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ARTICLE INFO ABSTRACT
Received: 05/3/2025 This paper presents a novel proposal of a device used in a mode division multiplexing
) system that integrates two functions of optical mode conversion and optical mode routing
Revised: 04/6/2025 ith five outputs when processing five different modes at the input. The device is
Published: 04/6/2025 designed with one 1x5-Y waveguide, one 5x5-MMI multimode interferometer and two

phase shifters to route TE, modes at 5 outputs. The device performs the function of
converting 5 signal streams at the input corresponding to different modes: TE,, TE;, TE,,
KEYWORDS TE; and TE, into 5 signal streams in the base mode (TE, mode), then routing them at 5

different outputs. The device is designed to operate at the wavelength of 1550 nm. The
. . optimization and operation description process is performed using the three-dimensional
Three-dlmensmnal beam beam propagation method (3D-BPM). Simulation results show that in the 15 nm wide
propagation range of C-band (1530 nm - 1565 nm), the proposed device has very low insertion loss,
TEq, TEy, TEy, TEs, TE, less than 0.5 dB (corresponding to transmission efficiency > 90%) and very small
Insertion loss crosstalk, less than -14 dB (< 4%). In particular, at the wavelength of 1550 nm, the
insertion loss and crosstalk could achieve better values, respectively > 94.4% and < -14.2
dB. Since the device is designed with a simple structure, including one 1x5-Y waveguide,
2 phase shifters combined with one 5x5-MMI, its size could be reduced (Wmmi x Lmmi
x H=6 um x 138 um x 0.5 pm) and its transmission efficiency could be improved.
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THONG TIN BAIBAO TOM TAT

05/3/2025 Bai bao trinh bay mot dé xuat méi cua mot thiét bi sir dung trong hé thong ghép kénh theo

mode, tich hop 2 chire niing chuyén ddi va dinh tuyén mode c6 5 dau ra khi xur 1y 5 mode
Ngay hoan thién:  04/6/2025 kh4c nhau ¢ dau vao. Thiét bi duoc thiét ké gdm 1 éng dan song (1x5-Y), 1 bé giao thoa
04/6/2025 da mode (5x5-MMI) va 2 b dich pha dé dinh tuyén cac mode TE, & 5 dau ra. Thiét bi

thyuc hién duoc chirc ndng chuyén doi lan luot 5 luong tin hiéu ¢ dau vao twong ung véi
. i cac mode khac nhau: TE,, TE;, TE,, TE; va TE, thanh 5 luéng tin hiéu & mode co s&
TU KHOA (mode TE,), sau d6 dinh tuyén chung & 5 dau ra khac nhau. Thiét bi dugc tinh toan thiét

Ngay nhan bai:

Ngay diang:

ké hoat dong tai budc song 1550 nm. Qua trinh t5i wu hda va mé ta hoat dong duoc thuc
. . hién bang phuong phap truyén chim tia ba chiéu 3D-BPM. Két qua mé phong cho thay
dinh tuyen mode quang trong dai rong 15 nm ciia bang tin C (1530 nm - 1565 nm) thiét bi d& xuit c6 suy hao
Truyén chum tia ba chidu chén rat thip, bé hon 0,5 dB (twong tng VGi higu sudt truyen dan > 90%) va nhidu xuyén
TE. TE. TE. TE. TE kénh rat nho, bé hon -14 dB (< 4%). Riéng tai bude song 1550 nm, suy hao ché:_q va nhieu

O T T2 T T xuyén kénh dat duge cic gia tri tot hon, 1an hrot 12 > 94,4% va < -14,2 dB. Thiét bi dugc
Tén hao chén thiét ké voi cu tric don gian, gdm 1 6ng dan song (1x5-Y), 2 bg dich pha két hop vai 1
bo giao thoa da mode (5x5-MMI) nén c6 thé giam nho kich thuge (Wmmi x Lmmi x H =
6 pm x 138 pm x 0,5 pm) va nang cao hidu suét truyén dan.

Chuyén d6i mode va

Nhiéu xuyén kénh
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1. Gigi thigu

Céc mach tich hop quang tr PIC (Photonic Integrated Circuit) goi tat 1a chip quang tir dong vai
tro quan trong trong Viéc giai quyet van dé bang thong han ché trong céc trung tam dir lidu va hé
thdng truyén thong. Piéu nay xuat phat tr khd nang truyén tai tin hiéu quang véi toc do cuc cao
(hang ngan Gbit/s), hiéu qua bang thong t6t hon, tdc do bit cao hon, dung lwong di liéu 16n hon va
tinh linh hoat cao hon so v&i cac chip dién tir (IC) truyén thong. Nho d6, ching c¢6 kha ning déap
g véi nhu cau cung cap dir liéu 16n nhu thong tin di dong thé hé méi, dién toan dam may, IoT,
dic biét 1a sy bung nd caa céng nghé tri tué nhan tao Al chuyén xir Iy dit liéu Ién chang han Google
Cloud Al, Microsoft Azure Al, Chatgpt, DeepSeek, v.v. Vi vay, viéc nghién ctu, thiét ké va ché tao
céc chip quang tir dang 13 linh vic thu hit sy dau tu 10N tir ca cac vién nghién ciru va céc tap doan
cong nghé trén toan cau. Trong vai thap ky gan day, cong nghé ghép kénh phan chia theo budc
song WDM (Wavelength Division Multiplexing) st dung rat nhiéu budc song trong soi quang
nham ting dung lwong truyén dan. Tuy nhién, khi nhu cau thong tin cang ting 1én thi giai phap két
hop cong nghé ghép kénh phan chia theo budc song va ghép kénh phan chia theo mode MDM
(Mode Division Multiplexing) 14 giai phap day htra hen va nhiéu tiém nang [1] — [5]. Dé xay dung
hé thbng MDM, nhiéu thiét bi quang hoc di dugc dé xuit nhu bo ghép kénh/bod tach kénh theo
mode (Mode multiplexer/Demultiplexer), bd loc mode quang bac cao, b chia cong suét, bd chuyén
d6i va bo dinh tuyén mode quang. Trong do, bd tich hop 2 chirc nang chuyén déi va dinh tuyén
mode quang dong vai tr0 quan trong va ngay cang dugc sir dung phd bién trong hé thong MDM.

Mot s6 cong trinh gan day vé Chuyen d6i mode trong chip quang tir da duoc cong b6 [6] — [8].
Chang han, nghién ctu [6] d4 d& xuat mot bo Chuyen doi gitra cac mode TE,, TE; va TE, c6 thé cau
hinh lai mét cach linh hoat, phu hop véi nhu cau da dang cua mang quang hoc stir dung cong nghé
MDM, dat hiéu suat chuyén doi mode trén 92,5%, v6i nhidu xuyén kénh (Crosstalk) thap hon -18.9
dB trong toan bg bang C. Tuy nhién, thiét bi tap trung thuc hién Chuyen d6i giita 3 mode, kho dap
{ing véi nhu cau cua hé thong can s6 luong mode Chuyen d6i 16n hon dé ting dung luong thong tin.
Bén canh do, mot sb nghién ciru tép trung vao dinh tuyén mode trong chip quang tir, tiéu biéu [9] —
[11]. Bai bao [10] d& xuat mot thiét ké bo dinh tuyén quang da mode hiéu qua, phu hop cho cac tng
dung mang quang trén chip. Tuy nhién, cac thach thuc ve do phic tap thiét k&, nhidu xuyén kénh va
chi phi can duogc giai quyet dé t6i uu hoa hidu suat va kha nang tng dung thyc té. Ngoai ra, mot s6
cong trinh nghién cuu thiét ké cac chip quang tir tich hop 2 chirc nang chuyen d6i va dinh tuyen
mode quang, chang han [12], [13]. Trong [13], bai bao dé xuat moi thiét bi da chirc ndng chuyén
d6i mode va dinh tuyén mode tién tién, mang lai nhleu vu diém vé hiéu suét, tinh linh hoat va kha
nang tich hop, gitp giam thiéu s6 luong thanh phan can thiét trong mach tich hop quang tir. Cac
céu trac 6ng dan song dugc thlet ké phu hop voi cong nghé san XUét, gitip giam chi phi va ting tinh
g dung thuc té. "Tuy nhién, t6n hao chén con tuong di cao, khoang 1,2 dB va 2,5 dB khi thuc
hién chuyén dbi ddi véi cac mode bac thip va bac cao twong wng.

Trong bai bao nay, mot thiét bi tich hop 2 chirc ning chuyén ddi va dinh tuyén mode quang c6
1 dau vao cho 5 mode quang khac nhau va 5 dau ra duoc dé xuat sir dung trong hé thdng ghép
kénh theo mode. Qu4 trinh tinh toan, thiét ké va tdi wu dugc thuc hién dua vao phuong phap
truyén chum ba chiéu 3D-BPM. Két qua mo phong cho thay trong dai rong 15 nm cua bang tan C
(1530 nm - 1565 nm) thiét bi d& xuat c6 suy hao chén rat thap, dat dwoc hiéu suat truyén dan >
90% va nhiéu xuyén kénh rat nho, bé hon 4%. B cuc cta bai bao gom phan 1 gisi thiéu tong
quan V& hién trang cac nghién ctru ciing chu diém cua bai bao, phan 2 trinh bay so d6 va thiét ké
thiét bi, phan 3 1a két qua tinh toan, danh gia thiét bj thiét ké va ban luan, phan 4 trinh bay két
luan cua bai bao.
2. So @b va thiét ké thiét b

Hinh 1 trinh bay so d6 nguyén 1y voi mot s6 thong sd tiéu biéu vé kich thudc cua thiét bi
chuyén doi va dinh tuyén mode gom mot 6ng dan song chit Y ¢6 5 nhanh néi voi mot bo giao
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thoa da mode 5 dau vao va 5 dau ra. Ong dan song chit Y ¢6 ciu trac dang Rib/Ridge nham giam
t6n that cong suét va tang hiéu suét truyén dan. Trong nhanh 1 va nhénh 2 (tinh tir trai sang phai)
ctia 6ng dan song chir Y ¢6 bé tri 2 bo dich pha 90° (PS; va PS,) nham phéi hop véi bo giao thoa
da mode MMI thuc hién qua trinh dinh tuyén mode & 5 dau ra cua thiét bi.

Dau tién, 5 ludng tin hidu & 5 mode khac nhau & dau vao, bao gom TE,, TE;, TE,, TE;, TE,
déu duoc chuyén doi thanh 5 ludng tin hiéu & mode co ban TE, trong 6ng dan séng chit Y trudc
khi thuc hién dinh tuyén dé dua vao hé thong ghép kénh quang theo mode (MDM). Piéu nay
nham giam nhidu xuyén mode, méo tin hiéu, twong thich vdi cac linh kién quang truyén thong
nhu Laser, khuéch dai quang, soi quang don mode, hd tro viéc ghép mode d& dang hon va giam
t6n hao phu thudéc mode dong thoi cai thién chat luong tin hidu.

Thiét bi duoc tinh toan thiét ké hoat dong tai budc séng 1550 nm sao cho n6 céu trac don
gian, kich thudc phu hop nham ting hiéu suat truyén dan va giam nhiéu xuyén kénh. Vi muc
dich do, thiét bi dinh tuyén mode TE, & 5 dau ra c6 thir tw nhu sau: Outl, Out2, Out3, Out4, Out5
tuong g Véi 5 ludng tin hiéu mode TE,, TEs, TEy, TE,, TE; & dau vio.

Hinh 2 mé ta so d6 khdi voi cac thong sé vé kich thudc cua éng din song co ciu tric dang
Rib/Ridge. Trong do, vat liéu nén SiO, c6 chiét suat n, = 1,44; 16p dan Silic co chiét suat n, =
3,46. Chiéu cao cua Iép Silic lan lugt 1a H= 0,5 pm va ho = 0,22 um.

TEO TEO TE0 TEO TE0
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Hinh 2. So do khoi ciia ong dan song co cau tric
dang Rib/Ridge
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Hinh 1. So dé khéi cua thiét bi thyc hién 2 chirc Hinh 3. Quan hé giita cﬁiét sudt cia 5ng dén song
nang chuyén déi va dinh tuyén mode quang 5 dau ra va d¢ rong dau vao Wi, [14]

Hinh 3 trinh bay quan hé cua chiét suat hiéu dung cua dng dan séng chit Y va do rong dau vao
Wi, [14], twong tng v6i 5 mode TE,, TE;, TE,, TEs, TE,khac nhau. Qua dé, c6 thé thiy budc dau
ta can chon Wi, > 1,35 pm de thiét bi co thé nhan dwoc cac ludng tin hiéu & ca 5 mode nay. Tlep
dén, bai bao sir dung phan mém chuyén dung Rsoft- BeamPROP [15], cho chay chuong trinh dé
tinh chon cac théng sb sao cho thiét bi dat dugc hiéu sut truyén dan cao nhét, duoc thé hién
thong qua tham sb chat lugng cua thiét bi bao gdm suy hao chén 16n nhit va nhiu xuyén kénh
nho nhat. Tir két qua khao sat, bai bao chon d¢ rong va chiéu dai dau vao dng dan song chit Y lan
luot 14 Wi, = 1,5 pm va Li, =15 pm. D6 rong 2 nhanh nhé (2 nhanh ngoai cung) ciia 6ng dan song
chir Y dugc chon bang nhau, mdi nhanh c6 d6 rong 1a Ws = 0,35 pm. D6 rong cia 3 nhanh nho
trung tam ong dan song chit Y duoc chon 12 Weener = 0,8 pum, trong dé do rong nhanh gitra bang
0,3 um, 2 nhanh nho 2 bén bang 0,25 pm. Bang cach chon d6 rong 5 nhanh cua dng dan song chir
Y déu < 0,35 pm nhu trén thi dua vao d thi trong [14, Hinh 3] c6 thé thdy 5 nhanh nay chi cho 1
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mode co ban TE, chay qua nham thuc hién chuyén d6i cac mode bac cao TEy, TE,, TEs, TE,
thanh mode co ban TE,. Didu nay cho phép don gian héa viéc chuyén déi mode ngay tir khau dau
tién nham tang hiéu suat truyén dan va giam kich thudc cho thiét bi. Ngoai ra, dé thuc hién viéc
dinh tuyén mode & 5 dau ra, bai bao bd tri 2 bo dich pha 90° 1a PS; va PS2 cung kich thudc, c6
chiéu dai 1a Lps =10 pm va chiéu rong 1a Wps = 0,56 um.

Bang 1. Thong sé thiét ké ciia thiét bj

STT Ky hiéu Kich thuéc Ghi chu

1 Lin 15 pm Chiéu dai dau vao cuia dng din séng (ODS)

2 W, 1,5 um Do rong dau vao ciia ODS

3 W, 0,35 um Do rong mdi nhanh nho (2 nhanh ngoai cung cia ODS)
4 Weenter 0,8 um Do rong dau vao cta 3 nhanh nho trung tam ODS
5 Lo 138 um Chiéu dai b giao thoa da mode MMI

6 Wi 6 um Do rong bo giao thoa da mode MMI

7 Lo 10 pm Chiéu dai bd dich pha PS; va PS,

8 Wi, 0,56 pm Do rong & gitta b dich pha PS; va PS,

9 L 70 pm Chicu dai ODS

10 Ly 4 pm Chiéu dai tapper

11 Wi, 0,95 um Do rong tapper

_ Bang 1 trinh bay gi trj cac thong sO cua thict bj dwa vao ket qua tinh toan thiét ke va toi wu
bang phan mém Rsoft, BeamPROP [15].

3. Két qua tinh toan, danh gia thiét bi thiét ké va ban luin

Hinh 4 trinh bay su phan bd cua trudng quang trong cac nhanh chit Y va bd giao thoa MMI dé
dén cac dau ra khac nhau khi dua cac tin hiéu ¢ dau vao: TE, (Hinh 4a); TE; (Hinh 4b); TE,
(Hinh 4c); TE; (Hinh 4d), TE, (Hinh 4e) tuong tng véi bude song hoat dong cua thiét bi 1a: A =
1550 nm. Puong di cta cac tin hiéu co thé duoc giai thich nhu sau: Khi tin hiéu mode TE, dén
dau vao, n6 dugc dua vao nhanh 3 cua 6ng dan song chit Y dé dén bo giao thoa da mode MMI va
di thang dén dau ra Out3. Vi cac nhanh chir Y déu c6 do rong < 0,35 um chi cho mode TE, di qua
nhu d3 dé cap & phan 2 nén khi 2 tin hiéu mode TE; va TE, dua dén dau vao thi thiét bi s& chuyén
d6i chung thanh tin hiéu mode TE, di vao nhanh 1 va nhanh 5 cta Y. Trong nhanh 1, tin hiéu
quang qua bo dich pha PS; lam dich pha 90° trude khi di vao bd giao thoa MMI, con trong nhanh
5, tin hiéu quang di thang vao MMI. Tai day, cic tin hiéu quang giao thoa nhau va duoc dinh
tuyén dén 2 dau ra tuong Gng 1a Out5 va Outl. Tuong ty nhu trén, khi 2 tin hiéu mode TE; va
TE, dua dén dau vao thi thiét bi cling chuyén ddi thanh mode TE, nhung di vao nhanh 2 va nhanh
3 cua Y. Trong nhanh 2, tin hiéu quang qua bd dich pha PS; 1am dich pha 90° trudc khi di vao b
giao thoa MMI, con trong nhanh 3, tin hiéu quang di thing vao MMI. Tai déy, cac tin hiéu quang
giao thoa nhau va duoc dinh tuyén dén 2 dau ra twong tng 1a Out2 va Out4.

Bang 2. Két qua chuyén doi mode va dinh tuyén cdc mode ¢ 5 dau ra

Mode diu vao Chuyén déi va dinh tuyén cic mode & 5 dau ra Vi tri du ra
TE, Giit nguyén mode TE, va qua nhanh 3 cua 6ng din song Out3
TE; Chuyén thanh mode TE, va qua nhanh 1 va nhanh 5 ciia 6ng dan song Out5
TE, Chuyén thanh mode TE, va qua nhanh 1 va nhanh 5 ciia ong dan séng Outl
TE; Chuyén thanh mode TE, va qua nhanh 2 va nhanh 4 ciia 6ng dan song out2
TE, Chuyén thanh mode TEg va qua nhanh 2 va nhanh 4 cta ng din séng Out4
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Z (um)

K} K| (] Xfum]
(a)Mode dau vio:TE,  (b)Mode dau (c)Mode dau (d)Mode dau (e)Mode ddu vio:TE,
vao:TE; vao:TE, vao:TE3
Hinh 4. Sy phdn b6 ciia truong quang trong thiét bi khi dwa cdc luong tin hiéu & dau vao:

(@)TEo; (b)TEy; (C)TEy; (d)TE3 va (e)TE,

j 300 I 300

300

300

200 200

Z (um)
Z (um)
Z (um)

100 100 100 100

0 L I 0 pana 0 T
432101234 -4-32101234 4-3-2-101234 432101234 432101234
X (um) X (um) X (um) X (um) X (um)

(a)Mode dau vao: TEy (b)Mode dau vio: TE, (c)Mode dau vio: TE, (d)Mode dau vio: TE; (e)Mode dau vio: TE,
Pout = 97,7% Pin Pouta: 97,7% Pin Pout = 97,7% Pin Pout = 95,5% Pin Pout‘: 94,4% Pin
Hinh 5. Sy thay doi cua truong quang trong thiét bi khi dwa cdc luong tin hiéu ¢ dau vao:
(@)TEo; (0)TE4; (C)TE,; (d)TEsva (e)TE,

Hinh 5 trinh bay sy thay di cua trudng quang qua cac nhanh cia chit Y va qua bdo MMI dé
dén cac dau ra khi dua céc tin hidu & ddu vao: (Hinh 5a) mode du vao 1a TEy; (Hinh 5b) mode
dau vao 1a TEy; (Hinh 5¢) mode dau vao 1a TE,; (Hinh 5d) mode dau vao 1a TE; va (Hinh 5e)
mode ddu vao 1a TE,. Qua d6 c6 thé thiy hinh anh dwdng di cta truong quang khi dua cac tin
hiéu 5 mode truyén dan khac nhau dén dau vao. Truong quang lan luot qua cac bo phan cua thiét
bi, tir ddu vao dén cac nhanh cua 6ng din séng chir Y, qua bo giao thoa MMI rdi dugce dinh tuyén
& 5 dau ra. Trong d6 ciing thé hién hiéu suat truyén dan Po./Pi, = 97,7%; 97,7%; 97,7%; 95,5%
va 94,4% tuong tng V4i 5 tin hiéu dau vao 1an lugt 1a TEy, TE;, TE,, TE;, TE,.

+ Ddnh gid thiét bi thiét ké va ban luan

Chat lugng cua thiét bi thiét ké dugc danh gid qua 2 tham sb chat luong 1a suy hao chén va
nhiéu xuyén kénh.

+ Suy hao chén: IL (Insertion Loss)

Suy hao chén 1a ti s6 cong sudt trudng dién tir & dau ra va cong suét truong dién tir & dau vao

P .
cua thiét bi, dwoc biéu dién trong don vi dB: IL(dB) = 101g (M) )

va pi 12 cong suat ra mong mudn & dau ra tha i (i=1; 2; 3; 4; 5) va cong

Voi pout

mong muén;

Suit & dau vao cua thiét bi.
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x Poutypang mong musn,
+ Nhiéu xuyén kénh: CrT (Crosstalk) CrT(dB) = 101g< pkh gore ‘) (2
Ouﬁnong1nu6ni

V6l Poutinsng mong —- la tong cong suat ra khong mong muon ¢ dau ra thi i cua thiet bi.
+ Keét qud tinh todn suy hao chén

o

-0.2

0.4

&
S

-0.85

Insertion Loss IL (dB)

L L L I | 1
2
1.53 1.535 1.54 1.545 1.55 1.555 1.56 1.565

Wavelength (micrometer)

Hinh 6. Si bién thién ciia suy hao chén (IL) th,eo budc song twong ung voi 5 mode
TEy, TE4, TE,, TE3va TE, dwa den dau vao cua thiet bi
Hinh 6 trinh bay sy bién thién cua suy hao chén (IL) theo budc song trong bang C (tir 1,530
um dén 1,565 um) twong ing voi cac tin hiéu 5 mode khac nhau: TEy, TE;, TE,, TE;, TE, dua
dén dau vao cua thiét bi. Qua do, c6 thé thiy thong qua qua trinh tinh toan va sir dung phuong phap
truyén chum tia ba chiéu (3D BPM), thiét bj duoc thiét ké va toi wu héa nén dat duoc muc suy hao
chén va nhidu xuyén kénh rat thip. Cuy thé, trong tat ca 5 trudong hop tin hidu vao thi suy hao chén
IL > -0,5 dB nghia 1a |IL| < 0,5 dB trong dai rong 15 nm tir bude song 1538 nm dén 1553 nm.
T biéu thuc (1) ta c6 thé x4c dinh duoc ty s6 cong suét tin hiéu & dau ra va dau vao (goi tat 1a
hiéu suit truyén dan) cua thiét bi nhu sau:
IL(dB) = 101g (pout"“;”g "’“6’”) = pout"“:‘g it — 101L(dB)/10 3)
mn m
Trong Hinh 6, diém A va B tuong ang Véi cac bude séng lan lugt 1a 1538 nm va 1553 nm
biéu dién dai rong 15 nm thudc biang C. Tir biéu thuc (3), tai diém A va B 1a 2 diém c6 hiéu sb
truyén dan thap nhat, twong tng vai IL > -0,5 dB, ta tinh dugc gia tri cu thé cua hiéu suat truyén
dan cua thiét bi nhu sau:
Pout

m‘;’:;"lm“""i x 100% > 107295 x 100% ~90% .

Nghia 14 c6ng sudt mong muén & dau ra bat ky thap nhat (trong thiét ké nay 1a Out4) ciing 16n
hon 90% cong suét dua dén dau vao (suy hao chén nhé hon 10%). Con tai budc séng 1550 nm,
suy hao chén tuong ing véi 5 mode dau vao TEy, TE;, TE,, TEs, TE, lan lugt 12 -0,1 dB; -0,1 dB;
-0,1 dB; -0,2 dB va -0,25 dB. Ciing tir biéu thuc (3) ta c6 thé tinh dwoc hiéu suit truyén din & 5
dau ra cua thiét bi 1an luot 1a: 97,7%; 97,7%:; 97,7%; 95,5% va 94,4%. S& di tai budc song 1550
nm suy hao chén thap hon tai budc song 1538 nm va 1553 nm & trén vi cac thong s cua thiét bi
dugc tinh toan theo budc song 1550 nm nay.

+ Két qud tinh todn nhiéu xuyén kénh

Hinh 7 biéu dién sy bién thién cua nhidu xuyén kénh (CrT) theo budc song trong bang C (tir
1,530 pm dén 1,565 pm) twong ung vai 5 ludng tin hidéu mode TEy, TE;, TE,, TEs, TE, dwa dén
dau vao cua thiét bi. Qua do, tai C va D (twong ng Véi cic bude song lan luot 13 1538 nm va
1553 nm) biéu dién nhiu xuyén kénh 16n nhét tuong tng véi mode dau vao TE, cho gia tri nhidu
xuyén kénh CrT (dB) déu nho hon -14 dB.
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Pout Pout

poutkh‘ng mong muén; poutkh“ﬂg mong mudn;
CrT(dB) = 101g< - — )| >—— —L = 10¢rT@B)/10 ()
mong muén; mong muén;

poutkhong mong muén;

L% 100% < 1072* x 100% = 4% .

poutmong muonl

Nghia la tai ¢ dau ra c6 hiéu suat truyén dan thap nhat (Out4) thi tong cong suat khong mong
muon (xuyén vao kénh mong mubn) ciing nho hon 4% so véi cong suét ra mong muon. Tur do co
thé thay thiét bi tich hop 2 chirc nang chuyén doi va dinh tuyén mode duoc thiét ké da dat duoc
hiéu suat truyén dan cao va nhiu xuyén kénh thap.

8 T I

= %= Mode TEO
=k Mode TE1
=©= Mode TE2
10— | Mode TEZ
¥ Mode TE4

Crosstalk CrT (dB)

-

1.53 1535 1.54 1.545 155 1.555 1.56 1565
Wavelength (micrometer)

Hinh 7. Si bién thién ciia nhiéu xuyén kénh (CrT) theo budc song tuong umg voi 5 mode
TEy, TE4, TE,, TEsva TE, dua dén dau vao ciia thiét bi

4. Két luan

Bai bao da dé xuat mgi mot thiét bi sir dung trong hé théng ghép kénh theo mode (MDM),
tich hop 2 chirc nang chuyén d6i va dinh tuyén mode quang 5 dau ra khi xu 1y tin hiéu c¢6 5 mode
khac nhau ¢ dau vao. Thiét bi da thuc hién dugc viéc chuyén ddi cac tin hiéu & dau vao tuong
ung vai cac mode TEo, TE;, TE,, TEs, TE4 thanh 5 tin hiéu mode TEO, sau d6 thuc hién dinh
tuyén ching & 5 dau ra khac nhau. Thiét bi da dat dwoc hiéu suit truyén din cao (> 90%) tuong
g v&i mirc hao chén rat thip, nho hon 0,5 dB va nhidu xuyén kénh rat nho, nho hon -14 dB (<
4%) trong dai rong 15 nm cia bang tan C (1530 nm - 1565 nm). Thiét bi duoc thiét ké voi cau
trac don gian, gdm 1 éng dan séng chit Y 5 nhanh (1x5-Y), 2 bd dich pha két hop véi 1 bo giao
thoa da mode 5 dau vao va 5 dau ra (5x5-MMI) nén c6 thé giam nho kich thugc (Wmmi x Lmmi
x H=6 um x 138 pm x 0,5 pm), nang cao hiéu suét truyén dan, thuan tién trong viéc ché tao
thiét bj va dwa vao tng dung trong thuc tién.
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