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L.OI NOI PAU

TU khi ra d0i cho dé€n nay, cdp sgi quang dd chlng t@ dugc nhung Uu di€m
vuot trdi so v&i cic phudng thlc truyén dan khac nhu d6 suy hao thap, cho phép
kéo dai tram 13p, trong 1u0ng nhe, kich thudc nhé dé 1ap dat , hoan toan céch dién,
khong bi can nhi€u bsi truOng dién tU, vat liéu ché tao san c6 trong tU nhién
(Si02), gi4 thang thap... Chinh vi th€ hé th&ng truyén dan thong tin cdp quang hién
nay dang chi€m moOt ty 1€ rat 16n & nudc ta .

P06 4n nay nhém em thuc hién nham tim hi€u mOt cach day dU va ro rang vé
viéc thi€t k&, tri€n khai cdp quang ciing nhu cdc phan tl trong hé thOng truyén dan
quang.

PO 4n cla ching em c6 th€ hoan thanh va k€t qud thu dugc nay 1a do su’ lam
viéc tich cuc cUa cdc thanh vién trong nhém ddc biét 1a sy huéng dan va chi bao
tan tinh cUa céc thay co trong khoa...va ddc biét 1a thdy Nguyén Lé Cudng ngudi
truc ti€p hudng dan nhém 5 i lic bat ddu lam d6 4n dén khi dO 4n hoan thanh.

DO 4n duQc chia 1am 4 chuong
Chuong 1 : TOng quan vé hé thOng thong tin quang
Chuong 2 : C4c phan tU quang thu dOng
Chuong 3 : C4c phan tU quang tich cUc

Chuong 4 : Bai toan tinh todn mOt tuy€n thong tin quang thuc té

Nhém 5 chiing em xin chan thanh cdm on Thay !
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CHUONG 1
TONG QUAN VE HE THONG THONG TIN QUANG

1.1. GIOI THIEU CHUNG

Hé thOng thong tin dugc hi€u mot cach don gidn 1a mOt hé thOng d€ truyén
thong tin tU nOi nay dén noi khac. Khodng cich gilta cdc nOi nay c6 thé€ tU vai trim
mOt dén vai trdam kilomét tham chi hang trim ngan kilomét vugt qua dai duong.
Thong tin c6 th€ truy€n thong qua cdc séng dién vGi cdc dai tan sO khic nhau. Hé
thOng thong tin quang 12 mOt hé thOng thong tin bang dnh sang va s dung céc soi
quang d€ truy€n thong tin. Thong tin truyén di trong hé thOng thong tin quang dugc
thuc hién G tan sO séng mang cao trong viing nhin thdy hodc viing hOng ngoai gan
cUa ph0 séng dién tU.

1.1.1. M6 hinh hé théng thong tin quang

D€ truyén thong tin gilta cic viing khic nhau, hé thOng thong tin quang ciing
can phdi c6 mo hinh truyén tin c0 ban nhU chi ra trong hinh 1.1, va d€n nay mo hinh

chung nay van dugc dp dung. Trong mo hinh nay, tin hiéu can truyén di sé dugc
phét vio mdi truOng truyén dan tuong Ung, va G dau thu s€ thu lai tin hi€u can
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truy€n. Nhu vay tin hiéu da dugc thong tin tU nGi gUi tin hi€u di tdi nGi nhan tin
hiéu dén. Thong tin quang c6 tG chlc hé thOng ciing nhu cic hé thOng thong tin
khéc, vi thé ma thanh phan c0 ban cla hé thOng thong tin quang cling nhU' mo hinh
chung, tuy nhién méi truOng truyén dan & day chinh 1a soi quang. Do d6 sOi quang
s€ thuc hi€n truy€n 4nh sing c6 mang tin hi€u thdng tin tU phia phat t&i phia thu.

' [
' [
. I . :

Noi phat | Thi€t |1 | MO&itruOng l _| Thi€t Noi tin
tin hiu di bi phdt |7 truy€én dan 7| bi thu hiéu dén
| |
' [

! |

Hinh 1.1 M6 hinh truyén thong tin v&i cdc thanh phan co
ban.
MOt hé thOng thdng tin quang bao gOm cédc thanh phan ¢ ban: Phan phit
quang, sgi quang, va phan thu quang.

Phéan phit quang dugc cdu tao tU nguOn phit tin hi€u quang va cdc mach dién
di€u khi€n. C4c mach di€u khi€n c6 th€ 12 b0 di€u ch€ ngoai hay cac bd kich thich
tuy thuOc vao cdc kY thudt di€u bi€n. Ngubn phit quang tao ra séng mang tan sO
quang, con cic mach di€u khi€n bi€n dGi tin hi€u thong tin thanh dang tin hiéu phu
hgp d€ di€u khi€n nguln sing theo tin hi€u mang tin. C6 hai loai ngudn sing dugc
dung phG bién trong thong tin quang 1a LED (Light Emitting Diode) va LASER
(Laser Diode).

SOi quang 1a méi truOng truyén dan trong thong tin quang. So v&i moi trudng
truy€én dan khic nhu méi truOng khong khi trong thong tin vo tuy€n va mdi trudng
cdp kim loai thi truyén dan bang soi quang cé nhieu Uu di€m nbi bat d6 1a : hau
nhu khong chiu dnh hudng cla méi truOng ngoai, bing tan truyén dan 16n, va suy
hao thdp. V&i nhig Uu di€m d6, ciing vGi nhi€u ti€n bd trong linh vuc thdng tin
quang, sOi quang da dugc s dung trong cdc hé thOng truyén dudng dai, hé thOng
vugt dai duong. Chiing vlra ddp Ung dugc khodng céch vlra dap Ung dugc dung
lugng truy€én dan cho phép thuc hién cidc mang thong tin tc dO cao. SQi quang c6 3
loai chinh 13 : sgi quang da mode chiét sudt nhdy bac, s0i da mode chi€t suat bién
dGi va sgi quang don mode. Ty thudc vao hé thOng ma loai sQi quang nao dugc sUr
dung, tuy nhién hi€n nay c4c hé thOng thudng st dung s0i don mode d€ truyén dan
vi Uu di€m cUa loai sQi nay.

Phéan thu quang c6 chUc ning d€ chuy€n tin hi€u quang thu dugc thanh tin hiéu
bing tan cO sG ban dau. N6 bao gbm b0 tich séng quang va cdc mach xU 1y dién.
B0 tich séng quang thuOng st dung cac photodiode nhu' PIN va APD. Céc mach xU
ly tin hiéu di€n nay c6 th€ bao gbm cic mach khuéch dai, 10c va mach ti sinh.
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1.1.2. Nguyén 1y hoat ddng clia hé thong thong tin quang

Ngay tU thOi ky khai sinh, hé thOng thong tin di sU dung nguyén 1y truy€n thdng
tin theo mo hinh chung nhu hinh 1.1 & trén. Nguyén 1y nay thuc hi€n viéc truyén
thong tin tU phia phat qua méi truGng sQi quang va culi cung dén phia thu. Tai moi
phan tin hi€u thong tin dUgc bi€n dGi nhu sau :

Phia phét : NguOn tin hi€u thong tin nhu ti€ng néi, hinh dnh, d{ liéu... sau khi
dugc xU 1y trd thanh tin hi€u dién (c6 thé & dang tuong tU hodc s0) s& dugc dua
dén bd phat quang (cu th€ 1a ngubn quang). Céc tin hiéu dién dua vao bd phat
quang dugc di€u ch€ quang theo nhi€u phudng phap di€u bi€n khic nhau (di€u
bién truc ti€p cudng d0 4nh siang hay di€u bi€n gidn ti€p) d€ thu dugc tin hiéu
quang. Tin hi€u quang nay s€ dugc ghép vio sQi quang d€ truyén di tGi phia thu.

Méi truOng sQi quang: La mdi truOng truyén dan dnh sing (tin hiéu da dugc
di€u ché quang) tUr dau phat t6i dau thu. Trong qué trinh truyén dan nay, do dac
tinh quang hoc cUa 4nh sdng va sQi quang ma tin hi€u quang bi suy gidm (suy hao va
tan sac). Cu ly truyén dan cang dai thi 4nh sdng bi suy gidm cang manh, di€u nay
dan dén kho khin khi khoi phuc tin hiéu & phia thu. Do vay, trén tuy€n truyén dan
thong tin quang, thuOng c6 cac b0 khuéch dai tin hi€u quang va cic tram 1dp nham
tai tao lai tin hiéu bi suy gidm trén dudng truyén.

Phia thu : Tin hi€u thu dugc tir méi truOng truyén dan sé& dugc bd thu quang
ti€p nhan. Tai day, tin hi€u quang s& dugc bi€n dGi ngugc trd 1ai thanh tin hiéu
dién nhu tin hi€u phat ban ddu. Culi ciing ta thu dugc tin hi€u can thong tin.

1.1.3. Uu di€m cUa hé théng thong tin quang

Hé thOng thong tin quang s& dung mdi trudGng truy€én dan 12 sgi quang nén hé
thOng c6 nhitng Uu di€m hon cdc hé thOng truyén thOng s dung cdp dOng hay hé
thOng thong tin vo tuy€n trudc day, dé 1a :

Dung lugng truyén dan 16n : Trong hé théng thong tin sQi quang, bing
tan truyén dan cla soi quang 1a rdt 16n (hang ngan THz) cho phép phit
trién cic hé théng WDM dung 1uong 16n. So v&i truyén dan vd tuyén
hay truyén dan dung cép kim loai thi truyén dan sgi quang cho dung
lugng 16n hon nhiéu.

Suy hao thdp : Suy hao truyén dan cUa sQi quang tuong d6i nhd, dac
biét 1a trong viing cUta sG 1300nm va 1550nm. Suy hao nh® nén sgi quang
c6 thE cho phép truyén dan bing rdng, tdc dd 16n hon rat nhiu so vGi
cap kim loai cuing chi phi xay dungs mang.
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Khong chiu dnh hudng cla moi truGng bén ngoai : BGi vat liéu cla sQi
quang cidch dién, khong chiu dnh huéng cla cic y€u tO nhu di€n tlr
truOng nén khong bi nhi€u dién tir. ..

DO tin cdy : Tin hi€u truyén trong sQi quang hdu nhu khong chiu anh
huéng cla mdi truOng bén ngoai, khong gdy nhi€u ra ngoai ciing nhu su
xuyén am gilta cdc sQi quang. Do d6 sgi quang thuc t€ cho chat lugng
truyén dan rat tot v6i do tin cdy cao, tinh bdo mat ciling cao hon so vGi
truy€n dan vo6 tuy€n va cap kim loai.

Chi phi thdp : Vi vat liéu ché tao sgi quang san c6, ddng thdi soi lai nhe
hon cdp kim loai va c6 thé ubn cong, 1ap dat dé dang va it bi hu hdng do
cdc y€u tO thién nhién tic dOng (nhU ndng, mua...) nén hé théng c6 thé
ti€ét kiém dudgc chi phi xay dung.

Thoéng tin s@i quang c6 nhi€u Uu di€m tU sgi quang dem 1ai tuy nhién sQi quang
ciing tOn tai mOt sO nhudc di€m nhu khi ché tao, han nbi phic tap vi sgi quang rat
b0, va rat dé ddt gay.

1.2. PHAN LOAI CAC PHAN TU QUANG PIEN TRONG THONG TIN
QUANG

MOt hé thOng thong tin quang dUQc cdu thanh tU rat nhi€u phan t0 quang dién
khac nhau. MOt tuy€n thong tin quang c6 th€ bao gdm cic phan t& nhu th€ hién trén
hinh 1.3.

Céc phan tU nay c6 nhi€u ddc tinh, chlc ning, tdc d0 hoat dOng va vi tri khac
nhau. Tuy thubc vao yéu cau cla hé thGng dudc st dung ma cdc phan t& nay dugc

st dung cho chUc ning nao hay vi trf nao trén hé thong.
BO phat quang

bé plha% lcllal-@ae-phan-%@&aﬁg-d}eﬁ-tpongl‘é”thOng thong tin quang ta c6 nhi€u

uajg

tieu chi d}@ophag Mach®iO Neuén C nangﬁu‘ng dung ... Dua Vao
dac di€m hoa{ d u { Ph.tquang  fkren tronI%I X Ogng théng tin quangdcé
o . . Ta Oi han sQi
the chia thanh hzg_______g_ph ________ ng va cac phan tu tich puc.
0@ B ® K=l =R RN
Tram lap

|
! qua
| — Y | ng
— Phat quang | B0 thu quang
|
= I 7T eTETTETTTTT T o
Khucch [ Pau thu Chuyén J | s
dai quang B= quang 1, hieu
| A | ra
! |
e caaaamm oo oo oo T--.
P lﬂluc\/ll uu
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1.2.1. Céc phan t( thu ddng

Céc phan t0r thu dOng 1a c4c phan tU quang hoat dOng khi ct chim sdng truyén
qua né. Phan t& thu dOng hoat dOng khong can nguln kich thich, ni chi don thuan
bi€n dGi cdc tin hi€u G trong mién quang ma khong c6 su chuyén dbi sang mi€n
dién. Nhitng dac di€m nay dan dén vé nguyén Iy hoat dOng cic phan tl thu dOng
chU yéu dua vao cdu tric quang hinh cla chinh ban than chiing, va tuin theo cic
dinh ludt hay c4c nguyén 1y 4nh sing. C4c phan tU thu ddng c6 nhitng Uu di€m vé
cau tric, vi trf 1ap dat, va Ung dung nhu :

Dé dang 1ap dat G bat ky vi tri ndo trén hé thOng vi khong can c6 ngudn cung
cap hoat ddng di kém theo.

Pon gidn vé cdu tric.
Dé dang bdo tri.
An toan vé di€n cho ngudi sU dung.

Tuy vay ching c6 nhitng nhugc di€m so v3i phan t( tich cUc d6 chinh 1a thu
dOng vé cdu hinh nén khd ning thay dGi, di€u chinh hoat dOng kém, khong linh
hoat. Chat lugng hoat ddng cla cic phan t& thu dOng ciing phu thudc vao vat liéu
va cong nghé ché tao cla ban than thi€t bj nhu cdc van d€ vé suy hao hay tdn sdc
cla cdc phan tU thu dOng. Cong nghé cang phit tri€n thi khd ning cla cdc phan t
thu dOng cang cao.

Cidc phan tr thu dOng trong hé thOng thdng tin quang bao gbm :
S0Oi quang, cap quang
Coupler quang

Céc b0 10c quang
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BO cach ly quang

BO b tdn tac
1.2.2. Cac phan tu tich cuc

Céc phan tU tich cuc 1a cac phan tU quang di€n hoat ddng dua theo vao tinh
chat hat cUa dnh sdng va cO sG vat 1y ban dan. Khi hoat ddng, cic phan tr tich cuc
dua vao kich thich di€én ngoai d€ bi€n dGi tin hi€u ma né can xU Iy. Do vay khic
vGi cic phan t& thu ddng, d€ hoat ddng dudc cic phan tI can ngudn kich thich.
Piéu nay dan dén yéu cau cla phan tU tich cuc phlc tap hon cic phan t thu dOng
nhU : vi trf 13p dat, co ché bao duBng chdng qué 4p cUa nguOn, yéu cau an toan vé
dién... Tuy nhién cdc phan t tich cUc c6 thé di€u chinh hiéu qud hoat dOng khi
thay d6i ngubn cung cap.

Céc phan t{ tich cUc bao gbm :
NguOn quang
BO tich quang
B0 khuéch dai quang

Chuyén d6i budc séng

CHUONG 2
CAC PHAN TU QUANG THU PONG
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2.1. CO SO VAT LY CHUNG CHO CAC PHAN TU THU PONG

Phan t thu dOng chi don thuan bi€n dGi céc tin hiéu trong mién quang ma
khong c6 su chuyén d6i sang mi€n dién. Do vay c0 s& vat Iy chung cho cdc phan tl
thu dOng 1a vat Iy quang hinh.

2.1.1 Su phan xa va khiic xa 4nh sang

Hién tuong khic xa va phdn xa 4nh sing dugc xem xét trong truGng hgp c6 hai
moi truOng khac nhau vé chi s chi€t sudt. Khi 4nh sdng di tU mOt mdi truGng trong
subt nay dén mOt moi trudng trong sudt khéc thi 4nh sdng sé thay dGi hudng truyén
cla chung tai ranh gidi phan cdch gilra hai moi truOng. Nhu vay c6 hai khd ning
xdyra:

Anh sing bi d6i huGng quay ngugc trd 1ai
Anh sing duoc phit ti€p vao méi truOng trong subt th(r 2.

Cic tia sang khi qua ving ranh giGi gi(ta hai moi truGng bi thay d6i hudng
nhung c6 thé€ ti€p tuc di vio mdi trudng chi€t sudt mai thi ta néi tia d6 bi khiic xa.
Con cdc tia sang khi qua ranh gidi nay lai quay ngugc tré 1ai moi truOng ban dau thi
ta néi tia d6 bi phan xa. Hinh 2.1 md ta qu4 trinh khiic xa va phan xa 4nh sdng qua
hai mdi truOng trong sult v&i chi€t sudt moi truGng th( nhat n, 16n hon chiét sudt
mdi trudng th( hai n,.

| Tia | |
a) : khuc xa b) : c) :
| | |
|>r/ | |
n, I ! R I
|
n, | /Q\X’Ha
| ol | 2
Tia il il e T phan
6 /] | | xa

Hinh 2.1 Su khiic xa va phan xa 4nh sing cUa v3i géc t6i khac nhau.

Trong d6 : ;12 géc t&i — géc hop gilta phap tuy€n clla mat phan cach hai moi truOng
v0i tia tdi. ,

. 1a géc khic xa - géc tao bOi phédp tuyén clUa mat phan céch hai méi
truOng vdi tia khiic xa.

3 hinh 2.1, chiét sudt n, > n, cho nén goc téi nh® hon gboc khic xa , (hinh
2.1a). Khi géc tGi 16n dan tGi mOt gid tri géc tdi . tao ra tia khic xa nam song song
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vGi ranh giGi phan cdch hai méi truGng, lic 8y . dUgc g0i 13 géc t&i han (nhu hinh
2.1b).

2.1.2. Dinh luat Snell

Pinh luat Snell phat bi€u : “ Ty 1& gilta sin géc tdi va khiic xa s€ ludn 1a mot
hang s6. Tia khic xa luén nam trong cing mat phang véi tia t6i va sin géc khic xa
( ) phu thubc vao sin géc téi (6;) nhU sau :

sin

i > o~
= a (hang sO). (2-3)

sin n,

Trong d6 : ny, n, 12 chi€t sudt cla hai moi truOng vat liéu ma 4dnh sang di qua.

Khi mOt tia sdng ti ¢ gia tri géc 16n hon géc tdi han thi 4nh siang bi phan xa
hoan toan l1ai mdi trudng ddu tai mat phang phan cdch hai méi trudng. Lic nay ta
g0i d6 12 hién tugng phdn xa toan phan (Total Internal Reflection). Hinh 2.1c minh
hoa qu4 trinh phdn xa toan phan - TIR.

Nhu vay c6 th€ néu ra di€u kién d€ xdy ra hién tugng phdn xa toan phan 1a :

Céc tia sang phdi di tU mdi truOng cé chi s& chiét sudt 16n hon sang moi
truOng c6 chi sO chi€t suat nhé hon.

Goc t6i cla tia sang phdi 16n hon géc tdi han O¢ =arcsin (n, /n,).

Dinh luat khic xa va phdn xa 4nh sdng & trén 1a nguyén ly cO ban 4p dung cho
viéc truyén tin hiéu 4nh sdng trong sOi dan quang st dung trong thdng tin quang.
Trong sOi1 dan quang, cic tin hi€u 4nh sdng k€t hgp dugc lan truyén dua vao hién
tugng phdn xa toan phan, di€u nay c6 thé€ gidi thich nhu sau:

Xét 4nh sdng truy€n qua cdc mdi trudng vOi dudng bién song song (Ong thUy
tinh). Cdc moi truOng nay cé chi€t sudt nhU sau : chi€t sudt mdi truOng dau tién va
moi truOng cudi cing bang nhau (cung 1a khong khi - n;), nhung khic véi méi
truOng trung gian (1a thUy tinh - n, >n,).

- Khi 4nh sang t&i moi trudng dau tién véi mOt géc téi thich hgp (gid s | < o)
(nhU hinh 2.2), 4nh sdng s& khic xa tU moi truOng dau tién vao mdi trudng th
2 v6i géc khic xa, | § 1. (Vi hi<ny). Tia khic xa nay truy€n trong moi truOng
th(r 2 va t6i biirgigr gylra moi :trudng th(r 2 va ldngiing cudi v4i mot goc tGi

cé gidtrila ;= 1 (vibKn glélipnan cach gilfa cac moi traong 1a song song). Liic
|

do tia sang s€ bi khic x

gi g(jc khiac xa =Tl}'.0V§i’E‘ll}(9§1g tuUcéd , > ;(vin>
1’11). I

' Khong khi n,
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Quang

- Khi ngu0On sang dat trong mdi trudGng thUy tinh thi c6 mOt sO tia sang dOi khoi
nguOn t&i bién gidi phan cach gilta thUy tinh va khong khi. Néu géc tdi cla tia
nhd hon géc téi han 0. thi né sé bi khiic xa va di ra khéi moi truOng thUy tinh.
Ngudc 1ai géc tdi 10n hon géc tGi han thi sé c6 su phdn xa toan phan trong mdi
truOng thUy tinh (nhu hinh 2.3). Hon nita, cdc mat cUa khoi thly tinh song song
vGi nhau nén céc tia sang tGi b€ mat sé phan xa bén trong Ong v&i cing mot géc
bang géc tGi. Céc tia phdn xa s€ phan xa lién ti€p trong thanh &ng cho dén khi
dat tGi di€m cubi cUa Ong. Ta c6 suU truyén dan 4nh sing trong Gng thUy tinh.

!
|
!
!
|
!
|
Hinh 2.3 Tia s4ng di trong Ong thQy tinh

2.1.3. Phan cUc anh sang

Su phan cUc dugc dinh nghia thong qua dién trudng. Trong md ta bdi ham
phUc, vectd di€n truOng nay cé thé dugc viét dudi dang sau :

E(z,t)= Re[Aexxp(imt-ikz)] (2-4)
Trong d6 A 1a vectd phUc trong mat phang xy.
Chiing ta khdo sit hai thanh phan E, va E, nhu sau :
Ex =[Acos(wt- kz+0, )] va E,; =[Acos(wt- kz+0, )] (2-5)
Dai lugng A c6 thé bi€u thi & dang sau : A =X Aexp(id,) + ¥ A,exp(id,)
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Trong d6 : A, va A, 1a cdc sO thuc duong.

| +y

y

Hinh 2.5 Phan cUc thdng thuOng cUa 4nh sang theo elip ¢6 truc
x’ vay’ 1éch mot géc .

Sau khi bi€n d6i bang cach st dung tinh chat cdc ham lugng gidc cdc phudng
trinh 2-4 va 2-5taco :

E E cos )
-~ X 2 E.E, sin’ va = -y (2-6)

A, A TAA,

X

Phuong trinh nay 1a phuong trinh elip va c6 th€ két ludn séng anh sang trong
truOng hop thong thudng 1a c¢6 phan cuUc elip. Truc cUa elip thong phdi 1a truc x, y
ma l1éch di mOt géc @ nhu hinh 2.5. Gi4 trj cUa géc ¢ c6 thé x4c dinh duge nhu sau :

2AXAV \ . >
tg (2CP)=A2—AZ cos 0. Va tU cac gia trl khac nhau cUa 0 ta c6 ciac phan cUc khac

x y
nhau cUa séng 4nh sang nhu hinh 2.6. Nhu trong hinh 2.6 cdc dang phan cuc : tuy€n
tinh, tron va elip d6i v&i mOt sO séng truyén khac nhau.

) O O\

¢ =m/4 ¢=m/2 ¢ =3n/4 ¢p=T
¢ =-3/4 ¢ =-1/2 ¢ =-1/4 =0

Hinh 2.6 C4c trang thai phan cuc ddi v&i mOt sO séng truy€n khic
nhau
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Quang

2.2. SOT QUANG
2.2.1. Cau tric soi quang

S0i quang ¢6 cdu tric nhtr mOt Ong dan séng hinh tru bao gdm phan 16i va 16p
v0 bao boc xung quanh 18i, cd hai déu lam tU vat li€u trong suOt nhu thUy tinh hodc
chat déo. L&p 16i thudng c6 chiét sudt cao hon 16p vO bén ngoai, di€u nay cung cap
cO ché hudng qu4 trinh truyén lan 4nh sdng vao bén trong 16i.

Ngoai ra d€ bdo v€ s0i ngudi ta dung mOt 18p bao boc bdo v€ bén ngoai
thudng 1am tUr vat liéu polyme (nhu hinh 2.7). LOp chat déo nay nhdm ngin chdn
céc tdc ddng co hoc va d€ boc sgi thanh cap.

PSSR

Vam, Li p bTo vO
Hxh 2.7 CEu tréc st i quang

Thong thuOng duGng kinh 16i sQi quang 13 rat nhd khodng tUr 10 + 50 um, con
duong kinh vé 12 125 ym. Do vay s0i quang c6 kich thudc rat nhd. Khi di boc cic
16p, bdo vé thi dudng kinh cUa s@i mdi dat dugc t& 200 = 900um.

2.2.2. Phan loai sOi quang

SQi quang c6 rat nhi€u loai khic nhau, tiy thubc vao viéc st dung va cich phan
loai ma ta c¢6 cdc loai sQi quang khic nhau. Theo su phan b0 chiét sudt trong 15i sQi
ngUdi ta chia sQi quang thanh sgi chi€t suat nhdy bac (Step Index) va sgi chi€t sudt
bi€n d0i (Graded Index). SQi chi€t suat bac c¢6 phian bo chi€t sudt trong 16i khong
ddi trong khi sQi chi€t sudt bi€n ddi c6 chi€t suat 16i phan bO gidm dan tU trong ra
ngoai.

NgU0i ta con phan sQi quang thanh hai loai : s@i don mode (Single mode) sQi da
mode (Multi mode). SOi da mode 12 sQi cho phép truyén dan nhi€éu mode trong né,
con sOi don mode 12 s@i chi cho phép mOt mode truy€n dan trong né. (VGi mOi mot
mode 12 mOt mau cdc dudng sing truOng dién va truOng tU dugc 18p di 1ap lai doc
theo sQi G cdc khodng céach tuong dudng v&i budc séng).

Ngoai ra sQi con dUQc phan theo vat li€u nhu sgi thly tinh va sgi plastic. Hay
cdc loai sOi tién ti€n hi€n nay m&i sdn xudt nhu sgi duy tri phan cUc va sgi dich tan
sac.
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Quang
Tuy vay trong thuc t&€ ngudi ta thudng xét cdc loai sgi quang sau : SGi da mode

chiét suat nhdy bac (MM-SI), sgi da mode chiét suat bién d6i (MM-GI) va sgi don
mode (SM).

2.2.2.1. SOi don mode(SM)

SOi don mode 1a sgi chi cho phép truyén dan mOt mode trong né nhung kha
ning vé bing thong cla sgi kha 16n (khodng 40GHz). SGi quang don mode phit hgp
doi vGi hé thdng dudng truc v&i gia thanh thap. Mac du giai doan dau, soi SM méi
chi st dung trong viing clta s 1300nm, nhung chiing ciing c6 thé hoat dOng hiéu
qua trong viing clfa s6 1550nm doi v&i cac hé thOng ghép kénh theo thOi gian TDM
va ghép kénh theo budc séng WDM.

C4u tric sQi SM nhu hinh 2.8

1 1 Chhese
‘ i i ‘ Tld‘f)c ><t
Homah 2. S CBEu oo st i & nmn mode

SOi don mode c¢6 16i rat nhd thudng khodng tU 8 10 um. Kich thudc nay
thudng nhd hon so vGi buGc séng 4nh sing dugc st dung rat nhi€u. ThuGng thi
20% 4nh sdng dugc truy€n vao sOi don mode bi khiic xa ra ngoai vO.

Uu di€m cla sQi don mode 1a chi ghép mOt mode nén khong c¢6 tan sdc mode
bing tan cla s0i ting 1én. Tuy nhién, khé ghép 4nh sing vio sOi.

2.2.2.2. SOi da mode chiét sudt nhdy bac(MM-SI)

Pac di€ém cla soi MM-SI 1a kich thu@c 16n, dudng kinh 16i thuOng 1a 50um.
Sgi thuong dung trong hé thOng truyén dan c6é cu ly ngdn vGi bing thong soi
khodng 20MHz.

C4&u tric mat cat chiét suat dugc mo ta nhu trong hinh 2.9.
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Hxh 2.9 CEu tréc § i & mode nhily bEc

Trong s@i MM - SI, chiét sudt 16i va vO tao thanh dang hinh bac thang. Thong
thuOng, sQi dugc ché tao v&i chi€t sudt v nho hon 10% so v3i chiét suat 15i.

Kh&u d6 sO (NA) cla s@i ddc trung cho kha ning nhdn tia sing dugc tinh nhu
bi€u thlc 2-7 :

NA= n,(2A)"” (2-7)

n._n,

Trong do : A= 12 @6 chénh 1&ch chiét sudt tuong doi gilra 16i va vo.

nl
Vi chi s6 chiét sudt trong sgi MM-SI 1a khong thay dGi doc theo sgi nén khau
d0 s6 clla MM-SI ciing 12 hang s0.
S6 lugng mode trong sgi da mode phu thuOc vao tan sO chudn héa V cla soi
nhu cong thlc 2-8:

M=V22 v6i V=244

(2-8)

Uu di€m cla sgi da mode chi€t sudt nhdy bac 1a chi s6 chiét suat clia vO va 16i
khong d6i, do d6 tbc dd truyén khong ddi. Tuy nhién do quing dudng truyén dan
cUa cdc mode khic nhau nén c6 th€ gy nén hi€n tugng tan sac mode.

2.2.2.3. Soi da mode chiét sudt bi€n d6i (MM - GI)

Pac diém kich thudc cla s0Qi ciing giOng nhu sgi MM-SI, tuy nhién sgi 1ai c6
chi sO chi€t sudt cUa 16i thay d6i. SU bi€n dGi cUa chi sO chiét sudt 16i dugc mé ta
nhU trong cong thlc 2-9.

~

n, 1 — r o a

n(r)= a (2-9)

n, 1 n r a
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Trong d6 : o 12 hé s6 mat cat chiét sudt

n, 1a chiét sudt vo
n, 1a chi€t sudt cuc dai tai tim soi

Ta c6 mat cat chiét suat cUa sgi dudc bi€u dién nhu hinh 2.10.

Hxh 2.10 CEu tréc § i ®& mode nhily bEc

Qua hinh 2.10, chi€t sudt 16i gidm dan tU trung tAm 16i ra d€n bién gidi phan
cach gilra 16i va vO. Di€u nay gidm dugc tin sdc mode do sy chénh 1éch duong di
gi(ta cdc mode, ting d0 rOng bing tan truyén dan. Tuy nhién dnh huéng dén hiéu
sudt ghép 4nh sing. Vi liic d6 khdu dd sO NA ciing 13 ham phu thubc vio hé s6 mat
cat chiét suat o.

NA=n,(r) n’ (xétvlir<a) (2-10)
SO lugng mode truyén cla sgi MM-GI dudc tinh theo cdng thic 2-11.

2
M=_2V7 (2-11)

2.2.3. Cac tham s6 @nh hudng tGi truyén lan trong soi quang

Trong qu4 trinh truy€n séng tU phia phat dén phia thu, tin hi€u c6 thé bi thay doi
rat nhi€u. Do vay tai phia thu tin hi€éu khong dugc nhu mong muln. SU suy gidm
v€ chat lugng tin hi€u do rat nhi€u yé€u td giy ra. MOt trong nhitng y€u td quan
trong d6 1a tham sO gy dnh hudng tGi truyén dan trong sdi quang. Ta xét cdc tham
sO sau.

2.2.3.1. Suy hao
A. Kh4i Niém

Suy hao 12 thong sO c6 lién quan dén su thay dGi cong sudt quang trong qua trinh
lan truy@n. Tham sO suy hao c6 th€ dudgc x4c dinh theo dinh ludt Beer :

dP

- P trong dé6 1a hé sO suy hao. (2-12)
z
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< L >
|

N
v, o,

Pe— 9 , p.gp

Hxh 2.11 C«ng sult vio racfiath hiQu truyOnh quasi i quang vi | @ di L
Bi€n dGi cong thirc 2-12 ta c6 cong sudt truy€n tai khodng cach L :

1, PO
LI ") (2-13)

P(L) = P(0)exp(- L) hay
Trong d6 : P(0) tuong Ung cong sudt vao dau sgi P,
P(L) tuong Ung cong sudt ra sgi c6 chi€u dai L (Poy)

Pbon vicla 12 m"' hodc km’

: . L 10. P,
Theo dOn vidB thitacd: 4 T len 4,343 (2-14)

in

Trong thong tin quang c6 khi don vi cong sudt dugc tinh theo don vi dBm nén hé
sO suy hao c6 thé tinh theo cong thic :

dB

B.Nguyén nhan va cac loai suy hao

Suy hao trong s0i quang c¢6 nhi€u nguyén nhan nhung nguyén nhin c0 ban giy
suy hao trong sgi quang 12 do cdc suy hao do hdp thu, do tin xa va do bi ubn cong
SOi.

- Suy hao do hap thu: Ban chat 4nh sang 1a c4c hat photon, ma sgi quang ciing 1a

vat ran c6 cdu triic mang tinh thé€, nén céc i6n hay dién t(r & ddu nit mang cé thé
hap thu photon khi 4nh sdng truy€n qua sgi quang. SU hdp thu nay phu thubc vio
budc séng va ban chat clia vat liéu hap thu nhU cic tap chat trong s0i hay vat liéu
ch€ tao sgi. Cu thé, trong qud trinh sdn xudt sOi quang c6 rat nhi€u tap chat nhu
cdc i6n kim loai (Fe,Cu, Cr...) hodc c4c i6n OH". Céc idn nay giy nén cic dinh hap
thu tai budc séng chinh 1a 2,7 m va cdc dinh séng phu nhu 0,94 m; 1,24 m;
1,39 m... gdy anh hudng d€n séng lan truy€n trong sgi.

Bén canh d6, ban than vat li€u chinh 1am nén sQi quang la thly tinh ciing gy
nén cic dai hap thu 1a hap thu cuc tim chi ¢ budc séng A < 0,4 m va hap thu hong
ngoai chi & budc séng A >7 m nhu hinh 2.13. Tuy nhién v&i cdng nghé hién dai
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ngay nay, ngUoi ta c6 th€ gidm thi€u dudc sy hap thu bang cich loai trlr cdc tap

chat hinh thanh trong qua trinh sdn xudt (ddc biét 12 i6n OH).

- Suy hao do t4n xa : T4n xa 1a két qua cla nhitng khuyét tat hay nhiéu 1oan
trong sgi va cdu tric vi md cUa sgi. Tdn xa suy ra tU nhiing thay doi vé cdu tric
phan t& va nguyén tU cUa thly tinh hay tU nhing thay dGi vé mat d0 va thanh phan
s0i. Nhiing thay d6i niy do qua trinh sdn xudt sQi tao ra. N6 giy nén su thay d0i vé
chi€t sudt dan dén thay dGi su phan xa cUa tia sdng tai nhiing di€m trén 16i sOi ma
ta c6 th€ goi 1 cdc tAm tan xa. Xét hinh 2.12 sau :

Tiati

Hxh 2.12Sut,n X2

Géc lan truyén cUa tia sang tGi giao di€n 16i va vO c6 nhitng thay ddi lam thay
d6i tia dugc khiic xa theo duOng dan mdi va khong xay ra hién tugng phan xa ndi
toan phan (TIR), di€u nay giy gidm lugng 4nh sing dugc lan truyén doc theo 16i
s0i. C6 hai loai tdn xa chinh Ia : Tdan xa Rayleigh va tdn xa Mie, trong d6 tdn xa
Rayleigh rat quan trong. Nguyén nhan cUa né 1 do su khong dOng nhat cUa thly
tinh vé thanh phan va mat d6. Pi€u nay gy nén su thing gidng vé chi sO chiét sudt
va dan dén suy gidm cong sudt budc séng theo cong thlic sau : r =C/A* v6i hang
s6 C nam trong dai 0,7 0,9 dB/km va phu thuOc vao cau tric s0i. Con tdn xa Mie
la tin xa xdy ra tai nhitng noi khong dOng nhat, nhu nhing di€m cé khuy€t tat
trong cdu tric sQi hay su khong dong déu cUa chi sO chi€t sudt va bot khi tao ra
trong qué trinh s@n xudt. Tuy nhién ta c6 th€ coi tdn xa Mie 1a khong déng k€ bang
cdch chu trong t&i qua trinh sdn xudt d€ gidm thi€u cdc nguyén nhan giy tin xa.

Nh{ng suy gidm bdi su tdn xa 1a mOt qu4 trinh tuy€n tinh, b3i né khong giy ra
sU dich tan, budc séng trudc va sau tin xa khong thay dbi.
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1 o caBaay

Binh hip thu do tap chit

Hip thu hdng ngoai

-

= 2
o. Fayleigh S
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Biardc sdng (L)

Hinh 2.13 C4c phG suy hao do hdp thu va tdn xa trong sgi quang [9].

- Suy hao do uOn cong sdi: Pay 1a nhiing suy hao do su ubn cong v thay ddi vé

ban kinh cong cUa sgi. C6 hai loai suy hao do udn cong la : suy hao do u6n cong c&
nhO va suy hao do uOn cong ¢ 16n. Suy hao do u6n cong cG 16n xay ra khi ban kinh
cong cUa sOi gidm. Ban dau ban kinh cong cUa sgi 16n hon ban kinh sgi. Khi sQi bi
u0n cong thi géc lan truyén sé thay d0i dan d€n mot sO tia sang khong con ddm bdo
di€u kién phdn xa toan phan va dan dén gidm s6 lUgng tia sing truyén trong 15i
s0i. Do d6 khi ban kinh cong gidm thi mUc suy hao s€ ting. Ban kinh cong cho phép
1a R, = a/NA. Trong thuc t€ yéu cau ban kinh cong phdi 16n hon ban kinh cong cho
phép d€ suy hao khong vuot qua 0,1dB.

Suy hao do uén cong c¢& nho Ia do cdc ubn cong c6 ban kinh cong nh0 theo truc
s0i xudt hién do trong qu4 trinh cai dat, do ki€m hay thi€t 1ap cé cic luc tic dOng
1én sOi quang 1am sgi bi méo dang va thay d6i cic géc lan truy€n cla céc tia sang.
Anh sdng s& bi mat mat ra ngoai vO sOi. Ngoai ra né con giy ra qud trinh ghép cap

mode.

2.2.3.2 Tan sac

A.Khai niém

Tén sac trong thong tin quang xét vé mat thoi gian 1a sy dan rOng xung 4nh séng
khi lan truy€n trong s@i quang nhu hinh 2.14.

Hé s6 tin sac dugc x4c dinh theo cong thic :

D TT (ps/nm.km) trong do AT =N 2,- 2, (ps/nm)
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Si quang ra
Hxh 2.14 Sut ns36

Tén sac c6 thé dudgc gidi thich boi 4nh sdng truy€n trong sOi quang c6 thé coi 1a
tdp hop cla nhi€u thanh phan vi du c6 th€ coi 1a cic thanh phan trong bi€n d6i
Fourier cUa né hay tOng cdc mode truyén. Céc thanh phn nay c6 tan sO khic nhau
zmode truy€n dan v4i van tdc nhém 1a toc d0 ma tai dé niang lugng & trong mode
riéng biét lan truy€n doc theo s0i. Ta c6 :

A d N x
Van tOc nhém : v, e va dO tré nhém 1a : — T = (2-15)

Trong d6 : B 12 hé sO lan truyén c6 gia tri f = nw/c
K 13 hé s0 séng c6 gid tri K = w/c.

B. Nguyén nhan va cic loai tan sac

C6 bOn nguyén nhan chinh gy ra tdn sdc va ciing 1a c4c loai tan sac chl yéu dé
1a : T4n sdc vat liéu, tan sac Ong dan sting, tin sdc mode va tin sac phan cuUc mode.

- T4n sac mode: Nguyén nhan chinh 1a do trong sQi c6 nhi€u mode truyén dan,
cdc mode 1ai c6 tOc dO truyén dan khic nhau, nén thOi gian truyén dan trong sgi
cting khéc nhau, va x3y ra hién tUgng tan sdc. Loai tdn sac nay chi xdy ra trong soi
da mode. T4n sac mode phu thuOc vao kich thuGc sgi cu thé 1a ban kinh 16i sgi da
mode. Tia kinh tuy€n truyén trong cic sOi da mode (chiét suat nhdy bac va bi€n
doi) sé di theo cac dudng khic nhau v&i quang duOng khic nhau. Géc truyén lan
cUa tia cang dOc thi tia di cang cham. Do dé c6 nh{ng tia thOi gian truy€n 13 Ty, va
c6 nhing tia thOi gian truyén 12 Ty, Ta c6 hé sO tdn sac mode:

p — M (2-16)

Gilra hai sgi da mode chi€t sudt nhdy bac va chi€t sudt bi€n doi thi sQi chiét
sudt bi€n d6i c6 d0 méo tin hiéu it hon. Do chi€t sudt 16i trong sgi MM-GI gidm
dan tU truc sOi ra phia vO, nén céc tia sang c6 dudng di gan ranh gidi ti€p gidp vo -
16i s& truyén v4i van tOc nhanh hon cic tia gan truc sgi cho nén can bang dugc thoi
gian truyén.

- T4n sac vat liéu: Nguyén nhin cUa loai tdn sdc nay 1a do tdn sdc bén trong. N

1a su dan xung tin hi€u 4nh sing xdy ra G trong mOt mode. Trong sQi c6 sy thay doi
vé chiét sudt do vat liéu tao ra. TU d6 c6 su khic biét v€ tbc db cla cic thanh
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phan phd (budc séng) khdc nhau chay trong mode vi van tdc cla cic budc séng
phu thubc vio chié€t suat theo phuong trinh :

1%

2-1
) (2-17)

Do vay ma c6 su chénh 1&ch lan truyén cla cédc thanh phan budc séng khic
nhau dan dén tdn sac. Ta c6 hé sO tdn sac vat liéu :
1 d*n()

D,, —

2-18
. g (2-18)

Vi chi€t sudt phu thudc vao budc séng theo cong thlc Sell Miner :

M 2
n2( ) 1 21 i 5
il i

Trong d6 : fi ,0; 12 cuOng d0 va tan sO cOng hudng tuong Ung.
M la tham sO phu thubc vao vat liéu (vi du Mgy gun =3).

- T4n sac Ong dan sing : Ciing nhu tdn sdc vat liéu, tin sdc Ong dan séng 1a

do su tdn sac bén trong mode. Anh sdng truy€n trong sQi khong phdi l1a don sdc, n6
chi€m mot d0 rdng phG AL ndo d6. Vi hang s6 lan truyén f 1a ham cla dai lugng
a/\ do dé né phu thuOc vao phG (budc séng ) 4nh sing va kich thudc cla 15i sgi.
Mat khéc theo cong th(c 2-18, d0 tré nhém & chiu dnh hudng cla hé s0 lan truyén
B. Do vy van tdc nhém cUa cdc thanh phdn phé 1a khdc nhau (O day chua xét dén
suU thay d6i van tOc do su thay d6i chiét sudt). Di€u nay dan dén su chénh 1éch vé
thOi gian truy€n dan va vi vay c6 hién tuong tin sac.

TU cdc phuong trinh cUa dd tré nhém ta xdc dinh dugc hé s6 tdn sdc Ong dan
song.

n,

gy dV)

DW
C dv?

] (2-19)

Vi tan sO chudn héa dugc tinh gan diing theo cong thlic : V. Kyan,v2  (2-20)

Trong sOi da mode tdn sdc Ong dan séng tudng d6i nho so vdi tan sdc vat liéu
vi vay c6 thé bd qua dudgc.

Tén sac t6ng trong sOi1 sé bao g6m caba loai tan sac:D= D,, + D,, +Dy

Ta c6 hinh 2.15 bi€u dién céc tdn sdc trong ddi budc séng 1,1 - 1,7 m cUa s0i
don mode. Budc séng Az 12 budc séng tai d6 tan sac tOng c6 gid tri 0. RS rang tin
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sac Ong dan séng ludén 4m, con tan sac vat liéu thi bat dau duong tai budc séng

A 133 m.

A I [1==rTuan o]

Hinh 2.15 Céc hé s0 tan sac trong sOi dOn mode[9]
- T4n sac phin cuc mode (PMD) :

Tén sac phan cuUc mode (Polarization Mode Dispertion) 12 mOt ddc tinh cO ban
cUa sQi quang va cic thanh phan sQi quang don mode. Trong d6 ning lugng tin hi€u
tai budc séng da cho dugc chuy€n vio hai mode phéin cuc truc giao ¢6 van tOc lan
truy€n khéc nhau. Pi€u nay dan dén din xung cUa tin hi€u tOng hgp dau thu va giy
chOng ph6 va 10i bt doi v&i cac hé thOng truyén dan tdc d6 cao. Khi c6 ngubn
phdt quang manh, sU din xung thuOng lién quan d€n hi€u Ung lubng chiét. Ban
kinh cUa sOi quang dOc theo cdc truc x, y khong dOng déu, chi€t sudt cic mode phan
cUc theo trUc x, y bi thay dGi va sinh ra hiéu Ung 1udng chiét. Khi xung dau vao
kich thich cd hai thanh phan phan cUc, xung d6 s€ din rOng & dau ra cla sGi vi hai
thanh phan s& phan tin doc do van tGc nhém khic nhau. Hi€én tuOng nay goi la
PMD. LuGng chi€t c6 th€ tinh todn thong qua suU' chénh 1€ch gid tri chi€t sudt hiéu
dung cUa hai thanh phan phin cUc mode :

A =n, 7K,

y

o (2-21)
Trong d6 : 7.7, 1a chi€t suat hi€u dung clla mOi mode phan cuc
<+ , 12 hang sO lan truyén cla mOi mode phéin cuc

DGi v6i mOt xung quang thi ning 1UQng chia ra thanh hai phan : m6ét phan mang
bGi trang thai phan cUc truc nhanh va mOt phan mang bGi trang thai phan cuc truc
cham nhu hinh 2.16.
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AT{PMDY)
‘Truc phan cwc chim
|

Phuong
truyen dan

I

Tin hiéu \X '

‘dan phat . o
I Truc phan cwe nhanh Tin hien dau thu

Hinh 2.16 Hién tugng tin sac do phan cuc.
Su dan xung c6 th€ dugc xé4c dinh tir dd chénh 1&ch thdi gian AT gilra hai thanh
phan phan cUc mode truc giao khi xung dugc truyén. PGi v&i soi dai L thi AT dugc
xdc dinh theo cong thlrc 2-22:

AT = =L - , (2-22)

Vgx ng

Biéu thlc 2-22 khong th€ diung truc ti€p d€ tinh tham s& PMD do tinh ghép
ngdu nhién gilta hai mode dugc sinh ra t sU x4o trn ngdu nhién cla IuGng chiét.
Thuc t€ PMD dudc x4c dinh bi gid tri cin trung binh binh phuong RMS cla AT.
Gid tri trung binh cUa bi€n ngdu nhién nay 1a :

2 2 1 212 2L 2L

T < T > 5 h 7 1 exXp 7

Trong d6 : h 1a d0 dai hiéu chinh c6 gid tri tiéu bi€u nam trong khodng 1- 10 m.
Ta c6 ham mat d0 xac suat PMD nhu sau :

2 T T?

R

Nhu véy két hop vGi phuong trinh 2-22 gié tri trung binh cla d0 tré AT lién
quan dén t4n sac phan cUc mode nhU sau :

e

Trong d6 : Dewmp hé s6 tén sdc phan cuc mode vGi céc gid tri tiéu bi€u nam trong
khodng 0,1 — 1ps/km .

P(AT) = (2-23)
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TU day ta thay d6 din xung trong PMD tuong d6i nhd so v&i cic hi€u Ung van tOc
nhém. Tuy nhién do phu thuOc vao chi€u dai soi nén PMD cé thé anh hudng dén
cdc hé thOng truyén dan cu ly xa.

2.3. COUPLER QUANG

Coupler 12 cic thi€t bi quang thu dOng don gidn, dugc st dung d€ tich hodc
ghép tin hiéu dnh sdng ddu vio hay dau ra sgi. MOt coupler bao gOm n cOng vao va
m c6ng ra. Coupler 1 x n dugc goi 1a bd tach (splitter), con coupler n x 1 dugc goi 1a
b0 két hgp (combiner); c6 khi coupler k€t hgp cd hai chlic ning ghép va tich vGi n
cOng vao va m cOng ra.

Don gidn nhat 1a coupler 1x2, 2x1 va 2x2 nhu & hinh 2.17a, b,c

— o <

a, Splitter b, Combiner ¢, Coupler
Hinh 2.17 Coupler 1x2, 2x1 va 2x2.

B0 chia quang 1x2 nhu trén hinh 2.17 a) ¢6 ti 1& cong sudt dau ra dugc goi 1a ti
1é chia quang o va c6 thé di€u khi€n dugc. Gi4 tri o nay bi€u thi ti 1& chia quang
dudi dang dB sé cho chiing ta suy hao do chia quang. BO chia quang hai cOng véi ti
1& chia quang 50:50 1a rat phO bién, két qua 14 suy hao do chia quang sé& 13 3 dB cho
moi cOng ra.

Céc b0 coupler dugc dung d€ tich mOt phan cong sudt tU lubng 4nh sing c6 thé
dugc thiét ké vGi cac gia tri o rat gan vdi 1, thudng 13 tr 0.90 t&i 0.95. Khi d6
ching dugc goi 1a b0 ré va thuOng ding cho cdc muc dich gidm st hodc cdc muc
dich khac.

Nguyén 1y hoat dOng cUa coupler c6 th€ xét thong qua nguyén 1y chung cUa
coupler 2x2.

2.4.BO LOC QUANG

2.4.1. Chirc ning cla cac b0 loc

Viéc ghép va 1oc 1a mOt phan quan trong cUa truyén dan quang. Khong c6 thiét
bi nay khong thé€ thuc hién bat ky su chuyén mach ciing nhu truyén dan mot vai tin
hi€u trong cting mOt sQi quang tai cing mOt thoi di€m. BO 10c quang 13 phan t{ thu

dOng hoat ddng dua trén cdc nguyén 1y truy€n séng khdng can cé su tac dOng tir cac
phan tl bén ngoai. ChUc ning cla b0 10c 1a 10c tin hi€u khic nhau dugc truyén
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trong cung mOt sgi, truGc tién phdi tach riéng cac budc séng khac nhau khai tin hi€u
tOng. C6 rat nhi€u cich d€ thuc hién viéc tich cdc budc séng quang, nhung vé
nguyén 1y chiing déu dua trén quan di€m : cdc budc séng sé€ bi tré pha so vdi budc
s6ng khdc khi chiing dugc hudng qua cdc dudng dan khic nhau. Tuy thudc vao cich
nguyén 1y hoat dOng cUa tUng thi€t bi ma ta c6 hai nhém céc bO 10c khac nhau nhu :
B 10c c6 dinh va bd 1oc di€éu khién dugc. BO 10c quang cO dinh 1a cic bd 1oc vé
nguyén 1y n6 loai bo tat cd cic budc séng, chi cho phép gilt 1ai mét budc séng cO
dinh di dugc xdc dinh trudc. BO 10c di€u chinh dugc 1a cic bd 10c c6 thé thay dGi
budc séng ma chiing cho qua tily theo yéu cau.

2.4.2. Pac di€m, tham sO cla bd loc

Hai dac di€m quan trong cUa b0 10c cdn dugc nhac dén 1a dai pho tu do (FSR-
Free Spectral Range) va kha niing phan biét cUa b0 10¢ hay d0 min (F - Finesess).
A.DPO min cia bd loc F
PO min cla bd 1oc dugc do bang dd rOng clia ham truyén dat. N6 1a ty s6 gilra
FSR

ddi ph6 tu do v6i d0 rOng kénh. F N

< FSR >

>

~/\

v

f f f f

1 2 3 n

Hinh 2.20 FSR va F cUa b0 10c v&i N kénh khac nhau.

Trong d6 dd rOng kénh (Af) dugc dinh nghia l1a d6 rOng 3dB hay d0 rOng phG
nUa cong sudt cla b0 10c. Af dac trung cho d0 hep cla dinh ham truyén dat.

S6 lugng kénh clla mOt bd 10c quang bi gidi han bdi dai phé tu do va d6 min.
Tat ca cdc kénh phdi nam gon trong FSR. Néu gid tri F cao, ham truyén dat (dinh
bing thong) s& hep va dan dén la c6 nhi€u kénh dudgc chfa trong dai phd tu do
hon. Khi d6 min thap, céc kénh can phdi dudc din cich nhau thém mOt khodng dé
tranh xuyén am. Do d6 s6 1uong kénh trong dai phé tu do ciing gidm di.
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2.4.3 BO loc quang

2.4.3.2 BO loc cach ti Bragg soi

Céch tU Bragg sgi 12 manh bién di€u cla s@i quang ma trong d6 chi€t sudt clUa
161 sgi thay dGi theo mOt chu ky doc theo 16i sQi quang.

s Si aang

:

Céch tUr Bragg hoat dOng theo nguyén tac : Khi chi€u mOt chim 4nh séng da sdc
qua céch t, né cho phép phdn xa duy nhat mOt budc séng thda min di€u kién
phan xa Bragg dugc phdn xa trd 1ai ngudn va cho di qua tat cd cic budc séng
khéc. TU diéu kién phdn xa Bragg ta c6 :

< >

L
Hxh 2.23 C chtd Bragg si i

2Ln m (2-34)
Trong d6 : n 1a chi€t sudt 16i sQi quang.

Tai cic budc séng khong thda min di€u kién trén thi 4nh sidng khong bi anh
huéng va dugc truyén qua cach t& dén dau thu.

B0 1oc cich tU Bragg c6 suy hao xen thap, dac tinh phS c6 dang b 10c bing
thong (BPF) v&i khd niing dat dugc khodng cach gilra cdc kénh 1a 50 GHz. Hai tham
sO quan trong nhat cla moOt b 10c céch t Bragg 13 hé s6 phdn xa va d rOng pho.
Thuong d6 rdng phd vao khodng 0, 1 nm trong khi d6 hé s6 phan xa cé thé€ dat
hon 99 %. Uu di€m cla ching 1a don gidn vé cdu tao va si dung, dOng thdi 1ai cé
hé sO suy hao xen thdp. Con vé nhugc di€m la c6 chi sO chiét suat phu thudc vio
nhiét do.

Céch t0 Bragg c6 th€ dugc si dung nhu mOt bd ghép hay tach khi két hgp véi
cdc b0 coupler quang. NhU hinh 2.24 ta c6 hai cich t0r Bragg k€t hgp cling hai
coupler quang 3dB.

Khi dua chiim tia sing da sac c6 budc séng 1a Ay, A,, ... vio cOng 1, chim sing
qua coupler 3dB th(f nhat dugc chia thanh hai lubng dén hai cich tl. Gid st buGc
séng A; thOa man di€u kién phdn xa Braggm thi dnh sdng c6 budc séng A, s€ bi
phan xa béi cach tl va tai cOng ra 4 ta da tich dugc budc séng A.,.
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2.4.4 B0 Isolator va Circulator

Isolator 12 thi€t bi cho phép truyén dan chi theo mdt hudng va khong cho truyén
dan theo hudng nio khéic nita. N6 hoat ddng dua theo nguyén ly phin cUc dé ngin
cdch tin hiéu. Bang céch s dung cdc b nay thi cic phan xa tU cic bd khuéch dai
hay laser c¢6 th€ dudc cach ly khai tin hiéu.

Circulator 12 mOt thi€t bj tuong tu Isolator, nhung né c¢é nhi€u cOGng. Hinh 2.27
mo ta mOt Circulator v&i 4 cOng vao va 4 cOng ra. Tin hiéu t mbi cOng dugc
hudng tGi mOt cOng ra va bi ngin tai cic cOng con 1ai.

EEY

Hinh 2.24 Circulator 4 cOng ra va 4 cOng vio

U'ng dung cla b0 cich ly nay c6 th€ la ding trong cdc module tich ghép kénh
quang. Tin hiéu tai dau ra mOi bd phit & mOt budc séng riéng, nhitng tia sdng nay
duoc ghép 1ai va truyén vao sgi quang. Thiét bi thuc hién chlc ning nay goi la bd
ghép kénh quang (Multiplexer hay MUX). Nguoc 1ai, G phia thu c6 mOt thi€t bi tich
tin hi€u quang thu dugc thanh cdc kénh quang c6 budc séng khac nhau d€ dua dén
moi bd thu quang riéng biét.

CHUONG 3
CAC PHAN TU TiCH CUC

3.1. CO SO VAT LY CHUNG CUA CAC PHAN TU TiCH

Khéc véi cdc phan t& thu dOng, coO sG vat ly chung cho cdc phan tU tich cuc 1a
vat 1y ban dan. Tuy nhién do tin hi€u x( 1y cla c4c phan tl nay 1a 4nh sdng nén céc
ki€n thUc vat Iy v€ 4nh siang (nhu di néu & chuong 1) ciing dugc st dung trong
phan t tich cuc.
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Khi hoat dOng, cdc phan tU nay can phdi c6 nguln kich thich. Cdc ngubn nay
ludn di kém theo nén yéu cau cla cdc phan tl tich cUc ciing phlc tap hon phan tl
thu dOng. Vi tri dat thi€t bi, cic van dé vé€ bdo dudng, an toan vé dién ciing can
dugc quan tim. T a xét dén c0 s& vat 1y chung cho cic phan t{ tich cuc nay.

3.1.1. Cac khai niém vat Iy ban dan

Vat 1y ban dan 1a co sG hoat ddng cho rat nhiéu linh kién dién t( trong d6 c6
cdc phan tU tich cuc hoat dOng trong hé thOng thong tin quang.

3.1.1.1 Lép ti€p giap p-n

Ban than cdc vat liéu pha tap loai p hay n chi nhu 13 nhitng chat dan dién tOt
hon so vGi ban dan thuan. Tuy nhién khi ta s&t dung két hgp hai loai vat liéu nay thi
s& c6 dugc nhiing dac tinh hét sUc dang chid y. MOt vat li€u loai p dugc ghép véi
vat liéu loai n s& cho ta mOt 16p ti€p xiic dugc goi la ti€p gidp p-n. Khi ti€p gidp p
— n dugc tao ra, cic hat mang da s6 s& khuéch tdn qua né : L6 trOng bén p khuéch
tan sang bén n, dién t bén n khuéch tin sang bén p. K&t qua la tao ra mOt dién
truOng ti€p xic E, dat ngang ti€p gidp p — n. Chinh di€én truOng nay s€ ngin cdn
cic chuyén dbng cla cic dién tich khi tinh trang cin bang da dugc thié€t 1ap. Liic
nay, viing ti€p gidp khong c6 cdc hat mang di dOng. Ving nay g0i 12 viing ngheo hay
viing dién tich khong gian.

Khi cdp mOt dién 4p cho ti€p gidp nay, cuc duong ngudn nbi véi vat liéu n,
cuc am nOi vGi vat liéu p thi ti€p gidp nay dudc goi 1a phan cuc ngudc. (Nhu hinh
3.2b). Néu phan cUc ngudc cho ti€p gidp p — n, ving ngheo s€ bi md rOng ra vé ca
hai phia. Di€u nay cang cdn trd cdc hat mang da sO tran qua ti€p gidp. Tuy nhién
van c¢6 mOt sO Iugng nhd hat mang thi€u sO tran qua ti€p gidp tai di€u kién nhiét
d0 va dién 4p binh thuOng. Con khi phan cuc thudn cho ti€p gidp (cUc am ndi véi
vat liéu n, con cuc du‘,? n0i v&i vat liéu p nhu hinh 3.2¢) thi cdc dién t ving dan

phia n va cic 10 trOnggYQBlg h&@ix%gglﬁ\é&gdc phép khuéch tdn qua ti€p gidp. Lic
nay VleC ket hdp cac @e{ 1uaua§ uu~<|'\’ S tau Fen—€Cas hat meﬁ*) t%ﬁ)§1@ﬂg@ tai hdp

03i p

vGi hat mang da sO. Quj 2 k@k@pm@c @aenjang dU ra chinh la co ché dé
— OO0 & |o :G—)@G—)H
coo @®le o0 @

phét ra dnh sang.

Loging 1 | | o KO Lepin | ILggip
| | | |
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Cic chat ban dan thudng dugc phan ra thanh vat liéu cé gidi cam truc ti€p va vat
liéu c6 gidi cam gin ti€p tiy thuOc dang cUa ddi cdm (nhU hinh 3.3).

Niang luOng
photon Eph

Niang

- luong
vung
—————— - cdm
gian
ti€p

Vung héa tri Vung héa tri

Hinh 3.3 Su phat photon v&i vat li€u dai cdm truc ti€p (a) va gidn ti€p (b)

Xét qud trinh tdi hop cUa 16 trOng va dién t(f kém theo sU phat xa photon, ngudi
ta thdy qud trinh t4i k€t hgp dé xdy ra nhat va don gidn nhat khi ma 10 trOng va
dién t c6 cling dOng 1ugng. Trong truOng hgp nay ta ¢ vat li€u gidi cdm truc
ti€p. Con trong trudng hop vat li€u c¢6 dai cam gidn ti€p, cdc mUc ning lugng nhd
nhat & ving dan va cic mUc ning lugng nhd nhat & ving héa 1ai xay ra & céc gia
tri dOng 1uong khdc nhau. Nhu' vay viéc tdi két hop G day can phdi cé phan tU th(r
ba d€ duy tri dOng lugng bdi vi ddng lugng photon 1a rat nho.
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3.1.2. Cic qué trinh dac trung trong vat Iy ban dan

3.1.2.1. Qua trinh hap thu va phat xa

Trong vat li€u, & di€u ki€n binh thuOng c6 xdy ra cdc qud trinh tuong tic gilra
vat chat vi moi truGng xung quanh, va tao ra cdc hi€n tugng phat xa, blc xa hay
hap thu... D€ phan tich cdc qué trinh phat xa va hap thu ta xét mOt hé ¢ hai mUc
ning luong E, va E, véi E, > E, nhu hinh 3.4 sau. Trong d6 E, 1a trang théi c0 s&,
con E, la trang thai kich thich.

E?
A
hf hf hf,
AN " AN
N AN | A
E] A A hf‘Z
a, Hép thu b, Phét xa tu phat ¢, Phat xa kich thich

Hinh 3.4 SO d6 qu4 trinh hap thu, phat xa va phat xa kich thich

Khi photon ¢6 ning lugng hf = E, — E, di vao vat chat, dién t sé hap thu va
chuyén 1én mUc kich thich E,. Pay 1a qud trinh hdp thu 4nh sang. Cac dién t& & mUc
kich thich E,, ddy 1a trang thai khong bén nén né nhanh chéng chuyén vé mlc c0 s3
E, va liic d6 sé phdt ra mOt photon c6 ning lugng 1a hf = E, — E;. Ta c6 qu4 trinh phat
Xa tU phat. Photon duQc tao ra tU phat thi c6 huGng ngdu nhién va khéng c6 lién hé
v€ pha, tUc 13 4nh sdng khong k&t hgp. Con phat xa cudng blc xdy ra khi c6 mobt
photon ¢6 niing 1ugng phi hgp tuong tdc v&i nguyén tU & trang thai kich thich va
phét xa ra cdc photon giOng hét nhau vé& ning lugng va pha. Ta c6 cic phuong trinh
tOc dO dac trung cho cic qud trinh nay nhu sau :

TOc d6 phat xa tU phdt:  Rye=A.N,
TOc d0 phat xa kich thich : Ry = B.N,.p
TOc d0 hap thu : Rus=C.Nip
Trong d6 : Ny, N, 1a mat d0 nguyén t tai mUc E, va E,,
p 1a mat d6 phd ning lugng chi€u xa.
O diéu kién can bang nhiét thi m&t dd phd ning lugng chi€u xa phan bd theo

thOng k& Boltzman nhU sau :

2

E
M exp( =ty exp(
N, kT k,T

) (3-2)
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Trong d6 : T 1a nhiét d0 tuy€t dGi clla hé nguyén tU.

N, N, khong phu thuQc thoi gian trong trang thdi cin bang nhiét, nghia 1a tOc
d0 chuyén ddi 1én xubng cla nguyén tU phdi bang nhau. Do d6 :

A.N2+ Bszz C. Nlp (3-3)
TU cong thirc 3-2 va 3-3 ta ¢6 mat d6 phO ning lugng dugc tinh nhU sau :

g
g}gexp(éii;T) 1

Theo cong thUc Plank mat dd ph6 ning 1ugng chi€u xa phai bang mat dd phd

3
8 hfé
exp h%BT 1

B vaC=B (v&i A, B 1a hé sO Anhxtanh).

(3-4)

phdt xa vat den tuyét doi :

8 hf’

3
c

Nhuvay: A

3.1.2.2 Trang thai ddo mat do

Anh sang c6 th€ phit ra tUr vat liéu ban dan 1a két qud cla qu4 trinh tai hop dién
t(r va 16 trOng (e-h). Trong di€u kién cin bang nhiét, ty 1€ phat xa kich thich rat
nho so v&i phét xa tu phat, tUc 12 nOng d0 e — h sinh ra do kich thich rat thap. P& c6
phat xa kich thich ta phai thuc hién ting s6 lugng 16n céc dién t(r va 16 trdng trong
viing dan va viing héa tri. Ta xét mOt ti€p gidp p — n vdi hai loai vat liéu ban dan
loai n va p pha tap cao d€n mUc suy bi€n. MUc Fermi bén ban dan loai n nam vio
bén trong viing dan va mUc Fermi trong ban dan p ndm vio bén trong vung héa tri.
Tai cin bang nhiét mc Fermi hai bén ban dan loai n va p nam tring nhau, lic nay
khong ¢6 qud trinh bom hat tai (hinh 3.5a). Khi phan cuc thuan du 16n, cac mUc
Fermi & hai mién tich ra, lic nay thi cdc dién t& bén ban dan loai n va 10 trng bén
ban dan p dugc bom dién tich khong gian (hinh 3.5b). Khi dién thé dat vao ti€p
gidp p-n ting dU 16n d€ qud trinh bom nay dat dén mUc cao thi trong mi€n dién tich
khéng gian c6 d0 rOng 1 d sé& c6 mdt sO 1uong 16n céc dién t& nam trén ving dan
va mOt sO lugng 16n 16 tréng nam dudi viing héa tri. Trang thdi nay goi 1a ddo mat
do.
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a, Ban dau chua
bOm

b, MUc Fermi tach
ra khi c¢6 phan cuc
thuan

¢, BOm cao phét xa
photon

Hinh 3.5 Gidn d0 ning lugng cUa ti€p gidp p-n vOi ban dan suy bi€n

Nhu vay di€u kién d€ c6 trang thdi ddo mat d0 12 ban dan G hai mién p va n
phai pha tap manh d€ cic mUc Fermi nam vio bén trong viing dan va ving héa tri.
Thé phén cuc thudn phai dU 16n d€ dién t(r va 16 trOng c6 th€ bom vao ving dan
va viing héa tri. Hi€u hai mUc Fermi & hai ving ban dan loai n va p 16n hon niing
lugng viing cam, nghia 12 : B — E, > E,.

Trén day 1a cdc c¢O sG vat 1y ban dan d€ phan tich cd ché hoat dOng cla céc
phan t{ tich cuc trong thdng tin quang dugc d€ cap trong cic phan ti€p theo.

3.2. NGUON QUANG

Vai trd cUa céc bO phét quang 12 bi€n d6i tin hi€u dién thanh tin hiéu quang va
dua tin hiéu quang nay vao sQi quang d€ truyén tdi phia thu. Linh kién chinh trong
b0 phit quang 12 ngudn phat quang. Trong hé thOng thong tin quang cic nguln
quang dugc st dung 1a di6t phat quang (LED) va laser ban dan (Laser Diode — LD).
Ca s& vat ly cla cdc nguOn quang ban dan nay nhu di néu G trén. Chiing c¢6 nhi€u
Uu di€m nhu : kich thudc nho, hi€u sudt chuyén dGi quang dién rat cao, c6 ving
budc séng phat quang thich hgp véi s0i quang va cé thé di€u bién truc ti€p bang
dong bom v&i tan sO kh4 cao.
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3.2.1. Piot phat quang.

LED (Light Emitted Diode) 12 m6t loai nguOn phat quang phit hgp cho cdc hé
thOn thdng tin quang c6 tOc d6 bét khong qua 200Mb/s st dung sgi dan quang da
mode. Tuy nhién hién nay trong phong thi nghiém ngudi ta c6 thé st dung cd & tOc
do bdt tGi 556 Mb/s do c6 su cdi ti€n cong nghé cao.

3.2.1.1 Cau triic LED

C6 hai loai cdu tric LED dugc s& dung rOng rdi 1a cau tric ti€p gidp thuan nhat
va cau tric ti€p gidp di thé. Trong qu4 trinh nghién cfu va thuc nghi€m, cau tric di
th€ kép mang 1ai hi€u qua hon va dugc Ung dung nhi€éu hon. Pac di€m cla cdu
tric di th€ kép 1a ¢6 hai 10p ban dan khdc nhau & mobi bén cla ving bin dan tich
cUc, day ciing chinh 14 cdu tric d€ khai tri€n nghién cltu LASER . Vi cau tric di
thé€ ta c6, hai loai d6 1a cdu tric phét xa mat va phat xa canh.

A. Cau triic LED phat xa mat

LED phit xa mat c6 mat phang cla ving phét ra anh sang vudng géc véi truc
cUa sQi dan quang (hinh 3.6a). Ving tich cuc thuOng c¢6 dang phi€n tron, duOng
kinh khodng 50um va dd day khodng 25um. Mau phat ch( yéu 1a dang hudng vGi
d0 rOng chim phét khodng 120°. M3u phat dang hudng nay goi 12 mau Lambertian.
Khi quan sit tU bat ky huéng nao thi dd rOng ngudn phét ciing ngang bang nhau
nhung cong sudt 1ai gidm theo ham cosP v&i B 1a géc hgp gilta hubng quan sit véi
phép tuy€n cla bé mat. Cong sudt gidm 50% so vGi dinh khi B =60.

B. Cau triic LED phit xa canh

LED phét xa canh c6 cdu tric gdbm mOt ving ti€p gidp tich cUc c6 vai tro 1a
nguOn phét 4nh sang khong két hdp, va hai 18p dan déu c6 chiét sudt thap hon chi
sO chi€t sudt clla vung tich cUc nhung 1ai cao hon chiét sudt cUa c4c ving vat liéu
bao quanh (hinh 3.6b). C&u triic nay hinh thanh mOt kénh dan séng d€ hudng su phat
xa vé phia 16i sgi. P& tuong hop duoc vdi 16i soi dan quang c6 duOng kinh nhd
(¢ 50- 100um), cic ddi ti€p xtc dbi v&i LED phat xa canh phai rOng tUr 50um dén
70um. PO dai cla cdc ving tich cuc thuOng 1a t& 100pum dén 150um. Mau phit xa
canh c6 dinh hudng tOt hon so v&i LED phat xa mat.

3.2.1.2 Nguyén ly hoat dOng clla LED

Nguyén 1y lam viéc cUa LED dua vao hi€u Ung phat sang khi c6 hién tuQng tai
hop cdc dién t va 16 trOng & vung ti€p gidp p-n. Do vay, LED sé phét sing néu
dugc phan cuc thudn. Khi dudc phan cuc thudn cic hat mang da sO s€ khuéch tdn 0
at qua ti€p gidp p-n : dién t& khuéch tan tU phia n sang phia p va ngudc 1ai, 10 trOng
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khuéch t4n tr phia p sang phia n, chiing gdp nhau va tdi hgp phat sinh 4nh sing. VGi

cdu triic di th€ kép, ca hai loai hat dan va trulng dnh siang dugc giam gilt tai trung
tam cUa 18p tich cuc (hinh 3.7). SU khic nhau vé d0 rOng viing cam cUla céc 180p ké
can da giam gir cdc hat dién tich & bén trong 18p tich cuc. POng thdi, sU khic nhau
vé chiét sudt cUa céc 10p k€ can nay da giam gilr truGng quang va cdc hat dan nay
lam ting d0 blc xa va hi€u suat cao.

Giéng khac > 501 quang

hinh tron T V Vat liéu bao phu
| [ — Piéncuc

| [ — o
Ciac 16p K \Chét nén
ti€p gK [ [

sio. | | SiO,

Phi€n chiu nhiét Lop Cal%
€4¢ 16p di tric  dI
thé kép thé kép

Hinh 3.6a Cau tric LED phat xa mat

......

L&p dan 4nh T Mién hoat tinh
sdng ; Si
| | :—?2
Chat nén T T——
A
Kim loai \6
4
Tda nhiét Anh sing phit ra

Hinh 3.6b Cau triic LED phit xa canh

P& mOt chat ban dan phat sang thi su’ can bang nhi€t phai bi phd v3. Tdc d0 tai
hop trong qua trinh tdi hgp c6 blrc xa ti 1& vdi nOng dd dién tl trong phan ban dan
p va nOng d6 10 trOng trong ban dan n. Pay 1a cdc hat dan thi€u sO trong chat ban
dan. D€ ting tOc dd tii hdp — tUc 12 ting sO photon blc xa ra — thi can phai gia ting
nOng d6 hat dan thi€u sO trong cic phan ban dan. Nong d6 hat dan thi€u s6 dugc

Nhém 5 : Lop P2_DTVT1I 39



PO An:

Hé Thong Thong Tin

Quang

bOm vao cic phan ban dan ty 1& véi cudng dd dong dién cla LED, do d6 cuOng d6
phét quang cla LED ty 1& v&i cuOng d0 dong di€n qua di0t.

Dong dién tU

Néng
luong
dién
tr

b) | Chiso
chiét
suat

i

T4i hop dién
t0 va 10 trOng

/\/\/\>hf

Vung tich

uc
<°+

>

<

Dong 10 tréng

Vimg dan song

>

Hinh 3.7 C4u tric di th€ kép — hi€u sudt phat xa cao nhO chénh 1&ch: a) d0 rOng
viing cdm va b) chénh 1&ch chiét suat

3.2.1.3. Ung dung cta LED

ThuOng thi 4nh sdng phat xa cUa LED Ia 4nh sang khong két hOp va 13 4nh sing
tu phat. Do d6 cong sudt phat xa cla LED thap, d6 rOng ph0 rOng va hiéu Ung
luong t( thap. N6 thudng chi dugc dp dung cho cdc mang c6é khodng céch ngan
nhU mang LAN. Tuy nhién do cdng sudt dau ra cUa né it phu thuOc vao nhiét d0 va
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c¢6 ché tao don gidn, dd Gn dinh cao, LED van dugc st dung rOng rdi trong cdc hé
thOng truyén tOc d0 thap.

3.2.2. Nguon phat laser (Light Amplication By Stimulate Emission of
Radiation )

- C6 d0 rOng ph6 hep

- Budc song On dinh

- Dugc st dung vGi sQi don mode

- Cho phép st dung v&i hé truyén dan tdc dO cao va cu ly dai.
3.2.2.1 Nguyén ly hoat dOng

La két qua cUa 3 qud trinh : h@p thu proton , blc xa tu phat va blc xa kich
thich.

- Hap thu: khi proton c6 ning lugng 16n hon E2 — E1 c6 th€ bj hdp thu bdi cic
dién tl tai mUc nén va chuyén t&i mUc kich thich.

L ® ? = ]

photon absorbed

Ground state

e 0l 000 e see .l'..". E,

- BUc xa ty phat: dién tI G trang thai kich thich c6 thé bi chuy€n vé trang théi
nén va phit ra proton c6 ning lugng hv=E2 - E1

® @ & ]
~aams photon
= Ground state
0 03 5%00 g0 009 o%0,0% E

- BuUc xa kich thich: n€u proton c6 ning lugng hv tic ddng vao hé thOng trong
khi dién t(r dang & trang trai kich thich thi di€n t( s€ bi r0i xudng trang thai
né€n va phét ra proton c¢6 hudng cting hudng cla proton ti.
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® & &
photon |~ s

Identical photon | munuiurs

T = Ground state
080 ,%% 0 gm0 00 0%20,0% E

3.3. BO THU QUANG

B0 thu quang 14 phan chiu trach nhi€ém chuyén d6i tin hi€u quang thu dugc tUr
mdi truOng truyén dan sang tin hi€u dién va phuc hoi cic sO liéu da truyén qua hé
th&ng thong tin quang nay. Linh ki€n chl y€u d€ thuc hién chlc ning chuyén d6i
quang dién trong b0 thu quang 1a céc b0 tach quang con duQc goi 1a detector. Hai bd
tdch quang thuOng dugc s dung trong thong tin quang 12 photodiode loai PIN va
APD.

3.3.1. Photodiode PIN

Day 1a b0 tich séng quang thong dung nhat dugc st dung. Pac di€m cla cic
Photodiode PIN la c6 thOi gian d4p Ung nhanh va hi€u suat lugng tl cao. N6 khong
c6 khd ning khuéch dai dong quang di€n nhung né 1ai tranh dugc su khuéch dai
nhiéu.

3.3.1.1. Cau tric cGa PIN

Cdu triic cO bdn cla Photodiode PIN 1a bao gdbm mot 18p ti€p gidp p-n va céch
gi(ra hai 13p ban dan nay 14 n0t 10p ban dan y€u loai N tu kich hoat ndi tai hay con
20i 12 10p tu dan i. LGp p thudng rat mOng d€ hap thu hét cdc photon vap 1p ban
dani. Lic nay d6 rOng cUa ving ngheo (W) dugc ting vi chi€u dai clra 1Gp ban dan
i (i cang day thi W cang 18n). Thém vao d6 d€ tranh giy tOn hao dnh sdng viao thi trén
bé mat clia viing nghéo c6 phU thém mot 16p chOng phan xa. Cau tric nay dugc
md ta trong hinh 3.27 sau.
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Au/Au-Sn

PO dai
a) b)

Hinh 3.27 Cau triic PIN v&i phan b0 trudng dang hinh xién(a) va
cau tric PIN st dung vat liéu InGaAs (b).

3.3.1.2. Nguyén ly hoat dOng

Nguyén ly hoat dOng cla Photodiode PIN dua trén hi€u Ung quang di€én. Khi
chi€u mOt photon c6 ning 1ugng 16n hon ning IUgng ving cdm vao bé mat ban dan
cUa Photodiode thi qua trinh hdp thu photon xdy ra. Khi hdp thu mOt photon, mOt
dién t& dugc kich thich tUr vung héa tri 1én ving dan d€ 1ai mot trong viing héa tri
mot 10 trOng, ta néi photon da tao ra mOt cdp dién t va 106 tréng (nhu hinh 3.28).

Cic cap dién tU - 10 trOng nay dugc sinh ra trong ving ngheo. Khi c6 dién
truOng dat vao linh ki€n, s€ c6 su chuyén rdi cic dién tich v€ hai cuc (dién t vé
phia n cong 10 trOng hiit vé phia p nhu hinh 3.28) tao ra dong dién & mach ngoai,
dong dién nay duoc goi la dong quang di€n. Binh thudng mdt photon chi cé thé tao
ra mOt cdp dién t( - 16 trOng, v&i gid thi€t hiéu sudt lugng t(f bang 1, nghia 1a véi
mOt lugng photon xé4c dinh chi c¢6 th€ tao ra mOt dong dién xdc dinh. Tuy nhién
trong thuc t€ khong dugc nhu vay vi dnh sdng con bi ton hao do nhi€u yéu td trong
dé c6 yéu t0 phdn xa bé mat.
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p N N
Lc treg §|Oéto
e | >
| — hv |
| Photon |
R l RSP |
A §iOtO
T I & I .
Vlnchm . | —_— | Vi ng cn
VYT Lotreng

«~—Vingnghio —> Vinghdatrb
Hxh 3.28S—& vi ngn'ng |-1 ng chia
PIN
Ta c6 cong thic blc xa quang bi hap thu trong vat liéu ban dan tuin theo ham
mii sau : PXx)=P, (1- ¢ ) (3-8)

Trong d6 : P(x) 1a cong sudt quang dugc hap thu & cu'ly x
P., 1a cong sudt quang t&i
a()) 12 hé s6 hap thu tai budc séng A.

Nhu vay kha ning thadm nhdp cla dnh sing vao 10p ban dan thay dbi theo budc
séng. Vi vy, 10p ban dan p khong dudc qué day. Mi€n i cang day thi hiéu sudt
lugng tU cang 18n, vi x4c sudt tao ra cic cap dién t( va 10 trOng ting 1én theo dO
day clla mi€én nay va do d6 cic photon cé nhi€u khd ning ti€p xtic v&i cdc nguyén tlr
hon. Tuy nhién, n€u d0 dai mi€n i cao thi thdi gian trdi cUa cdc hat nay dai hon,
xung 4nh sang dua vao ciing phdi ting 1én tuong Ung vGi thdi gian trdi ting. Pi€u
nay khi€n cho d0 ddp Ung va bing tan di€u bi€n bi han ché. Do d6, d6 rOng cla
mi€n i khong duodc qué 16n vi nhu thé tOc dd bdt s€ bi gidm di. Ta phdi chon do
dai mién i d0 rOng d€ ddm bdo di€u ki€n nhat dinh 1a hap thu hét photon trong
viing nghéo va khong anh huéng thoi gian troi.

\ 1 2 4 . A AL 1eA
ThuOng hay chon: — W — VOi a tuy thuQc vao vat lieu.

Khi budc séng 4nh sang ting thi kha ning di qua ban dan ciing ting 1én, dnh sing
c6 th€ di qua ban dan ma khong tao ra cic cap dién t& va 10 trbng. Do d6 vat liéu
ban dan phdi dugc st dung G budc séng tGi han. Budc séng nay dudc tinh dua vao
d0 réng viing cdm E, theo cong thlc sau :

E 1,24
A= E, E\eV)

4
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Tém lai PIN hoat dOng dua trén nguyén ly hdp thu 4nh sing d€ bi€n dGi tin
hiéu quang thu vao thanh dong tin hi€u dién. Cé4c thong sO bién dGi cUa chlc ning
naly dugc phan tich & phan ti€p theo sau day.

3.3.1.3 Pac tinh cla PIN

Dac tinh cla Photodiode thudng dugc ddc trung bGi hé s6 dap Ung  (con goi
12 @6 nhay cla ngudn thu) va hi€u sudt lugng tir v.

A. Hiéu suat luong tu

Hiéu suat lugng t& dugc dinh nghia I xdc suat d€ mot photon roi vao bé mat
linh kién bi h&p thu lam sinh ra mOt cap dién t{ va 16 tréng gép phan vao dong
dién mach ngoai. Khi c6 nhi€u photon dén bé& mat ban dan thi hiéu suat luong t0r
1a ty sO cUa thong lugng cédc cap dién t(f va 10 trOng sinh ra gép phan tao ra dong
quang dién & mach ngoai trén thong lugng cla photon tdi. Nhu vay, hi€u sudt
luong tU cla PIN la ty sO gilra sO lugng hat tdi chay trong mach va s photon di
vao dugc bé mat PIN trong cling mOt don vi thOi gian.

1
e n
P,/ e
h
Theo cdng thUc 3-8 thi hi€u sudt lugng t& phu thuOc vao budc séng. Khi ta xét
dén phan 4nh séng bi phan xa tai bé mat ti€p xic ban dan thi cong sudt truyén qua
cUa 4nh sang chi con1a: P =P, .e " (1-R) vGi R 12 hé sO phdn xa clia b€ mat ban

dan. Liic d6 hiéu sudt Iugng tl cla PIN s€ dudc tinh nhu sau :

véi  1adb ddp Ung cla PIN (3-9)

n =(1-R) [l-exp(-ad)] (3-10)

Thanh phan d (d6 day viing tu dan) cong thlc cho thdy rang Photodiode PIN ¢
hi€u sudt lugng tU cang 16n khi kich thudc ving i cang 16n.

B. PO nhay cua PIN

Khi hién tugng hap thu dnh sing xdy ra G PIN thi ¢6 mOt dong quang di€n
dugc sinh & mach ngoai. Dong nay ty 1€ vGi cong sudt di vao PIN, va dugc xéc
dinh theo cong thUc sau : I,= . P,

Trong d6 1a dO nhay cUa PIN. Theo cong thitc 3-9 ta suy ra :

e
h  hc 124

[A/W]
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Nhu vay dO nhay PIN ty 1& véi bude séng, véi mOt hiéu sudt lugng tl 1a hang
sO thi d0 nhay PIN ting tuy€n tinh theo budc séng. Ta c6 hinh 3.29 md td su hu
thuOc cla d6 nhay vao budc séng.

A [A/W]

Hinh 3.29 SU phu thudc
clla d6 nhay vao budc
song.

Apum]

.
»

Mat khic, hiéu sudt lugng t0 cla PIN phu thuQc vio mOt d0 day W cUa viing
tréi va hé s6 hap thu o cla vat liéu ban dan tao ra PIN. Do d6, d0 nhay cla PIN
cting phu thubc vao hé sO hap thu cla vat liéu ban dan hay phu thubc vao vat liéu
bén dan 1ya chon d€ lam PIN.

3.3.2. Photodiode quang thac APD

Photodiode APD 1la loai Photodiode khong chi c6 kha ning chuyén d6i quang
dién nhu PIN ma con c6 kha ning hoat dOng vGi co ch€ khuéch dai bén trong, tlc
12 dong quang di€én do APD tao ra c6 khd ning dugc khuéch dai 1én nhi€u 1an do
mOt sO cO ch€ nhéin hat tai.

3.3.2.1. Cau tric cla APD

V& c0o ban, cau tric APD giOng nhu cdu tric cla PIN nhung APD bao gbm 4
16p : p* - i-p-n*.Bdn dan p*, n*1a c4c ban dan pha tap manh. Ving nhan hat tai
clUa APD dudc hinh thanh do ban dan p — n*

a) Ving ngheo Vung nhén hat tai

rjp* i p
1
1]

|
: I 1 _Vung va cham
|

' i6n tao
I I 1\ khuéch dai
b) | | . Z

Hinh 3.30 Cau triic APD va phan b0 ning 1ugng.
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3.3.2.2. Nguyén ly hoat dOng

APD ciing dua vao hi€én tugng hap thu nhu cic Photodiode khac d€ tao ra cic
cap dién t(r va 10 trOng. Bén canh d6, APD con hoat ddng dua trén nguyén ly
khuéch dai dong.

Ban dau, khi cdc photon dugc chi€u viao bé€ mat APD, chiing dugc hdp thu va
san sinh ra mOt cdp dién t va 16 trOng. Pat mOt dién 4p nguoc vio APD nhu hinh
3.30a, ta thdy c6 hi€n tugng khué€ch dai xdy ra khi dién 4p nay dat d€n moOt gid tri
d0 16n d€ gay hi€u Ung “thic 1i” : Cdc hat mang trong viing nhan p- n* c¢6 di€n
truGng rat manh, dién truOng nay khi€n cho chiing ting ning lugng dan dan dén
khi dat dugc trang thai i6n héa, ching dudc ting tOc, va cham vao cdc nguyén tlf
trong viing nhén tao ra cic cap dién t{ va 16 trdng mdi. Cc hat mang dién mdi nay
lai ti€p tuc dudc ting tbc, va cham va tao ra cdc cap dién t( va 16 tréng mdbi. Vi
thé cic hat mang cU ti€p tuc nhin 1én va dong quang di€n phat ra ngoai dugc
khuéch dai ma ta g0i 12 hi€u Ung “thac 1i”. Ta c6 th€ xét qud trinh nay thong qua cic
bi€u thlc todn hoc sau diy. TOc d0 sinh ra hat tai th(f cap dudc ddc trung bdi céc
hé s06 idn héa a. va a, [cm]. Pai lugng nay cho bi€t sO lugng hat tdi mdi dugc
sinh ra hay sO lugng hat tdi dich di trong 1cm chiu dai. Lic dé qud trinh khuéch
dai dong cla APD thé hién qua phuong trinh tdc d0 sau :

4 dle

(le.ie + O(,h.ih

Oe.de + .1y, VA
dx dx

Trong d6 : i, i, 12 dong dién t( - e va 10 trOng - h (tdc 1a cd dién t{ va 16 trOng déu
tham gia vao qua trinh nhan hat tdi) va dong t6ng la: =1+ i

~ N 2 N . . di
Neéu coi dong tOng khong doi, ta c6 : de
X

= (Ol — Oy e + 0 I

Xét truGng hop kha ning idn héa clia dién t( 16n hon cla ning i6n héa cla 16
trOng ta c6 : a.>ay. Coi nhu dong di€n t&r chi€m chl yéu, va chi c6 dién t di qua
dudgc vung bién dén vung ban dann, thiin(d)=0 i(d)=L Tacé hé s0 khuéch dai
dong (hay hé sO nhan M) dugc dinh nghia la ty 1€ gi(ta dong da dugc khuéch dai va
dong khi chura duge khu€ch dai. Nhu vay :

i,(d)
£, (0)

Két hgp vGi phuong trinh tOc dd ta c6 :

v6i d 1a d6 day cUa viing nhan hat tai.

L 5k, — 3-11
expl (k) .d] k, YOI (3-11)
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Nhu vay, APD da thuc hién bi€n d0i dong tin hi€u quang vao thanh dong tin
hiéu di€n ra, dong thOi khuéch dai dong ra v4i mOt hé s6 khuéch dai 1a M nhu
cong thlc 3-11.

3.3.2.3. Pac trung clla APD

Ciing nhu PIN, APD ¢6 cdc dac trung clUa mOt Photodiode, tuy nhién vi APD c6
khd ning khuéch dai so v&i PIN nén cic tham sO ddc trung cla né cé thém hé sO
nhin M.

D6 nhay clla APD dugc x4c dinh theo cong thlc sau :

e
APD — M =h_ M

Trong d6 13 d0 nhay cUa PIN.

Nhu vay d6 nhay cla APD ciing phu thudc vao buGc séng nhu PIN déng thoi
cing phu thuOc vao hé s khuéch dai. Thuc chat co ché khuéch dai 12 mOt qud
trinh thOng k&, né phu thuOc vao hé s6 i6n héa cla cdc nguyén tU khac nhau.

Theo nhu cong thlc 3-10, thi thdy rang M radt nhay cdm véi cic hé s6 o, , va
o Xét d6i v&i cdc trudng hgp khic nhau sau :

+ Khi oy, = 0 (qud trinh nhan hat tdi chU yéu chi do dién t(r) thi k, = 0.
Lic d6 : M = exp (a..d)
+ Khi o = o, tuOng tu'ta co : ky = 1.Lac dé ta c6 :
1k, 1
expl 0 k,) .d] k, 1 .d

e

M Iim

Cic vat liéu khac nhau thi hé s6 i6n héa dién tr va 10 trOng khéc nhau. Khi
0..d— 1 thi M— oo, nén APD thuGng chon a.. » oy, hodc oy » .. dé qua trinh nhan hat
tdi chi bdi mOt loai hat.

Bén canh d6 M 14 mOt ham phu thuQc vio tan s0 :
M((D)z M0[1+((U ‘[e.Mo)z]_]/z
Trong d6 : My la gid tri M tai w =0

. 1a thoi gialglchuyé’n ti€p hi€u dung

M con la haepV U md & trong hinh 3.31 thi M

) phu thubc vao _
vag cdc hhiét d6 khac nhau.

ting khi V, ting va dgc tuy€n nay tuy thul
100
10
| | | >
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3.4 BO khuéch dai

Nhu da dé cép trong phan trudc, khodng cich truyén dan cla bat ky hé thOng
thong tin quang sgi nao cling bi han ché bdi cic suy hao hay tdn sac. Trong cic hé
thOng thong tin quang dudng dai cdc mat mét quang nay dugc khac phuc bang cic
tram 13p, trong d6 tin hi€u quang suy gidm dugc bi€n dGi thanh tin hi€u dién va
dugc dua vao b0 phiat 1ai d€ phuc hoi tin hi€u quang rdi ti€p tuc truyén di. Tuy
nhién khi s& dung cic hé thOng thong tin quang ghép theo budc séng WDM thi céc
thi€t bi 13p nay lai giy ra khé khin, vi doi hdi kY thudt va vat 1iéu phlc tap, tOn
kém hon.

TU nim 1980, van dé khuéch dai quang truc ti€p bang céc linh kién quang da
dudgc nghién c(tu va trong nh{ing nim 1990 c4c hé thOng dudng truc thong tin quang
da s dung cic bd khuéch dai quang truc ti€p moOt cach rOng rii. Trong nim 1996,
cic bb khuéch dai quang da dugc s dung trong cdc tuy€n cdp bi€n xuyén dai
duong. Pén nay c6 nhiéu b0 khuéch dai quang da dugc nghién clu va Ung dung
nhu : khué€ch dai quang Laser ban dan, cic b0 khuéch dai quang pha tap dat hi€m,
cdc b0 khuéch dai Raman sgi, va cic b0 khuéch dai Brillouin sgi. Trong d6, hai bd
khuéch dai dugc s dung rOng rai nhat 1a : khu€ch dai quang ban dan (SOA) va
khuéch dai quang sgi pha tap dat hi€m Er (EDFA) va 1an lugt dugc xét trong phan
nay.

3.4.1. Bd khuéch dai quang ban dan.

R
af dOng chu yeu“du’a trén nguyén ly cla

Cic b0 khuéch dai quang ban da

Laser ban dan, nguyén 1y kI 31 duC i xdy ra nguOng phat
xa Laser. 1
3.4.1.1. Caut
Cau truCE‘%@ Ya'txen ¢au tric cUa Laser banrdan thong thudng, c6 d6 rOng
viing tich cuc W7 d0 d.a achi€u dait;chi sO chiétsarTa n. Hinh 3.35 md td mOt
w! N
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b0 khuéch dai ban dan , tinh phan xa bé mat dau vao va ra dugc ky hi€u tuong
Ung 1a R, va R,.

C6 hai loai khuéch dai quang ban dan d6 1a khuéch dai séng chay (Travelling
Wave -TWA) va khuéch dai quang Fabry- Perot (FPA).

B6 khuéch dai quang ban dan TWA 1a cdc Laser ban dan khong c6 hdp cOng
hudng. B nay khuéch dai c6 hudng vé phia trudc ma khdng c6 phdn hoi tin hi€u.
Con bd khuéch dai quang FPA st dung cdc canh tinh th€ 12 guong phdn xa trong
b0 cOng hudng (vGi R 32%), khi dong bom Laser ban dan & dudi nguGng phat, né
s& hoat dOng nhu mdt bd khu€ch dai, tuy nhién cdc thanh phan phdn xa trén
ngUdng van tham gia vao qua trinh khuéch dai.

3.4.1.2. Cac théng s6 clia b khué€ch dai SOA

Cic thong sO trong cic linh kién khuéch dai ban dan bao gbm : hé s6 khuéch
dai, tap am va hiéu Ung nhay phan cuc.

a, Hé s0 khuéch dai

Hé s6 khuéch dai trong bd khuéch dai quang ban dan dugc thé hién thong qua
cong thlc : G = P,/P,;. Ty thubc vio bd khuéch dai AW hay FP ma ta c6 hé sO
khué€ch dai khic nhau tuy nhién mOt hé sO chung dugc xét cho cdc bO SOA nay 1a
hé s0 khuéch dai bdo hoa (hay hé s ting ich bdo hoa). Ting ich (khu€ch dai) dinh
gid thi€t s& ting dan theo mat d0 hat tdi nhu sau:

gN)=( V) (N-Np) (3-12)
Trong d6: 1a y€u tO chan
. la tdng ich vi phan

V 1a thé tich viing hoat tinh
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No 12 gid tri cla mat dd hat tai can thi€t d€ méi trudng tré nén trong
sudt v&i budc séng.

Hé s0 khuéch dai gidm khi y€u tO chdn tinh dén su dan né cla cdc mode
dan séng vuot ra khoi vung ting ich. Mat d6 hat tai N thay d6i theo dong bom 1. ta
c6 cong thlrc cho tdc d6 thay dGi N 1a :

dt g, h

c m

N N
dN I N 0)]) (3-13)

Trong d6 : P 1a cong sudt quang tin hiéu t&i
12 dién tich ti€t dién cla mode dan séng
. 12 thOi gian sOng cUa hat tai

Khi chidm sdng tdi 12 lién tuc hodc 1a xung v6i d0 rOng 16n hon ., trang thai
dUng cUa N c6 th€ xdc dinh khi dN/dt = 0 . Thay vao cong thlc 3-12 ta tinh dugc N.
Thay gid tri N @ trang thdi dUng vao cong thUc 3-11Ta ¢6 :

g 8,
P
L

Trong d6: go=( V)T /q-No)

(3-14)

P=h . ./( , .)lacong sudtbio hoa cla b0 khuéch dai.

TU cong thUc ta thdy ting ich bio hoa clla SOA gidng nhu hé hai mUc, lic dé ta
c6 cong sudt ra bio hoa clla b0 khuéch dai 1a :

ps @mmﬂ
G 2

o

Gi4 tri cUa cong sudt ra bio hoa trong cic bd khuéch dai quang ban dan hién
nay thuOng 12 5-10 mW.

B. Tap 4m cla SOA

Tap 4m cla SOA dugc dinh nghia 1a ty 1& gita ty sO tin hi€u trén tap am cla
tin hi€u vao va tin hi€u ra va dugc ky hi€u la F,. Hé s0 tap am nay cUa SOA 16n
hon 3dB va phu thudc nhiu vao thong s, dac biét 1a y€u td phat xa ngdu nhién:
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Su mat mit quang nOi nhu hdp thu quang do hat tai tu' do va tdn xa s& déng
g6p thém tap am vio hinh anh nhiu thong qua hé s6 ting ich g — . Do d6 ta cé
tap Am b0 khuéch dai dugc tinh nhu sau :

N g
N N, g

Thuc t€ gi4 tri thong thudng cla F, trong bd SOA nam trong khodng 5-7dB.
C. Hiéu Ung nhay phan cuc

Hé s6 khuéch dai G d0i v4i cac mode TE va TM 1a khic nhau ( 5-6dB) do G va

. khéc nhau v&i cdc mode phan cuc truc giao. Hiéu Ung trén dan tdi hé s6 khuéch

dai phu thubc vao trang thadi phan cuc cla chim sing tGi. Hi€u Ung nay khong c6
10i cho cdc hé thOng thong tin quang.

C6 rat nhi€éu phuong 4n d€ lam gidm hiéu Ung nhay phéan cuc cla bd khuéch
dai SOA va phuong 4n khd thi trong cdng nghé ché tao l1a d0 day va do rOng cla
ving hoat tinh phadi tuong thich. Thi du dd chénh 1éch ting ich gilra cdc mode TE va
TM Ia 1,3dB khi d0 day cUa 18p hoat tinh 1a 0,26um va do day la 0,4um.

3.4.2.1. Cau tric va nguyén Iy hoat ddng clia bd EDFA

B0 khuéch dai quang s@i EDFA dugc cau tric bdi mOt doan quang sQi pha tap
Erbium cling cdc thanh phan can thi€t khic. Cdc thanh phan niay gbm céc thanh
phan thi€t bi ghép thu ddng WDM, b0 cich ly quang Isolator, Laser bom... Ta c6
th€ mo td mOt bO EDFA thuc t€ nhu hinh 3.35. Day la cdu hinh bom xudi clia b0
EDFA.

EDF

Coupler WDM @
Tin hiéu IEE Tin hiéu ra
vao
—>

LD

Hinh 3.36 C&u tric di€n hinh cUa bd khuéch dai quang sQi EDFA.
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Thanh phan chinh cla b0 khuéch dai quang s@i EDFA 13 m6t doan sQi quang
pha tap Erbium, c6 chi€u dai tU vai mOt d€n vai chuc mOt. SGi nay dugc xem la sgi
tich cUc vi ching c6 kha ning khuéch dai hodc tdi tao tin hi€u khi c6 kich thich phu
hop. Poan 16i s0i 1a thUy tinh SiO, — Al,O; pha trOn dat hi€ém Erbium v&i nbng d6
100 -2000 ppm. Cic sQi EDFA thuOng c6 16i nh® hon va khdu d s6 NA cao hon so
v@i s0i tiéu chudn. C4c i6n Erbium tap trung & phan trung tim cUa 16i. Ngoai sU pha
tap Erbium trong viing 16i, cdu tric doan sQi quang pha tap 1a hoan toan gidng v&i
cau tric cla sgi don mode. L3p vO thUy tinh c6 chi sO chi€t sudt thap hon dugc
bao quanh 16i d€ hoan thién cdu tric dan séng. Pudng kinh ngoai clia 16p vO nay la
125um.

Nguyén 1y hoat ddng clia EDFA dua vao ddc tinh cla nguyén td Erbium- mOt
nguyén tO cé tinh ning quang tich cuc.

MUc kich thich Phan ra khong blc xa

A , A N
\ __________ Muc siéubén
BOmning |  Tin hiéu tdi " Ttn hidu dugc™
lugng | -7 > khuéch dai
A=980ném | | e >
MUc cO ban

Hinh 3.37 Gidn d6 ning lugng cla Erbium

Céc i6n Erbium dugc bom tGi mOt mUc ning IUQng phia trén do su hdp thu dnh
sdng tUr mOt ngudn bom, chang han nhu & budc séng 980nm. SU chuyén dich cla
dién t tU mUc ning lUgng cao nay xuOng mlc ning lugng cG ban phat ra mot
photon, photon nay dugc blc xa c6 thé 1a do hién tugng blc xa tu phat hay blc xa
kich thich . Cac photon tin hiéu trong EDFA kich thich sy “tdi dinh cu” & trang thai
kich thich va khuéch dai tin hiéu. ThOi gian sOng cUa di€n t& & mUc ning 1UOng
cao vao khodng 14ms, d@m bdo rang nhiéu blic xa giy ra do qué trinh blc xa tu
phat thay bang céc blc xa kich thich do cdc nguyén t(f Erbium.

Su hap thu dnh sing bom kich thich cdc i6n Erbium ma ching tich trt ning
luong s& xay ra cho dén khi mOt c4ch 1y tudng 12 c6 mOt photon tin hi€u kich thich
sU chuy€n d6i né thanh mot i6n tin hi€u khac. Anh sing bom dugc truyén doc theo
sOi c6 pha Erbium va bi hap thu khi cic i6n Erbium dugc dua dén trang théi kich
thich. Do d6 khi tin hi€u dudc truyén vao bd EDFA, né kich thich su phit xa cla
4nh sang tU cédc idn & trang thai kich thich, va khuéch dai cong sudt tin hi€u & dau
ra.
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3.4.2.2. Pac tinh clia b0 EDFA

B& EDFA ciing c6 nhiing thong sO nhu mét bd khuéch dai nhu cic thong sO vé
do0 khuéch dai, tap 4m, d0 nhay phan cuUc. Sau diy 1an lugt xét cic thong sO dac
tinh nay.

A. Hé sb khuéch dai

Hé s6 khuéch dai cong sudt ra va nhi€u khuéch dai 1a céc dac tinh quan trong
nhat cla EDFA trong vi€c dung né trong hé thOng thong tin quang. Hé sO khuéch
dai 1a ty s6 gilta cong sudt tin hi€u ra va cong sudt tin hi€u vao & budc séng
1530nm va 1550nm ma tai d6 EDFA c6 khd ning khuéch dai cao nhat. Hé sO nay
cla EDFA phu thuQc nhi€u vao thong sO cUa linh ki€n nhu : nOng d0 i6n Er*, d0
dai khuéch dai, ban kinh 16i sgi va ban kinh pha tap, cong sudt bom ... P& xic dinh
hé s6 khuéch dai nay ta xét mo hinh 2 mUc ning lugng cla EDFA (bd qua mUc
trung gian )

2. Trang thai kich
thich

21

1.Trang thdi nén | e

Hinh 3.38 Gidn d0 niing 1Ugng

Goi mat d0 hat & mUc ning luong 1, 2, 1an 1uot 1a Ny, N,. Ta ¢6 phuong trinh
t0c d6 dugc viét nhu sau :

N N
tz W,N,  W/(N, N) 72 va N,=N—-N, (3-15)

Trong d6 : N, 1a mat d6 cla nguyén tl
T, 12 th&i gian s6Gng & mUc kich thich
W,, W, 1a tOc d6 chuyén ddi cUa séng bom va séng tin hiéu.
Tacod: W,= ,PJ/a,h , va W,= [PJa.h | (3-16)
VGi ,, latiét dién chuyén doi cla tan sO bom va tin hiéu tai tan s6 bom , va
tan sO tin hiéu
a,, a, dién tich ti€t dién cdu mode bom vi mode tin hi€u

P, va P, 1a cong sudt bOom va cong sudt tin hiéu.
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TU viéc gidi cdc phuong trinh 3-15 va 3-16 ta xdc dinh dugc cdng sudt bio hoa:

aph 14 Vél Psat al’h s
s .
T,

P
p
Cong sudt bom phu thuQc va cong sudt tin hi€u thay doi doc theo dd dai b0
khuéch dai béi hdp thu, phit xa cuGng bUc va phat xa ngau nhién. Néu coi thanh
phan tham gia cUa phit xa ngau nhién rat nhod, c6 th€ bd qua, thi ta c6 thé x4c dinh
duoc gid tri ting cla cong sudt tin hi€u dugc khuéch dai trong EDFA. Hé sb
khué€ch dai con phu thudc vio d6 dai bd khuéch dai L khi ta c6 dong bom cO dinh,
khi d6 dai L 16n hon gid tri tOi Uu cla dong bom, doan sQi pha tap thlra sé khong
dugc bom du va trong bd khué€ch dai sé xdy ra hién tugng hdp thu tin hi€u da
dugc khuéch dai G truGe. Ta c6 bi€u do hé sO khué€ch dai phu thulc vio cong suat
bom va chiéu dai khuéch dai nhu hinh 3.38.

B. Tap Am cUa bd khuéch dai

Tap am trong b0 khuéch dai quang sOi dugc danh gid thdng qua cdc hé sb tap
am F, = 2n,, dd dugc phan tich & trén. Yé€u t0 phéit xa ngdu nhién n,, ludn 16n hon 1
vi vay F, ludn 16n hon 3dB. Vi hé s6 phit xa ngdu nhién 1a thanh phan phuy thulc
vao mat d0 hat tdi N, vi N, nén F, ciing nhu hé s khuéch dai, né ciing phu thulc
vao cong sudt dong bom, cong sudt tin hi€u va chi€u dai khuéch dai. Thuc nghi€m
cho thdy : véi F, =3,2dB cUa b0 khuéch dai EDFA thi c¢6 d0 dai 30m va bom v&i
cong sudt 11mW & budc séng 980nm.

A SrdBE) 4 Scaea

1 I L L L a L . i 'l i 1 1
o 2 - L= L=} 10 o 0 20 30 <40 f=1e}

Cang suiit bormn [ Chidu dad khudch dai frmd
a0 L=

Hirjljl 2T 3= HE =5 lchudch dai wéi hannm cSng suft borm A wia chi&u dai
khudch dai (b otia bd EDDFLS & birdre =sdng 1<94S0rum

3.5. BO chuyén doi budc séng

B6 chuyén d6i budc séng duge st dung nham chuyén budc séng clla mot tin
hi€u vao thanh mOt budc séng khac. Ching c6 th€ dugc st dung nhu mOt phan cla
chuy€n mach, bd n6i chéo hay mOt bO 1dp 3R. Cac bd 1ap 3R la thi€t bi c6 kha
ning t4i sinh bién d0 tin hi€u trong mi€n tan sO ciing nhu' mi€n thdi gian.

B0 chuyén d6i budc séng cé thé 1a thi€t bi quang dién (khong phS bi€n) hodc
c6 thé€ 1a thi€t bi dua trén cO s cach t& quang hodc b trOn séng.
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3.5.1. B chuyén d&i buéc séng quang dién

Trong bd chuyén dGi budc séng quang dién, tin hi€u quang dau tién dugc
chuyén sang mién dién thong qua si dung Photodetector (ky hiéu R). Lubng bst
dién dugc 1uu lai trong mOt bd dém theo nguyén 1y FIFO. Sau d6 tin hi€u dién nay
dugc hudng vao mOt Laser di€u chinh (ky hi€u T) dugc d€ di€u khi€n budc séng
mong muOn & dau ra. Hinh 3.39 m6 ta b0 chuy&n dGi budc séng quang dién.

Bém haa
@achod

S —>
— GG

Hxh 3.39 Bé chuyOh & b- i ¢ sing quang &0

Nhugc di€ém cla b0 nay 1a dnh hudng dén tinh trong subt cla tin hi€u. Ngoai ra
né con yéu cau tin hi€u phdi c6 dang va tOc dd b6t co dinh.

3.5.2. BO chuyén doi budc séng dung cich t quang

Hai khd ning Ung dung cich t(f quang cho b0 chuyén ddi budc séng 1a : Kha
ning di€u ché€ d0 10i chéo (cross-gain converter- XGC) va di€u ch€ pha chéo (cross
phase converter - XPC).

XGC st dung d6 10i cla cic bd khuéch dai ban dan SOA theo cong sudt dau
vao. Tin hi€u do cong sudt thap vdi budc séng mong mudn dudgc gli tdi b0 SOA.
Vi tin hi€u do c6 d0 10i thdp hon so v4i tin hi€u dau vao nén né sé dat dugc do 10i
cao khi tin hiéu dau vao c6 trang thdi 1 (d0 10i thap). Ngugc 1ai tin hi€u do sé c6
d0 10i thap khi tin hi€u dau vao c6 trang thai 0 (d0 10i cao). Hinh 3.40 chi ra nguyén
ly cla XGC.

SOA

Lac
s> UL
—> c

Hxh 3.40 Nguy2n ly cfia XGC

XPC st dung pha cUa tin hi€éu do d€ thay d0i cO ban tin hi€u vao. Sau d6
chuyé&n sang di€u ch€é méat d6 bang viéc st dung giao thoa k€. Phuong phép nay c6
Uu di€m hon XGC vi n6 chi can cung cap cong sudt thdp. Thém vao d6, né khong bi
anh hudng nhi€u n€u méo xung.

Nhém 5 : Lop P2_DTVT1 56



PO An: Hé Thong Thong Tin

Quang
3.5.3 BO chuy€&n doi buéc séng dung bd trén séng

Y tudng cla bd nay 12 tao mot tin hi€u mong mudn bang viéc st dung céc tin
hiéu do vGi cac buGc séng ma khi di ciing v&i tin hiéu vao c6 thé dinh dang dugc
tin hiu G dau ra vGi budc séng mong muodn.

Uu di€m cla bd trdn séng 1a gilt dugc tinh trong sult cUa tin hi€u. Tuy nhién
né 1ai tao thém tin hi€u & dau ra, do d6 mudn thu dugc tin hi€u mong mudn thi
phai loc.
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CHUONG 4
THIET KE TUYEN THONG TIN QUANG

4.1 KHAI QUAT
Trinh tu thi€t ké tuy€n
- Chon tuyén
- Chon cdp quang
- Tinh todn chi€u dai cuc dai cho phép cUa thi€t bi
- Kiém tra suy hao
Mang vién thong cong cOng thudng dugc chia lam 3 phan:
Mang duOng truc (Trunk network)

Mang trung k& (Junction network)
Mang thué bao (Subscriber network)

SQi quang hi€n nay dugc s dung trong mang duOng truc va trung k€. Trong
tuong lai ti€n tGi s& dung sgi quang trong mang thué bao, nghia 13 t&i tan ngudi st
dung.

Ngoai ra s@i quang con duQc dung trong cic mang khac nhu:
Mang riéng cUa cdc cong ty duOng sat, dién luc, ...
Mang truyén s0 li€u, mang LAN.
Mang truyén hinh.

KY thudt thong tin quang da va dang pht tri€n v&i tOc d0 rat nhanh. Cho dén
nay da c6 nhi€u thé hé hé thOng quang duoc si dung. Chiing khic nhau v€ loai soi
quang, budc séng hoat dOng, loai linh ki€n thu phéat quang. Khi thiét k€ mot hé
thOng thong tin quang ngUdi ta cd gang chon cic phan tU trong cling mOt thé hé dé
gidm chi phi cho vi€c dau tu vé thiét bi do, phuong tién 1ap dat, thiét bi va cap du
tr(r, hudn luyén ngudi st dung... Khi can chon 1ua cdc phan tU trong cing mOt hé
th&ng thong tin quang can cin nhac gilta yéu cau truyén dan cla hé thOng va dac
tinh cUa cdc phan t&. Co s& cla viéc chon lua dudc tém tat nhu sau:

S0i quang: sOi don mode (SM) c6 khd ning truy€n dan t6t hon sgi da mode
(MM) ca v€ d0 suy hao 1an dai thong. Ngiy nay su' chénh 1&ch vé gid thanh gilra
sOi don mode va sQi da mode khong déng ké&. Viéc han nbi, do th(r sgi don mode
cting khong con 12 van dé khé khin nén sgi quang don mode dang dudgc dung rOng
rdi. Chi nhitng tuy€n cu ly gan va dung Iuong thdp ngudi ta m&i nghi dén viéc
dung sOi da mode.

Nhém 5 : Lop b2_DTVT1I 58



PO An: Hé Thong Thong Tin
Quang

Budc séng: gia thanh cUa cdc phan t& hoat ddng & budc séng 850nm 1a thap
nhat. Nhung d0 suy hao cUa s@i quang 3 budc séng nay qud cao va cc photo didt st
dung cho budc séng 850nm thuOng ché tao bang silicon khong thé thu dugc &
budc séng dai (1300nm va 1550nm).

Budc séng 1300nm dang dudc st dung phO bién vi & d6 d6 tan sac cla soi 1a
thap nhat. Khi can cy ly ti€p van dai ngu0i ta chon budc séng 1550nm do db suy
hao @ budc séng nay thdp nhat. Pac biét néu dung s0i don mode dich tin sac
(SMDS) thi d0 tin sdc & budc séng 1550nm ciing rat nho.

Linh ki€n phat quang: c6 hai kha ning d€ chon lua 13 LED va laze, LED hoat
dOng On dinh hon va gid thanh ré hon nén dugc chon diing cho nhitng hé thOng ma
sU han ché vé cong sudt phit va bé rdng phO cla né khong dnh hudng dén hé
thOng. Laze dugc chon ding trong nhiing tuy€n c6 cu ly dai va tOc d0 truyén dan
cao. Laze ciing c¢6 nhi€u loai v&i nhing ddc tinh khic nhau va di nhién gia thanh

cting khéac nhau.

Linh kién thu quang: c6 th€ chon PIN va APD. PIN hoat dOng Gn dinh hon
nhUng bi han ché vé d0 nhay va tOc d0 1am viéc. Ngay nay ngudi ta thuOng chon
APD hodc PIN két hop v&i FET.

Cic hé thOng truyén dan s6 & Viét nam xay dung theo hé thdng ghép kénh
cUa Chau Au. M6t kénh thoai tiéu chudn c6 phd gibi han tir 0.3 dén 3.4kHz dudc
chuyén sang dang s0 c6 tOc d6 64kbit/s.

4.2. THIET KE MOT TUYEN THONG TIN QUANG

Tranzmitker Feceiver

Analag ar
Digital
Fignal

Analog or
Diigital
Zignal

Cluyk

Fiber Qptic
I::ull:-le

Bource
Diriryer
Electronics

Optical Source
LED aor Laser
Diade

Optical
Dizkector PIMN
or AP0

In

Feceiver
Electronics

H&Dptical ___.-'"}

Conneckor

Electrical Connector

SO d06 tuy€n thong tin quang don gidn
MOt tuy€n truyén dan quang c6 thé€ hi€u don gidn 12 mOt dudng truyén
quang gi(ra hai di€m, gdbm mOt b phat, mOt cdp quang va mOt bd thu. BO phit bi€n

d6i cdc tin hi€u dién thanh dnh sdng. Anh siang dugc dua vao cép quang d€ truyén
tGi bd thu. BO thu 1ai bi€n d6i tin hi€u 4nh sdng nguoc 1ai thanh tin hiéu dién.
Ludgng dnh siang dugc dua vao cap quang dugc hi€u 1a cong suat ghép ndi clia b
thu. V&i céc cép quang c6 kich thu@c khdc nhau, luQng 4nh sdng dua vao ciing khac
nhau. Cap cang 16n thi 4nh sdng dua vao cang dugc nhi€u. Cép c6 hai loai chudn,
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don m6t (thudng ding trong duOng truy€n dai, hay vién thong) va da mot (diing
trong thong tin cU' ly gan dudi 4.8 km). BO thu nhan tin hi€u dnh sang tlr cdp quang
tGi va bi€n dGi thanh tin hiéu dién tiéu chudn. SU chénh 1éch lugng 4nh sang dua
vio cdp quang va luong 4nh sdng can cho b0 thu dugc goi la qui cong sudt tuy€n.
Viéc tinh toin mOt tuyén truyén dan quang c6 thé dudgc ti€n hanh theo nhi€u
huéng khic nhau tiy theo yéu cu dat ra, chang han:

= Tinh cu ly t0i da cUla doan ti€p van khi biét tGc dd bit can truyén dan va dac

tinh cUa cdc phan tU trong tuy€n.
= Tinh giGi han ddc tinh cla c4c phan tU khi biét tdc d0 va cU ly can truyén.

Hudng th( nhat dugc thuc hién khi can xdc dinh vi trf va sO 1uong céc tram
ti€p van trén cdc tuy€n dai. Hudng th( hai dung d€ chon loai s0i quang, thi€t bi thu
phét quang khi di bié€t cu ly thong tin.

Culy t0i da cUa doan ti€p van phdi dugc Iuu y cd vé quy cong sudt 1an dai
thong vi chi can mOt trong hai bi gidi han thi thong tin gilta hai tram ciing khong
thuc hién dugc. N€u quy cong sudt bi gidi han thi cong sudt cla tin hi€u quang
dén dau thu dudi mUc nguBng clUa may thu. Con n€u dai thong bi gidi han (do tin
sac cao) thi tin hiéu quang dén dau thu bi méo dang, cic xung bi nGi rbng qua mlc
gidi han nén khong con nhan biét dugc xung “1” hodc xung “0”.

Thong thuOng ngU0i ta tinh cu ly t0i da gidi han bdi quy cong sudt rOi nghi€m lai
xem ddi thong & cu ly d6 c6 dU rOng cho tin hiéu can truyén khong. N&u dai thong
cUa doan tinh dugc rOng hon dai thong cla tin hi€u can truyén thi cu ly gidi han
bGi quy cong sudt dugc chon. Ngudc 1ai phdi gidm cu ly d€ dai thong cla tuyén
d0 rOng cho tin hi€u can truyén.

4.2.1. Budc 1: Tinh cu ly giéi han béi cong suat

Cac thong sO can biét:

Cong sudt phat cla ngudn quang:

Cong suat bd phdt phdi dugc dinh nghia 12 cong sudt anh siang dua vao mot cap
quang cho truGc. Khi viing tich cuc cla cdp quang gidm, lUgng cong sudt dua vio
ciing gidm. Ngoai kich thudc cla cdp quang, con mOt thong sO quan trong nlfa cUa
cdp quang 13 géc nhdn 4nh sang, thudng dugc dinh nghia 1a NA (khdu d6 s0) cla
cap. NA 1a ham sin cUa géc nhan dnh sdng cUa cdp quang. NA gidm khi ving tich
cUc gidm, do d6 lam gidm géc nhan 4nh séng.
Neéu sgi cap cang nhd va géc nhan sdng cang nhd thi 1UOng 4nh sing di vao cdp
quang d€ truyén di ti dau kia cla tuy€n ciing nhd. Bang 1 cho ta két qua 1y thuyét
cdc ti sO khi st dung céc cdp v&i dudng kinh khic nhau.
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Bang 1: Bdng hé s6 ghép dnh sang tu m&t LED vao céc cdp quang c6 duOng
kinh khéc nhau (ti s6/ dBm)

Cong sudt nay phu thulc:

+ Loai ngubn quang: LED, laser.

+ Tobc do bit hoat ddng

+ DuOng kinh 16i sQi quang (lién quan dén hé s ghép dnh sing)

D06 nhay clla mdy thu quang:
Thuong tinh 3 mUc 10i BER = 10, d0 nhay cla b thu quang bi€u di€n theo don vi
dBm (tuong duong v&i ImW) va mW giOng nhu cong sudt cla bl phat. Trong hau
hét céc truOng hdp, bO thu dugc thi€t k€ vGi mOt dO nhay nhat dinh va khong dé
thay d0i dugc.Khi thi€t k€ b0 thu quang, ngU0i ta tinh dén tOc d0 va dd nhay. Thoi
gian dap Ung cUa b0 thu cang nhanh thi dd nhay cang kém. DS nhay phu thudc:

+ Loai linh ki€én thu quang

+ Toc d bit

+ Budc séng hoat dOng

Céc y€u t0 suy hao:

+ Suy hao trung binh cUa sgi quang: phu thuQc loai sQi va budc séng
hoat ddng. Thong sO nay tinh dugc bang cich nhan chi s& suy hao
dB.km" cUa sgi quang v&i chi€u dai sgi. Ngudi ta thulng goi cic suy
hao xdy ra trong khodng 100m dau sgi quang nGi v&i LED la suy hao
tlc thoi. V&i cic doan sOi quang ngan hon thi suy hao trén moi
kilomet 16n hon thdng s® ma nha sdn xudt dua ra.

+ Suy hao cUa cdc m6i han (splice) va cUa c4c kh@p nGi (connector): phu
thubc loai va s6 lugng khdp n6i dugc dung. TOi thi€u phai c6 2 khdp
n0i cho hai dau sgi. Suy hao trung binh cla m6i khép nbi 1 0.5 dB.
Céc suy hao nay c6 thé tinh dugc dé dang bang céch nhan gid tri suy
hao do dugc hodc thong s do nha sdn xudt cung cap v6i s 1an xudt
hi€n cdc linh ki€én nay trén tuyén. V&i s6 luong linh kién nhd, si
dung chi sO suy hao cao nhat cho moi linh kién. Véi sO lugng linh
kién 1Gn, st dung chi s6 suy hao trung binh cho m0i linh kién.

+ Suy hao cUa cdp n0i dai: c6 th€ bd qua n€u chi€u dai cla cdp trong dai
ngan.

Suy hao du phong:

+ DU phong cho cdp: suy hao cUa cdp c6 th€ ting 1én theo thQi gian s(r

dung do nhiét dd thay dGi, su tan cong cUa dd &m, su xudt hién céc
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mOi han phu khi sta chita. Thong thuOng nén dat suy hao du’ phong
cho cép khodng 0.2 dén 0.3 dB/km.

+ Du phong cho thi€t bi: Cong suat phat cla nguOn quang gidm dan theo
th¥i gian s dung. PO nhay cla mdy thu ciing kém dan. C4c mach
dién cla thi€t bj ciing c6 th€ bi ldo héa. Do d6 can dat suy hao du
phong cho thiét bi tUr 3 dén 5dB. Poi khi d6 du phong da dugc tinh
trong cdng sudt phat va d6 nhay mdy thu.

Su phan b0 suy hao trén tuy€n dugc bi€u dién trén hinh vé:

A ’ N
- Cong suat nguOn quang phéng vao
§ <+—————— Suy hao cUa kh&p n0i
>
2
o ) Suy hao clla m0i
b han .
Suy hao cua
spi
Suy hao cUa khép ndi
‘/‘ ‘ _—Cong suat thu
b6 du
v A 4 nhénn >
< R 1 (km)
D06 nhay

cUa mdy thu Cu ly tOi da (km)

Hinh: Phéan b0 suy hao trén mot tuy€n théng tin quang
Cach tinh:
Tinh quy cong sudt tOng quat:
Goi Ps: cong sudt phong cla nguOn quang tai di€m S (dBm)
Pi: d0 nhay clia mdy thu tai di€m R (dBm)
L..: suy hao du phong cho thi€t bj (dB)
L.: suy hao cUa cic kh&p ndi (dB)
Quy cong sudt cUa tuy€n 1a: P, (dB) = Ps — Pg — L, - L.
Tinh suy hao cUa cdp:
GOi ¢ d0 suy hao trung binh cUa sgi quang (dB/km)
s: suy hao trung binh cUa mOi han trén mOi km (dB/km)
C6 thé 13y gid tri gan diing:
suy hao trung binh m¢i méi hun (dB)
chiOudpicuénc,p (km)
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m: suy hao du phong cho cap (dB/km)

Suy hao trung binh cUa cdp 1a: . (dB/km)= - s- o
Khodng cich tOi da cUa doan ti€p van:

Quil c«ng suEt(dB)
Suy hao trung binh chac,p (km)

c f S m

Khofng c,ch tiOpvEn(km)

Bang gia tri suy hao trung binh

Cac gia tri suy hao trung binh trén tuy€n théng tin quang

Suy hao Suy hao tai
, ) Suy hao T .
Buodc song  Kich . . taimoi khop noi . .
L , . trén sOi . L~ Bang thong (MHz x km)
vamot thuoc sOi han (dB/dau
(dB/km) . .
(dB/moi) noi)
850nm /NM 62.5/125 3dB 0.1dB 1.0dB 160
1300nm /
"M 625125 1dB 0.1dB 1.0dB 500
NM
850nm /NM 50/125 3dB 0.1dB 1.0dB 400
1300nm /
50/125 1dB 0.1dB 1.0dB 500
NM
1310nm /
9/125 0.3dB 0.1dB 1.0dB vO cung
SM
1550nm /
Sl\r/llm 9/125  02dB  0.1dB 1.0dB vo cling

4.2.2. Budc 2: Cu ly gi6i han do dai thong
Cac thong sO can biét:
TOc d0 bit can truy€n: 8 — 34 — 140- 565 Mbit/s
Loai mda duOng day dugc sU dung: khi dung ma 1B2B
thi t&c dO bit ting doi, khi dung ma SB6B thi tOc dd bit ting 6/5 1an.
PO tin sdc mode (n€u dung sQi da mode). Thong thudng
d0 tan sac mode dugc cho dudi dang dai thong gidi han bdi tic sdc mode, don
vi GHz/km.
PO tan sic sac thé: thudng chi tinh tan sdc chat liéu va
b0 qua tdn sac dan séng.
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PO rOng phG cla ngudn quang
Céach tinh:

2. A » < 2 ~ 2 A . /.. e Ve 044
DaAi thong va dO tdn sac cUa tuy€n ty 1€ nghich v4i nhau theo bi€u thlc: B R

Trong d6 B 1a dai thong, don vi GHz
D, la d6 tén sac, don vi ns
Do d6 thay vi so sanh ddi thong cUa tuy€n v3i dai thong cUa tin hi€u can truyén
ngUdi ta so sanh dO tin sdc tOng cOng cla tuyén vGi dO tan sdc tOi da cho phép cla
tin hiéu.
Tinh d0 tan sac cla tuyén:
D, D%wa D’
trong d6: Dt: tin sac tOng cOng
- , 0.44

Dinoa: tdn sac mode, duQc tinh theo cong thuc: Do m L(km)

B, : dai thong giGi han badi tin sac mode

L: cu ly giGi han bdi quy cong sudt
Dy tan sac sac thé

Dene = Dinae + Dy Dy, << Dpat

Desy = Dyt = Ay L

Dy tén sac chat liéu cla tuy€n (ns)

D,,: tdn sdc 6ng dan siing (ns)

Ay tdn sdc chat 1iéu don vi (ns/nm.km)

: @6 rOng phd clia nguOn quang (nm)
Tinh d0 tan sac t6i da cho phép:
PO tdn sac tOi da cho phép phu thudc vao tbc dd bit thuc t€ cla chubi xung trén
dudng day, phu thudc vao cap ghép kénh va loai ma duOng diy dugc st dung.
DO tan sac tOi da dugc tinh theo cong thifc:
S
4Br(Gbit/ s)

Br: tOc d0 bit thuc sU trén duOng diy quang.
Br=tOc d0 bit  hé sO ting bit cUa md dudng day.
So sdnh d6 tin sac cla tuy€n v6i dO tan sac tOi da:
Néu D, D, :daithong khong bi gidi han
Néu D, D, :daithong bi gidi han
Trudng hop sau phdi gidm cu ly cla doan ti€p van sao cho D, = Dmax.
Soi don mode chi ¢6 tin sac sac thé nén: D, = Dy = dinae L
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Do d0 tdn sac cUa sgi don mode rat nhO, dac biét khi dung & budc séng 1300nm,

nén dai thong cla sQi don mode rat rOng. Trong nhi€u truGng hop ngUdi ta khong
can tinh dén budc 2 d6i vGi soi don mode.

4.2.3 Bai toan cu thé

Xét tuy€n truy€n dan quang ( dudng truc Ha NOi ---- Ha Nam ). Bi€t khodng
cich tuy€n 1a 80km. Dung s0Oi don mode chi€t sudt nhdy bac (SI )d€ truyén tOc d0
140Mbit/s véi ma dudng day 5B6B va thong sO cla c4c phan t& nhu sau:
Cong sudt phat cla nguOn quang (Laser): Ps = - 0.5dB
D06 nhay cla mdy thu quang: P, = -44dB
Suy hao cUa mOi connector: L. = 0.5 dB; mOi dau dung 2 connector.
Suy hao trung binh cla sQi: ;= 0.4 dB/km (& buéc séng 1300nm)
Suy hao mOi mOi han: s =0.1 dB, mOi cuOn cdp dai 2km
Tén sdc chat liéu: dp, = 3ps/nm.km (3 budc séng 1300nm)
PO rOng phO cla ngubn quang: = 3nm.

Suy hao dy phong cho thi€tbi: [~ =3dB

Suy hao du phong cho cdp: - 0.25dB/km.
CACH TINH

Culy tOi da cUa doan ti€p van dugc tinh nhu sau:
Budc 1: Cu'ly giGi han qui cong sudt:

- Quy cong sudt:

Pb=Ps-Pr-L,-L

Pb =-0.5dB - (-44dB) - 3dB - 4x0.5dB

Pb =38.5dB

- Suy hao trung binh cUa cdp:

c— f~ ST m

c=04+0.1/2+0.25
.=0.7dB/km
Culy giGi han bdi quy cong suat:
P,  38.5dB
. 0.7dB/km

c

L 55km
Budc 2:

- D0 tén sdc tOng cOng:
Dt Dzmod chhr Dchr
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Di=Du = dina L
= 3ps/nm.km x 3nm x 55km
=0.5ns

- b6 tan sac t6i da cho phép:

D 1 1
™ 4Br 4 140.10 *Gbit/s ¢
D 1.5ns

- So sdnh d0 tan sac:

Dt < Dmax: nén ddi thong khong bi gidi han

Nhu vay cu'ly tOi da clla doan ti€p van 1a: L = 55km.

Nhu vay ddm bdo chat lugng cUa tin hiéu ciing nhu bing théng ,tdc¢ dO truyén dan
thi ta phdi dat mot tram 13p trén tuyén.

TU tinh todn trén ta chon thi€t bi cu th€ cho tuyén quang.

Ta chon sOi quang : 12 s@i dOn mode SI, dmat = 3ps/ nm.km suy hao trung binh
cUa s0i 12 0.4 dB/ Km vi S0i don mode 1a s0i chi cho phép truyén dan mOt mode
trong né nhung kha ning vé bing thong cUa sgi kha 16n (khodng 40GHz). SQi quang
don mode phit hop ddi v&i hé thOng dudng truc v&i gid thanh thdp. SOi don mode
12 chi ghép mOt mode nén khong c6 tan sdc mode bing tan cla sQi ting 1én.

Thiét bi phat quang 13: nguOn lasez (light Amplication by stimulate Emission
of radiation ) vi ngu0n phit c6 d0 rOng phG hep, budc song phit On dinh, s& dung
vGi sQi don mode, st dung trong hé truyén dan tdc do cao.

Thiét bi thu quang 1a: s dung thiét bi thu quang APD cé d6 nhay mdy thu la
Pr =-44 dB.
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CHUONG 5
KET LUAN

PO 4n vién théng di trinh bay nhitng nét co ban nhat vé mang théng tin

quang, va viéc thi€t k€ tuyén thong tin quang. NhUng trong qué trinh lam d0 4n
chiing em con ¢6 phan b3 ngd nén vi€c hoan thanh dO 4n con nhiu thi€u sét. Ching
em rat mong c6 dugc nhimg y ki€n danh gid, gép ¥ cUa thay va cic ban d€ d0 4n

thém hoan thién.
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