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THIET KE VI MACH CHUYEN DOI VA DAN
THANG MODE QUANG SU’ DUNG CAU
TRUC TINH THE QUANG TU’ SILIC XUYEN
CHEO ONG DAN SONG

Chu Van Cwong?, Lé Birc Toan?, Trwong Cao Diing?
Hoc Vién Cong Nghé Bwu Chinh Vién Théng

Tom téit— Trong bai bao nay, chung t6i trinh bay mot
dé xuét dong thiét ké vé vi mach véi chirc nang chuyén doi
va dan thang hai mode song quang trong phan cuc TE dua
trén cau tric tinh thé quang tur silic. K€t qua nghién ctru,
tinh toan thong sd cua vi mach dya vao md phong s6 nhu
phuong phap khai trlen song phiang PWE va phuo’ng phap
sai phan hitu han mién thoi gian FDTD. Két qua mo phong
da cho thdy vi mach c6 hiéu ning quang hoc tét, d6 1a kha
nang cho phép dan song quang qua goc 90° kha nang
xuyén chéo ong dan song mot cach dong thoi véi suy hao
thap. Bén canh d6, dap ung bang thong cua vi mach la cao
trong 50-nm v&i suy hao chén <8dB va xuyén nhiéu thap
<-30 dB co thé chuyen d6i mode quang dua trén sy thay
d6i d6i chiét sudt cia cac tinh thé quang tur tai cac ngd giao
1. Cling vdy, dung sai hinh hoc v€ ban kinh va dung sai
vét liéu vé chiét suat tinh thé dbi voi hiéu nang quang hoc
13 16n 14n luot 12 Ar =+ 5nm va An= £0.05.

Tir Khba— Bo chuyen d6i mode, xuyén chéo 6ng dan
s6ng mode, mé phong sd, tinh thé quang ti.

l. GIOITHIEU

Gan day, nhung dot pha trong quang tu silic da tao ra
nén tang cho viéc tinh toan hiéu suat cao nhiéu 16i dya vao
thdng tin quang trén chip [1][2]. Gan day, ghép kénh phan
chia theo mode MDM (mode division multiplexing) trén
nén tang vét ligu SOI (silicon-on-insulator) dugc xem nhu
mot cong nghé hip dan va hira hen, dac biét cac hé thong
lai ghep gitta WDM-MDM cung cap mot cach t1ep can hi¢u
qua dé tang thém kha ning truyén tai ciia két nbi quang trén
chip [3]- [5] Nhiéu ket qua nghién ctu da dang cua céc
thlet bi va thanh phan khac nhau cua hé théng MDM da
dugc cong b va chimg t6 trong cac bao cdo khoa hoc cling
nhu trong thuc té, chang han cac bd ghép kénh phan chia
theo mode [6][7], cac bd chuyen mach mode [8]- [10] bd
chon duong mode [11][12], cac bo phan chia cong sudt
mode [13][14]. Trong mot hé théng MDM, bd chuyén doi
mode (mode converter) 12 mot trong nhimg phan tir co ban
nhit [15]-[18]. Mot giao dién xuyén chéo ong dan song da
mode nho gon, |a mot thanh phan thiét yéu dé thyc hién két
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nbi ‘mang quang MDM tich hop day déc va linh hoat tur
nhiéu huéng, lai hiém khi dugc glal quyét do khop ndi
phtc tap tai vung glao nhau cho cdc mode béc cao [19]-
[21] Boai vi, phan giao cat gifta cac ong dan séng thu’ong
¢6 khuyét diém 1a tan xa va xuyen nhiéu am tai diém giao
nhau do mat séng mé rong va dac tinh khong thich hop
pha. Trong thap ky qua, cac nha nghlen clru da dé xuét mot
SO phuo’ng an dé cai thién hiéu suat giao cit giira hai 6 ong
dan song. Gan day, hiéu tng ty hinh anh trong bo ghép giao
thoa da mode (MMI) thong thuong da duge st dung dé
nhéan ra sy giao nhau gnra ong dan song ché do kép [22].
Thét khong may, cac vi tri ty tao anh han che duoc bu dap
giita mode co ban va mode bac nhat trong 6ng dan song
thong thuong dan dén chiéu dai khép noi tuorng dbi 16m va
1am phure tap qua trinh thiét ké. Mit khac, cac thiét bi xuyén
chéo 6ng dan séng (Wavegulde crossmg) thuong duge thue
hién dya trén co ché ctia ong dan s6ng phan xa toan phan
khong hd tro cac song anh sang dan trong cau tric c6 ban
kinh cong nho.

Céu truc tinh thé quang tir PhC (photonic crystal) 1a mot
cdu trac nano dién moi tuan hoan cho phép su lan truyen
cua song dién tur gidng nhu dién the trong tinh thé anh
huong dén chuyén dong ciia dién tir biang céch xac dinh cac
dai nang lugng dién tir cho phep hoac bi cam [23] [24]. Cau
trac tinh thé quang tu chtta cac vung co hing sé dién moéi
(hay chiét suat) cao, thap lap di lap lai, cac photon duai
dang song truyén qua cdu tric nay c6 thé bj cAm hoic
khong tuy thudc vao budc song cua ching. Véi mang tinh
thé dong nhét c6 tinh tuan hoan trong mt cau triic s& anh
hlrorng dén viéc lan truyén ciia song quang sy anh huong
nay duoc thé hién trén dai bang quang tir PBG (Photonic
Band Gap). PBG la mot dai budc song ma cic budce song
trong dai nay hoan toan bi chan hodc han ché lan truyen
trong ciu trac. Mot cau trac PhC c6 thé c6 mot dén vai dai
PBG hodc cling c6 thé khong c¢6 dai PBG nao, cac dai PBG
trong mot cau trac PhC phu thudc vao thong s6 cua mang
tinh thé nhu hang sO mang tinh thé va ban kinh cac tinh thé.
Gan day, nhiéu cu triic vi mach su dung PhC da chung to
dugc nhiéu uu diém vé kha ning dan song qua cac nga ré
vuong goc, suy hao tuong dbi thép, giam gilt 4nh sang
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Hinh 1: Vi mach d4n thdng mode (a) va chuyén
déi mode (b).

trong kich thudc chi vai pm [25][26].

Trong bai bdo nay ching t6i dé xuat mot vi mach voi
kha nang chuyén d01 mode clia mot soéng quang va kha
nang xuyén chéo ong dan song khi di qua giao dlem cua
hai 6ng dan song, sir dung cho céc bude song nam trong
dai budc song 1540nm den 1590nm véi hai mode TE, va
TE1.Vi mach dugc thiét ké dua trén cu tric tinh thé quang
tur hai chiéu (2D-PhC) va duoc tbi uu thong qua md phéng
sO bang phuorng phap sai phén hiru han mién thoi gian trong
khong gian dan song hai chiéu (2D- FDTD) la nhu’ng
phuong phap mé phong sé chinh xac nhat hign nay vé md
phong quang hoc, truong dién tur no6i chung va 6ng dan
song tinh thé quang tir bang vat ligu silic néi riéng.

ll. NGUYEN LY THIET KE VA TOI WU CAU TRUC

Vi mach duge thiét ké dua trén ciu truc tinh thé quang
tir hai chiéu sir dung cho bugc séng 1550nm dugc trinh bay
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Hinh 2. Band gap céu tric tinh thé quang tw silic
duoc gidi bdng phuong phép khai trién séng phang
PWE.

nhu trén Hinh 1. Cau trlic ¢6 dang hinh chit thap, trong d6
bao gom mot co cdu éng dan song theo truc doc dong vai
trd clia mot thiét bi chuyén dbi mode hodc dan thang hai
mode va phuong ngang la mot 6ng dan song hd tro hai
mode. Theo chiéu doc, 6ng dan da mode (hai mode) duoc
chia thanh hai kénh din don mode bén trong vi mach. Ong
dan da mode c6 rong 675nm, cic kénh dan don mode con
lai ¢6 d6 rong nho hon, 81nm (hi nh 1).

Dé thiét ké vi mach, ciu trac mang tinh the quang tur da
duogc ap dung Trong do, cac tinh thé sap xép dang hinh
vudng, cac tinh thé trong ‘mang la cac thanh di¢n m6i nano
Si (silicon nano rods) véi chiét suit nsi= 3,45 & budc song
1550 nm hinh try tron dwgc nhing bao quanh 1a thity tinh
silica SiO, (chiét suit 1,44 tai budc song 1550 nm). Céc
thanh dién moi c6 ban k1nh r=90nm va hang sb chu ki dién
moi a=450nm. Tong kich thudc cua mot don vi vi mach
quang tor vuoéng l1a 160nm*160nm. Véi hang s6 chu ki dién
moi va kich thudce ban kinh céc tinh ‘Ehe nhu trén, s dung
phuong phap mé phong s6 khai trién song phang PWE
(plane wave expansmn) chung t6i da tim duoc mot dai
bandgap cua vi mach trong mode TE, nam trong khoang
0,275 < a/4 < 0,324, nhu dugc trinh bay trén Hinh 2.
Chuyén sang mlén budce song ta thu duge la 1388 nm <4 <
1636 nm. Céc budc song ndm trong dai nay khong bi phan
tan trong cAu tric PhC. Diéu nay chimg minh rang buge
song chung toi dé xuat khéng bi phan tan trong cau truc va
hoan toan lan truyén dugc trong ciu trac vi mach. Dya vao
diéu nay chung t6i thuc hién luge bo cac tinh thé dé taora
cac kénh dan .

Trong mot ciu tric tinh thé quang tir viéc thay ddi mot
vai tinh thé trong ciu triic khong lam thay doi band gap cua
ca cAu truc nhung sy thay d01 nay co thé tao ra mot sb thay
d01 dic biét ¢ bén trong cau tric. Dé tao ra chirc nang dan
thang mode gitip cho hai séng quang di qua giao diém cua
vi mach ma khong gy anh huong 1€n nhau, nam thanh dién
moi ban kinh 140nm duoc bd tri dé sap xép theo hinh chit
nhat dt tai giao diém cta cac kénh dan. Nam thanh dién
moi nay o6 tac dyng cho phép hai song quang di qua giao
diém cuia kénh dan boi sy phu hop bandgap ma gan nhu
khong xuyén nhleu ra khoi hudng truyeén, dam bao song
quang tmyen t6i cong ra khong bi thay d6i mode dong thoi
cong suat bi suy hao khong nhidu. Twong ty nhu vay, bang
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Bing 1. Chiét sudit cac loai tinh thé

Loai tinh thé Chiét suit
Mau do 3,46

Mau xanh ngoc 3,2

Mau vang 3,6

phuong phap thay dbi tinh chat céc thanh di¢n moi chung
t6i da thiét ké chirc ning chuyen dbi mode. Chure nang nay
dugc tao ra dya vao sy thay dbi chiét suat cua cac thanh
dién moéi xung quanh kénh dan dé co6 thé chuyén dbi mode
tai dau ra (mode TEp chuyén sang mode TE;, mode TE;
chuyén sang mode TEo) Luu y rang, do cau trac doc hoat
d6ng nhu mot bo giao thoa ké MZI nén sy két hop pha tur
hai canh s& tao ra chuyén ('1‘01 mode gifta TEo va TE: néu
dich pha la 180° (r radian). Dé chuyén d6i mode chung t6i
d3 thay ddi chiét suit cia thanh dién moi bén canh hai kénh
dan, mot kénh céc tinh thé duoc tang chiét suét 1én 3,6-cac
tinh thé mau vang trong Hinh 1, mot kénh céc tinh thé dugc
giam chiét suat xudng 3,2-cac tmh thé mau xanh ngoc trong
hinh 3. Séng quang tir kénh dan da mode dugc chia vao hai
kénh dan don di c6 su thay d6i chiét suat, trong qua trinh
truyen hai kénh dan don nay c6 tac dung lam thay ddi pha
cua song quang. Béng cach khao sat pha 1 ham ciia sy thay
d6i chiét sudt thong qua phuong phap mo phong FDTD tur
cong cu mo6 phong dugc thuong mai héa Rsoft-Fullwave,

l1éch pha can thiét 180° cho su két hop chuyén d6i bac mode
gnra cac nhanh don mode ¢ hudng doc duge tim thay néu
cac chiét suat tinh thé mau thoa man céc tri 50 nhu duge
ligt ké trén Bang 1.0 day, su thay doi vé chiét suét cua cac
thanh dién méi trong cau tric dugc the hién bang cac mau
khac nhau trén Hinh 1, gia tri chlet suat clia cac loai thanh
dién moi trong ché do chuyen d6i mode (thiét bi 1a mot bo
mode converter) dugc thé hién & Bang 1.

1. MO PHONG PANH GIA PAC TiNH VA THAO
LUAN

Dé khao sat tinh nang va hi¢u nang ctia vi mach, chiing
t0i dd mo phong cau triic da d€ xuat dya trén phuong phap
sai phan hitu han mién thoi gian FDTD (finite difference-
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Hinh 3. Két qué moé phéng FDTD cho chirc nang
truyén thanqg hai mode xuyén chéo qua 6nq dan séngq.
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Hinh 4. Két qué mé phéng FDTD cho chirc néng
chuyén déi hai mode xuyén chéo qua 6ng dan séng.

time domain). Thyc hién mo phéng chirc nang dan thing
hai mode duoc trinh bay tai Hinh 3, va mo phong chire
ning chuyén déi hai mode xuyén chéo 6 ong dan séng duoc
trinh bay tai Hinh 4, mdt cach twong Umg. Hinh anh tryc
giac tr mo phong truyén truong trén hai hinh vé cho thay
rang vi mach quang da thuc hién duoc chtrc nang dan thang
(through) hai mode va chuyén d01 (convert) hai mode mot
cach thanh cong xuyén chéo qua ong dan song nam ngang
ma hau nhu khong bi xuyén nhiéu, dam bao cac mode séng
quang khong bi thay dbi khi di qua céac giao diém.

Chiing t6i da thyc hién danh g1a hi€u néng cua vi mach
dua trén cac dap ung ham sé cua cac thong s6: dai budce
song khao sat trong ph bang vung cua s6 telecom tha ba
tr 1540nm-1590nm, sy thay do6i ban kinh cua tat ca cac
thanh di¢n moi, sy thay d6i chiét suat cua tat cd cac thanh
dién moi. Dya vao viéc khao sat cac thong s6 nay chiing
t6i dua ra dugc cac do thi hiéu ning cta vi mach trong timg
truong hop.

Tlep tuc thyc hién m6 phong de danh gia tinh ning
chuyen d6i mode, ching toi _thay dbi chiét sudt cac thanh
dién m6i xung quang kénh dan dé tao ra chirc nang chuyén
d6i mode nhu dé xuét ban du, két qua mod phong chure
nang duogc the hién tai hinh 5. Két qué cho thay vi mach da
thyuc hién tot chirc ning chuyén ddi mode, véi song quang
dau vao mode0 (TEg) chiing t6i thu dugc model (TE1) tai
daurava nguogc lai. Sau khi m6 phong danh gia thanh cong
céc tinh ning ciia vi mach da dé ra. Chung t6i thyc hién
danh gia hiéu nang cua vi mach dya trén cac thong sé da
dua ra trude do. Cac két qua dugc danh gia bang hai tham
s6 chinh 12 suy hao chén I.L (Insertion loss) va xuyén nhiéu
Cr.T (Crosstalk), dugc mo ta nhu sau:

I.L =10 log [%) (1)
CrT =10 log Ry 2
> P

Trong d6 Pin 12 cong suét dau vao, Pq la cong sut dau ra
mong mudn, Py 1a cong suat dau ra khong mong mudn.
Chung t61 da thuc hién danh gid hiéu nang dua trén ba
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Hinh 5. Hiéu nang truyén dan cta vi mach véi
chirc nang dén thang khi truyén 2 mode TEO va TE1
qua 6ng dan da mode khi khéng c6 mode truyén cét

ngang.

truong hop: thuc hién danh gia hiéu nang chire nang dan
thing mode qua ong dan da mode, thyc hién dénh gi hi¢u
nang chtrc ning dan thing mode qua dng dan don mode,
thue hién danh gid hi¢u nang chirc nang chuyén d6i mode.
Céc két qua dwoc thé hién tai Hinh 5, Hinh 6, Hinh 7. Tai
Hinh 5 da cho thdy véi chic nang dan thang mode khi
truyén 2 mode TEO va TE1 qua ma khong co6 su truyen tin
hi¢u quang qua ong dan séng truyen cit ngang. Két qua cho
thay, vi mach ¢6 hi€u nang tot khi hoat dong voi dai bude
song 1540nm <A< 1590nm, cong suét tin hiéu dau ra cao
va xuyén nhiéu thip, hiéu sb insertion loss (I L) va
crosstalk (Cr T) lu6n 16n hon 22dB. V6i dung sai ché tao
ban kinh cac tinh thé trong khoang 85nm < r < 95nm, Vi
mach ludn cho hi¢u sO L. L va Cr.T 16n hon 20dB, tuong tu
khi chlet suét cac tinh thé thay dbi trong dai 3.4 <n<3.5
hi¢u s6 LL va Cr.T 16n hon 30dB. Cac két qua trén da cho
thdy v6i chirc nang dan thing hiéu ning quang hoc cia vi
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Hinh 6. Hiéu nang truyén dan cda vi mach véi
chirc nang chuyén déi bac mode khi truyén 2 mode
TEO va TE1 qua éng d4n da mode khi khéng c6
mode truyén cét ngang.

mach kha t6t. D6 thi dénh gia chitrc ndng chuyén d6i mode
hi€u nang cua vi mach dugc thé hién tai Hinh 6, duoc thuc
hién khi truyén hai mode TEO va TE1 lan luot dugc bién
doi thanh cap mode TE1 va TEO ¢ dau ra ma khong co sy
truyen cua tin hiéu dan song cat ngang. Nhin vao d6 chiing
ta thiy duoc rang, tuong tw nhu chirc ning dan thing, trong
dai budc song khao sat 1540nm < /1 < 1590nm hi¢u s6 gnra
I.L va Cr.T luén 16n hon 22dB, chi sb I.L tai budc séng
1550nm nho dudi 2dB. Dung sai ché tao ban kinh céc tinh
thé trong khoang 85nm <r< 95nm luén c6 hiéu so IL va
CrT 16n hon 18dB, tuong tu v&i dung sai chiét suat 3,4 <n
<3,5 chi sb hiéu nang ludn 16n hon 30dB. Qua d6 cho thiy
voi chue nang chuyen d6i mode hiéu nang cua vi mach
cling rat tot. Cudi cung chiing t6i danh gia chure nang dan
thang voi ong dan séng don mode truyen ngang xuyen qua
cau triic thang khi huéng doc khong co kich thich cac mode
quang, két qua dugc thé hién tai Hinh 7, hi¢u ning cia vi
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Hinh7. Hiéu nang truyén dén cda vi mach véi
chirc ndng dén thdng khi 2 mode TEO va TE1 khéng
duoc truyén ma chi cé éng dan séng don mode
truyén cét ngang.

mach khi thuc hién chuc nang dan thing qua 6ng dan song
don mode cho hi€u ning rat tét. Trong dai budc song
1540nm < 7 < 1590nm hi¢u s6 gitta LL va Cr.T luén 16n
hon 30dB, chi sO L. L tai buge song 1550nm nho dudi 2dB
cho thiy suy hao thdp. Dung sai ché tao ban kinh cac tinh
thé trong khoang 85nm <r< 95nm luén c6 hi¢u so IL va
Cr.T 16n hon 24dB. Tuong ty, v6i dung sai chiét sudt 3,4 <
n < 3,5 chi s6 hi¢u nang lu6n 16n hon 30dB. Két qua cho
thay hiéu ning véi 6ng dan don la t6t nhat. Sau khi danh
gia voi ba truong hop, chirc ndng cta vi mach ching t6i
thay ring voi dung sai ban kinh 10%, dung sai chiét suét
3% so voi thong s0 dua ra ban dau hiéu ning ctia vi mach
thay ddi khong qua 16n.

Thém vao do, thiét bj da dé xuat trong nghién ciru nay
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duoc bd tri trén mot dién tich cuc nho c& 10um X 10um nén
tiém nang ung dung trong cac vi mach quang tir ¢& 16n
VLSPICs (very Iarge scale photonic integrated circuits).
Mit khac, so sanh vdi cac ciu triic cua thict bi chuyén doi
mode cua cong ngh¢ quang tu silic dya trén dng dan song
phan xa toan phan [27]-[29] thi cau tric sir dung PhC trong
nghién clru nay c6 kich thudc nho hon nhiéu véi kha nang
dan tin higu quang trong cac khop n01 vuong goc va xuyen
chéo kénh véi chat lugng cuc tot vé do xuyen nhiéu voi
cung d¢ rong dap tng bang thong budc song.

IV. KET LUAN

Pé két thuc, bai bao nay trinh bay thiét ké ngan gon cua
mot thlet bi dan thing hoic chuyen d6i bac mode xuyén
chéo 6ng dan song dya trén cau tric tinh thé quang tur bang
vat ligu silic trén nén thuy tinh silic. Viéc nghién ctru thiét
ké, tdi wu hoat dong va dédc tinh hoa duogc st dung cac
phuong phap mo phong sé. Két qua cho thay thiét bi hoat
dong co hiéu nang quang hoc cao trong bang thong rong
50-nm v&i suy hao chén thap hon 8dB, xuyen nhiéu kénh
luén nhé hon -30dB. Bén canh d6, dung sai ché tao cuia
thiét bi la tuong d6i 16n voi dap ing dung sai hinh hoc va
vat liéu tuo’ng tmg la Ar=£5nm, An=+0.05. Hon nira, toan
b6 thiét bi co thé bb tri trong mot dién tich chan de rat nho
10um>< 10um. Do vy, thiét bi quang tir dé xudt c6 tlem
ndng (mg dung lon trong cac vi mach quang tir tich hop tde
d6 cao, cac thiét bi két ndi quang va cac hé thong thong tin
MDM lién chip.

LOI CAM ON
Nghién ctru nay duoc tai tro boi Hoc vién Cong nghé Buu
chinh Vién thong trong dé tai c6 ma so HV-2020-bT-12.
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A CODESIGN OF OPTICAL MODE CONVERTER
AND MODE CROSSING BASED ON SILICON
PHOTONIC CRYSTAL STRUCTURES

Abstract—This paper presents a co-designed proposal of
photonic integrated circuits with capabilities of converting
and crossing for two optical waveguide modes in TE
polarization based on the silicon photonic crystal structure.
Calculation and optimization results of structural
parameters are based on numerical simulation methods
such as the plane wave expansion method and finite
difference time domain method. The simulation results
showed that the PICs have good optical performance when
guiding optical waves through 90° angle bent waveguides
and waveguide crossing sections simultaneously with low
attenuation. Besides, the bandwidth responses of proposed
devices are as much as 50-nm with insertion loss smaller
than 8 dB and crosstalk under -30 dB, which can switch
optical modes by manipulating a specific refractive index
modulation progress of photonic crystals at intersections.
The geometrical tolerance of radius and the material
tolerance of the refractive index for optical performance
are relatively large, corresponding to Ar =+ 5nm and An =
+ 0.05, respectively.

Keywords— Mode converter, mode waveguide crossing,
silicon photonic crystal, co-design, numerical. simulation.
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