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Tém tat - Trong bai bdo nay, mot thiét ké méi cla thiét bi
tach/ghép kénh phan chia hai mode dwa trén c4u truc ré nhanh
chon loc mode cta éng dan song dang bus Cac mode co ban,
mode bac nhét dwoc tach riéng ra hai cbng & dau ra. Thiét ké
dwoc thye hién bdi phan tich ly thuyét va mo phéng s6 st dung
phwong phap mé phéng truyén chim ba chiéu (3D-BPM). Céc
két qua cho thay tach hai kénh thanh céng vé&i bang théng rong
150 nm clra sb thong tin quang 1550 nm, trong d6 suy hao thap
dwai 1 dB va xuyén nhidu kénh nhé hon -20 dB. Thiét bi dé xuat
co dién tich tich hgp chi 8 pm x 200 ym, do d6 n6 khéng chi co
tidm nang trong cac hé théng truyén dan ghép kénh phan chia
theo bwdc séng va theo mode ma con cho cac mach tich hop
quang tt silic mat do cao.

Tir khoa - Bo ghép (tach) kénh; kich thich chon loc mode; éng dan
séng SOI; phwong phap BPM; mé phéng sb; dng dan séng bus;
kich thich chon loc mode.

1. Giéi thi¢u

Thé gidi dang sdng trong ky nguyen cua cach mang
cong nghiép 4.0, trong d6 ha ting két ndi thong tin-truyén
thong dong vai tro then chdt cho sy thanh cong ciia cong
cudc cach mang. Bén canh d6, mdt thoi ky ryc rd cla cla
cac dich vy thong tin di dong thong minh dang né rd. Nhu
céu doi hoi cua bang thong cho cac dich vu s6 liéu dang gia
tang chong mat. Cho dén nay, cong nghé ghep kénh phén
chia theo budc song dé 1am nhiém vy truyén tai tin hiéu
thong tin quang tdc do cao - hién 1én téi 400 Gb/s [1] cho
mdi budc song va s& 1 Th/s nham dap g céc nhu cau bing
thong cho dich vu di dong 5G va cac trung tam dir li¢u, cac
g dung tri tué nhan tao. Do d6, chién lugc ning cao dung
lurong cho cac kénh quang ghép kénh theo budc song mat
d6 cao DWDM (dense wavelength division multiplexing)
can sir dung két hop phd budc song véi cac ki thuat tién
tién khac. Ché‘ing han, co thé cac dang diéu ché cao cz"ip da
murc [2] nhu diéu ché bién d6 truc giao QAM (quadrature
amplitude modulation), hay ghép kénh phén chia theo
trang thai phan cuc PDM (polarization division
multiplexing). Gan day, k¥ thuat ghép kénh phan chia theo
mode MDM (mode division multiplexing) dugc nghién
ctru dé két hop voi cac hé thdng DWDM, véi cling budce
song c6 thé nang cao dung lugng 1én gap sb 1an cac mode.
K thuat nay khong chiu anh huéng tinh phi tuyén do cac
mode tryc giao vdi cung bude song. KV thuat nay ap dung
rat tot trong cac hé thong thong tin lién chip (intrachip
communiation) bai khoang cach rt ngén trén mot board
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(de)multiplexer based on the bus structure of mode selective
excitation. Input lights at fundamental and first-order modes are
demultiplexed at two different ports at the outputs. The design is
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mach quang tir. Thong tin nay 4p dung cho hé théng cu ly
xa thi ap dung k¥ thuat bu tan sdc, da dat dwoc thanh tyu
rat tién bo hién nay. Thong tin da mode trong soi da dugc
ching t6 trong thuc té bai ghép kénh phan chia theo cac
mode khong gian trong soi nhiéu [3] hodc ghép mode trong
soi hd trg it mode (FMF) [4], [5]. Ngay nay, k¥ thuat MDM
[6] duoc xem 14 con dudng sang sua dé pha v& gidi han
Shannon cho 1y thuyét thong tin [5], nho k¥ thuat MDM
két hop véi k§ thuat WDM [7].

Mic du c6 mot s6 ky thuat ghép kénh phan chia theo
mode dugc sir dung kiéu ghép theo soi dé xur Iy truc tiép
viéc ghép kénh. Tuy nhién, tinh linh hoat ctua viéc xur ly
trén soi khong duoc cao va can qua trinh ché tao phire tap.
Nguoc lai, stt dung cac chip quang tir & xtr 1y cho phép
ghép/tach kénh phén chia theo mode linh hoat hon nhiéu
va tao ra dugc nhiéu mach phtre tap, chéng han nang cao
dung luong cac bus quang ndi lién chip (intrachip
communication systems), hay mang truy nhép toc d¢ cao &
cu ly ngén va trung binh. Dic biét, cic mach quang phing
—PLC (planar lightwave circuits) su dung vat liéu silicon
¢6 nhidu vu diém vé suy hao thap, bang thong rong, nhat 1a
sai khac chiét suat 18i-v6 16n nén cho phép bit giit anh sang
trong 161 cyc tbt v6i hiéu sudt cao, do do tao ra cac vi mach
quang tir tich hop cao. Uu diém rat 16n nita ctia cong nghé
mach quang phing biang vat liéu silic SOI (silicon on
insulator) 1a tuong thich cong ngh¢ ban dan ché tao vi mach
dién tir CMOS, do d6 gia thanh san xuét thap va c6 tiém
nang san xuit hang loat.
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Mot vai bo tach ghép phén chia theo mode da stir dung
mot s6 kiéu dng dan song ghép dinh hudng bang cac dng
dan song bat dbi ximg [8], [9] hay doan nhiét [10], [11]
nhung c6 sy phdi ghép kho va ché tao phirc tap.

Trong bai b4o ndy, nhom tac gia trinh bay vé mot ciu
tric tach ghép kénh 2 mode st dung bus r€ nhanh dugc chon
loc mode, sir dung vat liéu SOI. Viéc phan tich ly thuyét
bang sir dung 1y thuyét ghép chon loc mode trong trong cau
tric bus ré nhanh va thiét ké tdi uu thong qua mo phong sd
truyén chum ba chiéu 3D-BPM (three dimensional - beam
propagation method) va phuong phéap hé sé hi¢u dung EIM
(effective index method). Céc két qua mé phong cho thdy hé
thong ¢ bang thong rat rong 150 nm. Kich thudc cau kién
cho phép g dung trong cac mach tich hop quang tir xtr Iy
tin hi¢u MDM-WDM hoéc nang cao dung lugng cho cac hé
thong thong tin ndi cac chip.
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Hinh 1. So do thiét ké dé xudt cua thiét bi tach kénh hai mode

2. Nguyén ly thiét ké hoat dong va tbi wu cAu tric

So dd cAu truc cua thiét bi phan chia theo mode duogc
mo ta nhu & Hinh 1. Thiét bi dugc thiét ké thanh hai truc
ong dan song, theo d6 gdm mot dng dan séng chinh dong
vai tr6 mdt bus chinh, mot éng dan soéng ré nhanh dé chon
loc mode nham tach riéng mot mode. Ldi dng dén song sir
dung vat liéu silic (Si), 16p vo thuy tinh silic (SiOz). Chiéu
rong cua dng dan song bus 13 Wp, va chiéu rong ong dan
s6ng nhanh 1a w (nhu dugc thay trén Hinh 1). Thiét bi dugc
thiét ké dé hoat dong cho hai mode & trang thai khong véc
to (nonvectorial mode) vdi bude song trung tam hoat dong
12 1550 nm.

Céc dng dan song SOI dugc thiét ké theo dang 6ng din
song dang kénh véi 16p 15i silic co chiét suat n, = 3.465 va
chiét suat 16p thuy tinh silic nc=1.445 & budc song 1550

nm. M6 hinh Seimeier dugc sir dung dé phan tich dic tinh
chiét suat vat liéu silic va thuy tinh silic cho théy rang trong
vung pho budgce song 1550 nm la bién d6i rat cham nén ta
coi chiét sudt ctia 6ng dan song SOI 1a  khong d6i trong dai
bude song ciia bang C. Toan bd cac dng dan song co thé
dugc ché tao theo cac phuong phap quang khéc hién dai,
chang han s dung chum dién tir (Ebeam writing) va k¥
thuat an mon kho (dry etching) st dung ky thuit plasma
ghép cam ung ICP etching (inductively coupled plasma
etching) [10] hodc céc k¥ thuat quang khic bang tia cuc tim
— DUV lithography (deep ultra violet photolithography)
v6i chidu cao kénh 12 220 nm tir mot phién SOI tiéu chuan
(16p kénh dan Silic cao 220 nm).

0 %iﬂ%oméﬂm#na-ﬂ-ﬂrﬂ-ﬁﬂﬂw
o -3 - .,.f
= :
=10 4 4
g. o ru .,."
Rk 5,/
E» ﬂ,\w -Ekx
= -0 J ,\f’\h
= Iy
=25
2 |
i -30 _,_,-"""JI i
Gl.a tri chu:un
-3a b

& - K o
300 350 4IJEI 45EI SO0 S50 GO0
B ring dng dan song chon loc, w (A

Hinh 2. Ket qua mé phong ddc tinh truyén dat cia bo ghép theo
dd rong ong dan séng phu W(nm) théa mén diém t6i wu chon loc
ghép mode

Dau tién, nhom tac gia sir dung k¥ thuat phén tich giai
mode dé tim hé s6 hiéu dung nhdm xé4c dinh cic mode lam
viéc trong dng dan séng. Cong cu mod phong nhd bo giai
mode (mode solver) bang ky thuat mo phong BPM. Bé hd
trg hai mode thi Wi, ndm trong khoang tir 0,56 pm dén 0,68
um. Do do, trong thiét ké nay nhom tac gia chon Wy = 0,62
pm cho hoat dong cuia hai mode.

Thiét ké ctia nhom tac gia tao ra hai mode, hai mode do
s& tach ra di hai hudng khac nhau va c6 sy bién dbi mode.
Mode co ban (mode0) sé& dira 6ng dan song chinh, mode
béc mot (model) s€ dira dng dan phu, thiét ké. Tong chiéu
dai dng dan song chinh 1a 200 pm va chiéu dai ctia éng dan
song phu theo phuong truyen zla Ia L = 150 pum. Khoang
cach tir ngudn dén diém bt dau cau ong dan séng phu ghép
nbi vao 1a 50 pm. Do rong giita hai dng dan song chinh va
phu tai daurala G =1,6 um.

Str dung k¥ thuat mé phong BPM mét cach cin than
tung budc nhé mét, nhém tac gid mo phdéng, khao sat theo
w trong khoang tir 300nm-600nm. Nhom tac gia s€ dua vao
dac tinh truyén dat dé tim ra do rong W ma tai do 6ng dan
song phu coupling tét v6i dng dan song chinh. Nhém tac
gia s& dya vao hai tham s6 6 goi 1a h¢ s6 khong ghép ndi
(uncoupling coefficient) va & 1a hé s6 ghép ndi (coupling
coefficient) dé khao sat dugc tinh nhu sau:
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Trong d6 Pin 1a cong suat dau vao cua dng dan song
duoc chudn hoa béng 1 don vi cong sudt tai déu vao,
Pout 1a cong suot mong mudn thu duogc tai cong can
chon loc ghép ndi, P’out 1a cong suat khong mong mudn
thu duoc.
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Hinh 3. Mdu dwrong bao dién truong (contour map) cho bg tach
ghép kénh phén chia hai mode dé xuat cho (a) mode co ban,
(b) mode bdc mét

Ta khao sat w trong khoang tir 0.35 pm dén 0.55 pm dé
tim ra céc dic tinh J va ¢ tai cac dau ra nhdm chon lua mot
cach thich hgp. Dua trén Hinh 2, nhom tac gia da chon
w=0,5um (tai diém dénh ddu trong hinh) s& tranh dugc
xuyén nhidu crosstalk gitta hai mode (nghia la cong suat
khong mong mudn ctia mode nay lai xuyén nhidu vao cong
mong mudn ciia mode kia) va co khoang bang rong, 6ng
dan phu c6 kha ning ghép ndi chon loc hidu suit cao. Véi
cach chon thich hgp nay, mode co ban sé duogc tach ra theo
dau ra clia ng dan song bus chinh, trong khi mode bac mot
s& duogc ghép ndi chon loc theo diéu kién thich hop pha
(phase matching condition) tire twong thich hing sb truyen
béc mdt cua ong dan song chinh (d6 rong Wm) véi hang )
truyén co ban cua éng dan song ré (do rong w), thé 1a viéc
tach riéng r€ kénh (demultiplexing) hai mode dugc hoan
tat. Céu trac ngugc lai s€ thyc hién chirc nang ghép kénh
hai mode (multiplexing).

3. Két qua md phéng va thio luan

Dau tién, nhom tac gia mod phong su truyén mode clia
cac mode dé nhan ra chirc ning phan tach kénh ctia cau
kién dé xuit thiét ké&. Hinh 3 thé hién két qua bang md
phong BPM bai sy phan bd truong ciia 1an lugt cac mode
co ban va mode bac mot khi truyén tir dau vao cua thiét b
tai trung tim cia budc song hoat dong 1550 nm. Két qua
mo phong cho thay phu hop véi phan tich hoat dong cua
thiét bi o trén. Két qua cting cho thdy mot lwong rat nho
cong sudt xuyén nhiéu khéng mong doi tir mode nay sang
mode khac cua thiét bi, ciing nhu phan nhé khong dang ké
phat xa tur 161 ra vé.

Pé danh gia dugc hiéu nang hoat dong cua thiét bi vé
mit quang hoc, nhom téc gia danh gia hai trong sd nhiing
tham sb quan trong nhat 14 suy hao chén IL (insertion loss)
va murc xuyén nhidu CrT (crosstalk) cua thiét bi cdu kién

quang tir. Hai tham sb nay dugc dinh nghia nhu sau:
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Hinh 4. Bdc tinh hiéu ndng quang hoc ciia thiét bi phy thugc
vdo budc séng cho hai mode theo suy hao chén va xuyén nhieu

Tiép theo nhom tac gia danh gia khoang bang lam viée
ctia thiét bi dugc d& xuit dbi voi hai tham s quan trong IL
va CrT ké trén. M6 phong BPM theo phd budc song tir 1.5
pm dén 1.65 um cho thay thiét bi suy hao chén IL khong
vuot qua 1 dB va xuyén nhiéu CrT nhé hon -20 dB trong
toan bang khao sat ciia ving ctra s6 1550 nm. Do vay, bing
thong cua thiét bi 1a rat rong.

Tiép theo, dung sai ché tao 1a rat quan trong dbi véi
thiét bi vi moi quy trinh san xuat déu c6 suy hao. D6i véi
nghién ciru dya trén mo phong can danh gia suy hao ché
tao dé xem xét hiéu suét hé théng. Nhoém tac gia biét réng,
chiéu cao cua 6ng dan séng dugc thiét 1ap theo chiéu cao
kénh dén silic ciia 6ng dan song SOI tiéu chuan loai 220nm.
Trong thyc té, chat lugng phién SOI sir dung trong cong
nghé ché tao chip tich hop ¢& 16n VLSI néi chung va chip
quang tu ndi riéng phu thude vao mau cung cap cua nha
san xuét phién. Mat khac, sy chinh xac do rong ong dan
song dat dugc do phu thudc cong nghé ché tao Ebeam hay
DUV. Ciing viy, d6 chinh xé4c thiét ké mo6 phong phu thude
d6 chinh xac cuia m6 hinh mé phdéng. Do viy, ta phai khao
sat cac dung sai ché tao ddi voi thiét bi theo do rong va
chiéu cao 6ng dan song. Hinh 5 khao sat d6 rong cua 6ng
song chinh, theo tham s dung sai d¢ rong AW (nm) bang
md phong BPM. Két qua tir Hinh 4 cho ta thiy rang, xung
quanh gia tri dung sai AW = + 20 nm thi cac gia tri IL cua
hai mode hau nhu khong dbi (khodng 1 dB) trong toan bd
nhét, ciing nhu CrT cua hai mode bién dong nhung khong
16n hon -20 dB. Tuong ty Hinh 6 thé hién dung sai ché tao
theo chiéu cao dbi v6i IL va CrT cua hai mode. Két qua
cho thdy ring IL ciing hau nhu khéong ddi véi suy hao
khoang 1 dB va CrT <-20 dB trong khoang bién dong ctia
chiéu cao Ah = +5 nm, day 1a dung sai hoan toan dat dugc
dé dang voi cong nghé ché tao hién dai quang khac bing
ebeam writing hay DUV-193 nm.
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So sanh véi cac két qua nghién ctru gan day ciia Chunlei
Sun et al. [12] va Yunhong Ding et al. [13], nhom tac gia
thay cau trac dé& xuat co hiéu suit trong ty nhung khong
can cAu trac bat d6i ximg va ghép dinh hudng phirc tap. So
sanh véi Uematsu et al. [14] sir dung cau tric MMI phirc
tap va can c6 bo dich pha, cau tric dé xuat trong bai bao
nay don gian hon nhiéu.
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Hinh 6. Két qua mo phong dac tinh truyén ddatjcuar bo ghép
theo dung sai chiéu cao Ah (nm) théa mdn diém toi wu tach va
bien doi mode

4. Két luan
Mot thiét ké moi cho thiét bi tach/ghép kénh hai mode

da dugce chimg t6 béi thiét ké mé phong dya trén ong dan
song SOI dang bus c6 r& nhanh. Két qua mo phong cho thay

hiéu nang hoat dong cua thiét b trong bang thong rat rong
1én t&i 150 nm trong viing cira s6 1550 nm véi suy hao chén
nho khong vuot qua 1 dB va xuyén nhiéu nhé rat nho, nho
hon -20 dB. Thiét bi c6 mat do tich hop cao, chi thiét ké
trong dién tich 8 pm x 200 um va twong thich CMOS. Thiét
bi d¢ xuét rat thich hop cho mach tich hgp quang tir ¢& 16n
dé xir Iy thong tin DWDM-MDM va cac hé théng thong tin
toan quang trén chip dé don kénh tc do tin hiéu cao trong
mot mach tich hop trong cung chip.

TAI LIEU THAM KHAO

[1] N. S. Bergano and C. R. Davidson, “Wavelength Division
Multiplexing in Long-Haul Transmission Systemns”, J. Light.
Technol., vol. 14, no. 6, 1996, pp. 1299-1308.

[2] N. Bozinovic et al., “Terabit-scale orbital angular momentum mode
division multiplexing in fibers”, Science (80-. )., vol. 340, no. 6140,
2013, pp. 1545-1548.

[3] H. Kubota, M. Oguma, and H. Takara, “Three-mode
multi/demultiplexing experiment using PLC mode multiplexer and
its application to 2+1 mode bi-directional optical communication”,
IEICE Electron. Express, vol. 10, no. 12, 2013, pp. 1-6.

[4] S. G. Leon-Saval, N. K. Fontaine, J. R. Salazar-Gil, B. Ercan, R.
Ryf, and J. Bland-Hawthorn, “Mode-selective photonic lanterns for
space-division multiplexing”, Opt. Express, vol. 22, no. 1, 2014, p.
1036.

[5] R.Ryfetal., “Mode-division multiplexing over 96 km of few-mode
fiber using coherent 6x6 MIMO processing”, J. Light. Technol., vol.
30, no. 4, 2012, pp. 521-531.

[6] F. Saitoh, K. Saitoh, and M. Koshiba, “A design method of a fiber-
based mode multi/demultiplexer for mode-division multiplexing”,
Opt. Express, vol. 18, no. 5, 2010, p. 4709.

[7] B. Stern et al., “Integrated Switch for Mode-Division Multiplexing
(MDM) and Wavelength-Division Multiplexing (WDM)”, Cleo
2015, no. Mdm, 2015, p. STh1F.2.

[8] N. Hanzawa et al., “Mode multi/demultiplexing with parallel
waveguide for mode division multiplexed transmission”, Opt.
Express, vol. 22, no. 24, 2014, p. 29321.

[9] C. Cheng et al., “Plasmon-Enhanced Emission From CMOS
Compatible Si-LEDs With Gold Nanoparticles”, IEEE Photonics
Technol. Lett., vol. 27, no. 22, 2015, pp. 2414-2417.

[10] D. Dai,J. Wang, and Y. Shi, “Silicon mode (de)multiplexer enabling
high capacity photonic networks-on-chip with a single-wavelength-
carrier light”, Opt. Lett., vol. 38, no. 9, 2013, p. 1422.

[11] Z. Yang and S. Ramanathan, “Breakthroughs in photonics 2014:
Phase change materials for photonics”, IEEE Photonics J., vol. 7,
no. 3, 2015.

[12] C. Sun, Y. Yu, G. Chen, and X. Zhang, “Silicon mode multiplexer
processing dual-path mode-division multiplexing signals”, Opt.
Lett., vol. 41, no. 23, 2016, p. 5511.

[13] Y. Ding et al., “On-chip mode division multiplexing technologies”,
vol. 9774, 2016, p. 977407.

[14] T. Uematsu, Y. Ishizaka, Y. Kawaguchi, K. Saitoh, and M. Koshiba,
“Design of a compact two-mode multi/demultiplexer consisting of
multimode interference waveguides and a wavelength-insensitive
phase shifter for mode-division multiplexing transmission”, J. Light.
Technol., vol. 30, no. 15, 2012, pp. 2421-2426.

(BBT nhdn bai: 04110/2018, hoan tat thii tuc phdn bién: 22/10/2018)



