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BO TAI TAO TiN HIEU 2R TOAN QUANG DUJA TREN
NGUYEN Li HIEU NG PHI TUYEN TV BPIEU PHA

NGUYEN THANH NAM, BUI TRUNG HIEU
1. GIOI THIEU CHUNG

B¢ tai tao tin hiéu quang 2R thyc hién nhi¢m vy khuéch dai va chinh dang xung (Reshape),
nhim dim bao cho viéc thu nhén tin hiéu & diém dich co I8i bit khong 16m hon yéu cau. Théng
thuong, viéc tai tao tin hiéu duge thue hién trong mién dién, nhung céc linh kién dién ti khong
cho phép thuc hién nhiém vu nay & toc d6 truyén din cao (khoang 40 Gbps tr& 1én), vi vay, viée
tai tao tin hi¢u quang can dugc thyc hién biing cac b tai tao toan quang.

_ D3 ¢6 nhiéu dé xudt va thir nghiém k7 thudt tai tao tin hiéu todn quang. Cac ki thuat nay c6
" thé dua trén co s img dung khuéch dai quang ban dén, hip thy bao hoa hodc higu img phi tuyén
cua soi quang |1, 2].

Trong pham vi bai bdo nay, truéc hét chiing toi tom luge vé higu (g phi tuyén tu dleu ché
pha (Self Phase Modulation - SPM) dé chi ro su gian ph tin hiéu gy ra béi SPM. Tiép do,
chiing t6i dwa ra md hinh mé phong bé tai tao 2R toan quang sir dung s¢i thong thuong dua trén
hi¢u (ng SPM dung dé danh gia mo phong va md hinh bo tai tao 2R toan quang sir dung soi phi

fjgen Cudi cung Ja mot s6 két qua khao sat dat dugc trén mo hmh mé phong va nhitng nhén xét
a trén cac két qua dat duoc.

2. GIAN PHO DO HIEU UNG PHI TUYEN SPM
Théng thudémg, tin hiéu quang durge biéu dién dudi dang xung hinh chuﬁn’gi (Gauss) [3, 9}
A(0,7) = JRU(0,7), (1)

voi Py la cong suét dinh, Ur0, 1) 1a xung chudng don vi:

s .
-
U(0,7) =exp| — 2).,
(_ ) p( 2T ) Q 2).
trong do, 7=1- (z/ v, la thoi glan tin hiéu, dich chuyén tuong img vdi lan tru én tin hiéu doc

sgi quang theo phuong z, v6i van tde nhém vy; T 1a nira d6 rong xung tai diém (1/e) cong sut
dinh tin hiéu.

Khi ¢é hi¢u img phi tuyén, cac tham sb suy hao a{dB/m), hé sb phi tuyén (W 'm™) va he
s6 tan sic bac hai Bx(s’/m) c6 mit trong phuong trinh mé ta qua trinh truyén dan tin hiéu quang
trong s¢i (phuong trinh Schrodinger rat gon) [3,4, 7]
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Trudmg hop hé sé tan sac £ 6 anh huong khong dang ké so hé sé phi tuyén ythi cd thé bo

qua s6 hang co lién quan dén 4 va nghiém coa (3) tai khoang cach z = L 1a [3, 4, 7]:
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A(L,7t)= JE.U(O, r).exp(-—aL).cxp[igtN,‘(L,-r)], ' (4)

voi gy (L, ) laphacthatinhiGutaiz = L [3,4, 7]

B (L,7) = U (0,7)[ ¥ P,

Lee pon, o

trong do, L :I—f—ﬁz‘iM duoc goi la chiéu dai hidu dung cia sgi quang,
a
Hién tugng pha tin hiéu trén dudng truyén 1a ham sé ciia cong suat tln higu tai dau vao
duge blet dén 1 hién tugng tr diéu ché pha SPM, lam xuat hién cac tan so mai va gidn rong
bang tin phd tin hiéu ddu ra. Do 1éch 16n nhét cua cdc tin s méi so voi thn sb trung tam s& 1a [3,
4, 7):

1 }/POLeﬂ'
n@ TO . . (6)

Trong thuc te diéu kién dé phuong trinh (3) ¢6 nghlem (4) dat dugc khi cong sudt tin hiéu
quang dua vao sgi du lon, du dé xuat hi¢n SPM lam gian rong pho cua tin higu. Hinh 1 duéi day
la két qua khao sat hién tugng gian phoé tin hiéu do SPM theo md phong (1a) va do dac thuc té
(1b) khi truyén xung quang Gauss qua 19 m sgi quang cé céc tham sé & = 6,5 dB/km, B, = -120
ps’/km va y =26 W'km™ [4].
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Hinh 1. Gian phd tai dBu ra do SPM khi truyén mot day xung quang ¢6 do rong nira
cong sudt 5 ps, tan suat 19,3 MHz, ¢dng suit trung binh £ = 126 P.W, 3IxPva8xP
qua 19 m sg¢i quang theo md phéng (a) va do thuc t€ (b).

3. CO SO Li LUAN VA MO HINH NGHIEN CUU

3.1. Co sé li ludn

Vé nguyén li, Mamyshev d4 dé xuat tmg dung SPM Qé tai tao tin hi¢u quang tr ndm 1998
[2]. B6 tai tao 2R toan quang dua trén hiéu ung phi tuyén SPM (tir day dat tén la bd tai tao
AO2R-SPM) sur dung mot doan sgi quang va mdt bd loc quang thdng dai dich fech tan s trung
tdm cd so d0 nhur trén hinh 2.
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Tin hiéu can tai
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Tin hiéu 44 tai tac co
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Hink 2. B0 tai tao tin hidu 2R toan quang s dung soi quang két hop vai bd loc thong dai
dich l&ch tan s6 trung tdm

Nguyén Ii hoat dng cia bf tai tao nay co thé tom tat nhu sau. Khi truyén tin hiéu quang
qua s¢i, voi cong sut tin hiéu du vao nheé, pho tin hiéu dau ra hau nhu khong déi, nhung véi
cong sudt tin hiéu dau vao da lén, SPM s& lam gidn rong phd tin hiéu tai ddu ra. Tén s giira dai
théng cua bd loc duge chon léch véi tin sb trung tam pho tin hiéu dau vao mot luong Af, sao cho
tai diu ra bd loc (|7, 8]) chi xudt hién tin hiéu khi cong suat tin hiéu dwa vao soi quang du iom,
tirc 14 chi khi SPM lam gidn phé dén mirc &f. > 4f. Diéu ndy c6 nghia 1a cic xung quang ¢
cong sudt nho (bit 0) khong thé truyén qua duoc bd loc; cdc xung quang co cong suat lon (bit 1) co
m&t phan phd tin hiéu truyén qua bd loc (hinh 3a). Chinh su ‘phén biét dbi xi’ ndy tao ra & bo tai tao
ham truyén dat cong sut gan nhu dang hinh chir S, ddng théi, tin hiéu ra ‘sach’ hon (hinh 3b).
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Hinh 3. Giai thich nguyén |i hoat d(}r}g (a') va ham dap img (b) cia bd tai tao tin hiéu toan
quang ding s¢i quang phi tuyén két hgp véi bd loc théng dai 1éch trung tam.
Ving khoanh trdn | va 2 bén trai tuong img vdi ving dap img tai tao bit 0 va bit |

3.2. Bj tai tao tin hi¢u AO2R-SPM sir dung s¢i quang thong thwong

Chung t6i xay dung chuong trinh mé phong nham muc dich khao sat hiéu quéa cua bd lap
AO2R-SPM sir dung sgi quang thong thudng két hop v6i mét bo loc quang thong dai. M6 hinh
dung trong md phong glong nhu & hinh 2, voi sot quang ¢d cac tham s6 chleu dai sgi L, suy hao
@, tan sic D, hé sé phi tuyén yva b6 loc ¢6 cac tham sb dich Igch tén s§ trung tim 47, do rong
nira cong suéit AF. Cac tham s6 nay co gia tri thay dbi tity theo muc tiéu khao sat. D& 1am rd hon

29



vé hién tugng gisin pho tin higu va cét pho cua bd loc, chuong trinh mé phong ciing cho phép lay
ra dang dudng bao phé tin hiéu tai cac diém A, B va C trén so dd.

3.3. B4 tii tao tin hidu AO2R-SPM sir dung s¢i quang phi tuyén

Céc sgi quang phi tuyén dugc ché tao dac biét co hé s phi tuyén Iém c&¥ 5000 13n & soi
quang thong thucmg Céc sg¢i nay thuong duge nghlen ciru ché tao tir vat ligu Chacogenide [5}],
co dign tich 16t soi rit nho, chi khoang 3,5 pm?, dé tap trung céng sudt quang [6]. Sir dung soi
quang phi tuyén s& cho phép giam nho kich thudéc cia bé 13p toan quang.

Véi muc tiéu dé xuit va tién t6i thiét ké bo lip AO2R-SPM c6 thé st dung & cac tuyén
truyén dan quang téc do cao, ching toi da thiét lap chuong trmh md phéng ¢6 mé hinh nhu
hinh 2, str dung mgt doan sgi quang phi tuyen dai L. Cac tham s cuia sqi. quang phi tuyén va by
loc théng dai dudre lwa chon dya trén co so cac tham sé caa cée phin tir da co trong thue té. Dé
khao sat kha ning sua dang xung, chudi tin hidu dau vao da duoc tao cong suét dinh cac bit |
khéng dong déu va co cac xung gia voi céc mirc cdng sut khac nhau & cac bit 0. Két qua duoc
danh gia qua biéu d6 mit.

4. KET QUA VA THAO LUAN
4.1. Bo tai tao AO2ZR-SPM sir dung s¢i quang théng thuong
L]

- Vi giatr chc tham s6 nhu & bang 1, dap dng cia b loc nhir & hinh 4b (dudng nét dut dai),
ket qua md phong cho do thi ham truyen dat cong suat tin hiéu & hinh 4a va duong bao pho tai
cac diém A, B, C nhu trén hinh 4b.

. . . *
Bang 1. S0 liéu cac tham s6 cua bd tai tao AO2ZR-SPM sir dung sgi quang thuong
voi tin hig¢u 10 Gbps, ma RZ 20%, d0 réng xung nira cbng suét 20 psva P, =08 W
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Hinh 4. Ham truyén dat céng suét ciia bd 1ap AO2R-SPM sir dung s¢i quang thudng (a)
va dang dudmg bao phé tin hiéu diu vao va trude, sau bo loc (b)
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Dudng cong truyén dat cong suit cia bd tai tao (4a) gan nhu tring khép véi két qua cia
mot vai tac gia khac [1, 2]. Diéu nay chimng t6, m6 hinh va chuong trinh md phéng da dat dugce
két qua vat dé tin cdy cao.

4.2. B) tai tao AO2R-SPM sir dung s¢i quang phi tuyén
Cac tham s6 cua sgi quang phi tuyén va bd loc théng dai dugc chon nhu trong bang 2. Tin
hiéu quang dua vao ¢é dang xung Gauss v&i cong suat dinh va nén khong déu, toc dd 40 Gbps,

md hoa RZ 25%, d0 rong {iwms = 6,25 ps.

Bang 2. S6 ligu cac tham sd cua bd téi tao tin higu sir dung soi quang phi tuyén 4p dung
cho tai tao tin hi¢u 40 Gbps, ma hoa RZ 25%, d rdng xung nira cdng suat la 6,25 ps

3m [ 1dB/m |892ps’/km | 1500 W'km' |70 GHz 168 GHz

Két qua khao sat nhin duoc db thi ham truyén dat cong suét nhu trong hinh Sa, véi tin hiéu
dau vao ¢é biéu dé mat nhu trén hinh 5b thi tin hiéu dau ra cd biéu d6 mat trén hinh 5¢.
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Hink 5. Ham truyén dat cong sudt cua bd 1ap sir dung soi quang déc bit (a) va biéu db mit
tin hiéu dau vao (b) va dau ra (c)

Véi két qua thu dugc, chiing t6i ¢c6 mot 56 nhén x¢ét sau:

Tin hi¢u dau ra cia b ti tao 2R c6 tén s trung tam léch so véi tin higu ddu vao mot lugng
chinh bang d6 dich l&ch tin sb trung tdm Af cia bg loc (4b), nghia 1a céc bé téi tao loai ndy con
6 thé ng dung vai chire nang chuyen dbi buérc 'song. Tuy nhié€n, trong cac hé thong truyén din
khéng can chuyén dbi buoc song, diéu nay c6 thé khic phuc bang cach dit ndi tiép cac bo tai tao
AO2R-SPM c6 dich l&ch tan sé ba trir cho nhau.

DGO rong phc;)'tin hiéu sau tai tao phu thudc 49 rong biang thong cua bd [Qc (4b). Dé co do
rong nua cong suat iy, cia tin hiéu dau ra gi¥ nguyén nhu cia tin hiéu dau vao thi do rong
nua cong suat AF cua b loc thong dai can chon dé (AF X Trywy ) = 0,441,
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Hiéu suét truyén dat cdng suit cha bd tai tao tin hiéu kha thip, chi¥ khedng (5 — 10)%, do
phd tin hiéu bj dan trai va suy hao cua bd loc. Dé c6 mirc cong sudt tin hidu cén thiét, can s
dung cac bd khéch dai quang va chiing t6i cho ring, néu c6 cac bo khubeh#ai quang bang hep
mong mudn thi ¢6 thé khong cén bo loc thong dai.

Ving bang phang dudi thip cua ham truyen dat cOng suat (4a, Sa), vﬁﬂgtil tao bit 0, 6 thé
duoc m& rng neu tang do dich léch tan sé cia bd loc. Tuy nhién, néu ting Af thi chiéu dai soi
quang phai tang thém, hiéu suit giam va diém lam viéc tai ving tai tao bit | s& bj diy lén cao.

Vai b6 tai tao AOZR-SPM sir dung sgi quang thong thudng, diém lam viéc tai tao bit |
nim & viing bang phang phia trén (4a), ung voi cong sudt tin hiéu vao tir 0, W dén 0,55 W.
Tuy nhién, theo [4], diém 1am viéc tdi uu lai khong ndm & chinh giira ving béng phing ma dich
mot chut vé phia bén phai, voi cong suit tin hiéu khoang 0,55 W, _

Ving b%mg phéng dé tai tao bit 0 ludn ¢ néu co su dich 1éch tin s ciia bd loc so v&i tin sb
trung tam, nhung dé co doan bing phang tai tao bit | thi cin phai thir nghiém, diéu chinh nham
dat duge phdi hop hop i giira cac tham sb cia soi quang (chiéu dai L, suy hao a, hé sé tan sic /3.
hé sb phi tuyén ¥) va tham sb cua tin hiéu cén tai tao (dd rong xung Trwum, dang xung).

Biéu d6 mét & hinh 5b cho théy, mure khong dong déu cong sudt dinh tin higu bit 1 giam,
cac xung gia ¢ bit 0 da bi xoa; do mo mit cha tin hiéu diu ra I6n hon rét nhiéu so tin higu dau
vao. Két qua nay chimg to, bd tai tao tin hiéu AO2R-SPM sur dung sgi quang phi tuyén da thuc
hién t6t nhiém vu tai tao va sira dang xung cho tin hi¢u 40 Gbps.

5. KET LUAN

Ngoai anh hudng xiu dén tin hiéu trén duong truyén, SPM ¢é thé duge sir dung cho nhiing
muyc tiéu cé ich, mot trong sd do 1a ang dung dé tao cac bd lap 2R toan quang, nhu da gidi thiéw
Vige su dung s¢i quang phi tuyen cho phép thu gon kich thude, giam gia thanh, ting dé tin cdy
dm voi cac bd 1ap loai nay. Két qua mé phéng di cho thay b6 ldp 2R img dung SPM hoat dong
tot cho téc do truyen tin hiéu 40 Gbps. Theo chiing toi, dé c6 cac bd lap that, can thiét thue hién
tlep cac thidt ké, cac cong trinh khao nghi¢m, thuc nghiém véi céc phin tlr quang mét cach cu
thé. Mac du vy, co thé dy doan, cac bd lap toan quang loai nay s& sém xudét hién trén thi truomg
va mang vién thong.
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SUMMARY
NONLINEAR FIBER-BASED REGENERATE
In this paper, a non-linear effect in Self Phase Modulation {(SPM) is briefly introduced and

a simulation model for all optic 2R SPM-based regererator is then proposed using non-linear
fiber. Diffirent discussions on the obtained results of simulation model are also made.

Dia chi: Nhdn bai ngay 10 thang 4 ndm 2007

Hoc vién Cong nghé Buu chinh Vién théng.
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