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Chung t6i dé xudt mot chip quang hoc dua trén vat liéu Silic c6 kha nang ghép
kénh/phan kénh phan chia theo mode béng cach ghép tang cic &ng dan séng Y —
Junctions bat ddi xting. Tin hiéu dau vao la cac mode co ban phéan cuc dién TEO
duoc ghép kénh va chuyén d6i thanh cac mode bac cao hon TEQ, TE1, TE2, TE3 va
TE4 6 cdng dau ra. Thiét bi duoc thiét ké va t6i vu dya trén phan mém md phong
sO truyén chum tia 3 chiéu (BPM-3D — Beam Propagation Method) két hop véi
phuong phép chi sd hiéu dung (EIM - Effective Index Method). Thiét bi thuwc hién
thanh cong viéc ghép kénh 5 mode trén mot dai bang rong ti 1.05 um dén 1.6 pm
véi suy hao chén luoén nho hon 0.1 dB va nhiéu xuyén kénh luén dudi -10 dB. Véi
cac ddc diém noi troi néu trén, chiang toi hy vong, thiét bi sé dwgc ing dung rong
rai trong cac hé thong ghép kénh phan chia theo mode t6c d6 cao cling nhu trong

cac mach tich hgp quang tx trén chip.

Tt khoa: Bo ghép/phan kénh theo mode, BPM, EIV, Silic, Y - Junctions.

1. GIOI THIEU

Luu Irong dit liéu trong cac mang thong tin dang tang lén nhanh chéng do su
phat trién khong ngling cta cac ting dung bang rong nhu video chat luong cao hay
dién todn ddm may (cloud computing) trong cac trung tam dit liéu (datacenter). Xu
hudéng nay dat ra mot yéu cau cap thiét vé dung lwong dit liéu trén khap co so ha tang
mang ma cac mang nay dang phu thudc cht yéu vao céng nghé truyén dan soi quang,.
Trong cac hé thong thong tin quang ngay nay, ky thuat ghép kénh phéan chia budc
song WDM (Wavelength-Division Multiplexing) dang duoc dung d€ truyén tai dit liéu
trén cac budc séng khac nhau nham ting dung lwong truyén dan [1]. Tuy nhién, do
bang thong hitu han ctuia soi quang, cac hé thong thong tin quang ngay nay ngay cang
can kiét nguon budc séng, gay ra tinh trang nghén mach mang thong tin. Diéu nay dat
ra mot nhu cau cap thiét can phai phat trién mot ky thuat ghép kénh méi bén canh ky
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thuat WDM d¢€ ting mot cach dang ké dung luong truyén dan cho cac hé thdng thong
tin quang thé hé méi.

Ghép kénh phan chia theo mode quang MDM (Mode Division Multiplexing) la
cong nghé ghép kénh quang rat hita hen dé gia tang dung lwong hé thong thong tin
quang, cong nghé nay dang duoc nghién ctru trong nhiing nam gan day [2]-[5]. Trong
MDDV, thong tin duoc diéu ché trén cac mode quang tryc giao voi nhau, giup truyén
thong tin trén cidc mode khac nhau c6 cung mot bude séng ma khong bi nhiéu xuyén
kénh. Vay, néu str dung ky thudt MDM véi M mode quang trén mot budc song két hop
véi ky thuat WDM véi N bude song, tdng sd kénh truyén cta hé thong sé la MxN, ting
M Ian so véi cac hé thong WDM théng thuong.

Trudce day, moét s6 bd ghép kénh phan chia mode da duwoc dé xuét sit dung cac
cdu trtc 6ng dan séng khac nhau nhu bo tach ghép chit Y (Y -Junctions), giao thoa da
mode — MMI (Multimode Interference), b ghép ndi dinh hudng khong d6i xing —
ADCs (Asymmetrical Directional Couplers), b ghép noi dinh huéng duoc hd tro cach
tir - GACCs (Grating Assisted Contra - Directional Couplers). Bo ghép kénh phan chia
mode dua trén bo chia Y va MMI chi ding lai voi viéc xtr ly hai mode quang c6 cung
dd phéan cuc [6]. Ngoai ra, bo ghép kénh phan chia mode dua trén ADCs thi yéu cau sy
chinh xac gitta d0 dai va d¢ rong cta cac khép ndi [7], va bo ghép dua trén GACC co
nhuoc diém 1a bang thong han ché [8]. Riéng d6i véi cau tric 6ng dan séng hinh dang
cht Y thi duoc tng dung khd rong rai trong cac ing dung. Cu thé chung duoc st
dung lam bd chia cong suat bang thong rong [9], bd ghép kénh budce song [10] hodc bo
chia cong suat bién d6i [11]. Ching doi khi dwoc st dung lam b tach phan cuc, bd sép
x€p mode va bo ghép kénh phan chia mode khéng gian (MDM) cta soi quang [12]-
[18]. Cac mdi ndi Y khong ddi xting cling duoc dé xudt cho viéc ghép kénh khong gian
cua soi quang duy tri phan cuc d€ truyén di liéu dung luong cuc cao [19].

Tan dung wu diém bang thdng rong ctia cdu tric dng dan séng chit Y, ching toi
dé xuat mot bo ghép kénh phan chia mode véi kha nang ghép 5 ludng tin hiéu mode
co ban TEQ va chuyén d6i thanh 1 ludng tin hiéu véi 5 mode truec giao tit TEQ dén TE4.
Qua trinh t6i wu hda va md phong hoat dong duoc thuc hién béng phueong phép tinh
toan sO truyén chum tia 3D (BPM -3D) va phuong phép chi s6 hiéu dung (EIM). Qua
qua trinh mod phong va khao sat, bd ghép kénh phan chia mode nay dat duoc két qua
véi hiéu suat o cac cong dau ra lén dén 98% trong mot dai bang rong tir 1.05 pm dén
1.6 um, dong thoi nhiéu xuyén kénh luon thap hon -10 dB trong toan bo bang duwrgc xét.
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2. THIET KE THIET BI
2.1. Téng quan thiét bi

C4u truc ctia bo ghép/phan kénh phan chia 5 mode duoc ghép tir 4 tang cta
c&u Y - Junction bat di xting. Céc tang tht i (i = 1,2,3,4) duoc hinh thanh bang cach
ghép thém mot 6ng dan séng truy cap dau vao hep d€ kich thich cac mode bac cao
trong 6ng dan séng trung tam. Lién két giita cac tang 1a cac 6ng dan séng hinh bup
méng, muc dich cta viéc thém céc dng dan séng bup mang nay dé ting cuong hiéu
suat ghép quang gitra cac tang. D¢ thiét ké by ghép/phan kénh phéan chia mode thi cac
dng dan séng truy cap dt nho dé dam bao rang cdc mode khi truyén trén duong di qua
thiét bi khong bi anh hudng boi cdc 6ng dan séng khac. Mbi 6ng dan séng truy cap chi
hd tro mode co ban (mode TE0) va 6ng dan séng trung tam c6 kich thudc 16n c6 thé hd
trg da mode. Khi phat mode co ban vao mot trong nhitng 6ng dan séng truy cap, tin
hiéu sé lan truyén giao thoa téi 6ng dan séng trung tam lam xuat hién cdc mode bac
cao hon.

Bo6 ghép/phan kénh phan chia mode véi cdu tric dng dan séng dang kénh duoc
hién thi nhu hinh 1, v6i d6 cao thiét bi 1a h = 0.22 um. Vat liéu cua 16p vé va 16p phu la
SiO: c6 chiét suat la 1.44. Trong khi d6, vat liéu ctia 16p 16i dugc lam bang Si véi chiét
sudt 1a 3.47.
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Hinh 1. (a) So &6 ctia bd ghép/phan kénh phan chia theo mode, (b) Mit cat ngang ctia thiét bi.
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2.2. M6 ta va phén tich cdu trac thiét bi
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Khao sat dg rgng (;2m)
Hinh 2. Khao sat d6 rong 6ng dan song theo chiét sudt hiéu dung.

Hinh 2 m6 ta sy hd tro cdc mode theo d6 rong 6ng dan song cta thiét bi, dng
dan song dau vao véi do rong duoc lya chon 14 0.2 pm dé€ hd tro mode co ban TEQ va
dd rong dng dan séng bang 1.6 um sé hd tro t&i da duoc 5 mode TEO, TE1, TE2, TE3 va
TEA4.

Dai voi tang 1, d€ tranh su xudt hién cta cac mode bac cao khdong mong mudn
trong &ng dan séng, chting tdi tién hanh khao sat do rong ctia 6ng dan séng truy cap
dau vao bao gobm mot 6ng dan séng rong & trung tam véi ¢ rong 1a W1 va mot dng
dan song udn cong hep voi do rong 1la W2. Do rong nay duoc chon thich hop sao cho
chi hd tro mode co ban (mode TEQ). D€ tao ra cac mode mong mudn thi hién tuong
ghép anh séng gitta cac 6ng dan séng sé dugc thuc hién. Do rong dau ra la W1 + W2,
né chinh 1a tdng d6 rong ctia hai dng dan séng truy cap dau vao va chi ho tro t6i da hai
mode TEO va TE1. Dua vao sy khao sat chiét suat hiéu dung cuaa thiét bi, chung toi
chon chiéu rong ctia 8ng dan séng trung tam la W1 = 0.35 um sao cho khi phat mode
TEO vao dau vao nay, tai dau ra thi cling thu duwoc mode TEQ. Tuong tw, dd rong cta
dng dan séng truy cap cua dau vao 2 1a W2 = 0.2 um, tizc 1a khi phat mode TEO vao &ng
dan séng hep thi mot phan nang leong ctia mode TEO nay sé ghép qua 6ng dan séng
trung tam va tao ra mode TE1 (hinh 3). Day la hién tuwong ghép anh sang cua cac dng
dan song khi chung dwoc dat canh nhau tai mot khodng cach thich hop. Dya vao hién
twong nay, chung toi sé tién hanh ghép tang dé€ tao ra cac mode bac cao hon.
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T T | T T
(a) (b)
Hinh 3. Sy hinh thanh mode TEO (a) va TE1 (b) khi phat cdc mode TEO ¢ dau vao 1 va 2, twong tng.

Ciing nhu tang 1, ting 2 ciing c6 hai 6ng dan séng dau vao véi mot dng dan
song rong dat o vi tri trung tam c6 do rong la W4 va mot ong dan soéng udn cong hep
c6 do rong 1la W2. Do rong dau ra cua tang nay la W2 + W4, né ciing chinh 1a tong do
rong ctia hai 6ng dan séng dau vao ho trg t6i da ba mode TEO, TE1, TE2. Dya vao hinh
2, chiéu rong W4 duoc chon la 0.7 pm dé dan hai mode TEO va TE1 cta tang 1 (hinh 4).
D0 rong ctia dng dan séng hep ctia tang 2 ciing dwoc chon 1a W2 = 0.2 um sao cho khi
phéat mode TEO vao dau vao nay, mot phan nang luwong ctia mode TEO sé ghép voi ong
dan séng rong trung tdm va kich thich tao ra mode TE2.

Hinh 4. Sy hinh thanh mode TE2 khi phat mode TE0 ¢ dau vao 3 twong ting.

Twong tw véi hai tang & trén, tang 3 duoc hinh thanh bdi mot dng dan séng
rong cé do rong la W5 ndm chinh gitra trung tam va mot ong dan song hep uén cong
c6 do rong W2. Téng do6 rong cua hai 6ng dan séng nay ho tro t6i da bon mode TEO,
TE1, TE2 va TE3. Chung t6i chon d6 rong W5 = 1.1 um dam bao dan déng thoi ba
mode TEO, TE1 va TE2 ctia tang 2. Khi phat mode TEO vao 6ng dan séng hep udn cong
c6 do rong W2 = 0.2 um nay, thi mét phan nang luwgng ctia mode TEO sé ghép ndi lai
véi 8ng dan song trung tdm va phat trién tao ra mode TE3 (hinh 5).

- ! |
Hinh 5. Sy hinh thanh mode TE3 khi phat mode TE0 6 dau vao 3 twong ting.
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Tang 4 1a tang cudi cling cua thiét bi, gdbm mot dng dan séng udn cong hep véi
dd rong la W3 va mot dng dan song rong dat tai vi tri trung tam véi do rong la We.
Tong d6 rong dau ra W6 + W3 ctia tang 4 chi hd tro t6i da nam mode 1a TEO, TE1, TE2,
TE3 va TE4. Theo khao sét, ching tdi chon dd rong dng dan séng W6 = 1.45 um dé c6
thé dan bén mode TEO, TE1, TE2 va TE3 ctia tang 3 cling mot ltc. D6 rong ctia 6ng dan
séng truy cap dau vao W3 = 0.15 pum sao cho khi phat mode TEO vao &ng dan séng udn
cong hep nay, mdt phan nang luwong ctia mode TEO nay ghép qua dng dan séng trung
tam tao ra mode TE4 (hinh 6).

et

Hinh 6. Sy hinh thanh mode TE4 khi phat mode TEQ 6 dau vao 3 twong ting.

3. MO PHONG VA THAO LUAN

Phuwong phap mo phong truyén chum tia BPM - 3D va phuong phép EIM duoc
st dung d€ danh gia cong suat chuyén doi quang cua thiét bi ghép/phan kénh phan
chia mode. Chung t6i thuc hién khao sat cac mode TEO khi ching dwgc truyén vao bd
ghép kénh va giai ghép kénh tai dau ra.

"“""“““"“I"‘_ 7'I‘\‘\‘\‘\‘I‘\‘I'\‘I‘\7 _\‘I‘TJ"I'W'I‘W‘[‘W'\‘I'_ 7‘\‘I‘\'I‘\'I‘\‘I‘I‘\‘I‘i 7\‘|'Mw'|www'w-i
Hinh 7. Phan bo treong cua thiét bi khi phat mode TEO & dau vao va nhan dwoc mode TEO 6
dau ra.

D€ danh gia hiéu nang ctia thiét bi ching t6i st dung hai thong s6 Suy hao chen
(IL) va Nhiéu xuyén kénh (CT), n6 dugc dinh nghia nhu sau:
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Budc song, A (pzm)

Hinh 8. Suy hao chen va nhiéu xuyén kénh nhu mot ham cua budce séng.

Trong do6 Pvao 1a cOng suat phat & ngd vao, Pra mong musn la cOng sudt do duoc tai
ngd ra mong mudn nhan tin hiéu va Pra khong mong musn la cOng sudt anh hwdng 1én cac ngd
ra khong mong mudn. Hinh 8 thé hién su suy hao chén va nhiéu xuyén kénh cta bd
ghép kénh mode khi phét Ian luot cac mode TEO vao cac dng dan séng dau vao tuong
tng. Trong toan b dai tan sd 550 nm (ttr 1.05 um dén 1.6 pm) suy hao cheén ludén nhé
hon 0.1 dB va nhiéu xuyén kénh luén nho hon -10 dB, dac biét tai hai budc séng 1.15
um va 1.55 um thi suy hao chén va nhiéu xuyén kénh ctia cd 5 mode c6 hiéu suat
chuyén d6i quang va nhiéu Ién c4c kénh 1a nho nhat. Tuy nhién, tai budc séng 1.65 pm
thi suy hao dat gia tri 16n nhét, suy hao chén gan bing -3.8 dB va nhiéu xuyén kénh
qua 16n, tham chi c6 vdi ngd ra 4 thi gia tri con dat gid tri dwong, diéu nay cé nghia la
tin hiéu nhan duoc 6 cdng khéong mong mudn con cao hon cong sudt & cong mong
mudn nhan.

4. KET LUAN

Trong bai bao nay, chang toi da thiét ké va dé xuat mot by ghép/phan kénh
phan chia mode vdi ton that suy hao chen thip va bang thong hoat dong lén dén 550
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nm, dong thoi nhidu xuyén kénh cho bd ghép/phan kénh phan chia mode ndm trong
khoang -10 dB dén -38 dB trong dai tan dwgc xét ¢ trén. Chung toi cling md ta qua
trinh chuyén d6i cac mode co ban dau vao thanh cac mode bac cao ¢ dau ra cta bd
ghép kénh 5 mode tir TEO dén TE4. V4i cac két qua dat duoc vé bang thong, suy hao
chén, nhidéu xuyén kénh, kich thudc nho gon, ching t6i hy vong thiét bi sé 1a mét tng
ct vién day hira hen cho hé théng WDM — MDM t6c¢ d6 cao cting nhu cac mach tich
hop quang ttt trén chip.
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FIVE-MODE MULTIPLEXER AND DEMULTIPLEXER UTILIZING ASYMMETRIC
Y - JUNCTION COUPLERS IN MDM SYSTEMS

Dao Duy Tu, Nguyen Chanh Tin, Ho Duc Tam Linh*
Faculty of Electronics and Telecommunications, University of Sciences, Hue University
“Email: hdtlinh@hueuni.edu.vn

ABSTRACT

We propose an optical chip based on silicon material that is capable of
multiplexing/demultiplexing five mode by cascading asymmetric Y - Junction
couplers. The input signal is the fundamental modes of transverse electric (TE)
polarization which is multiplexed and converted into higher order modes from
TEO to TE4 at the output ports. The device is designed, optimized and based on 3-
dimensional beam propagation method (BPM - 3D) combined with effective
indexing method (EIM). The device successfully performs five-mode multiplexing
on a wide band between 1.05pum and 1.6pum with insertion loss always less than
0.1dB and crosstalk below -10dB. With the above outstanding features, we hope the
device will be widely used in high-speed mode division multiplexing (MDM)

systems as well as in photonic integrated circuits on the chip.
Keywords: BPM, EIM, Mode (de)multiplexer, Silicon, Y — Junctions.
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Pai hoc Khoa hoc, Pai hoc Hué.

Linh vwec nghién ciru: mang may tinh va mach tich hop quang tt.

H6 Pttc Tam Linh sinh ngay 03/02/1986 tai Hué. Nam 2009, ong tot
nghiép ky sw nganh Cong nghé kj thuat dién ti - vién thong tai truong
Dai hoc Khoa hoc, Dai hoc Hu€. Nam 2014, 6ng t6t nghiép thac si chuyén
nganh Ky thuat dién ti tai truong Dai hoc Cong nghé - Dai hoc Qudc gia
Ha Noi. Tt nam 2014 dén nay, 6ng la giang vién tai truong Dai hoc Khoa
hoc, Pai hoc Hué.

Linh vwec nghién ciru: x¢ ly tin hiéu toan quang, mach tich hop quang ttr.
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