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Tom tat: Dé dan tin hiéu vao trong cac mach tich hop quang ma khong suy hao
dang ké, chiing ta phai str dung cac cau trdc dan song co duong kinh nho khoang mot
vai um, tuy nhién cac soi quang thong thuong lai c6 kich thudc 1én hon - ¢ 10 um. Vi
vay dé ghép ndi hai loai cau tric dan song nay voi hiéu suat ghép néi cao nguoi ta
ding mét ciu trdc cé dang vudt thon hay con goi la taper. Nghién ctru cua ching toi
chi ra, tly vao cac tham sb trong ciu trdc cua taper - chiéu dai, dd cong hai mat bén,
duong cong mat trén... higu suat truyen cua né s& thay doi. Trong bai béo nay, ching
toi chi tap trung chu yeu vao anh hudng cua do cong hai mat bén vao hé sé truyén dan
cua taper dé dua ra cau tric tdi wu.

Tir khoa: Tich hop quang; ciu tric dan song; cau trdc vudt thon.

1. Mé& dau

Biang thong cua mot hé thdng truyén dan thong tin bi gioi han baoi do tré, toe do
dap g gay ra boi cac linh kién ma hé thdng do st dung. Tir dau nhitng ndm 2000, viéc
tich hop cac linh ki¢én quang hoc va cac chip ban dan silicon dé tao ra mot mach tich hop
quang hoc di duogc chd trong dic biét nham nang cao toc do hoat dong cua h¢ thong [1-
3]. Cac mach tich hop quang dugc ché tao tir cac linh kién co ban bao gom céc ciu truc
dan séng, ciu tric vi cong huong, loc quang..v.v. Pé dam bao tin hiéu truyen dan trong
cac linh Kkién nay suy hao khong dang ké va truong tin hiéu quang dan trong d6 hoat
dong ¢ ché do don mdt khong gian, cac linh kién nay yéu cau duoc ché tao ¢ kich thudc
nhoé khoang mot vai um. Trong khi d6, cac hé thdng thuong duoc két ndi truc tiép voi
nhau st dung soi quang don mdt ¢6 kich thude duong kinh 16i dan séng khoang 9 um.

Pé o thé két ndi giira 2 loai cau truc dan song cé duong kinh khac nhau nay,
chung t6i dd st dung mét cau tric quang hoc duoc ché tao trén nén vat liéu polymer c6
dang vudt thon goi la taper. Nhitng nghién ctiu gan day [4 - 6] cho thay viéc sir dung taper
c6 thé 1am giam ton hao do truyén dan giita 2 soi quang c6 dudng kinh chénh léch. Trong
bai bao nay, ching t6i tién hanh mé phong cac thdng sb cau tric khac nhau dan dén hé s6
truyén cua taper thay d6i va khao sét sy thay d6i nay dé tim ra cau trdc toi uu nhat.

2. Phwong phap mo phéng
2.1. Cdu tric ciia hg

Hé quang hoc dugc thiét ké trén mot tim dé phang dé c6 thé dé dang ghép dit
trong c&c mach quang. Cau tric caa taper bao gom: 2 cau trdc dan séng c6 dang hinh hop
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chit nhat ¢ 2 phia dé ghép ndi véi soi quang dau vao va ra, thiét dién cua ching 1 hinh
vudng c6 canh bang duong kinh cua soi quang truyén vao va ra. O day ching toi sir dung
kich thudc 2 soi quang lan luot 1a 2 um va 10 um; phan ¢ gitra 1a cu trac chinh cua
taper, c6 dang phéu vudng, dai L = 30 um, hai dau gan lién voi hai phia cua dan song,
mat trén la mot mat phang nghiéng, hai mét bén dbi xing va 1a mat cong (Hinh 1 va Hinh
2). Bién dang nay duoc biéu dién bang cong thirc:

w(x)=a(L-x)" + W, (1)

trong d6 w(x) 1a chidu rong (theo truc y) cua taper tai diém cach dau ra khoang X.
w(0)=w;(=2),w(L)=w2(=10); a=(w1-W)/L", m la tham s0.

P

wi(x)

Hinh 1: Mdt cat Oxy cua taper Hinh 2: M6 hinh 3D cua taper

2.2. Phan mém mé phéng

Cac phan mém md phong duoc dua trén phuong phap Chia nhé phan ta theo
mién thoi gian (Finite Difference Time Domain - FDTD). Phuong phap FDTD da dugc
thanh 1ap nhu mét cong cu ki thuat manh mé cho cac mé phong thiét bi quang hoc tich
hop va nhiéu xa. Diéu nay Ia do sy két hop cac tinh ning doc ddo cta nd, chang han nhu
kha niang mé hinh héa sy lan truyén &nh sang, tan xa va nhiéu xa, céc hiéu ang phan xa
va phan cuc. N6 ciing c6 thé mo hinh hoa bat dang hudng va phan tan vat chat ma khong
c6 bat ky gia dinh trudc ndo vé hanh vi cua truong nhu xap xi bién do6 dao dong cham.
Phuong phéap nay cho phép mo phong va phén tich hi¢u qua va manh mé cac linh kién &
kich thudc nho. Trong céc linh kién vi quang hoc, sy giam gitt quang hoc manh thuong
yéu cau vé kich thuéc cua cau tric & thang micro mét va mot su chénh léch chiét suat
nhat dinh d6i v6i méi trudng xung quanh vat dan. Cac tham sé cau trac nhu vay co thé
dugc md hinh hda mot cach hiéu qua stir dung phuong phap FDTD [7].

2.2.1. FDTD solutions

FDTD solutions 1a phan mém st dung phuong phap FDTD dé mo phong tinh
toan su lan truyén anh sang trong cac dang ciu tric din song dugc phat trién boi
Lumerical - cong ty phat trién phan mém mé phong cho cac linh kién quang - dién tir.
Phan mém nay cho phép mé hinh héa céc cau tric ¢ dang 2D va 3D.

Trong md phong 2D, thiét bi quang tir duoc dat trong mit phing XZ, séng énh
séng lan truyén theo truc X, huéng Y khong duoc tinh dén. Gia dinh nay loai bo tat ca
cac phép tinh d/dy khoi cac phuong trinh Maxwell va chia ching thanh hai phuong trinh
doc 1ap (TE va TM). Mién tinh toan 2D duoc hién thi trong Hinh 3. Cac budc khong gian
theo huéng X va Z lan luot 1a Ax va Az. Mdi diém luéi duoc lién két voi mot loai vat
liéu cu thé va chira thong tin vé cac tinh chit ciia nd nhu chi sb khic xa va cac tham sb
tan sac.
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Hinh 3: Mién tinh todn 2D

Trong mé phong 3D, mién md phong 1a mot hop hinh khéi, cac bude khong gian
lan luot 12 Dx, Dy va Dz theo cac hudng x, y va z. Mdi thanh phan trudng duoc trinh bay
boi mot mang 3D - Ex (i, j, K), Ey (i, j, k), Ez (i, j, K), Hx (i, ], k), Hy (i, j, k), Hz (i, j, K).
Vi tri céc thanh phan trudng trong 6 ctia Yee duoc hién thi trong Hinh 4.
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Hinh 4: Sw dich chuyén cia cdc thanh phan vecto dién, tir truong
vé mot o don vi khoi cua mang khong gian Yee

Han ché co ban ctia phuong phap FDTD la kich thudc budc ca vé thoi gian va
khong gian. Cac budc khong gian va thoi gian lién quan dén do chinh xac, 6 phan tan s6
va tinh 6n dinh ctia phuong phap FDTD. Nhiéu tai liéu tham khao va sach da thao luan vé
nhitng van d& nay. Noi chung, dé giit cho két qua chinh xac nhét c6 thé, véi do phan tan s6
thép, kich thudc mat ludi thuong dugce trich dan 1a 10 6 trén mdi budc séng, nghia 1a canh
ctia mdi 6 phai & murc /10 hodc it hon & tan s6 cao nhit (budc séng ngin nhit) [7].
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2.2.2. Mode solutions - bg giai varFDTD 2.5D

B gidi varFDTD 2.5D md td chinh xac sy lan truyén anh sang trong cac hé
quang hoc tich hop phang, tir cac hé thong duya trén dng dan song dén cac dang hinh hoc
phtic tap hon nhu tinh thé quang tu. Bo truyén cho phép truyen phang (da huéng) ma
khong c6 bat ky gia dinh nao vé truc quang, cho phép cc ciu trac nhu bd cong huong
vong va khoang tinh thé quang tar dwoc mé hinh hda maot cach hiéu qua - cac thiét bi
duogc xu ly theo truyén théng voi 3D FDTD. B6 giai varFDTD c6 thé md hinh héa cac
thiét bi & quy mé hang traim micron mot cach nhanh chéng.

B6 giai varFDTD dua trén viéc thu gon mot hinh dang 3D thanh mét tap hop céc
chi s6 hiéu qua 2D c6 thé duoc giai bang 2D FDTD. Diéu nay hoat dong tét nhat véi cac
6ng dan song duoc lam tir cac cau truc phang vi gia dinh chinh cia phuong phap nay 1a
c6 rat it khp néi giira cac ché do ban mong duoc hd tro khac nhau. D6i véi nhiéu thiét
bi, chang han nhu cac cau trdc dng din séng dya trén SOI, chi hd tro 2 ché d6 doc véi
cac phan cuc khac nhau [8].

2.3. Qué trinh md phéng

Pé khao sat hé sb truyén dan cua taper, hé dugc md phong nhu Hinh 5 gdm mot
nguon sang (Source) c6 dang phan bo Gaussian ¢ ong dan song c6 kich thudc 16n hon va
mot bo thu duoc dat tai vi tri ong dan song kich thudc nho.

Detector

Source

Hinh 5: M6 hinh tinh toan hiéu sudt ddn séng cua cau tric taper

Vi tri ciia ngudn séang dugc dat cach dau vao cua taper 2 um, song anh sang phat
ra 1a dang Gaussian c6 budc song trung tdm 0,5 pm. Tai phia dau thu 1a mot detector
duogc dat cach dau nho cua cau trdc taper khoang 2 pm, ¢6 nhiém vu do anh sang truyén
qua cau tric dan séng nho. Hiéu sut truyén dan qua cau trac taper duoc tinh bang ty 1¢
tin hiéu quang thu duoc & vi tri detector trén tin hiéu & ngudn.

3. Két qua va thao luan

Trong quéa trinh khao sat, chung toi da thay d6i do cong - m d& mé phong tinh
toan hé sé truyén dan - T, tir d6 c6 thé vé ra d6 thi su thay d6i cua hé s6 truyén dan phu
thudc vao d6 cong mit bén. Anh huéng cua tham sé m dén bién dang ciu tric taper duoc
thé hién qua mot s6 vi du & Hinh 6. Bo cong thay di tir m = 0,2 dén m = 2 cho ta thay
hinh dang cua taper.
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m=0.2 0.6 1 14 2

Hinh 6: Bién dang cdu truc taper ing véi cac tham s¢ m khac nhau

Trong md phong FDTD 2D (Hinh 7), ta thay sy bat on dinh ¢ viing 0,4 ~ 0,6, d6 1a
viéc hé sb truyén quang thay d6i bat thuong véi nhiéu diém cuc dai khac nhau. Dé giai
thich hién tuong nay, ta can xem Xét lai sy khac bi¢t cua md phong FDTD 2D/3D. Trong
mo phong FDTD 2D, ta gia thiét rang mét truc, & day 1a truc z, dwoc xem la vd han. Nhu
vay, trong qué trinh giai phuong trinh Maxwell, c4c thanh phén d/dz bi loai bo, diéu nay
lam cho séng anh sang bi thiéu di mot thanh phan. Chinh vi vay viéc md ‘phong 2D khong
du chinh xac, d6 12 nguyén nhan gy ra su bat thuong trong tinh toan hé s truyén dan.
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Hinh 7: Sy thay doi cua hé so truyén dan theo
do cong m - mo6 phong bang FDTD solutions 2D

Pé khic phuc diéu nay, ching ta can s dung md phong FDTD 3D dé ting su
chinh xé&c caa mé phong. Tuy nhién, viéc md phong 3D dong nghia véi viéc sé lugng
tinh toan nhiéu hon rat nhiéu lan. Véi viéc md phong bang MODE solutions, ta thay rang
hé sb truyén dan cua taper thay d6i mot cach lién tuc theo d6 cong ciia n6. Ban dau, khi
m tang, hé s6 truyén dan ting. Bang nhitng md phong chi tiét hon trong ving m = 0,9
dén 1, ta tim dugc mot diém cuc dai duy nhat tai m = 0,94.
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Hinh 8: Su thay doi cua hé so truyén dan theo
do cong m - mé phong bang MODE solutions
Hinh 9 la gian do vé phan b tru:ong dién tir khi cho &nh sang truyén qua véi m =

0,94. Ta thay rang, tai gan cong vao va cong ra cua taper, luong anh sang bi hao ton ra
ngoai 1a nhiéu nhat.
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Hinh 9: Phan bé trirong dién tir ciia hé taper (m=0,94)

4. Két luan

Céu tric dan séng taper c6 vai tro quan trong cho cac tng dung truyén dan quang
hiéu sut cao. Thiét ké mot cau tric din song nhu vay yéu cau kich thudc nhé va hiéu suat
dan séng cao. Bang viéc sir dung phuong phap FDTD, mét cdu tric dan séng dang vuot
thon - taper da dugc mo hinh hda. Két qua mo phong da dua ra dugcC sy thay d6i hé sb
truyen dan cua taper phu thugc vao bién dang cua cau trdc. Tai gié tri tham s6 m = 0,94 hé
s6 truyén dan dat gié tri 16n nhét, dat xap xi 66%. Két qua nay budc dau co y nghia dinh
hudng cho viéc ché tao dé dat dugc mot cau trdc taper véi hiéu suat dan séng cao.

‘L(‘ri cam on: Nghién ctru nay duoc tai trg bai Truong Dai hoc Bach khoa Ha Noi
trong dé tai mé so T2018-PC-128.
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SUMMARY

DESIGN A POLYMER-BASED TAPER
FOR INTERGRATED OPTICAL CIRCUITS

To guide an optical signal into an integrated optical circuit, small optical paths,
which have a diameter about 2 um, must be used. Conventional fibers are larger in size -
about 10um. Therefore we need a tapered structure to connect these types of optical
paths. We found that transmission efficiency of taper depending on the parameters as
length, curvature on either side, upper curve, etc... In this report, we focus only on the
influence of the lateral curvature on the taper transmission coefficient.

Key words: Integrated optical; wave structure; tapered structure.
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