢ dau ra. Treong hop
m chén, n 1é hodc ngwoc lai thi hai budc séng 1310 nm va 1490 nm trong cling mot dng
dan séng sé duoc tach biét thanh hai tin hiéu trén hai 6ng dan séng khac nhau, truong
hop nay xay ra doi voi thiét bi la b giai ghép kénh.

D0 rong tai vi tri nira chiéu dai cua bd ghép da mode MMI hinh canh buém
dwoc xac dinh boi gia tri caa £ Wwmw, véi f la hé s6 nhan dwong va nho hon 1 (0 <f <1).
Dua trén viéc mo6 phong s dé t6i wu hoa cac thong s6 cdu tric va ddc tinh caa thiét bi,
tham s6 f dugc chon = 0,8 va d6 rong Wwmm = 2,4 um va Lvwr = 331 um. Hon ntra, d€
nang cao hiéu suat truyén ctia cic mode, cdc 6ng dan séng hinh thang can dwoc st
dung d¢€ lién két gitta cdc ng dan séng dau vao / dau ra véi vling giao thoa da mode
MMI. Trong thiét k€ nay, chiéu rong va chiéu dai ctia hinh thang can lan lwgt duoc
chon la Wep1 = 1,2 um va Lt = 20 pum. Ngoai ra, bd ghép kénh 2A - WDM nay duoc thiét
ké d€ hoat dong & mode phan cuc TE, vi vay do rong cuia ong dan song don mode (ong
dan song truy cap) duoc chon w = 0,3 um dé thoa man chi hd tro mode co ban TEO cho
ca hai 8ng dan séng vao va ra cia MML

92



TAP CHI KHOA HOC VA CONG NGHE, Truong Pai hoc Khoa hoc, DH Hué
Tap 23, S5 1 (2023)

b
a) } = imimy e D400
10
wl e |
3001 5 :
- . 5 -
> ]
200 . |
LMM]/Z 1
100—: — ]
0 —l|”|||||||||||'||||I|||||||||l_d|||||||||||||”'||||I|l|||||||| -1.0
' r 3240123321012 3
1310nm  1490nm X (um) X (um)

Hinh 2. B6 ghép kénh hai budc song 2A - WDM: (a) C4u trtc 2D va ky hiéu kich thudc ctia thiét
bi, (b) Hinh anh phan b treong dién bén trong bo ghép kénh hai bude song.

Hinh 2(b) cho thdy sy phan bd trueong dién bén trong bd ghép kénh hai budc
song 1310 nm va 1490 nm. Thong qua cac phan bd truong dién bi bitc xa ra bén ngoai
dng dan séng, ching ta c6 thé nhan thay mot cach khéi quat rang tin hiéu ¢ ca hai buédce
song ghép vao c6 phan suy hao chu yéu ¢ phan cudi cua b giao thoa da mode MML

2.3. Bo ghép kénh hai mode TEO va TE1 2M-MDM)

B0 ghép kénh hai mode 2M-MDM duwogc tao thanh tir cdu trac hinh chir Y khong
d6i xting duoc chi ra trong Hinh 3 (a). C&u trac chit Y gom mot 6ng dan séng vira va
mot dng dan séng hep hon duoc ghép ndi phan cudi véi nhau bang mot dng dan song
rong khac. Ong din séng rong nay c6 chiéu rong bing tng chiéu réng ctia hai 6ng dan
séng d6 cong lai. Hai 6ng dan séng hep don mode dwoc dit trén cac cong IN1 va IN2
véi chiéu rong bang dd rong dau ra cta bd ghép kénh 2A - WDM. Chiéu rong, chiéu
dai va khoang cach dit gitta hai ng dan séng ctia chitr Y dwoc xac dinh bang phuong
phap md phong truyén chum BPM d€ tim gia tri thich hgp cho viéc ghép néi hinh
thanh cdc mode TEO va TEL.
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Hinh 3. B6 ghép kénh hai mode 2M-MDM: (a) Cau trtc 2D va ky hiéu kich thudc cua thiét bi,
(b) Hinh anh phéan bg truong dién bén trong bd ghép kénh hai mode.

Cu thé, dng dan soéng hep & cong IN2 c6 chiéu rong Wo = 0,25 um duwoc dua vao
ong dan séng Wi 6 cdng vao s6 1. Tir két qua md phong trong Hinh 4, chung tdi nhan
thdy rang khi chiéu rong ctia Wi tir 0,3 um dén 0,65 um va chiéu dai ctia L1 16n hon 70
um, hai mode TEO ¢ hai cong dau vao riéng biét sé ghép thanh cung mot dau ra ctia
tang thit nhat, trong d6 mode TEQ ¢ cong s0 2 sé chuyén d6i thanh mode TE1 va mode
TEO tai cong 1 sé giit nguyén khong ddi bac mode. Trong treong hop nay 6ng dan séng
véi chiéu rong Wi = 0,4 pm va chiéu dai L1 = 80 um duwoc chon d€ thu duwgc cong suét
dau ra t6t nhat va phu hop véi mode duoc ghép 6 tang ti€p theo.
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Hinh 4. Khao sat chiéu dai va chiéu rong ctia 6ng dan séng chinh phu thudc vao cong suat dau
ra cta bo ghép kénh mode MDM.
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Ngoai ra, dé€ tang hiéu sudt ghép ndi va duy tri thit tu chuyén d6i mode chinh
xac tai cac vi tri dau ra gitta cac tang, ching toi st dung mot taper c6 chiéu dai Lip2 = 30
um va chiéu rong Wi2-0,65 um, d rong nay dung bang d6 rong ctia 6ng dan séng ctia
tang tiép theo.

3. MO PHONG VA PANH GIA

Bang phuong phap truyén chum (3M-BPM) két hop véi phuong phép chiét
suat hiéu dung (EIM), tin hiéu quang mode TEQ duoc phat vao ¢ ca hai cong dau vao
cua thiét bi. Hinh 5 (a) va Hinh 5 (b) cho thdy két qua m6 phong khi phat tin hiéu mode
TEO ¢ cac bude song lan luot la 1310nm, 1490nm va thu dwoc tin hiéu mode TEO ¢ dau
ra. Tuwong tu, cac Hinh 5 (c) va Hinh 5 (d) phat tin hiéu TEO ¢ cong vao 2 va thu dugc
tin hiéu TE1 & ngo ra. Dya trén hinh anh phan bd treong cta tin hiéu bén trong cac
dng dan séng, chting ta c6 thé thdy rang cac duong dan anh séng duwoc dan qua thiét bi
cling tuan theo chinh xac nguyén tac hoat dong dwoc trinh bay trong phan ly thuyét o
trén. Nhiing két qua nay cho thdy viéc két hop gita WDM va MDM trong cung mot
chip duy nhat la kha thi. Ngoai ra, hinh anh mé phong phéan bd dién treong cting cho
thdy chat luong truyén dan quang gitra dau vao va dau ra cuaa thiét bi thay d6i nhuw thé
nao. R rang nhat la sy mat mat ndng luong bén ngoai (mau xanh dwong) & cudi bd
ghép kénh WDM xuat hién nhiéu hon 6 bo ghép kénh MDM. Diéu nay ciing gitp dy
doén rang sy suy giam xay ra & bd ghép kénh budc séng WDM cao hon bd ghép kénh
mode MDM.
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Hinh 5. Hinh anh phan bg truong dién ¢ dau ra cta bd ghép kénh két hop WDM-MDM tuong
tng voi voi cac mode (a) 1310 nm - TEQ, (b) 1490 nm — TEQ, (a) 1310 nm — TE1, (b) 1490 nm —
TE1.

95



Thiét ké'bg ghép kénh két hop hai bwdc séng va hai mode trén cung mot chip quang ti silicon

D€ danh gia mét cach chinh xac va rd rang hiéu sudt chuyén d6i quang ctia bd
ghép kénh két hop duoc dé xuat nay, ching t6i do cong suat tin hiéu quang ¢ ngd vao
va cdng suat ¢ ngod ra twong tng voi cdc mode nhan duoc. Tk d6, ching t6i tinh hiéu
suat chuyén doi quang theo cong thiic (4) va (5):

PTEi—out X

_ 2k

Hmong—muén — PTE[] o * 100% (4)
—, Ak

o Z PTEn—out,n?éi,Ak

thiéu _ * 100% (5)

PTEo—in

Trong d6,i=0, 1; Ax = 1310 nm, 1490 nm; Preo-inA« 12 cOng sudt tin hiéu dau vao
cua mode TEO tai budc séng Aw; Preioutala cong suat dau ra mong mudn ctia mode TEi
tai budc song Ax va Y PrenoutniA 1a tOng cong suat dau ra cua tat ca cac mode khong
mong mudn TEn & ngd ra tai budc séng Ax.
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Hinh 6. Khao sat hiéu sudt chuyén d6i quang twong tng v6i cac mode dau ra xung quanh ctra

s0 bude song trung tam 1310 nm.

Hinh 6 (a), duong mau xanh duong chi ra hiéu sudt chuyén doi quang khi phat tin hiéu
dau vao va thu dwgc tin hiéu TEO tai budce song 1310 nm. Hiéu suét chuyén d6i quang
trong treong hop nay dat trén 96% tai budc song trung tam 1310 nm, xét trén toan bo
dai budc song tir 1290 nm dén 1330 nm thi hiéu suét luén dat gan 60% tro lén. Két qua
nay ciing twong ty doi voi hiéu suat chuyén doi quang tir mode TEO sang mode TE1 tai
budc song 1310 nm (Hinh 6 (b), dwong mau nau). Ngoai ra, chung ta cling c6 thé thay
rang, tir Hinh 6 (a), ti 1& nhiéu tdc dong cta tat ca cic mode TEn khdng mong mudn
duoc sinh ra 6 ngo ra la rat thap, két qua nay ludn nho hon 10% trong toan b dai budc
séng khao sat 1290 nm dén 1330 nm. Néu so sanh ti 1 nhiéu gitta hai mode dau ra thi
chting ta c6 thé thdy rd rang rang, cic mode dau ra khong mong mudn khi chuyén dsi
thanh mode dau ra mong muén TE1 it bj nhiéu hon mode dau ra mong mudn TEQ
(dwong mau xanh 1a). Ddi véi truong hop phat tin hiéu vao ¢ dai budc séng 1490 nm
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thi cho két qua tuong tu tin hiéu dai budc séng 1310 nm nhu duoc chi ra ¢ Hinh 7 (a)
va Hinh 7 (b).
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Hinh 7. Khao sat hiéu sudt chuyén d6i quang twong tng v6i cac mode dau ra xung quanh ctra

s0 budc song trung tam 1490 nm.

Két qua tir Hinh 6 va Hinh 7 cho thay hiéu sudt chuyén ddi quang véi chuyén
ddi hai mode ngd ra TEO va TE1 la kha gidng nhau, diéu nay chi ra rang, thiét k& dap
tng tot voi sy thay déi dai bude song hoat dong ¢ ngd vao. Mot diéu dang chu y khac
la bo ghép kénh MDM c6 bang thong rat rdng va suy hao chén nho, vi vay ching ta cd
thé tang s6 lwgng mode duoc ghép ndi, co nghia la khong chi ding lai ¢ hai mode ma
c6 thé mo rong ra nhiéu mode bac cao hon nhw TE2, TE3, TE4.... Do d6, kha ndng md&
rong hiéu suat ghép ndi cua thiét bj ghép kénh két hop nay 1a cao.

4. KET LUAN

Trong bai bao nay, chung t6i da trinh bay mot thiét ké két hop ky thuat ghép
kénh theo budc séng va ki thuat ghép kénh theo mode dua trén cau triic 6ng dan séng
dang kénh silicon. Thiét bi dwgc cau tao tir hai bd ghép kénh theo budc séng WDM va
mot bo ghép kénh theo mode MDM chit Y khong d6i xting. Két qua mo phong s6 cho
thay hiéu suat chuyén d6i quang cua thiét bi ¢ ca bon truong hop déu dat gan 60%
trong dai bang thong 40 nm cho moi ctra s6 budc séng. Véi hidu suat chuyén doi quang
cao va dai budc séng hoat dong rong, ching tdi hy vong thiét bi da thiét k& c6 kha
nang thich ing véi mang bang thong rong thé hé mai.
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DESIGN A MULTIPLEXER COMBINING TWO WAVELENGTHS AND TWO
MODES ON A SINGLE PHOTONIC INTEGRATED CIRCUIT

Ho Duc Tam Linh", Ho Xuan Truong

Faculty of Electronics, Electrical Engineering and Material Technology,

University of Sciences, Hue University
*Email: hdtlinh@husc.edu.vn

ABSTRACT

We propose a device that is capable of simultaneously combining two wavelengths
(WDM) and two modes (MDM) based on a silicon-on-insulator (SOI). The design
consists of two innovative MMI multimode interferometers coupled with a Y-
shaped directional coupler to create a multiplexer for two-wavelength (1310 nm
and 1490 nm) and two-mode (TEO and TE1). Through the three-dimensional beam
propagation method (3D-BPM) and effective index method (EIM), the device has
demonstrated its ability to operate in bandwidths up to 40 nm with an optical
conversion efficiency of almost 60%. Moreover, at the center wavelengths of 1310
nm and 1490 nm, this efficiency is above 96%, and the noise is always less than 1%
in all investigated cases. This design will open up a new research direction for the
combination of WDM and MDM techniques to increase the channel capacity of

optical communication systems on chip in the future.

Keywords: SOI, WDM, MDM, PIC.
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