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Tom tat - Chang toi dé xuét mot thiét ké méi cla thlet bi tach/ghép
kénh phan chia ba mode dwa trén phan tAng clia hai ng dan song
silic ghép dinh huwéng dbi xirng. Cac mode co ban, mode bac nhét
va bac hai theo phén cuc dién ngang (TE) dwoc tach riéng ra ba
cbng & dau ra. Thiét ké dwoc thyc hién bdi phan tich ly thuyét va
mé phéng sé st dung phwong phap mé phdng truyén chum ba
chiéu (3D-BPM) va phuong phap hé s6 hiéu dung (EIM). Cac két
qua cho thay tach ba kénh thanh cong trong mot déi bang C cla
ctra sb thong tin quang 1550 nm, v&i suy hao va xuyén nhiéu kénh
thap Thiét bi d& xuét co dién tich tich hop nha, do dé n6 khéng chi
c6 tiém n&ng trong cac hé théng truyén dan ghép kénh phan chia
theo bwéc séng va theo mode, ma con cho cac mach tich hop
quang tt silic mat dé cao.

Twr khoéa - bo ghép (tach) kénh; b ghép dinh huwong déi xteng; éng
dan séng silic; phwong phap BPM; phwong phap EIM; mode TE.

1. Giéi thi¢u

Chung ta dang song trong ky nguyén bung nd thong tin
cac dich vu sb liéu, dién toan dam may (cloud computing),
céc dich vu xem truyén hinh d¢ phan giai cao qua mang
Internet hay cac dich vy theo yéu cAu, cac dich vu truy nhap
di dong c4 nhan, Internet van vat IoT (Internet of things)...
Cho dén nay, cong nghé ghep kénh phan chia theo bude
song dé 1am nhiém vy truyén tai tin hiéu thong tin quang
téc do cao 1én t&i 100 Gb/s [1] cho mdi budc song va sé
con khong ngimg gia tang, ¢6 thé 1én t6i 400 Gb/s va 1 Tb/s
trong tuong lai, néu cac dich vu di dong thé hé 5G tiép tuc
hd trg bang thong 16p truy nhap cuc 16n, nhu cac yéu cau
dit ra cua hiép hoi di dong thé gidi hay 1a T6 chie cac dbi
tac phét trién 3G (3GPP) duoc thoa man. Do d6, cin mot
chién lugc ning cao dung luong cho cac kénh WDM,
chang han nhu st dung cc dang diéu ché cao cép da mirc
[2], hay ghép kénh phén chia theo trang thai phan cuc PDM
(polarization division multiplexing). Boi cho dén nay, cac
h¢ thong WDM la phé bién, tuy nhién, hiéu suét sir dung
phé cua cong ngh¢ WDM da dat den gi61 han ma héu nhu
khong thé ting duoc, do mot sé yéu tb chinh: (a) hé thong
thdng tin quang trong biang thong suy hao thap cua soi 1a
tu bang (C + L) tir dai 1.525 - 1.625 nm, hi¢n vdi cong nghé
ghép kénh DWDM v6i 0,8 nm hodc 0,4 nm da bi gidi han
kénh do nhimg van dé vé tan sic, anh huong rat manh cia
cac hiéu tmg phi tuyén, dic biét trong cac hé thong toc do
bit cao va c6 khuéch dai nhu diéu ché pha chéo XPM, tron
bdn song FWM va tan xa Raman duoc kich thich SRS.
Nguoc lai, cac hé théng thong tin quang soi c6 thé két hop
céc hoat dong da mode dé nang cao dung lugng cho kénh
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WDM, v6i cliing bude song ¢ thé nang cao dung luong 1én
gap s6 1an cac mode. Ky thuat nay khong chiu anh hudng
tinh phi tuyén va tan sic, do cac mode truc giao véi cung
bude séng nén co6 twong quan chéo 1a 0. Thong tin da mode
trong soi di dwoc chimg to trong thuc té boi 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 ghép kénh phan chia theo mode - MDM
[6] dugc xem 1 con dudng sang sta dé pha v& gidi han [5].
Trong phuong phap nay, mdi mode riéng cua budc song
mang mdt luu lugng thong tin riéng. Do d6, mdt dung
lugng 16n co thé duoc tao ra nhd ky thuat MDM két hop
v6i ky thudt WDM [7].

Thong tin da mode chiu tan sdc lién mode trong soi voi
cu ly truyén dan xa. D vay, cac k¥ thudt bu tan sic tot giap
giam dang ké nhirng anh hudng ciia tan sic voi da mode.
Do vy, cac hé théng thong tin da mode dugc gia ting cu
ly truyén dan. Mic dii c6 mot s6 ki thuét ghép kénh phan
chia theo mode dwoc st dung kiéu ghép theo soi dé xur 1y
truc tiép viéc ghép kénh, tuy nhién, tinh linh hoat cta viéc
xtr 1y trén sgi khong duge cao va can qué trinh ché tao phirc
tap. Nguoc lai, st dung cac chip quang tir dé xir Iy cho phép
ghép/tach kénh phan chia theo mode linh hoat hon nhiéu
va tao ra dugc nhiéu mach phuec tap, chéng han nang cao
dung lugng cac bus quang ndi lién chip (intrachip
communication systems), hay mang truy nhép téc do cao &
cu ly ngén va trung binh. Dic biét, cac mach quang phing
— PLC (planar lightwave circuits) si dung vat liu silicon
¢6 nhiéu vu diém veé suy hao thip, bang thong rong, nhét 1a
sai khac chiét suét 13i - vo 16n nén cho phép bit gitr anh
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sang trong 15i cyc t6t voi hidu suét cao, do d6 tao ra cac vi
mach quang tir tich hgp cao. Uu diém rat 16n nita ctia cong
nghé mach quang phang bang vat lidu silic SOI (silicon on
insulator) 14 twong thich cong nghé ban dan ché tao vi mach
dién tir CMOS, do d6, gia thanh san xuat thip va co tiém
ning san xut hang loat.

Mot vai bd tach ghép phan chia theo mode da sir dung
mot sb kiéu 6ng dan song ghép dinh huéng bang cac éng
dan song bat doi xing [8], [9] hay doan nhiét [10], [11],
nhung c6 sy phdi ghép khé va ché tao phire tap hon, do can
tao ra cac mask voi kich thuédce khac nhau.

Trong bai b4o nay, chung t6i trinh bay vé mot cu tric
str dung cdc by ghép dinh huéng DC (directional coupler)
do6i xung (chidu rong cac éng din song nhu nhau) dugc
phan ting hai chang va sir dung vat li¢u SOI dé tao ra bo
tach ghep ba mode. Viéc phén tich ly thuyet bang sir dung
1y thuyét ghép mode trong nhiing 6 ong dan song ghép dinh
hudng va thiét ké t6i wu thong qua mo phong sb truyén
chim — BPM (beam propagation method) va phuwong phap
hé s6 hiéu dung EIM (effective index method) rat thich hop
cho 6ng dan song nay. Cac két qua mo phong cho thiy hé
thong co bang thong kha rong trong mot dai bang C du sb
lrong mode hoat dong 1a kha 16n. Kich thudc cAu kién cho
phép tng dung trong cac mach tich hgp quang tir xir 1y tin
hiéu MDM-WDM hodc nang cao dung lugng cho cac hé
thong thong tin ndi cac chip.

2. Nguyén ly thiét ké hoat dong va toi wu cdu tric

So d6 cdu tric cua thiét bi phan chia theo budc song
duoc mo ta nhu ¢ Hinh 1. Thiét bi duoc phan ting thanh
hai tang ghép dinh huéng mot cach ddi xung, theo d6 cac
dng dan song str dung vt liéu silic (Si) trén nén 16p vo thuy
tinh silic (SiO2) c¢6 chiéu rong nhu nhau 1a Wo. Thiét bi
duoc thiét ké dé hoat dong cho ba mode & trang thai phan
cuc dién ngang TE (transverse electric) ¢ budc song trung
tam hoat dong la 1.550 nm.

Céc 6ng dan song SOI dugc thiét ké theo dang dng dan
song dang suon (rib/ridge waveguides), voi 16p 16i silic co
chiét suat n, = 3,45 va chiét suat 16p thuy tinh silic n.=1,46
& bude song 1.550 nm. M6 hinh Seimeier duoc st dung dé
phan tich ddc tinh chiét sut vat li¢u silic va thiy tinh silic
cho théy ring, trong ving phd budc soéng 1.550 nm 1a bién
d6i rat cham nén ta coi chiét suat cua 6ng dan song SOI 1a
khong ddi trong dai budc song cua bing C. Toan bd cac
dng dan song st dung duoc ché tao theo phwong phép
quang khic bang chum dién tir (Ebeam lithography hay
Ebeam writing) va k¥ thuat &n mon kho sur dung ky thuat
plasma ghép cam tng ICP etching (inductively coupled
plasma etching) [10], hodc cac k¥ thudt quang khac bang
tia cuc tim — DUV lithography (deep ultra violet
photolithography), véi chiéu cao tong 500 nm va chiéu cao
ving tim (slab height) 14 220 nm theo tiéu chuén.

Dau tién, ta sir dung k¥ thudt phan tich giai mode dé tim
hé $6 hiéu dung nham xac dinh cac mode lam viéc trong
ong dan song. Hinh 2 mo phong két qua phép giai mode
(mode solver) str dung md phong BPM két hop md phong
EIM d tim ra mode hiéu dung theo chiéu rong cua cac dng
dan song dau vao Wo, voi cdu triic dang suon di noi ¢ trén.
Dé hd tro 3 mode theo phan cuc TE hoat ddng trong éng

dan song thi Wo r}ém trong khoang tir 1 pm dén 1,5 pm. Do
do, trong thiét ké nay chiing ta chon Wo=1,35 pm dé ho trg
ba mode TEo, TE; va TEo.

Coéng 2 Céng 3

Céng 1

Si, n,=3.45
Si0, n~1.46

(b)
Hinh 1. So do thiét ké dé xudt cuia thiét b tach kénh ba mode
dura trén phan tang cac bo ghép dinh hudng doi ximng sir dung
vat liéu: a) So do mat chiéu bang va b) So' do mdt chieu canh
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Hinh 2. Hé 56 hiéu dung ciia dng dén song silic déu vao ciia cdc
mode nhw la phu thugc ham ciia chiéu rong ong dan séng dau
vdo. Cac mau sdc ciia cdc dwong cong thé hién twong umg cho cdc
béc khdc nhau ciia mode dwoc hé tro dan trong dng dan séng

Y tuéng cua thiét ké nay ké thura tu tuong thiét ké cua
Yaosheng Shi va céc cong su [12], khi thiét ké thiét bi tach
ghép ba budc song (triplexer) sir dung dng dan song SOI
bang cch phan tang cac bo ghép dinh huéng. Bai vi, néu coi
cac mode truc giao c6 hé s6 mode hiéu dung (ner) khac nhau
cling gidng nhu cac budce song khac nhau c6 hé sé mode
khéc nhau va nhu vay 1a c¢6 chiéu dai ghép ndi L. (coupling
length) khac nhau. Trong phin nay, nhiém vu du tién 14 st
dung ting ghép dinh huéng thir nhit DC; véi khoang ho
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(gap) gitra hai 0 ong dan song la g1= 300 nm dé tach ra mot
mode tai ong dan song ¢ dau ra va 2 mode con lai ra chung
mot dng din song con lai & dau ra bd ghép DC1. Mudn vay,
theo 1y thuyét ghép dinh huéng do1 xumng, su ghép mode do
cam ung clia cAc trudng gan tir ng dan séng no sang dng
dan song kia ctia bo ghép dinh huéng phai thoa min phuong
trinh ghép mode. Nghia 13, chiéu dai bo ghép dinh hudng
DC: la Ly phai thoa mén diéu kién sau day:

L =mL, (TEO):nLc (TE1): pL, (TEz) 1)

O day, L 1a chiéu dai ghép ndi cua cac mode, m, nvap
la cac sO nguyén duong. Muon thoa man diéu kién hai
mode vé cung mdt phia thi cac cdp m, n va p phai cing tinh
chan 1¢.
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Hinh 3. Két quda mé phong ddc tinh t,myéh dat cua bo ghép dinh
huong DCitheo chiéu dai ngan nhat L1 thoa man diém toi wu
tach cac cap mode

St dung k¥ thuat mé phong BPM mét cach cén than
timg budc nhd mot, chiing ta md phong theo chiéu dai cua
bd ghép v6i chidu dai ghép cuia cua cac mode dugc tinh tir
dir lidu vé hé s6 mode hiéu dung. Két qua 13 trong ving
chiéu dai ngan nhat L; khoang ¢& 440 wm nhu thé hién trén
Hinh 3 thi théa méan hé thirc sau day:

L=L(TE)=5L (TE)=16L(TE,) ()

Nhu vay, véi lugl chon ngén nhét cia chidu dai bo ghép
dinh hudng thir nhat ¢ gid tri t6i vu 1a 440 pm (xem trén
Hinh 3) thi mode co ban TEo va mode bac nhat TE; s& duoc
tach chung cip ra cdng ra chéo (P1) ciia b ghép DCy, trong
khi d6 mode TE; dugc tich riéng ra mot cong ra thing (Py),
nhu ky hi¢u trén so dd & Hinh 1.

Tiép dén, nhiém vy con lai 14 ta sur dung mdt bd ghép
dinh huéng thir hai DC> v6i khoang hé (gap) gilta hai 6ng
dan song 1a g2 = 200 nm d€ tach riéng ra hai mode TEo va
TE:1 mot cach riéng r€. D€ dat dugc giéu nay thi chiéu dai
L, cua bd ghép DC; phai thoa man dang thuc sau day:

L, =rL, (TE,)=sL, (TE,) 3)

Trong d6, r, s 1a cac s6 nguyén chin 1¢ khac nhau, L.la
chidu dai ghép cua doan ghép dinh huéng DC; nay.

Ky thuat BPM dugc sir dung dé md phong cac dic tinh
truyén dat cua hai mode nay. Bang cach str dung quy trinh
mo phong can than véi cac bude nhu vay, ta tim duoc chiéu

dai L, nam trong khoang tir 385 um dén 390 pm thi dac
tinh truyén dat cong suat (theo dB) & céc cong ra mong

ml}én va cbng con lai ¢6 cach biét 16n hon 20 dB. Nhu duge

thay ¢ trén Hinh 4, chung ta chon gia tri L, = 388 pm trong
thiét ké nay théa man bicu thic:

L, =21, (TE,) =0, (TE,) @

Nhur thé ta d tach ra dugc mode TEy ra phia cong ra

thang (cong 2) va mode TE; ra cong ra thang chéo (cong 1)

clia dau ra thiét bi, do d6, nhiém vu tach riéng ba mode
thanh cong.
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Hinh 4. Két qud mé phdng dac tinh tmyén dat cua bg ghép dinh
huong DCa theo chiéu dai ngan nhat L1 thoa man diém toi vu
tdach cdc cap mode

3. Két qua mé phéng va thio luan

Hinh 5 thé hién két qua mé phong BPM bai su phan bb
trudng cua lan luot cac mode TEo, TE; va TE; khi truyén tir
dau vao cua thiét bi tai trung tam ciia budc song hoat dong
1.550 nm. Két qua m6 phong cho thay phu hop véi phan tich
hoat dong cua thlet bi ¢ trén. Két qua mo phong cling cho
thdy mot luong rat nho khong dang ké cong suat phat ra ra
tir thiét bi. Do do, thiét bi d& xuét 1a co suy hao rat nho.

Trong phan tiép theo, ching ta s€ danh gia hiéu nang
quang hoc cta thiét bi d8é xuét. Chung ta biét rang, hai tham
sO quan trong nhit vé& mit hiéu nang quang hoc anh hudng
dén chét luong hoat dong cua thiét bi 1a suy hao chén va
xuyén nhidu kénh. O ddy, chiing ta ky hiéu suy hao chén 1a
I.L (insertion loss) va xuyén nhiéu kénh 1a Cr.T (crosstalk),
dugc dinh nghia boi cac biéu thirc sau day:

I.L =10log [%} ®)

PO
> Pk ] ©

O day, P; la cong suat kénh dau vao cia dng dan song,
Po 1a cong sudt kénh dau ra cta ong dan séng, Y, F’”< 2 tong

Cr.T =-10logy, [

cong sudt khong mong mudn tai ddu ra mong mudn tir cac
kénh lién bén canh.

Hinh 6 thé hién ké qua sy phu thugc ham vao budc
song cua cac tham sd quang hoc I.LL va Cr.T theo mot
dai budc song trong bang C, tir 1.544 nm dén 1.554 nm.
Két qua mo6 phong cho thiy réng, suy hao chén cua ca
ba mode 1a nho hon 0,9 dB vé gia tri tuyét ddi trong
khoang 10 nm dugc khédo sat ¢ trén. Nhu vay, hé théng
thiét ké 1a thiét bi c6 suy hao chén twong dbi nho. Trong
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khi d6, trong dai budc séng nay thi xuyén nhiéu kénh
cua ba mode 1a duéi -12 dB. Mic du thiét bj dé xuat ¢6
bing thong rong so véi cac ciu trac st dung ghép da
mode, tuy nhién, thiét bi d& xudt trong bai bao nay cé
cdu tric hinh hoc kha don gian, chi gdm hai 6ng dan
song ¢& micromet ghép phan tang kiéu dinh huéng, do
d6 co6 cau tric don gian, dé dang tao cac mask cho viéc
ché tao. Bing thong 10 nm véi suy hao thap hd trg dung
lugng kénh kha 16n cho cac hé thong DWDM-MDM, véi
khoang cach kénh ¢& 0,4 nm dén 0,8 nm.
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Hinh 5. Mdu dwong bao dién truong (contour map) cho bg tach
ghép kénh phdn chia ba mode dé xuat cho (a) mode co ban,
(b) mode bdc mét va (c) mode bdc hai
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Hinh 6. Bdc tinh hiéu ning quang hoc cia thiét bi phy thudc
vao budc séng cho ba mode phdn cuc: (a) suy hao chen
va (b) xuyén nhieu
4. Két luan

Mot thiét ké méi cho thiét bi tich/ghép kénh ba mode
ma gitt nguyén cac bac mode ¢ dau ra da dugc chung tod

boi thiét ké mo phong duya trén 6ng dan song SOI, va su
phéan ting hai bo ghép dinh huéng véi sy don gian trong
cu tric hinh hoc dé tich riéng dan timg mode. Két qua mo
phong cho thay hi¢u ning hoat dong ciia thiét bi trong bang
thong 10 nm véi suy hao chén nho khong vuot qua 1 dB va
xuyén nhidu nho hon -12 dB. Thiét bi thich hop cho mach
tich hop quang tir ¢& 16n dé xir Iy thong tin DWDM-MDM
va cac hé thong thong tin toan quang trén chip dé don tdc
d6 tin hi¢u trong mdt mach tich hop cung.
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