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TAPD

Wy-APD
Wy-PIN
LA

TrRC

On
(24
BER,

Chir viet tat va ky hiéu
Hiéu suét luong tir hoa ciia PIN— Photodiode/APD.
Budc song cia anh sang.

Hing s6 thoi gian dac trung cho qua trinh bién dbi quang-dién cua APD khi cong suét ludng
quang bién do6i nhanh thi hang s6 thoi gian cia APD trong qua trinh bién d6i quang-dién

Tan s6 goc giéi han cua APD
Tan sb goc gidi han ciia PIN — Photodiode
Hang s6 thoi gian dic trung cho qua trinh bién ddi quang-dién cia APD

Héng sﬁ') thoi gian dic trung cho sy bién di quang-dién caa APD khi cong suit ludng quang
bién d6i nhanh

Hé sb ion hoa dién tir trong ving quang thac
Hé s6 ion hoa 15 trong trong ving quang thac

Gia tri xac suét sai 1am bit cho phép (ddi véi truyén dan sd) dé bao dam chat lugng truyén
dan cho phép cua h¢ thong.

Bang tan tap 4m ctia photodiode

Van tbc anh séng (c = 3.10% m/s).

Pién dung cua 16p tiép giap PN,

Dién trd tai cua Photodiode,

Dién tich cna dién tir (e = 1,602.10™ As).

Heé s6 nhidu do qua trinh quang thac (trong APD).

Heé s6 tap 4m phu thém cua APD

Dién dan cua 16p tiép giap PN,

Pién dan tai ciia Photodiode,

Ham trong lugng cua Photodiode

Ham trong lugng cia APD- Photodiode

Ham trong lugng cua PIN- Photodiode

Hing s6 Plank (h = 6,62.10%* Ws?).

Ham qua d¢ cta Photodiode

Ham truyén dan cia Photodiode (APD/PIN- Photodiode),
Ham truyén dan ctia Photodiode

Ham truyén dan cia APD Photodiode hoat dong & tdc do cao
Ham truyén dan ctia PIN Photodiode hoat dong & tde do cao
Ham qua d6 cia APD- Photodiode

Ham qua d6 cua PIN- Photodiode

Dong nhiéu

Dong dién nhiét trén dién tré 16p tiép giap PN,

Dong nhiéu lugng tir tin higu

Dong dién nhiét trén dién tro tai,

Dong photo
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I Pho tin hiéu ra

i Dong dién ro,

it Dong dién tdi,

ir(t) Dong tin hi¢u ra cta photodiode,

o Pho tin hiéu ra 6 téc d6 thap

l70-aPD Pho tin hiéu ra ctia APD-Photodiode & toc d thip

Ito-pin Pho tin hiéu ra ctia PIN-Photodiode & téc do thap

iT-APD Dong ra cua photodiode APD

iTpIN Dong ra cua photodiode PIN

Iy (t) Tin hiéu vao (tin hi¢u dién)

E Gié tri trung binh cta dong dién t6i

r Gia tri trung binh ciia dong dién tdi

k Héng sb Bolzomal,

K(j @) Ham truyén dan ctia bg tién khuéch dai va mot hodc nhiéu by khuéch dai dién 4p,
L(jw) Ham truyén dan cua bo loc thong thép.

M He¢ sb khuéch dai ctia APD.

m Do sau diéu ché

n Tham s phu thudc vao vat li€u va cAu triic cua APD.

Py Cong suat mot ngudn nhidu

Pus Cong suit nhidu tong

PaL Cong suét nhidu lugng tir tin hiéu

Py Cong suét nhidu nhiét

Par Cong suét nhidu dong dién ro

PNT Cong suét nhidu dong dién ti

Pe Cong suét anh sang burc xa ctia bd phat quang

Pr (t) Cong suét an sang truyén dén dau vao bd thu quang hodc bién d6 chudi xung sd
Pr-cpmax Gi4 tri cong suat anh sang dau vao bo thu quang cho phép cuc dai
Pt Cong suét cua tin hiéu ra photodiode

P_T Gi4 tri trung binh cua cong suit 4nh sang dén photodiode
Rp Dién tro day ndi ciia Photodiode,

Rt Pién trd tai cia Photodiode,

SIN Ty sb tin hiéu trén nhiéu

(S/N)app Ty s6 tin hiéu trén nhidu cta Photodiode APD

[ S ) Gia tri ty sO tin hiéu trén nhiéu cho phép (ddi véi truyén dn analog) dé bao dam chét luong
N/, truyén dan cho phép cua hé thong,

Sn(jo) Mat d6 cong suat phd ciia dong nhiéu

Sun(i®) Mat d6 cong suat phd clia nhidu nhiét

Sne(j®) Mat d6 cong suat phd ciia nhidu dong ro
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Sur(j@) Mat do cong suat pho ciia nhiéu dong t6i
T Chu ky chudi xung

T Nhiét do tuyét ddi.

Ty Do rong xung

U bién ap dat vao APD.

Up bién ap danh thung ciia APD

ur (t) Tinhiéu ra bd thu quang (tin hiéu dién).
ur(t) Dbién ap tin hiéu ra sau bo loc.

ur(t) Dién 4p tin hiéu ra cua b khuéch dai,

a; =MHp

b =b[(s—1)+ D(ty, —nT)]

b, =by[(e~1)+ L(ty —nT)]

by =%e F(M)M? H, o,

¢ = [eeM>*(I; +1,) + 4kT (G, +G;)] B,
Ul

S R T

n-1 .
L(ty_,—NT) :(ez“’gTd —1)2 be 2t
i=0
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Lol CaM ON

Luan 4n thac si ky thudt “Nghién ciru mién céng tdc ciia cdc photodiode trong
hé thong théng tin quang téc dé cao” duoc hoan thanh trong thoi gian dao
tao, nghién ctru tai Hoc vién cong nghé Buu chinh Vién thong - Tong Cong ty
Buu chinh Vién thong Viét Nam. Pé c6 duoc két qua ndy, trude hét t6i xin
tran trong cam on TS. Hoang Van Vo da tao diéu kién, gitp dg, tan tinh hu-

6ng dan, giai quyét nhirng van dé khoa hoc trong qua trinh thuc hién ludn an.

T6i xin trdn trong cam on Tong Cong ty Buu chinh Vién thong Viét
Nam (VNPT), Hoc vién cong nghé Buu chinh Vién thong (PTIT), Vién Khoa
hoc k¥ thuat Buu dién (RIPT) d3 tao diéu kién, cho phép toi dwgc tham gia

khoa dao tao nghién ctru.

T6i xin chan thanh cdm on cic thiy cd gido di truyén thu nhimg kién
thirc bo ich trong sudt khod hoc, cac thiy c6 gido Khoa Qudc té va dao tao sau
dai hoc da tao moi diéu kién tot nhat dé ching t61 hoan thanh khoé hoc

To61 xin chan thanh cam on lanh dao Hoc vién, 1anh dao Vién KHKT
Buu dién, lanh dao va tap thé cic CBCNV trong phong Quan ly
NCKH&TTTL — Hoc vién CNBCVT, lanh dao va tap thé cac CBCNV trong
phong NCKT Thong tin quang - Vién KHKT Buu dién da danh cho toi su
ung ho quy gia.

T6i xin chan thianh cdm on tit ca cic nha chuyén gia, khoa hoc, dong
nghiép da danh thoi gian doc va goép ¥ hoan thién cho ludn an.

Cubi cing, t6i xin cam on me, vg va con toi, cing tit ca nhitng ngudi
than trong gia dinh va ban bé, dong nghiép da luén danh cho t6i su tng ho

nhiét tinh, c6 vii, ddng vién dé téi ¢ di€u kién hoan thanh ban ludn an nay.

Ha N§1, ngay 18 thang 05 nam 2005

Nguyén Vinh Nam
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Loi noi dau

Ngay nay, thé giéi dang budc sang ky nguyén ctia nén kinh té tri thir,
trong d6 thong tin 13 dong luc thuc day sy phat trién ctia xa hoi. Do d6, nhu
cau truyén thong ngdy cang 16n véi nhiéu dich vu mdi bang rong va da
phuong tién trong doi séng kinh té — xa hoi ciia timg qudc gia ciing nhu két

noi1 toan cau.

Pé dap tng duoc vai trd dong luc thuc day sy phat trién cta ky nguyén
thong tin, mang truyén thong can phai c6 kha ning truyén dan téc do cao,
bang thong rong, dung lugng 16n. Mot trong giai phap dé tao ra mang truyén
thong c6 kha ning truyén dan tdc d6 cao hay bang rong véi dung luong 16n va

da dich vu, d6 1a cong nghé truyén din thong tin quang toc do cao.

Khi truyén dan tin hiéu co6 toc do cao hay bang tan rong, thi qua trinh
bién d6i dién — quang cua cac phan tir phat quang (LED, LD) va qua trinh
bién ddi quang-dién cua cac phan tir thu quang (PIN-Photodiode, APD) khéng
tuan theo dic tuyén tinh ctia nd nita, ma 13 ham sb cua tan s6 (d6 chinh 13 qua
trinh bién ddi dong cua cac phan tir phat va thu quang). Khi téc do truyén dan
cang 10n va do d6 tan s6 truyén dan cua hé théng cang cao, thi anh hudng cua
quéa trinh bién d6i dong cla cac phan tir phat va thu quang dén chét luong

truyén dan cang 16m.

Ciing nhu tat ca cac hé thong vién thong khac, trong hé théng thong tin
quang mdt trong nhiing tham s6 truyén dan c6 tinh chat quyét dinh chat luong
ctia hé thong, d6 1a ty so tin hiéu trén nhidu (d6i v6i truyén dan analog) hoic
BER (ddi véi truyén dan sd). Dé bao dam chat luong truyén dan cho phép thi
ty s6 tin hiéu trén nhiu cua hé thdng hé thong thong tin quang (ddi v6i truyén
dan analog) can phai 16n hon mot gia tri cho trude hodc BER (ddi véi truyén
dan sb) can phai nhé hon mot gia tri cho trude, cac gia tri nay da duoc ITU-T

khuyén nghi.
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Tham s ty s6 tin hiéu trén nhiu (ddi v6i truyén din analog) hoic BER
(d6i voi truyén din sb) cta hé thong hé théng thong tin quang dugc xac dinh
thong qua cac phan tir phat quang, thu quang va soi quang trong hé thong. Dé
hé théng bao dam ty s6 tin hiéu trén nhidu (dbi voi truyén dan analog) 16n hon
mdt gia tri cho truéc hodc BER (d6i voi truyén dan sd) nho hon mot gia tri
cho trudc, trude hét cac phan tir phat quang, thu quang va soi quang trong hé
théng cling phai bao dam ty sé tin hiéu trén nhidu (d6i v6i truyén dan analog)
16n hon mot gia trj cho trudc hodc BER (dbi véi truyén dan sd) nhé hon mot

gia tri cho trudce.

Khi truyén dan tin hiéu c6 tdc d6 cao hay bang tan rong, thi ty sd tin
hiéu trén nhiéu (d6i v6i truyén dan analog) hoic BER (d6i v6i truyén dan s)
clia cac bo thu quang khong chi 13 ham sb cua cac tham sb cdu trac ma con 1a
ham s cta cac tham sb tin hiéu truyén dan tai dau vao cac Photodiode (bién

do va tan s6/toc do bit cia dnh sang téi).

Vi vay, can phai xem xét voi diéu kién nao cua tin hiéu truyén dan tai
dau vao cac Photodiode trong cac hé thong thong tin quang toc do cao dé ty
s6 tin hiéu trén nhidu ctia Photodiode (d6i v6i truyén din analog) 1on hon mot
gia tri cho trude hodc BER (d6i voi truyén dan sb) nhé hon mot gia tri cho
trude. Giai quyét van dé nay, sé din ta dén viéc xac dinh mién cong tac cua
cac Photodiode.

Mién cong tic ciia Photodiode la tip hop cdc gid tri (cdc tham sé)
ciia tin higu ddu vao Photodiode trong cdc hé thong thong tin quang téc dj
cao dé ty sé tin hiéu trén nhiéu ciia Photodiode (d6i véi truyén din analog)
Ion hon mét gid tri cho trwéc hoic BER (d6i véi truyén dén sé) nhé hon

mgt gid tri cho trudc.

Do d6, viéc nghién cuu xac dinh dugc mién cOng tac cua cac

Photodiode trong hé thong thong tin quang téc do cao 1a mot van dé cap thiét.

bé thuc hién muc ti€u do, dé tai “Nghién ctru mién cOng tac cua cac

photodiode trong h¢ théng thong tin quang tdc d6 cao” da dugc dit ra va mot
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chuong trinh may tinh xac dinh duwoc mién cong tac ctia cac photodiode trong
cac hé thong thong tin quang tbc do cao. Trén co s& nghién ciu do, dé tai
cung cép cac co s& khoa hoc, cong cu tinh toan hd trg cho cic nha tinh todn
thiét ké cac hé thdng thong tin quang lya chon t6i wu cac phan tir cta hé thong

hay str dung hiéu qua cc phan tir théng tin quang hién c6.
Dbé dat duogc muc tiéu do, dé tai da thuc hién cac nodi dung chinh sau day:
- Cdc phan tir bién doi quang dién trong hé thong thong tin quang
- Mo hinh toan hoc cua cac photodiode hoat dong ¢ toc dé cao
- Cdc tham sé truyén dan ciia cdc photodiode hoat déng ¢ toc do cao
- Mién céng tdc cia cac photodiode hoat dong ¢ téc do cao

- Chuong trinh phdn mém xdc dinh mién céng tdc cia cdc photodiode

hoat dong o téc dé cao
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Chuong 1. Cac phén tir bién d6i quang - dién trong hé thong
thong tin quang

1.1. Téng quan vé ciu tric co ban va nguyén 1y hoat dong ciia hé thong

thong tin quang

1.1.1. Cdu triic co bin ciia hé thong théng tin quang

CAu tric co ban ctia mot hé thong thong tin quang dugc chira ¢ hinh 1.1.

YCR
Bo phat
o quang
(a)
Soi quang
iy(t) B6 phat ‘/I\\b I\PT(t) u,(t)
o—1] E
quang V
(b) B6 khuéch dai quang soi

Hinh 1.1. Cu triic co ban cta hé thong thong tin quang sir dung bo lip dudng
day (a) va st dung cac bo khuéch dai quang (b)
Trong d6: Iy (t): tin hi€u vao (tin hi¢u di¢n)
Pp ) : Cong sudt anh sang birc xa ctia b phat quang
P+ (t): Cong suat 4n sang truyén dén dau vao bd thu quang

Ur (t): Tin hiéu ra bo thu quang (tin hi¢u dién).
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CAu triic co ban cua hé mot thong thong tin quang bao gdm cac phan tir cha
yéu sau: bd phat quang, bo thu quang, sgi quang, cac bd khuéch dai quang va
cac thiét bi lap.

Ngoai ra, tuy theo cac di€u kién va cac nhu cau cu thé trén cac tuyén thong tin
quang nguoi ta con st dung cac bd khuéch dai quang sgi, cac bg bu tan sac

hodc cac bd tach ghép budc séng quang,...
1.1.2. Nguyén Iy hoat dpng ciia hé théng thong tin quang

- B0 phat quang: bién d6i tin hiéu vao iy(t) thanh tin hiéu anh sang P(t) dé

ghép vao soi quang. Qua trinh nay goi 1a diéu bién/ hay diéu ché quang.
- Soi quang: truyén din anh sang tir dau phat dén dau thu

Trong qua trinh truyén anh sang trong soi quang, anh sang bi suy hao va bi
tan sic. Cu ly truyén din cang dai thi anh sang cang bj suy hao va tan séc.
Véi cac tuyén truyén dan dai, thi anh sang truyén dén dau thu Py (t) bi suy
giam 16n va tan sic 16n nén khong dam bao dé bo thu khoi phuc lai tin hi¢u
truyén din ban dau. Do dé, trén tuyén truyén dan ngudi ta thuong mic cac bo
khuéch dai quang (hinh 1.1.a). Khi cac tuyén truyén din kha dai, nguoi ta con
phai méc cac bd lip duong day (hinh 1.1.b) hodc két hop ca hai bo khuéch
dai quang va bd lap duong day.

- Céac b lap (ddi voi truyén dan sb) hay cac b tai sinh tin hiéu (ddi v6i truyén
dan analog): tai tao lai tin hiéu do suy hao va cac tic dong khac cua dudng

truyén.

- B0 thu quang: bién doi anh sang ti Py (t) trd thanh tin hiéu dién u,(t). Tin
hiéu u(t) co dang gidng nhu tin hiéu truyén din ban dau iy(t). Tuy nhién,
c6 thé c6 tap 4m va méo kém theo (d6i v6i truyén din analog) hodc 15i bit

(461 v6i truyén dan sd).
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1.2. Cac phan tir bién ddi quang-dién
1.2.1. Mt 56 yéu cdu déi véi cdc phan tir bién doi quang-dién
Trong k¥ thuat thong tin quang, cac phan tir bién d6i dién-quang sir dung
trong can phai thoa min mot sd yéu cau co ban sau:
- Thoi gian dap ing nhanh,
- Do nhay va hiéu suit bién doi quang di¢n cao,
- Nhiéu thap,
- Piéukién ghép v&i so1 quang thuan tién,
- Kich thudce nhd.
Pé dap tng cac yéu cau trén, trong k¥ thuat thong tin quang, ngudi ta thuong
str dung cac phan tir bién dbi quan-dién:
- PIN-Photodiode va
- Diode quang thac APD.
Dudi ddy chung ta s& nghién ctru nguyén 1y bién d6i quang-dién, cdu tao va
tinh chit ctia cac phan tir nay [1, 2, 4, 7, 8, 9].
1.2.2. PIN-Photodiode

% Ciutao

Nguyén tic bién d6i quang-dién ctia PIN-Photodiode dwa vao nguyén 1y bién
d6i quang-dién cua 16p tiép giap p-n dugc phan cuc nguge. Ciu triic co ban
cua PIN-Photodiode duoc chi ra ¢ hinh 1.2

Dién cuc Pién
viing \‘, H 1/ cwe

onh song t0i ——»
—

L&p chd ng/r—

phan xa

|
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Hinh 1.2. C4u tao ctia PIN-Photodiode
CAu tao ctia PIN-Photodiode bao gdm:

- Mot tiép giap gom 2 ban dan tét 1a P*va N* 1am nén, & giira c6 mot 1op
mong ban dan yéu loai N hay mét 16p ty dan I (Intrisic).

A A - 9 r r X + 1> A A \ 9 o~ A
- Trén bé mat cua l6p ban dan P* 1a mét dién cuc vong (& gilrta dé cho

anh sang thAm nhap vao mién I).

- Pong thoi trén 16p ban dan P c6 phit mot 16p mong chat chéng phan xa

dé tranh ton hao anh sang vao.

- Dién ap phan cuc nguoc dé cho dio de khong c6 dong dién (chi co thé

c6 mot dong nguoc rat nho, goi 1a dong dién téi).

+* Nguyén ly hoat dong:

Khi cac photon di vao 16p P* c6 mirc ning lugng 1é6n hon do rong cia dai
cAm, sé& sinh ra trong mién P*, 1, N* cia PIN-Photodiode cac cip dién tir va 16

trbng (chit yéu & 16p 1).

Cac di¢n tu va 16 trong trong mién I vira dugc sinh ra bi dién trudong manh hut
vé hai phia (dién tir vé phia N* vi c6 dién 4p duong, 16 trong vé mién P* vi co

dién ap am).

Mait khac, cac dién tir méi sinh ra trong mién P khuéch tan sang mién I nho
gradien mat d tai tiép giap P'I, roi chay vé phia N vi c6 dién ap duong va 16
trong méi sinh ra trong mién N* khuéch tdn sang mién I nho gradien mat do
tai tiép giap N'1, roi chay vé phia vé mién P* vi c¢6 dién 4p am.

Tat ca cac phan tir ndy sinh ra & mach ngoai cia PIN-Photodiode mot dong
dién va trén tai mot dién ap.

Co6 mot s6 dién tir va 16 trong khong tham gia vao qua trinh tao ra dong dién
ngoai, vi chung duoc sinh ra & mién P* va N* & cach xa céc 16p tiép giap P’l

va NI khong duoc khuéch tan vao mién I (do & khoang cach xa hon do dai
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khuéch tan ciia dong tir thiéu sd), nén ching lai tai hgp véi nhau ngay trong
cac mién P va N™,

Trong trudng hop 1y tudng, mdi photon chiéu vao PIN-Photodiode s& sinh ra
mot cap dién tir va 18 trong va gia tri trung binh cta dong dién ra ty 16 véi
cong suat chiéu vao. Nhung thuc té khong phai nhu vay, vi mot phan anh

sang bi ton that do phan xa bé mat.

Kha ning thAm nhap cta anh sang vao cac 16p ban dan thay d6i theo budc
song. Vi vay, 16p P* khong dugc qua day. Mién I cang day thi hiéu suat luong
tir cang 16n, vi x4c sudt tao ra cac cip dién tir va 10 tréng ting 1én theo d6 day
clia mién nay va do d6 cac photon c6 nhiéu kha ning tiép xtic vdi cac nguyén
tr hon. Tuy nhién, trong truyén din s6 d6 dai ctia xung anh sang dua vao phai
da 16n hon thoi gian troi Ty can thiét dé cac phan tir mang dién chay qua ving
troi ¢6 do rong d cua mién I. Do do, d khong dugc 16n qué vi nhu thé toc do

bit s€ bi giam di.

Khi budc séng anh sang ting thi kha ning di qua ban dan ciing tang Ién, 4nh
sang c6 thé di qua ban din ma khong tao ra cc cip dién tir va 18 trong. Do
do, voi céac vat liéu phai co6 mdt budc soéng td1 han.

1.2.3. Diode quang thac APD

s Cau tao

Céu truc co ban ctiia APD duge chira ¢ hinh 1.3.

Dién cuc Dién

viing e 0 L cuc

anh séong t6i. = ——»

— | P I p| N
v
L&p chO ng / ] —
phan xa
| [
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Hinh 1.3. CAu tao cua APD

CAu tao ctia APD co ban gidng nhu PIN-Photodiode. Ngoai ra trong APD con
c6 mot 16p ban dan yéu P duoc xen giira 16p I va 16p N*. Bén trai 16p 1 bi gidi

han bai 16p P*, con bén phai 16p 1 bi gii han bai tiép giap PN™.
Dién 4p phan cuc nguoc dit vao APD rét 16n, tdi hang trim von.

Dién trudng thay ddi theo cac 10p dugc chi ra béi hinh (b). Trong ving I, dién
truong ting chadm, nhung trong tiép giap PN™ dién trudong ting rat nhanh. Lép

tiép giap PN 1a mién thac, & day xay ra qua trinh nhan dién tir.

+* Nguyén ly hoat dong:

Do APD dugc dat mot di€n ap phan cuc nguoc rt 16n, t6i hang tram von,

cho nén cuong do di¢n truong & mi€n dién tich khong gian tang 1€n rat cao.

Do d6, khi cac dién tir trong mién I di chuyén dén mién thac PN™ ching duoc
tang toc, va cham vao cac nguyén tur giai phong ra cac cap dién tu va 10 trong

moi, goi 1a sy ion hod do va cham.

Cac phﬁn to thu cép nay dén luot minh lai tao ra su su ion hoa do va cham
thém nira, gy 1€n hi¢u ting quang thac va lam cho dong dién tang 1én dang
ke.

Thong qua hiéu ng quang thac ndy ma véi cing mot sd luong photon tdi,
APD giai phong ra cac dién tir nhiéu hon rat nhiéu lan so v&i PIN-Photodiode.
1.2.4. Dic tuyén tinh ciia APD & PIN-Photodiode

Pic tuyén tinh cua PIN — Photodiode & APD 1a dic tuyén mé ta mdi quan hé

giita dong ra ctia photodiode va cong suit quang mot chiéu hay cong sut
quang c6 toc d6 bién ddi cham dua vao photodiode.
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Pé xac dinh dugc mbi quan hé giita dong ra cta photodiode va cong suit
quang mdt chiéu hay cong suit quang c6 téc do bién ddi cham dua vao
Photodiode, truéc hét can xac dinh duoc dong pho to ciia cac photodiode

(dong photo chinh 1a dong do céc photon truc tiép tao ra).

+» DoOng photo cua PIN — Photodiode & APD

Khi céc photon di vao PIN — Photodiode va APD tao ra cac cip Dién tir & Lo
tréng, dudi tac dung cia dién trudng ngoai, cic phan tir ndy sinh ra & mach
ngoai mot dong dién. Po chinh la dong photo ctia PIN — Photodiode/APD.

Dong photo Ip ctia PIN — Photodiode/APD dugc xac theo cong thuc:

|p = HTPT (1-1)
Ae

Trongd6: H; =n— (1-2)
hc

goi 1 hé sd bién d6i quang - dién ctia photodiode.
Pr: 13 cong sudt anh sang chiéu vao photodiode

S6 cdp Pién tir & Lo trong sinh ra (1-3)

S6 photon hdp thu
la  hiéu suit lugng tr hod cua PIN-
Photodiode/APD.
A:  budc song cua anh sang.
dién tich cua dién tir (e = 1,602.10™° As).
h:  hédng s Plank (h = 6,62.10>* Ws?).

c:  vantdc anh sang (c = 3.10° m/s).

«»» DOng ra cua PIN — Photodiode & APD

e Doi véi PIN- Photodiode
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PIN- Photodiode 1a photodiode khong c6 hi¢u irng quang thac, do d6 dong ra
cua n6 chinh 1a dong photo, ttrc la:

itpin = Ip = Hr Py (1-5)
e Dbi véi APD
Déi véi APD, do c6 hiéu tng quang khac ma dong ra ctia APD duoc ting 1én
M lan, tuc la:
It-app = Mip = MH:P7 , (1-6)
Trong do:

P 1_[uj” (1-7)
Ug,

12 hé s6 khuyéch dai cua APD,

U: dién &p dat vao APD.

Up: dién 4p danh thung cua APD

n: nhan cac gia tri tor 1,5 + 6, tuy thudc vao vat li€u va cdu
trac cua APD.

i 1
i

% Dic tuyén tinh cua PIN — Photodiode & APD

Tir cac cong thire (1-5) va (1-6), nguoi ta xac dinh duoc dic tuyén tinh cua
PIN- Photodiode & APD theo hinh 1.4.

iT A

APD

PIN-Photodiode

0 > P;
Hinh 1.4. Dic tuyén tinh ctia PIN — Photodiode & APD
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Vi tin hiéu truyén dan (cong suat anh sang) dén bo thu quang bi suy hao rat
16n boi duong truyén, nén cudng d6 anh sang tai dau bo thu quang thuong rat
nho. Vi vdy, tinh phi tuyén cta bo thu quang thuong bo qua va dic tuyén tinh
ctia PIN- Photodiode va APD la nhitng duong thiang. Tuy nhién, vi ¢6 hiéu
mg quang thac nén d6 dbc cua dic tuyén tinh cia APD 16n hon cua PIN-
Photodiode.
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chwong 2. mé hinh toan hoc ciia cic photodiode hoat dong & toc

do cao

Khi truyén din tin hiéu c6 tbc d6 cao, qué trinh bién ddi quang-dién cia cac
phan tir thu quang (PIN-Photodiode, APD) khéng tuan theo dic tuyén tinh
clia n6 nita, ma 1a ham s6 cua tan s6. PO chinh 1a qué trinh bién d6i dong cua

cac phan tir thu quang.

2.1. Cac yéu to xac lap diic tinh dong ciia PIN-Photodiode va APD

Trong cau tao cta PIN - Photodiode va APD ludn ton tai cac thanh phan:
- Dién dung 16p dién tich khong gian (16p tiép giap cta cac 16p P va N)
trong PIN - Photodiode & APD
- Cac hiéu trng ky sinh ctia PIN — Photodiode & APD, ...

Khi PIN - Photodiode va APD hoat dong ¢ khu vuc tan sb thip (thudng nho
hon 1 GHz), tirc 1a khi tin hiéu truyén din 1 nhitng chudi xung c6 téc do bit
thap (ddi véi truyén dan sb) hay co tin sb thap (d6i voi truyén dan analog), thi
anh huong cua dién dung tiép giap cua cac 16p P — N trong PIN - Photodiode
& APD va cé4c hiéu tng ky sinh co thé bd qua trong qua trinh bién doi quang-
dién cua PIN-Photodiode va APD. Khi do, dong photo tao ra cta PIN-
Photodiode va APD chi 13 ham s6 ctia cudng d6 anh sang chiéu vao APD &
PIN- Photodiode va né duoc xac dinh theo dic tuyén bién ddi quang-dién tinh
cta PIN- Photodiode va APD (hinh 1.4).

Khi PIN-Photodiode va APD hoat déng ¢ khu vuc tin sb cao (thudng 16n hon
1 GHz), ttic 1a khi tin hiéu truyén din 1a nhitng chudi xung c6 téc do bit cao
(d6i v6i truyén dan sb) hay co tan sd cao (ddi voi truyén dan analog), thi anh
hudng cua dién dung tiép giagp cua cac 1op P — N trong APD & PIN -
Photodiode va cac hiéu tng ky sinh s& anh huong dang ké dén qua trinh bién
d6i quang-dién ctia APD & PIN— Photodiode [2, 4]. Khi d6, dong photo tao ra
ciia APD & PIN- Photodiode khong xac dinh theo dic tuyén bién ddi quang-
dién tinh cia APD & PIN—Photodiode nira va n6 dugc xac dinh theo mdt ham
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s6 khong chi ctia cudng do anh sang chiéu vaio APD & PIN—Photodiode, ma
no6 con 1a ham sé cua tan sd. Qua trinh bién d6i quang-dién cia APD & PIN-
Photodiode khong chi phu thudc vao cudng dd 16n cia cong sudt anh sang
chiéu vao photodiode, ma con phu thugc vao tan sb goi la qua trinh bién dong
cua PIN- Photodiode va APD. Nhu vay, dac tinh bién doi quang-dién cua
PIN-Photodiode & APDphu thudc rat nhiéu vao cic tham sb ciia cong sut

anh sang chiéu vao.

Ngay nay, nguoi ta thuong sir dung k¥ thuat truyén dan thong tin quang tdc
d6 cao dé xay dung cic tuyén siéu xa 16 thong tin phuc vu cho nhu ciu trao
do6i thong tin va phét trién nén kinh té qubc dan. Trong k¥ thuat truyén dan
thong tin quang, voi toc do nho hon hodc bang 5 Gbit/s ngudi ta thudng sir
dung cac phan tir bién doi quang-dién 1a APD & PIN - Photodiode. Khi do,
qua trinh bién ddi quang-dién ciia APD & PIN-Photodiode trong truomg hop

nay 13 nhitng qua trinh bién doi dong.

2.2. So' d6 dién twong dwong cia PIN — Photodiode va APD

Rp
I
i, ir
G __C. G T Ry
(a)
L
| K ] @
| I—|
ir
" —c &= ||~
L

Hinh 2.1. So db dién twong duong ctia PIN-Photodiode (a) va APD (b)
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Khi cong suit ludng quang bién d6i nhanh (tin sb cua ludng quang cao - ddi
v6i tuyén din analog hay téc do bit/s - d6i v6i truyén din sd) thi dién dung
ctia 10p chén, cac hiéu tng ky sinh cta photodiode s& anh huong dang ké dén
qua trinh bién d6i quang-dién cua photodiode. Qua trinh bién ddi quang-dién

trong truong hop nay cta photodiode goi 14 qué trinh bién doi dong cua nd.

Qua trinh bién d6i quang-dién dong cua PIN - Photodiode & APD duogc dién
ta boi cac so d6 dién twong duong hinh 2.1

Trong do :
ip,- Dong photo,
G. - bién dan cua 16p ti€p giap PN,
C. - Pién dung cua 16p tiép giap PN,
Gt - bién dan tai ctia Photodiode,
Ct - Bién dung tai cia Photodiode,
Rp - Dién tro day ndi ctia Photodiode,
M — Hé sb khuéch dai cua APD.

2.3. M6 hinh toan hoc cia PIN — Photodiode va APD

2.3.1. M6 hinh truyén din tin hiéu

£ o
i, C.| G, C, G,
g = — @
O
O
i M
1, > C, G, C| G;
— — (b)
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Hinh 2.2. M6 hinh toan hoc truyén dan tin hiéu cua PIN (a), APD (b)

Trong k¥ thuit thong tin quang, nguoi ta thuong st dung PIN-
Photodiode va APD chat luong cao, Rp rit nho, c6 thé bo qua (Rp = 0). Do
do, tir cac so d6 dién tuong duong ta xac dinh dugc md hinh toan hoc mo ta
qua trinh dong truyén dan tin hiéu caa PIN- Photodiode va APD (hinh 2.2).

2.3.2. M6 hinh nhiéu

Trong qué trinh bién d6i quang-dién ctia PIN- Photodiode va APD con xuat

hién cac nhiéu.

Nhiéu cia mot phan tir bién d6i quang-dién bao gdm céc nhiéu co ban sau:

- Nhiéu lugng tir tin hiéu,

- Nhiéu dong dién tdi,

- Nhiéu dong do,

- Nhiéu nhiét,

- Nhiéu do hiéu ing quang thac sinh ra (chi c6 & APD).

* Nhiéu luong tir tin hiéu sinh ra trong qua trinh giai phong ra cac cip dién
tr — 18 trong do cac photon chiéu vao photodiode. Cac photon chiéu vao
photodiode 14 ddc 1ap théng ké va c6 phan bd Poispon. Mdi photon véi
mot xac sudt nhat dinh giai phong ra mot cip Pién tir & L trong. Do do,
cac dién tir dugc giai phong ciing doc 1ap thong ké va ¢ phan bd Poisson.
Vi vy dong ra ctia photodiode c6 chtra nhiéu. Nhiéu d6 goi 1a nhiéu luong
tor tin hiéu.

*  Dong dién tdi la dong dién do cac dong sau tao nén:

- Céac dién tich dugc tao ra do nhiét do trong 16p I cta photodiode,
- Cac dong dién bé mit,

- Cac dong tir thiéu s6 tao ra do nhiét tir cac 16p p va n troi vé 16p L.
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Dong dién t6i gdm rat nhiéu xung khoéng co quy ludt. Ngudi ta chi xac dinh dugc
tri hodc dung ctia nd, phd bién do cua ching bang phang & moi tan so.

* Dong dién ro la do cac tia sang phia trong va dnh sang bén canh tao ra.

Dong dién nhiéu nhiét xuat hién trong mgt dién trd, vi du dién tré 16p
chin, dién trd tai, do chuyén dong nhiét cua cac dién tur trong dién trd tao
ra.

Péi vi APD, trong qué tring quang thac xuat hién mot tap 4m do hiéu tng
quang thac sinh ra. Nhidu nay phu thudc vao hé sé khuyéch dai va ty 1& voi
ty sd gitta hé sd ion hoa 15 trong va hé s ion hod dién tir trong ving
khuyéch dai quang thac. Nhiéu do hiéu tmg quang thac dugc dic trung qua
hé sb tap am F.

Do do, tir cac so do dién tuong duong ta xac dinh dugc mo hinh toan hoc mé
ta qué trinh dong truyén dan tin hiéu ctia PIN- Photodiode va APD (hinh 2.2).

A X c x

L Ip L Ly Lir

@),
e
1

Q
D
@
1
1
D
_]C)
S

O
ID 1T 1r M lnC 1nT
> C& _GC C; Gr (b)
F
£\

Hinh 2.3. M6 hinh nhiéu ctia PIN — photodiode (a) va APD (b)

Trong do :
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G, - Dién dan cua 10p tiép giap PN,

C. - Dién dung cua l6p tiép giap PN,

Gt - Dién dan tai ctia Photodiode,

Rt - Dién trd tai cua Photodiode,

ip - Dong photo,

I - Dong dién t0i,

Iy - Dong dién ro,

ic - Dong dién nhiét trén dién tro 16p tiép giap PN,
it - Dong dién nhiét trén dién tro tai,

F - Hé s6 nhiéu do qua trinh quang thic (trong APD).
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chwong 3. Cac tham so truyén din ciia cic photodiode hoat
dong & toc do cao
3.1. Heé s6 khuyéch dai ciia APD

Khi cong suat lué)ng quang bién do6i nhanh, hé s khuéch dai cia APD duoc

xac dinh theo cong thirc:

] M
M(Jw)=1+jw (3-1)
@ A
Trong d6: M duogc xac dinh ¢ cong thire (1-7)
W p= : (3-2)
(M -1z,

TLa 13 hang s6 thoi gian dic trung cho qué trinh bién d6i quang-dién cta
APD, n6 ¢6 gia tri 0,8 ps dbi v6i Si-APD va 5ps dbi voi Ge-APD.
3.2. Ham truyén din ciia PIN- Photodiode va APD
3.2.1. Ham truyén din ciia PIN- Photodiode

Tur cac mo hinh toan hoc truyén dan tin hiéu (hinh 2.2) ta x4c dinh duoc cac

ham truyén din ctia PIN- Photodiode hoat dong & téc d6 cao:

i H,

H; oy (Jo) = = (3-3)

1+ j

Wy _piN
Trong do:

G. +G;
Oy pn =<~ 3-4
PN T Co+C, (3-4)

1a tan sb goc gidi han ciia PIN — Photodiode.
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3.2.2. Ham truyén din ciia APD

Trong qué trinh bién ddi quang-dién cua APD, khi cong suat ludng quang
bién d6i nhanh thi ton tai 2 hang s6 thoi gian:
- 1ua 13 hang s6 thoi gian dic trung cho qua trinh bién ddi quang-dién
cua APD, dugc xac dinh ¢ cong thuc (3-2).
- 1gre la hang sb thoi gian dic trung cho su bién ddi quang-dién cua
APD khi cong suat ludng quang bién doi nhanh va duoc xac dinh theo

cong thirc:

__(C+C)
" (Gc + GT ) (3_5)

Do d6, khi cong suat ludng quang bién doi nhanh thi hang sé thoi gian cia

APD trong qua trinh bién dbi quang-dién duoc xac dinh theo cong thic:

Tapp = TLa T TRe (3-6)

Khi d6, tir cac mo hinh toan hoc truyén dan tin hiéu (hinh 2.2) ta xac dinh

duoc cac ham truyén dan cua APD hoat dong & tdc do cao theo cong thuc:

HT—APDM

H; _sep(J@) = .
1+ j (3-7)

@y _aPD
Trong do, wg-app 12 tan sb goc gidi han cua APD va dugc xac dinh theo cdng
thure:

1 1

a) — —
g—APD (3-8)
Tapp  TLa T Tre
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3.3. Ham trong lwong cia PIN- Photodiode va APD
3.3.1. Ham trong luwong cua PIN- Photodiode
Dbi voi PIN- Photodiode, tir cong thirc (3-3) thuc hién bién d6i Fourier
ta than dugc ham trong luong cta PIN- Photodiode nhu sau:
g7-pN(t) = Hrpin @g-pin EXP (-@g-pin t) (3-
9)
3.3.2. Ham trong luwgng cua APD

DPbi véi APD, tur cong thuce (3-7) thuc hi¢n bién doi Fourier ta than dugc ham

trong luong ctia APD nhu sau:

Or_app (1) = Hr_pep M@, pep exp(_a)g—APD t) (3-10)

3.4. Ham qua d¢ cua PIN- Photodiode va APD
Theo dinh nghia, ham qué d6 cua PIN — Photodiode va APD s¢ dugc xac dinh

theo cong thirc:

he (t) = [ gr (t)dt (3-11)

Tir cac cong thire (3-9), (3-10), (3-11) va sau mot sd bién d6i toan hoc, ta Xac
dinh dugc ham qué do cua PIN — Photodiode & APD theo cac cong thirc:

*  Pdi véi PIN — Photodiode:

h_pn (1) = H; [1—exp(— Oy_py t)] (3-13)
* Pbi voi APD:
N _pep (1) =HM [1— eXp(— @y_app t)] (3-14)
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3.5. Tin hi¢u ra cia PIN - Photodiode va APD

Vi tin hiéu truyén dan tir ngudén phat (LD/LED) qua soi quang bi suy hao, nén
khi d&én cac photodiode thuong rit nho, ta c6 thé bo qua tinh phi tuyén cia cac
photodiode. Vi vay, khi phan tich trang thai cia PIN — photodiode & APD
trong méi quan hé v6i tham sb cua ludng anh sang dén, ta chi can phan tich
anh huong cua tan s6 hay téc do bit/s dén cac tham sé truyén dan cua céc
photodiode.

3.5.1. Truyén din analog

Pé xac dinh tin hiéu ra ctia PIN — Photodiode & APD trong tuyén dan analog,

ta gia thiét cong suat anh sang chiéu t6i photodiode c6 dang:
pr(t) = Pro+pr(t)
= Pro + Pt cos awt (3-16)

3.5.1.1. Tan sé truyén dan thdp

Khi tin sb truyén dan thap, quan hé giita tin hiéu ra va cong suét chiéu vao
cua nod dugc xac dinh theo dac tuyén tinh cua cac Photodiode. Do do, tur cac
cong thie (1-1) va (3-16), ta nhan dugc tin hiéu ra cia PIN — Photodiode &
APD theo cac cong thuec:
|'|'(t) = |‘|'0 + i‘|'~ (t)
= lto + |7 cOS wt (3'17)

Trong do:

- Dbi v4i PIN — Diode:

lto=HrPro; Ir=HPr (3-18)
- Dbi voi APD:
|'|'0 =M HT PTO , IT =M HT PT (3'19)

13 thanh phan mot chiéu va bién do cua dong ra cua PIN — Photodiode& APD.
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Tir cong thie (3-17), ta nhan thay: khi tin sb truyén dan thap tin hiéu ra cua
APD & PIN — Photodiode c6 dang giébng nhu tin hiéu vao va tin hiéu khong

bi méo.

3.5.1.2. Tan s6 truyén dan cao

Khi tan so truyén dan cao, quan hé gitta tin hiéu ra va cong suat chiéu vao cua
APD & PIN — Photodiode khong dugc xac dinh theo dac tuyén tinh cua cac
Photodiode ma phai thong qua ham truyén din hay ham trong luong cua
chung.

Khi d6, tir mo hinh toan hoc cua cac Photodiode, ta nhan duoc tin hi€u ra cua
APD & PIN — Photodiode theo cac cong thurc:

< Trong khong gian tan sb:

lr(jw) = Pr(jo) . Hr(jo) (3-20)
Trong 46, It+(jo), Pr(jo) va Hr(jo) 14 tuong tmg phd cta tin hiéu ra, phd cong
suat anh sang téi va ham truyén din ctia APD & PIN — Photodiode.

Ham truyén dan ctia PIN — Photodiode duoc xac dinh & cong thire (3-3), ham

truyén din ciia APD duoc x4c dinh ¢ cong thirc (3-7).

¢ Trong khong gian thoi gian:
it (t) = pr(®) * gr(t) (3-21)
Trong d6, gr(t) la ham trong luong cia APD hoac PIN — Photodiode. Ham

trong lugng cia PIN — Photodiode dugc x4c dinh ¢ cong thic (3-9), ham trong
luong ciia APD dugc xac dinh ¢ cong thuce (3-10).

Tir cac cong thie (3-16), (3-21) va sau mot s6 bién ddi toan hoc, ta nhan duoc
dong ra ctia Photodiode khi tin hiéu anh sang dén APD va PIN — Photodiode

c6 dang hinh sin theo cong thirc:

iT(t) = lto + I7 (@) cos [ at + or(@)] (3-22)
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Trong do:

- DPbi voi PIN —Photodiode:

ltopin = Hrpin Pr (3-23)
H. P
I o (@) = T >
S ot
g—PIN
(40
Pr_PIN (a)) = —arctg —— (3-25)
g—PIN
- Déi v6i APD:
Ito.ap0 = HTM P (3-26)
H. MP,
I - w) = T T
T APD( ) \/ 0)2 (3-27)
1+ ——
@y_apPD
(40
®1_npp (@) = —arctg - (3-28)
g—APD

Nhén xét: tir cac cong thirc (3-22) — (3-28) ta nhan thay, khi tan sé truyén din
cao thi trong dong ra ciia photodiode xuat hién méo bién d6 va méo pha. Céc
méo ndy phu thudc tan sb. Tan s6 cang cao thi méo pha va méo bién do cua
PIN — Photodiode va APD cang 16n.

3.5.2. Truyén din sé

Pé xac dinh cac tham sb truyén dan cia APD & PIN — Photodiode trong
tuyén dan sb, ta gia thiét cong suat anh sang dén photodiode c6 dang (hinh 3-
1):

pr(t) = Pro+ pr-(t) (3-29)
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pr_(t)=>_b, P X(t—nT) (3-30)
n=0

Trong do:
P: 12 bién do cta chudi xung,
khi nT <t<nT+T,

1
X (t—nT) =
(t=nT) {0 te[nT;nT+T,] (3-31)

T: chu ky chudi xung,
Ty: d§ rong xung,
b,={0,1} tuy theo xung truyén dan la bit “0” hay bit “1”.

T

P-.

l

v

> t

A

Ty

A
A 4

T
Hinh 3.1. Tin hiéu anh sang t&1 pr-(t)
3.5.2.1. Téc do truyén dan thdp

Khi toc do truyén dan thdp, quan hé giira tin hiéu ra va cong suit chiéu vao
cua APD & PIN — Photodiode dugc xac dinh theo dac tuyén tinh cua cac
Photodiode. Do d9, tir cac cong thire (1-1) va (3-31), ta nhan dugc tin hi¢u ra
cua APD & PIN — Photodiode theo cac cong thuc:

|T(t) = |‘|'0 + iT~ (t)
ir_(t)=)_b,1: X (t—nT) (3-32)
n=1

Trong do:
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- Déi v6i PIN — Photodiode:

ITO = HT PTO , |'|' = HT PT (3-33)
- Ddi v6i APD:
lto =MH1Pro , Ir=MH:Pr (3-34)

1a thanh phan mot chiéu va bién do cua dong ra cia APD & PIN —
Photodiode.

Tir cac cong thire (3-32)-(3-34), ta nhan thay: Khi téc do truyén dan thap tin
hiéu ra cia APD & PIN — Photodiode c¢6 dang gidng nhu tin hiéu vao va tin

hi€u ra khong bi méo.
3.5.2.2. Téc dg truyén dan cao

Khi téc do truyén din cao, quan hé giira tin hiéu ra va cong suit chiéu vao cua
APD & PIN — Photodiode khong duogc xac dinh theo dac tuyén tinh cua cac
Photodiode ma phai thong qua ham truyén din hay ham trong luong cua
chung.

Do tin hiéu anh sang dén bo thu quang rat yéu vi bi suy hao trén dudng truyén
dan, nén tinh phi tuyén ctia APD & PIN — Photodiode c6 thé bo qua, nén dap
tmg cta APD & PIN — Photodiode ddi v6i chudi xung anh sang t6i s& bang
téng cac dap tng cua ting xung riéng 1é. T 13, tin hiéu ra cia APD & PIN —

Photodiode dudc xac dinh theo cong thirc:

ir(t) = Iro+ it~ (1) (3-35)
I (t) = aniTn (t—nT) (3-36)
n=1

Trong d6 ir, (t-nT) la dap tng cua xung thu n.

Khi ludng anh sang c6 toc do bit cao (twong ng véi tan sb cao) thi cuia APD
& PIN — Photodiode 14 nhitng phan tir phy thudc tan sd. Do dé, theo 1y thuyét
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truyén dan ta c6 dap tng cua dot bién xung Pr.1(t) cua cia APD & PIN —
Photodiode la :

ir(t) = I1. hr (1) (3-37)
Do xung thtr n cua luéng anh sang td1 c6 bién dJ 1a Pt dugc tao nén tor 2 dot
bién:
Tt 0 —> Py tai thoi diém t =nT
Tr Pr—> 0 taithoidiémt=nT + Ty
0 t<nT
i, (t—nT) ={H,Ph, (t—nT) il <t <nT+T,

H, P [h;(t—nT)—h,(t—-T, —nT)] t > nT+T,
Do d6 dap ting cua APD & PIN — Photodiode cho xung thr n sé€ 1a :
(3-38)
Tur cac cong thirc (3-13), (3-14) va (3-38) ta c6: dong ra cia APD & PIN —

Photodiode d6i voi xung diéu khién thir n 1a:

0 t<nT
iry o (t=NT) =4 H Py {1-expl- 0, o (t-0T)] | nT <t<nT +Td
H. Py [explo, on T, )-1Jexpl- @, oy (t=nT)] t>nT +Td
(3-39)
0 t<nT
ir, oo (t=NT) =4 H; MP, { 1—exp|- o, o0 (t—1T)] | nT <t<nT+T,
PﬂMHkﬂﬁ%AmR)kaPwmmJtmTﬂt>nT+R
(3-40)

Nhan xét: Tir cac cong thirc (3-39)-(3-40) ta nhan thay, khi téc do truyén dan

cao thi trong cac xung dong ra cua photodiode xuat hién méo bi€n d§ va méo
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pha. Cac méo nay phu thudc tan s6. Tan s cang cao thi méo pha va méo bi€n

dd cua tind hi¢u ra cia PIN — Photodiode va APD cang 16n.

3.6. Nhiéu ciia PIN — Photodiode va APD
3.6.1. Nhiéu va phdn loai nhiéu trong PIN-Photodiode va APD

3.6.1.1. Nhiéu trong PIN-Photodiode va APD

Nhu d4 trinh bay & phan 1.3.3.2., nhidu cia mot phan tir bién doi quang-dién
bao gom cac nhiéu co ban sau:

- Nhiéu lugng tir tin hiéu,

- Nhiéu dong dién tHi,

- Nhiéu dong do,

- Nhiéu nhiét,

- Nhiéu do hiéu ing quang thac sinh ra (chi c6 & APD).

Nhiéu luong tir tin hiéu sinh ra trong qua trinh giai phong ra cac cip dién tir —
16 tréng do cac photon chiéu vao photodiode. Piéu d6 c6 nghia 13: ¢ anh
sang chiéu vao photodiode, thi trong tin hiéu ra ctia n6 c¢é chira nhidu. Nhiu
dong t6i 1a do dong dién téi ctia photodiode sinh ra. Nhidu dong ro 1a do dong
rd cua photodiode tao ra. Nhiéu nhiét 1a nhiéu xuit hién trong mot dién tro
(dién tro 16p chan, dién trd tai) do chuyén dong nhiét ciia cac dién tir trong
dién tro tao ra. Poi véi APD, ngoai cac nhiéu trén, con c6 nhiéu do hiéu ung
guang théc sinh ra.

3.6.1.2. Phan logi nhiéu

Trong k¥ thuat thong tin quang, ngudi ta c6 thé phan loai nhidu theo 2 quan

di€ém sau:
- Theo ban chat gdy nén nhicu,

- Theo quan diém truyén dan tin hiéu.
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a. Theo ban chit gAy nén nhidu

Theo ban chat gdy nén nhi€u, cd: nhi€u lugng tir tinh hi¢u, nhi€u dong dién

t6i, nhidu dong rd, nhiéu nhiét va nhiéu do hiéu ing quang thac (trong APD).

b. Quan diém truyén dan tin hiéu

*  Nhiéu phu thudc tin hiéu, gé‘m co:
- Nhiéu lugng tir tin hiéu
*  Nhiéu khéng phu thudc tin hiéu, gém co:
- Nhiéu dong tbi,
- Nhiéu dong ro,
- Nhiéu nhiét.
Ngoai ra, trong k¥ thuat tin quang nguoi ta con ky hiéu nhiéu gy ra boi cac
nhiéu lugng tr tin hiéu, nhiu dong tdi, nhiéu dong ro 1a Shot noise (Nhiéu
bén).
3.6.2. Céng sudt cdc nhiéu trong PIN-Photodiode va APD
Khi phan tich, tinh toan céng suit cac nhiéu ciing nhu nhiéu téng ctia APD va
PIN-Photodiode trong phan nay va nhitng phan sau, ta chi phan tich, tinh toan
cong sudt cac nhidu va nhifu tong ctia APD. Con cong suit cic nhidu va
nhiéu tong cta PIN-Photodiode duoc suy ra tir cac cong thirc cong suit cac
nhiéu va nhiéu téng cua APD khi: M =1 va thay og-app bﬁng Og-PIN -
Pé cho gon céc cong thirc, ta goi APD 1a Photodiode va thay:
®g-APD = Og, Hy.app = Hr,
Hr.app (jo)= Hr(jo), (3-42)
gr-aep(t) = gr(t), ..

Theo 1y thuyét truyén tin [2, 3, 6], cong sudt ciia mdt ngudn nhidu cua
Photodiode dugc xac dinh theo cong thirc:
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Pn (t) - iN (t) * gT2 (t)
~ [su(jo)H; (o) do 49

Trong do:
in(t), Sn(jo) : dong nhiéu va pho cia no,

gr(t), Hr(jo): ham trong lugng va ham truyén din ctia Photodiode.

3.6.2.1. Nhiéu dong toi

Nhiéu dong t6i 12 do dong dién tdi ctia photodiode sinh ra. Dong dién tdi gdm
rat nhiéu xung khong co6 quy luat. Nguoi ta chi xac dinh duogc tr1 hodc dung cua
no, pho bién do cta ching bang phang & moi tan sb. Theo [11, 12], mat d6 cong

suat phd ctia nhiu dong t6i Syr(jo) duoc x4c dinh théo cong thic:
Syr(Jo)=e F(M) I,

Do d6, tir cong thirc (3-43) ta x4c dinh duoc cong suit nhiéu dong dién tdi pnr

theo cong thirc :
Pur =2¢ F(M) M? E BR (3-44)

Trong @6, I, 14 gia tri trung binh ctia dong dién tdi, gid tri trung binh nay phu

thudc chét liéu ban dan, dién tich bé mit tiép xac P-N va nhiét d6 [10].
o0
., - 2
Be = [|H7 (if)| df
0

= 0,707 B (3-45)

Trong cong thirc (3-45), Hr*(j f) 1 ham truyén dan chuin hoa cua ham truyén
dan Hy(j f) va B 1a bing thong cua photodiode.
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3.6.2.2. Nhiéu dong ro

Nhiéu dong 1o 1a do dong dién 10 ctia photodiode tao ra. Dong dién ro 1a do
cac tia sang phia trong va anh sang bén canh tao ra. Trén thuc té ngudi ta chi
xac dinh dugc gia tri trung binh ctia dong di¢n ro. Theo [11, 12], mat d§ cong

sut phd cua nhiu dong 10 Sy:(jo) duoc xac dinh théo cong thic:
SNr(ja)) =€ F(M) Ir

Do d6, tir cong thirc (3-43) ta xac dinh duoc cong suat nhiéu dong ro p;, theo
cong thc :

Dy =26 F(M) M? I,

r

By (3-46)

Trong @6, |, 1a gia tri trung binh ctia dong dién ro.

3.6.2.3. Nhiéu nhiét

Nhi&u nhiét cta Photodiode 14 nhiéu xuit hién trong dién tro 16p chin, dién

tro tai, do chuyén dong nhiét cua cac dién tir trong dién trd tao ra.

Theo [1], mat d cong suit phé ctia nhiéu nhiét Syn(jo) trén dién tré R duoc xéac

dinh théo cong thrc:
. 2kT
San (Jw) = ——

R

Do d6, theo cong thuc (3-43) cOng suat nhidu nhiét pyy ctia photodiode dugc

xac dinh theo cong thuc :

Pun =4 KT (G +G;) By (3-47)
1 ~ r
Trong do: G¢ = R_ la dién dan cua dién tro 16p chan Re,
c
Gr= R_ 1a dién dan cua dién tré tai Ry,
T
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k: hang s6 Bolzomal,
T: Nhiét do tuyét dbi.
3.6.2.4. Nhiéu do hiéu ving quang thdc

DPoi véi APD, nhiéu do hiéu mg quang thac sinh ra phu thudc vao hé so6
khuyéch dai va ty 1€ véi ty sO gitta hé s6 ion hoa 16 trong va h¢ s6 ion hoa

dién tir trong ving khuyéch dai quang thac.

Nhiéu do hiéu tng quang thac dugc dic trung qua hé s6 tap Am F(M) va nd

duoc xac dinh gan dung theo cong thic:

1 1
F(M):Z—M+ki(M—2+M] (3-48)

Trong do:
M la hé s khuyéch dai ctia APD,

(3-49)
oy 12 hé s6 ion hoa dién tir trong viing quang théc,
o, 1a hé s6 ion hoa 13 trong trong ving quang thac.
Trong thuc t&, ngudi ta co thé sir dung gan ding F(M) béi:
F(M) = M* (3-50)

Trong do, gia tri dac trung cia x =0,3 — 0,5 dbi véi Si— APD, x = 0,7 dbi vé6i
InGaAsP-APD va x=1 ddi v6i Ge-APD

3.6.2.5. Nhiéu lwong tu tin hiéu

Nhiéu lugng tr tin hiéu sinh ra trong qua trinh gidi phong ra cac cip dién tir —

16 tréng do cac photon chiéu vao photodiode.
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Céc tap 4m dong tdi, tap 4m dong ro va tap Am nhiét tap 4m 1a nhirng tap 4m
khong phu thudc tin hi¢u cia APD va PIN-Photodiode. Con tap am lugng tir
tin hi€u 1a tap am phu thudc tin hiéu, can phai dugc xem xét tin hi¢u truyén

dan tuong ti hay sd, tin hiéu truyén dan bién d6i nhanh hay chim.

Theo [11, 12], dong nhiéu do luong tr tin hiéu gdy ra duoc xac dinh théo cong
thirc:

i () =e F(M)i_(t) (3-51)
=e F(M) H, p()

¢ Truyén dan analog

o Khi tan sé tin hiéu truyén dan thdp
Khi tan sb tin hiéu truyén din thip, qué trinh bién d6i quang dién cia cac
Photodiode khong phy thudc vao tan sb. Do do, tir cac cong thirc (3-43) va (3-

51) ta xac dinh dugc cong suit nhidu luong tir ctia photodiode trong trudng

hop nay theo cong thurc:

Pn. =26 F(M)M i H,; ET By (3-52)

Trong do:
P.: Gia tri trung binh ctia cong suat 4nh sang dén photodiode
e: dién tich cua dién tu
Br: bang tan tap 4m cua photodiode
F(M): hé s tap 4m phu thém ctia APD
M:  hésd khuyéch dai caa APD
Hr:  hé sb bién ddi quang dién cua photodiode

o Khi tan so tin hiéu truyén dan cao
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Khi tan sb tin hiéu truyén dan cao, qud trinh bién d6i quang dién cua céc
Photodiode phu thudc vao tan sb. Do do, tir cac cong thic (3-43) va (3-51) ta

xac dinh dugc cong suit nhidu luong tir trong trudng hop niy theo cong thirc:

pt) =€ F(M)M* Hy p; () * g5 (1)
=e F(M)M?* H; @’p, (t) e 2" (3-53)

Khi anh sadng t&1 Photodiode c6 dang hinh sin, thuc hi¢n thuét todn tich chap

ta nhan dugc cong suat nhi¢u lugng tu:

P () =e F(M)M? H; @;(Py; + P cosmt) x g 20!

_ P -
pNL(t) = bl Por + - > cos(awt + §0R)
T
20, (3-54)
Trong do:
1
b, =Ze F(M)M*® H; o, (3-55)
@
pr = —arctan — (3-56)

260g

% Truyén dan digital

o Khi téc dé tin hiéu truyén dan thcfp

Ciing tuong tu nhu trong truyén dan analog, khi tbc do tin hiéu truyén din
thap thi qua trinh bién d6i quang dién cua cac Photodiode khong phu thudc

vao tan so va cong suat nhiéu luong tir dugc xac dinh theo cong thuc:

» Trong khoang thoi gian [nT, nT+Tg]:
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pNL(t - nT) = 2€ F(M) M? HT [POT + PT ]BR (3-57)

» Trong khoang thoi gian [ nT+Ty, (n+1)T]:
Py (t—nT)=2e F(M) M* H, R, B; (3-58)
o Khi téc do tin hiéu truyén dan cao

Ciing tuong tu nhu trong truyén dan analog, khi téc do tin hiéu truyén dan cao
thi qua trinh bién d6i quang di¢én cua cac Photodiode phu thudc vao tan sb va

cong suat nhidu lugng tir duoc xac dinh theo cong thic:

» Trong khoang thoi gian [nT, nT+Ty]:

P (E=NT) =By Ry +B,P; [1_ e ™ ]+ (ezngd —1)PT ZbiE‘ng (t-iT)

(3-59)
Trong d6, by dugc xac dinh & cong thire (3-55).
» Trong khoang thoi gian [ nT+Ty, (n+1)T]:
_ 20T —2aq (t-T)
Py (t—nT)=b P + (e ’ —1)PT Zbie ? (3-60)
|

3.6.2.6. Nhiéu tong ciia photodiode

Trong thyc té, cac ngudn nhidu chi ra & moé hinh toan hoc cua photodiode 13
khong twong quan nhau. Do d6, cong suat nhidu tong ciia photodiode duoc

tinh theo cong thurc:

Pny = Pne + Pur + Pye + P (3-61)

+* Truyén dan analog

o Khi tan sé tin hiéu truyén dan thap
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Thay cac cong thirc (3-52), (3-44), (3-46), (3-47) vao (3-61) ta nhan dugc

cong suat nhidu tong cia APD:
Pussoo = [2OF(MIM*(H, B 41 +1) + 4T (G +G B, (362

Thay cong thirc (3-50) vao cong thue (3-62) va thuc hién bién doi toan hoc, ta

nhan duoc cong sudt nhiéu tong cia APD dudi dang:
) -
Pns-app = [ZGI\/I P(He P+ 1+ 1) +4KT(Ge +GT)]BR (3-63)
o Khi tan sé tin hiéu truyén dan cao

Thay cac cong thire (3-53), (3-44), (3-46), (3-47) vao (3-61) ta nhan duogc

cong suat nhidu tong ctia APD dudi dang:
Pys app (1) = €F(M)M? {HTa)gz(POT +P.coswt)xe " 4+ 2(1. +1.)B, }
+4KT (G, +G;)B, (3-65)

Khi anh sang t&1 Photodiode c6 dang hinh sin va tir cong thirc (3-54), ta nhan
duoc cong suat nhiéu luong tir ctia Photodiode theo cong thirc:

] 5 :

Pns-apD (t)= bl For + 2 cos(et + qu)

+C (3-66)
@
1+ —

2a)g

Trong do, ky hiéu:
c={2e F(M)M2(l; +1.)+4kT(G, +G,) }B, 667

< Truyén din digital
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o Khi toc dg tin hiéu truyén dan thap

Tur cac cong thirc & phan trén, ta nhan dugc cong suat nhi€u tong cua APD

trong truong hop nay la:

* Trong khoang thoi gian [nT, nT+T]:
Dus_sep = REF(MIM2|H, (B, + P )+ 1, +1, |+ 4kT(G, +G,) B,

(3-68)
» Trong khoang thoi gian [ n'T+Ty, (n+1)T]:

Dy o = PEF(MIM?(H, Py + 1 + 1)+ 4KT(Ge + G, ) By (369

o Khi toc do tin hiéu truyén dan cao

Twr cadc cong thirc ¢ phan trén, ta nhadn dugc cong suat nhicu tong cua APD

trong truong hop nay la:

» Trong khoang thoi gian [nT, nT+Tg]:
=20, (t-nT 20.T 9 (toiT
i

(3-70)
Trong d6, ¢ dugc xac dinh ¢ cong thirc (3-67).

» Trong khoang thoi gian [ nT+Ty, (n+1)T]:
Pnuz-aep(t—NT) = bl{POT t (ezngd _1)PT Zbie_zwg o }+ c @G-7D

Trong d6, ¢ dugc xac dinh ¢ cong thirc (3-67).
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3.7. Ty s6 tin hiéu trén nhiéu

3.7.1. Mt sé khdi niém co bin
e Dinh nghia ty s tin hiéu trén nhiéu ciia photodiode:

Ty s0 tin hi¢u trén nhi€u ctuia photodiode 1a ty s6 cua cong suat/dién ap tin

hi€u trén cong suat/dién dp nhi€u cua ching va dugc bi€u dién dudi dang

cong thirc:
S Cong sudt tin hiéu/dién dp tin hiéu/dong dién tin hi¢u (3-72)
N Céng sudt nhiéu/dién dp nhiéu/dong dién nhiéu

e (Cong suat tin hiéu:
Cong suat cua tin hiéu ra ctia photodiode duoc xac dinh theo cong thirc:
T
P, = lim— [i2(t)dt
™ = M — |1y ( )

T -—>c0 2T s (3_73)

Trong do, i(t) 1a dong tin hiéu ra ctia photodiode.
e Cong suit nhiéu:

Tir cong thirc (3-43), cong suit ctia mot ngudn nhidu ctia Photodiode duogc

xac dinh theo cong thiec:

Pn (t) - iT (t) * gT2 (t)

T N
= [S(jo)|H; (jo)| do (3-74)
Trong do:
it(t), S(jo) : dong nhidu va phd cua no,
gr(t), Hr(joo) : ham trong luong va ham truyén dan cua
photodiode.
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3.7.2. Truyén din analog
3.7.2.1. Tan s6 tin hiéu truyén dan thdp
Tin hi¢u ra cua photodiode dugc xac dinh theo cong thirc:
it- (1) = MHrpr.(t)
= M H: Pt cos ot

I+ cos wt (3-75)

Trong do:
IT =M HT PT (3-76)

Theo 1y thuyét truyén dan tin hi¢u thi cong suit cua tin hiéu ciia photodiode

duoc xac dinh theo cong thic:

1 1
P = lim— I MZHFP? (f)dt =~ M *H 7Py (3-77)

Thay cong thirc (3-63), (3-77) vao (3-72) va luu y ﬁ = Fro, ta nhan dugc

ty s6 tin hiéu/nhidu ctia photodiode nhu sau:

S ; HZM?P?
N — 3-78
{ZeMM(HTPTO A1+ T)+4KT (G +GT)}BR (3-78)
Ta c6 thé biéu dién cong thirc (3-78) dudi dang:
S aF’
N bR,+cC (3-79)
Trong do, dat:
1 2 2
a=-H:M (3-80)
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b=2eM**H. B, (3-81)
¢ =[2eM>* (I, +1))+ 4T (G, +Gy)] B, e52)

Nhén xét: thanh phan mét chiéu Pro ciia dnh sdng cang Ién thi nhiéu cua

photodiode cang 16n va do do ty sé tin hiéu nhiéu cang nhé.

3.7.2.2. Tan sé tin hiéu truyén dan cao

Khi tan s6 tin hi€u truyén dan cao, thi tin hi€u ra cia photodiode dugc xac

dinh theo cong thirc:
it(t) = 1o + |1 (@) cos [ at + or(w)] . (3-83)

Khi do6, tir cac cong thic (3-73), (3-83) va sau mdt sd bién dbi toan hoc ta

nhan duoc cong sudt tin hiéu ra cta photodiode theo cong thirc:

1.5 .5 F’T2
Pr_ppp (@) = E M“H; 5
LY (3-84)
0

g

Thay cac cbng thuac (3-66), (3-84) vao (3-72), véi luu v gia tri cuc dai
cos(ot+gr) = 1 va sau mot sb bién d6i toan hoc, ta nhan duoc ty sb tin hiéu

trén nhiéu ctia APD theo cong thuc:

( S j _ a P’ (3-85)
N J app 2\ P 1

+C

Trong d6: a, by, ¢ dugc xac dinh ¢ cac cong thic (3-80), (3-55) va (3-82).
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Neéu cong suat anh sang to1 dugce biéu dién dudi dang:

p; (t) = P, (1+ mcos wt) (3-86)

L P Cay LA A 4 £ A A aA AN s e A s LA
vé1  m=—-" (m goi la hé s6 di€u ché hay dJ sau di¢u ché), thi ty soO tin hi¢u
oT

trén tap am cta Photodiode theo cong thic (3-85) s& duoc biéu dién dudi
dang:

(E) - 2P (3-87)
N APD i i

1+ 9 || byPy

+C

Nhan xét: Khi tan sb cao, ty sb tin hiéu trén tap am cua Photodiode khong chi
phu thudc vao cac tham sb cau trac (a, by, €, ®y) cua Photodiode, phu thudc
vao thanh phﬁn mot chiéu Pro, d0 sau diéu ché; ma con phu thudc vao tan sb
f=w/2n.

Khi tan s6 cang lon, thanh phan cong suat anh sang mot chi€u cang 16n, do
sau diéu ché cang nhd (tic 1a bi€n do tin hi€u hiru ich cang nhd) thi ty so tin
hi¢u trén tap 4m cang nho va ngugc lai.

3.7.3. Truyén din sé

Trong k¥ thuat thdng tin quang sé nguoi ta thudng xac dinh ty sé tin hiéu trén
nhidu ctia bo thu quang (tai diu vao bo quyét dinh). Bo thu quang trong
truyén din s6 bao gdm cac phan tir co ban sau: Photodiode, bo tién khuéch

dai, bo khuéch dai dién ap, bd loc thap va bo quyét dinh.

Trong pham vi nghién ctru, ta mudn xac dinh ty sb tin hiéu trén nhiéu cua cac
photodiode. Do d9, ta gia thiét:

NGUYEN VINH NAM - CAO HOC DIEN TU VIEN THONG KHOA IV



LUAN VAN THAC ST KY THUAT -50 - HOC VIEN CONG NGHE BC-VT

- Ham truyén dan cua téng cac phﬁn tr: b tién khuéch dai, bd khuéch
dai di€n 4p, bo loc thép cua bg thu quang 1a 1 Q.
- B0 qua nhiéu cta cac phan tir bo tién khuéch dai, bo khuéch dai dién
ap, bo loc thép.
Do d6, d6 16n cua dién ap tin hiéu va cong suat nhiéu cua bd thu quang sé
duoc xac dinh béng dd 16n cua dong dién tin hi€u (x 1 Q) va cong suat nhiéu

cua cac photodiode.

Pé xac dinh ty s6 tin hiéu trén nhiéu cua cic photodiode trong truyén dan so,
nguoi ta can phai xac dinh ty sd tin hiéu trén nhiéu cia cac photodiode khi
truyén bit “1” (c6 xung truyén dan) va ty so tin hiéu trén nhifu cia céac
photodiode khi truyén bit “0” (khong c6 xung truyén dan), bai vi ca tin hiéu
truyén dan 1an tap Am cua cac photodiode trong céc trudng hop khi truyén bit

“1” va khi truyén bit “0” 13 hoan toan khac nhau.

DPéi véi truyén dan sd, ty sb tin hiéu trén tap am dugc xac dinh:
(Ej . UlT (tQ) _UQ

N 1 \ Pins (tQ) (3-88)
( S j . UQ _UOT (tq)
0

= (3-89)
\ Pons (tQ)

N
Trong d6: Ug la ngudng cta bd quyét dinh,

to 14 thoi diém quyét dinh, tg € [T, NT+T]

Usr(t), Uor(to) 12 dién ap tin higu tai thoi diém quyét dinh ta tin
hiéu khi truyén bit “1” va khi truyén bit “0”.

plNZ(tQ), pONZ(tQ) la cung sudt nhiéu td ng tai thoi
diém quyét di nh khi truyén bit
“1” va khi truyé n bit “0”.
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Céac cong thic (3-88) va (3-89) twong tng 1a ty sb tin hiéu trén tap 4m cua
photodiode khi truyén bit “1” va ty s tin hiéu trén tap 4m cua cac photodiode
khi truyén bit “0”.

Trong truong hop (S/N); = (S/N), dién ap ngudng Us 1a t6i wu. Khi d6, dién
ap ngudong dugc xac dinh theo cong thurc:

U ~ +/Ponz (tQ ) (tq) + 4 plNz(tQ Wor (tq) (3-90)

o \/por\nz(tq) +\/p1Nz(tq)

Ty s6 tin hiéu trén nhidu trong trudng hop ngudng toi vu la:

(ij _ UlT (tQ)_UOT (tQ) (3-91)
N Us=opt 4/ pONz(tQ) Ty plNz(tQ)

3.7.3.1. Téc do tin hiéu truyén dan thap

Khi ludng 4anh sang téi ¢ toc do bit/s thap thi dién ap tin hiéu va dién ap
nhiéu tai thoi diém quyét dinh cua tin hiéu khi truyén bit “1” va khi truyén bit

“0” duoc xac dinh theo cac cong thuec:

UTl(tQ) = al(PTo + PT) (3-92)

Uro(to) = a1Pro (3-93)

N plNz(tQ) :\/b(PTO+PT)+C (3-94)
N Pons (ty) =B P +cC (3-95)

Trong do:

ar=MHp (3-96)

b, c: duoc xac dinh & cac cong thire (3-81) va (3-82).
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Khi d6, ty s tin hiéu trén nhidu ctia photodiode duoc xac dinh theo cong

thuc:

i _ a1|:)T
N JbP +c+./b(P; +P)+c (3-97)

Néu ky hiéu
PR (3-98)
Por +F

goi 1a hé s di€u ché hay dd sau dicéu ché, thi ty so6 tin hi¢u trén tap am cua

photodiode theo cong thirc (3-97) s& duogc biéu dién dudi dang:

S _ 8 P (3-99)

b(l—lj P +c+‘/b1 P +cC
m m

Hay:
S a P
N \/b(g—l)PT+c +\/bgPT+c (3-100)
Trong do,
o= 1 (3-101)
m

Theo ly thuyét truyén dan tin hiéu s6, BER dugc xac dinh theo cong thic:

S
BER = 1 1—erf A (3-102)
2 V2
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3.7.3.2. Toéc dé tin hiéu truyén dan cao

Khi luéng anh sang t41 tdc do bit/s cao thi dién ap tin hi¢u ra ciia Photodiode
trong modi khoang [nT, (n+1)T] khong chi co dién 4p tin hiéu ra cta xung tin
hiéu truyén dan tht n, ma con co6 dién 4p tin hiéu ra cia cac xung tin hiéu

truyén din trudc xung tin hiéu thit n do qua trinh qua do gay ra.

Tir cac cong thic (3-36), (3-40), ta nhan duoc dién 4p tin hiéu tai thoi diém
quyét dinh ctia Photodiode khi ludng 4nh sang t6i bién d6i nhanh khi truyén
bit “1” (Ing v&1 b, = 1) theo cong thirc:

Ury(ty. ~NT) = MH; P0T+PT[1-e‘”g“Q-n ] (T )P Zbe

(3-103)
khi truyén bit “0” (tng v6i b, = 0) theo cong thirc:

gTd iT)
Uso(tyn —NT) = MH; P0T+(e —1) Zbe (o (3-104)

Con dién ap nhibu tai thoi diém quyét dinh cta Photodiode khi truyén bit “1”

duoc xac dinh theo cong thuc:

\/plNZ P0T+P[1 e2a) anT)] (eza)gTd )P Zbezw to.riT) 1

(3-105)

va khi truyén bit “0” duoc xac dinh theo cong thirc:

n-1

\/p0N s (o —NT) = \/bx( Por + (ezngd —1)PT Z bie—ng (ton‘iT)j +C

i=0

(3-106)
Trong d6: by, ¢ dugc xac dinh & cac cong thuc (3-55) va (3-82).
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Tir cac cong thic (3-94), (3-103) + (3-106) va sau mot sd bién doi toan hoc, ta

nhan dugc ty s6 tin hiéu trén nhidu cua Photodiode theo cong thirc:

a Py fl-e ]

S _ (3-107)
N
\/bl[POT +P.D(ty, —nT)|+c + \/bl[POT +PL(t,, —nT)|+c
Trong do:
=204 (t g_n—NT)

D(t,_, —nT) =[1— e ? ]+ L(t,_, —nT) (3-108)

n—1 .
Lty , —nT) =(e*™ —1]3 e 2 tter™ (3-100)

i=0

Str dung khai niém d6 sau diéu ché - cong thirc (3-98), thi ty s6 tin hiéu trén

tap Am cta photodiode s& duoc biéu dién dudi dang:

: a P [1_ o (tq_n—nT)]
S (3-110)
N

\/blP{(l—lj+ D(th—nT)}c ; \/blp{(l-1j+ L(th—nT)}c
m m

Hay:

S a PT []__e_wg (tQ—n—"T)]

\ \/blPT[(g—1)+D(tQ_n—nT)]+c ¥ \/blPT[(g—1)+L(tQ_n—nT)]+c

(3-111)

Con BER van duoc xac dinh theo cong thirc (3-102).

Nhan xét:
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Khi Photodiode hoat dong & tdc dd bit cao (twong Gmg voi tan sd cao), thi ty
s6 tin hiéu trén tap am (hay BER) cua Photodiode khong chi phu thudc vao
cac tham sb ciu truc (a1, by, ¢, @y) ciia Photodiode, phu thudc vao thanh phﬁn
mot chiéu Pro, d0 siu diéu ché m; ma con phu thudc vao chu ky T, thoi gian
cd xung Ty, tirc 1a phu thude vao tdc do truyén dan ctia Photodiode (vi tbe do

truyén dan cang 16n thi T va Ty cang nho va nguoc lai).

Khi toc do truyén dan cang 16n, thanh phan cong sudt anh sang mot chiéu
cang 16n, do sau di€u ché cang nho (tuc 1a bién do tin hi¢u hiru ich cang nho)

thi ty s6 tin hiéu trén tap 4m cang nhé va nguoc lai.
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chwong 4. mién cong tac ciia cac photodiode

4.1 Cac dieu ki¢n dé xac dinh mién cong tac cia cac Photodiode

Ciing nhu tat ca cac hé thong vién thong khac, trong hé thdng thong tin quang
mdt trong nhitng tham sb truyén dan co tinh chat quyét dinh chit luong cta hé
thong, d6 1a ty s6 tin hiéu trén nhidu S/N (ddi véi truyén dan analog) hodc xéac
suat sai lam bit (d6i voi truyén dan sb). Dé bao dam chat luong truyén dan
cho phép thi ty s6 tin hiéu trén nhidu cta hé thong hé thong thong tin quang
(461 voi truyén dan analog) can phai 16n hon mot gia tri cho trude hodc xac
suat sai 1am bit (461 v6i truyén din sb) can phai nhé hon mot gia tri cho trude,

cac gia tri nay da dugc ITU-T khuyén nghi.

Tham s6 ty s6 tin hiéu trén nhidu (d6i voi truyén dan analog) hodc xac sut sai
1am bit (ddi v6i truyén din sd) ctia hé thong hé thong thong tin quang duoc
xac dinh thong qua cac phin tir phat quang, thu quang va soi quang trong hé
théng. Dé bao dam ty s tin hiéu trén nhidu cta hé thong (d6i véi truyén dan
analog) 16n hon mot gia tri cho trudc hodc xac suét sai 1am bit (ddi voi truyén
din s6) nho hon mét gia tri cho trudc, trude hét cac phan tir phat quang, thu
quang va soi quang trong hé thong ciing phai bao dam ty sb tin hiéu trén
nhidu (d6i véi truyén din analog) 16n hon mot gid tri cho trude hodc xac suat

sai lam bit (d61 vo1i truyén dan s6) nhé hon mot gia tri cho trudce. Tuc la:

- D061 voi truyén dan analog:

S S
WZ[WL (D)

- Dbi v6i truyén dan sé:
BER < BER,, (4-2)

Trong do:
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(%) 1a gia tri ty s6 tin hiéu trén nhiu cho phép (ddi véi truyén dan
cp

analog) dé bao dam chit lugng truyén dan cho phép cta hé

thong,

BER,, gi4 trj x4c suét sai lam bit cho phép (d6i v6i truyén dan sé) dé

béo dam chat luong truyén dan cho phép ciia hé thong.

Trong khudn kho cta dé tai v&i muc tiéu xac dinh mién cong tac cua cac
Photodiode, chung ta s& xem xét diéu kién cta tin hiéu truyén dan (diéu kién
ctia cac tham sd cua tin hiéu truyén din) tai dau vao cic Photodiode dé ty s6
tin hiéu trén nhiéu cta Photodiode (dbi vé6i truyén din analog) 16n hon mot
gia tri cho trude hodc BER (d6i voi truyén dan sb) nhé hon mot gia tri cho

trudc.

Mit khac, ciing nhu cac hé théng thong tin khac cong sut tin hiéu dau vao
cac bo thu quang ciing can phai nho hon mé gia trj cho trude dé tranh qua tai
cho b thu, tirc 13 trang thai ctia bo thu quang khong con 13 tuyén tinh nita ma
s& 1a phi tuyén. Khi d6, tin hiéu du ra cta photodiode s& rat nhd va bi méo vi
trong tin hiéu ra c6 cac thanh phan séng hai bac cao va cac thanh phan séng t6
hop. Ngoai ra, trong k¥ thuat thong tin quang cong suit tin hiéu dau vio céc
bo thu quang cang lon s€ tao ra tap am luong tir cling cang 16m, do d6 lam anh
huong dén ty sd tin hiéu trén nhidu cua Photodiode (d6i véi truyén dan
analog) hoic BER (d6i v&i truyén dan sd). Do d6, cong suit 4nh sang dau cio

bd thu quang can phai thoa min diéu kién:

B =P _max (4-3)
Nghién ctru van dé ndy, ching ta s& xem xét hai trudng hop: truyén dan
analog va truyén dan sd.

Pbi v6i truyén din analog, nhu dd phan tich ¢ trén mién cong tic cla céc
Photodiode dugc xac dinh theo cac diéu kién tir (4-1) va (4-3). Tac la:
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S I

T —cp max

(4-4)

U Z|w»

bdi v6i truyén dan sd, mién cong tac cua cac Photodiode dugc xac dinh theo
cac diéu kién tir (4-2) va (4-3). Tuc la:

BER > BER_,
P <P (4-5)

—cp max

Nhu di trinh biy ¢ chuong III, trong truyén dan tin hiéu sé6 BER dugc xac
dinh theo cong thirc (3-99). Piéu d6 c6 nghia 1a: xac suit sai lam bit BER va
ty sb tin hiéu trén nhiéu S/N cta hé théng hé théng c6 quan h¢ chat ché véi
nhau. Tir ty s6 tin hiéu trén nhiu S/N cua hé théng hé thong ta hoan toan xéic
dinh duoc xac suit sai 1Am bit BER va nguoc lai. Do do, mién cong tac cua
cac Photodiode dugc xac dinh theo cac diéu kién tir (4-14) ciing c6 thé xac

dinh theo diéu kién (4-4), tirc 1a:

iz[ij
N~ UNJ,

P.<P

T —cp max

(4-6)

nhung véi Iuu y: ty so tin hiéu trén nhiu S/N trong diéu kién nay duoc xic

dinh & hé théng s (xac dinh theo cong thic (3-107)) .

Trén co s¢ do, ta s€ xac dinh mién cong tac cuia cac Photodiode.
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4.2. Mién cong tac ciia cac Photodiode trong truyén din analog

Nhu d3 trinh bay & chuong III, trong truyén dan analog véi tan s tin hiéu

truyén dan cao ty s tin hiéu trén nhiu cta Photodiode duoc biéu dién bai
cong thire (3-87). Do do, tir cac cong thire (3-87) va (4-1) ta co:

am’ P/}

>

1+ | b Py

1+

m

1+ 2

20

g

+C

S

&

j 4-7)
cp

Vi mau s6 cua v€ trai cong thic (4-7) 16n hon “0”, nén ta c6 thé viét cong

thire (4-7) dudi dang:

am’Pz2 —(—

bl F)OT

1+

+C

1+

Ta co thé viét lai bat phuong trinh (4-8) dudi dang:

am’* P’ —b{éj 1+
N o

(4

Za)g

Ta c6 thé biéu dién bat phuong trinh (4-9) duéi dang:

(4-8)
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AP +BP, +C>0 (4-10)

Trong do:
A=am? 4-11)
(4-12)
S o’
C :—c(—) 1+— (4-13)
N cp Wq

Giai bat phuong trinh (4-10) v6i luu ¥ cong suit anh sang khong am, ta nhan

duoc:

(4-14)

Ta c6 thé biéu dién cong thirc (4-14) dudi dang:
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or (5] atmo)e i) atm m}z (3] s

Trong d6 ky hiéu:

2
a(m, )= blz 1+a)2 1+ il
2am @, 2 (4-16)
0]
1+ —
(2%}
( )_ C 1 0)2

ﬁ m, w)= am2 +? (4_17)

Tir cac cong thirc (4-4) va (4-15), mién cong tac clia cac Photodiode duoc xéac

dinh theo cong thic:

[pox(8) atmo)- [[3) amol (3] smo) s

I:)OT < I:)OT—cp max

Nhén xét: Khi truyén dan tin hiéu véi tan so cao, mién cong tic cua cic
Photodiode khong chi phu thudc vao cac tham so cau truc (a, by, ¢, mg) cua
Photodiode, d sau dic¢u ch¢ m; ma con phu thudc vao tan so f=w/2m.

4.3. Mién cong tac ciia cac Photodiode trong truyén dén so

Tt cac cong thirc (4-4) va (3-107), ta nhan dugc:
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a, P []__e—wg(tq—nT)]

\/bl[POT +P.D(t, -nT)]+c + \/bl[POT +PL(t, -nT)]+c

(4-19)
Trong d6, D(tq-nT), L(tg-nT) dugc xac dinh boi cac cong thic (3-108) va
(3-109).

St dung cong thirc (3-98) va sau mot s6 bién ddi toan hoc, cong thirc (4-19)

s€ trd thanh:

2 P e )| ‘
1 1 [, v
\/blPT [(m—1j+ D(t, - nT)]+c + \/blPT [(m—1)+ L(t, —nT)}rc e

Str dung cong thuc (3-101), cong thic (4-20) s& trd thanh:

a P [:L_e—wg (tQ—nT)]

>[§j (4-21)
21N ) -

\/blPT (e-1)+D(t, -nT)J+c + \/blPT (e-1)+ Lty -nT)]+c

bat:

a’ = ai{ 1—exp[— @ (tQ - nT)] }

b =by(s 1)+ D(t, —nT)]

(4-22)

b; = by|(s—1)+ L(t, —nT)]
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Khi do, cong thirc (4-21) trd thanh:

I £ —3
) ) N ), (4-23)
bR +c + bR +c P

Giai bat phuong trinh (4-23) (xem phu lyc 1), ta nhan dugc:

- 3

_(zjcpwz | a’ [

b +b,+2 b b, +c|——1 ¢

a ( S j (4-24)
! ] | \NUg |

“ J

e
v
*

Tir cac cong thirc (4-4) va (4-24), mién cong tac ctia cac Photodiode duoc xac
dinh theo cong thirc:

Lo ]
N . . . . *
2 | I b +2 b bl 4c| o

a G
N e (4-25)
P< P

T—cp max

S0
\%
*

~

Trong d6, a’, by, b, va ¢ duge xac dinh ¢ cong thirc (4-22) va (3-82).

Nhan xét: Khi Photodiode hoat dong ¢ tbc do bit cao (twong tmg voi tan sb
cao), thi ty sb tin hiéu trén tap 4m (hay BER) cua Photodiode khéng chi phu
thudc vao cac tham sb cdu tric (ay, by, C, ®gy) cua Photodiode, phy thudc vao
thanh phﬁn mot chiéu Pro, d0 siu diéu ché m; ma con phu thudc vao chu ky T
va thoi gian ¢ xung Tyq tac 1a phu thudc vao téc do truyén dan cua

Photodiode (vi téc d6 truyén dan cang 1n thi T va Ty cang nho va nguoc lai).
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4.4. Vi du tinh toAn mién cong tic ciia cac Photodiode
4.4.1. Mién céng tic ciia cdc Photodiode trong truyén din analog
Mo hinh ciu trac bd thu quang trong truyén din analog

D¢ xac dinh mién cong tac cuia cac Photodiode, ta can gan cac Photodiode nay

vao trong cac cau truc bd thu quang cu the.

Trong k¥ thuat thong tin quang, cdu triic co ban ctia mot bo thu quang trong

truyén din analog bao gom:

- Photodiode (APD/PIN- Photodiode)
- Bo tién khuéch dai va mot hodc nhiéu bo khuéch dai dién ap,
- B loc thong thép.

Mo hinh cdu tric co ban ciia mot bd thu quang trong truyén dan analog duoc
chira ¢ hinh 4.1.

pr(t) 9 17(t) uy(t) X u,(t)
_ E D " < >
H(jo) K(jw) L(jo)

Hinh 4.1. M6 hinh cdu trac co ban mot bd thu quang trong truyén dan analog

Trong do:
He(jo) : Ham truyén dan ctia Photodiode (APD/PIN- Photodiode),
K(o) : Ham truyén din cta bo tién khuéch dai va mot hodc nhiéu
bd khuéch dai dién 4p,

L(jo) : Ham truyén din cta bd loc thong thap.

pr(t) : Tin hi€u anh sang t61 photodiode,

it (t) : Dong tin hi¢u ra cua photodiode,

ur(t) : Dién 4p tin hiéu ra ctia bo khuéch dai,

ur(t) : Dién 4p tin hi¢u ra sau bo loc.
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Muc ti€u cua dé tai la xac dinh mién cong tac cua cac Photodiode, nén ta gia

thiét b thu quang analog gdm cac phan tir sau:

* Photodiode Ge-APD véi cac tham s:

M =50; I+ = 80nA; l,=0;

(4-26)
Gc=10", Cc=2pF; TLA= 5pS
* B tién khuéch dai va bo khuéch dai dién 4p v6i ham truyén dat 1y
tudng:
K(jw) =1,
Gk ~ 0, Ck =3 pF (4-27)
* B6 loc v6i ham truyén dat 1y ludng trong bang thong cong tac:
L(jo) =1 (4-28)
Pong thoi, gia thiét:
* Do sau diéu ché: m=0,7
(4-29)

+ Hiéu sudt luong tir: = 0,7
*  Budc song anh sang: A = 1,5 um
% Nhiét do cong tac: T = 300°K.

Véi cac gia thiét trén va st dung cong thuc (1-2), ta nhan dugc hé s6 bién doi
quang - di¢n cua photodiode la:

Hr = 0,85 A/W. (4-30)

Tir ciu tric cta bd thu quang, ta thiy tré khang tai ctia photodiode chinh la
tro khang vao cua bd khuéch dai. Do do, ta co:

Gr.app = Gk = 0,

Cr.app = Ck = 3 pF.

(4-31)
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Tir cong thic (3-4) va gia thiét (4-26), ta nhan duoc hing s thoi gian dic

trung cho sy bién doi quang-dién ctia APD:
TRc = 9 PS. (4-32)

Tir cong thirc (4-32) va voi luu ¥ ddi véi photodiode Ge-APD thi 1,4 =5ps, ta
xac dinh duoc hang so thoi gian cia APD trong qué trinh bién doi quang-dién
la:

TapD = Trc T TLa = 10 ps. (4-33)

Tir cac cong thie (3-10) va (4-33), ta xac dinh duoc tan s6 goc gidi han cua
APD:
(Dg-APD = 10", (4-34)

Gia thiét bang tan cta bd thu quang tir 0 + ®y va theo cong thuc (3-45), ta

nhan duoc bang tin tap 4m cua bo thu quang 1a:

@y
B, =0,707 Py (4-35)

Thay cac gia tri tir (4-26) + (4-35) vao cac cong thirc (3-55), (3-80) va (3-82)

ta nhan duoc:

a = 93.10%, (4-36)
b, = 0,68.107, (4-37)
c = 13,97.10M. (4-38)

Thay cac gia tri tir (4-34), (4-36) + (4-38) vao cac cong thic (4-16) va (4-17)

ta nhan dugc cac gia tri o(m,®) va B(m,w) theo cac cong thirc:
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2
o(0)=96.10". 1+(%) T
10 1((0)2 (4-39)
i 4\ 10" |
2
; ®
,B(a)): 3,06.10 2, 1+[10Tj (4-40)

Khi d6, mién cong tac cua cac Photodiode theo cong thirc (4-6) s& 1a ham sd

cua tan soO va ty so tin hi€u trén nhi€u va dugc xac dinh theo cong thirc:

J\

() et ({5 ] () sto) 4

L I:)OT < I:)Ochp max

Trong do, a(w) va B(w) duoc xac dinh ¢ cac cong thic (4-39) va (4-40).

Va mién cdng tac cla cac Photodiode trong trudng hop ndy dugce biéu dién
trén hinh 4.2.

Tt hinh 4.2, ta ¢6 nhan xét:

Véi mién tan sd thap, d6 nhay thu cua photodiode gan nhu khong thay d6i.
Khi hoat ddng & mién tan sd cao, do nhay thu cua photodiode thay d6i phu
thudc vao tdn s cua tin hiéu, tin sd tin hiéu ting, cong suit ddu vao cua

photodiode cling tang theo.

Ngoai ra, hoat dong cua photodiode ciling phu thudc vao ti s6 tin hiéu trén tap
am (S/N) yéu cau ddi v6i hé théng. Trong vi du ndy st dung tinh toan véi

cac yéu cau S/N khac nhau va cho ra cac dac tuyén khac nhau d6i voi1 moi
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truomg hop. Khi yéu cau vé S/N ting 1én thi cong sut dau vao cua photodiode

cling tdng 1én

Viéc xac dinh diém hoat dong phu hop cho hé thong dwa vao cac duong dic
tuyén 13 mot yéu t6 rat quan trong khi hoat dong & mién tan sé cao. Véi cac
hé théng hoat dong & tan sb thép, dd nhay thu khong phu thudc nhiéu vao tan
sb tin hiéu nén viéc xac dinh diém hoat dong khong gilr vai trd quan trong,
tuy nhién voi h¢ théng hoat dong & tan sd cao cac tham sd do nhay thu va tan
sb lai lién quan dén nhau mét cach mat thiét. Viéc tdng giam tdc d6 tin hiéu

hé théng s& phai tra gia bang cong suat va nguoc lai.

1.00E+03
| —o— S/N=500 —%— S/N=1000 —o— S/N=2000 —— S/N=5000 | /
7/ /;

- i
)/

- Y|
7

1.00E-03

Cong suét dau vao (w)

1.00E-04 T T T T T T T
1.00E-01 1.00E+01 1.00E+03 1.00E+05 1.00E+07 1.00E+09 1.00E+11 1.00E+13 1.00E+15

tan s géc (o)

Hinh 4.2. Mién cong tac cua Photodiode trong truyén dan analog

4.4.2. Mién céng tic ciia cdc Photodiode trong truyén din sé

¢
A

Mo hinh ciu tric bo thu quang trong truyén dan s6

Trong k¥ thuat thong tin quang, ciu triic co ban cua mot bd thu quang trong

truyén dan sb bao gdom:
- Photodiode (APD/PIN- Photodiode)
- Bo tién khuéch dai va mot hodc nhiéu b khuéch dai dién ap,

- B0 loc thong thﬁp,
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- Bo quyét dinh.

Mo hinh ciu triic co ban cia mdt bo thu quang trong truyén dan sb duoc chi
ra & hinh 4.3.

p() O ir(t) ur(D) |~ [w® —
E D 1—— _
H,(jo) K(jm) L(jo)

Hinh 4.3. M6 hinh cdu trac co ban ctia mdt bd thu quang trong truyén dan sb

Trong do:
Hpe(jo) : Ham truyén din cta Photodiode (APD/PIN- Photodiode),

K(ow) : Ham truyén dan cta bo tién khuéch dai va mot hodc nhiéu bd

khuéch dai dién ap,
L(jo) : Ham truyén din ctia bo loc thong thap.
pr(t) : Tin hi¢u dnh sdng t&i photodiode,
it(t) : Dong tin hiéu ra ctia photodiode,
Ur(t) : Dién ap tin hi¢u ra cua bd khuéch dai,
u(t) : BDi€n ap tin hi¢u ra sau bd loc va tai dau vao bod quyét dinh.
Ciing twong tu nhu trong truyén din analog, v6i muc tiéu cta dé tai 1a xéac

dinh mién cong tac ciia cac Photodiode, nén ta gia thiét bo thu quang s6 gdm

céc phan tir sau:
* Photodiode Ge-APD véi cac tham sd xac dinh & (4-26)

+ BO tién khuéch dai va bo khuéch dai dién ap voi ham truyén dat va cac
tham s6 x4c dinh & (4-27)

* B loc v&i ham truyén dat 1y ludng trong bang thong cong tac xac dinh
o (4-28).
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Podng thoi, cling gia thiét hiéu suit luong tir 1, budc song anh sang A va
nhiét d6 cong tac xac dinh & cong thic (4-29). Con d6 sau diu ché ta gia
thiét:

m=0,99. (4-42)
Va do do, theo (3-101) € c6 gia tri:

e =1,01. (4-43)
Vi cac gia thiét trén, ta nhan cling nhan dugc h¢ s6 bién doi quang - dién cua
photodiode Hr theo cong thirc (4-30), tan s6 goc gidi han ctia APD mg.app
theo cong thirc (4-34), bang tin tap Am cua bd thu quang Br theo cong thirc
(4-35) va cac gia tri a, by , ¢ theo cac cong thirc (4-36), (4-37) va (4-38).
Theo (3-96) va (4-30), ta nhan duoc:

a; = 42,5. (4-44)
Thay cac gia tri tir (4-34), (4-36) + (4-38), (4-44) vao cac cong thirc (4-22) ta

nhan duoc cac gia tri a, b vab, theo cic cong thirc:

a" =425 { 1— exp[—lOll(tQ_n - nT)] } (4-45)

b =0,68.10°[0,01+ D(t, , —nT)] (@-46)

b, =0,68.107 :0,01+ L(ty_, — nT)] (4-47)
Trong do:

D(t, , —nT) = {1— expl-2.10%¢, ,—nT) }+ Liten—NT)  (a48)

L(ty_, —NnT) = [exp(2.10”Td )—1]§bi exp :— 2.10" (tQ_n - iT)] (4-49)
i=0
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Khi d6, mién cong tac cua cac Photodiode van duoc xac dinh theo cong thirc
(4-25), nhung a’, by, b, va ¢ duoc xac dinh & cong thirc (4-45),(4-46),(4-47)
va (4-38).

Néu goi f=1/T la tan s6 xung (téc do bit), trong d6 T 1a chu ky cua chudi
xung, thi mién x4c dinh cia APD khong chi 1a ham s6 cua cac tham sd cau
trac ctia APD ma con 1a ham s6 cia (S/N)g, VA to (thdi diém quyét dinh khoi
phuc tin hi¢u).

Khi tg ctia cic xung nam & giita khoan thoi gian c6 xung (tic 1a tg = 0,5 Ty )
va Tg = 0,5 T va xét nhom 4 xung véi bi=1 (truyén bit “1”) v611=0, 1,2, 3
thi mién xac dinh ctia APD van duogc xac dinh theo cong thuc (4-25). Nhung

cac dai lugng a’, by vab, duoc xac dinh theo céc cong thirc:

0,25
a =425 {1 exp[— e ] } (4-50)
b =0,68.10°°[0,01+ D(t,, , —3T)] (4-51)
b; =0,68.10°°[0,01+ L(t, ,—3T)] (4-52)
Trong do:
0,5
D(t, ;—3T)= {1—exp{— ?} }Jr L(ty5—3T) (4-53)
2
L(ty,—3T)= {GXP( j } D, ex { (3,25- ')} (4-54)
i=0
Trong céc cong thirc trén ta ky hiéu:
f
F=—=10"f
- (4-55)

g
goi la tan s6 xung chuan hoa (tdc dd bit chuan hoa).
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Khi ton = Tg va Tg=0,5 T va n=1, b=1 (truyén bit “1”), thi mién x4c dinh
ctia APD van duoc xac dinh theo cong thirc (4-25). Trong d6, cac dai luong

a, by vab, duogc xac dinh theo cac cong thirc:

. 0,5
a =425 {1—exp[— = } } (4-56)
bl* =0,68.107 :0,01+ D(tQ_3 3T )] (4-57)
b; =0,68.10" :0,01+ L(ty; —3T )] (4-58)

Trong d6, cac dai luong D(tg3-3T) va L(tg3-3T) dugce xac dinh theo cac cong
thure:

D('[Q_3 -3 = {l— exp{— é} }"‘ L(tQ—S —3T) (4-59)
L(t, ,—3T) = {exp( ) } ZZ: eXp{ 35—i)} (4-60)

1.E+01

—0— S/N=20 —%— S/N=30 —+— S/N=50 —— S/N=40 |

1.E+00 ///
1.E-01 ///

1.E-02 //

1.E03

1.E04 - r r r
1.0E+08 1.0E+09 1.0E+10 1.0E+11 1.0E+12 1.0E+13

Tan sé (f)

Cong suat dau vao

Hinh 4.4. Mién cong tac ctia Photodiode trong truyén dan Digital
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Khi d6, mién cong tac cta cac Photodiode trong trudng hop nay dugc biéu
dién trén hinh 4.4.

Ttr hinh 4.4, ta ¢c6 nhan xét:

Vé6i mién tan sb thip hay toc do bit thap, ¢ nhay thu ctia photodiode gin nhu
khong thay d6i. Khi hoat dong & mién tan sd cao, do nhay thu cua photodiode
thay doi phu thudc vao tan s cta tin hiéu, tan sd tin hiéu cang tang, cong suét

dau vao ciia photodiode ciing ting theo.

Hoat dong cua photodiode cling phu thude vao ti sb tin hiéu trén tap am tuong
g voi ti 18 161 bit (S/N, BER) yéu cau dbi v6i hé thong. Trong vi du nay sir
dung tinh toan vdi cac yéu cau S/N khic nhau va cho ra cac dic tuyén khac
nhau d6i véi mdi truong hop. Khi yéu cau vé S/N ting 1én thi cong suat dau

vao cua photodiode cling tang 1én

Viéc xac dinh diém hoat dong phu hop cho hé théng dua vao cac duong dac
tuyén 13 mot yéu td rat quan trong khi photodiode hoat dong ¢ toc do cao. Véi
cac hé théng hoat dong & tbc do thép, do nhay thu khong phu thudc nhiéu vao
tbc d6 tin hiéu nén viéc xac dinh diém hoat dong khong gilr vai trd quan
trong, tuy nhién voi hé théng hoat dong & tdc do cao, cac tham sd do nhay thu
va tan s6 lai lién quan dén nhau mét cach mat thiét. Viée tang gidm tdc do tin

hiéu hé thong s& phai tra gid bang cong sudt va nguoc lai.
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Két luan va kién nghi
1. Két ludn

Khi truyén dan tin hiéu c6 téc d6 cao hay bang tin rong, thi qua trinh
bién d6i quang-dién cta cac Photodiode (PIN-Photodiode, APD) khéng tuan
theo ddc tuyén tinh ctia n6 nita, ma 13 ham sb cta tan sd (d6 chinh 1a qua trinh
bién d6i dong ctia cac Photodiode). Khi toc d6 truyén din cang 16n va do dé
tan s truyén dan ctia hé thong cang cao, thi anh hudng cua qua trinh bién doi

dong ctia cac Photodiode dén chat luong truyén din cang 16n.

Pé hé thong bao dam ty s tin hidu trén nhifu (d6i véi truyén dan
analog) 16n hon mot gia tri cho truéc hoic BER (d6i véi truyén dan sb) nho
hon mét gia tri cho trude, trudc hét cac phan tir thu quang trong hé thong phai
bao dam ty sd tin hiéu trén nhiéu (d6i véi truyén din analog) 16n hon mot gia

tri cho trurdc hoac BER (déi Vo1 truyén dan sé) nhd hon mot gia tri cho trudc.

Khi truyén dan tin hiéu c6 tdc d6 cao hay bang tan rong, thi ty sd tin
hiéu trén nhiéu (d6i v6i truyén dan analog) hoic BER (d6i vé6i truyén dan sb)
ctia cac Photodiode khong chi 13 ham sb ctia cac tham sb ciu trac ma con 1a
ham s cua cac tham sé tin hiéu truyén dan tai diu vao cac Photodiode (bién

do va tan s6/toc do bit cia dnh sang téi).

Vi vay, viéc xem xét diéu kién cua tin hiéu truyén dan tai dau vao céc
Photodiode khi hoat dong & ving téc do cao hay bang tin rong dé ty s tin
hiéu trén nhifu cua nod (d6i v6i truyén dan analog) 16n hon mét gia tri cho
trudc hoac BER (déi Vo1l truyén dan sé) nhé hon mdt gia tri cho trudc, tic la
giai bai toan xac dinh mién cong tac cua cac Photodiode trong hé thong thong

tin quang toc dg cao, la can thiét.

bé dat dugc muc tiéu do, dé tai di thuc hién dugc cac ndi dung chinh
Sau.
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e Nghién citu cdc phan tir bién doi quang dién trong hé thong théng tin
quang

o Xay dung mo hinh todn hoc cua cdc photodiode hoat dong o t6c do
cao

e Xdc dinh cdc tham sé truyén dan ciia cdc photodiode hoat dong ¢ toc
do cao

o Xay dung dwoc cdc biéu thuc xac dinh mién coéng tdc cua cdc
photodiode hoat dong o vung tan sé cao cho 2 truong hop truyén dan
analog va truyén dan so

o Xay dung duoc chuong trinh phan mém xdc dinh mién céng tac cua

cdc photodiode hoat dong o téc dé cao

Két qua dé tai ¢ ¥ nghia 1y thuyét va thuc tién cao:

Vé mat ly thuyét, dé tai da dé xuat duoc cac cong thirc méi vé S/N cua
cac photodiode trong cac hé thong thong tin quang toc d6 cao va khéi niém

mdi vé do nhay thu cta cac photodiode.

Vé S/N ctia cac photodiode trong cac hé théng théng tin quang téc do
cao, trudc day nguoi ta dua ra cac cong thic xac dinh S/N cua cac photodiode
trong cac hé thong thong tin quang chi 13 ham sb cta cac tham sd cau trac,
cong sudt clia cac ngudn nhifu cia photodiode va céng suit anh sing toi
photodiode. Con d¢é tai di xdy dung dugc cac cong thirc xac dinh S/N ciia cac
photodiode trong cac hé thong thong tin quang toc d6 cao khong chi 1a ham sb
clia cac tham s cau tric, cong suat ciia cac ngudn nhiu cua photodiode va

cong suat anh sang t&1 photodiode, ma con 1a ham s6 cuia tan s6 hay toc do bit.

Vé d6 nhdy thu cua cac photodiode, trudc day nguoi ta xac dinh do
nhay thu cta cac photodiode trong cac hé thong thong tin quang chi 1a gia tri
nho nhit ctia cong sudt anh sang toi photodiode. Con dé tai da xay dung duoc
d6 nhay thu ctia cac photodiode trong cac hé thong thong tin quang téc do cao
13 ham s cua cac tham sd cdu trac, cong sudt ctia cic ngudn nhidu cua
photodiode va cong suit anh sang ti photodiode, va 1a ham s cta tan sd hay

tdc do bit. Tir cac cong thirc nay ta dua ra khai niém duong cong do nhay thu
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clia cac photodiode trong cic hé thong thong tin quang hay khai niém moi
“Mién xac dinh cua cac photodiode” thay cho khoang xac dinh cua

photodiode nhu trudce day.

Vé mit thwe tién, 3 tai da cung cip cac sd ctr khoa hoc dé tinh toan
thiét ké hiéu qua cac cac tuyén thong tin quang trén co s& nhu cau st dung toc
d6 truyén dan hay cuy ly truyén ddn mong mudn. Pong thoi, dé tai con cung
cép cac s& ctr khoa hoc dé tinh toan st dung hi€u qua céc cac hé théng thong
tin quang hién c6 trén co s nhu cau sir dung toc do truyén din hay cu ly

truyén dan mong mudn.

Tém lai dé tai di hoan thanh dwoc muc tiéu, ndi dung va két qud ciia

dé cwong khoa hoc di ding ky
2. Kién nghi

Vé mat ly thuyét, dé tai da dé xuat duoc cac cong thirc méi vé S/N cua
cac photodiode trong cac hé thong thong tin quang toc do cao va khai niém

mdi vé do nhay thu cta cac photodiode.

Vé mdt thure tién, nhoém thyc hién dé tai xin kién nghi c6 thé 4p dung

két qua dé tai trong cac linh vuc:
Ché tao linh kién thu cho cac hé thong thong tin quang téc do cao

Tinh toan thiét ké hiéu qua cac cac tuyén thong tin quang trén co sd

nhu cau str dung tbc do truyén dan hay cy ly truyén din cho céc nha thiét ké.

Tinh toan st dung hiéu qua cac cac hé thong thong tin quang hién ¢
trén co s nhu cau sir dung toc do truyén dan hay cu ly truyén dan mong

muon cho cac nha khai thac.
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Phu luc A: Chwong trinh tinh toin mién cong tac ciia
photodiode

A.1. Lwa chon ngon ngir 1ap trinh

o Mot sO véu cau vé lua chon ngdn ngtr:

Ngon ngit xdy dung chuong trinh can phai dap tng dugc mot sd yéu cau

Sau:

- Tinh toan dugc mdt sé tham s dic tinh dong quan trong cua cac phan tir
thu quang tir d6 x4c dinh mién cong tic cua photodiode thu quang dudi
tac dong clia qua trinh déng va yéu cau chit lugng truyén dan cua cic

phan tir ndy.
- Giao di¢n truc quan, thuan ti€n cho ngudi st dung.

- Két qua tinh toan biéu dién duoc dudi dang nhiéu dd thi mé ta tac dong

cua céc tham so.
- Chuong trinh ddc 1ap, dé dang mé rong, phat trién vé sau.

- Tinh toan nhanh va chinh xac.

o Lua chon ngdn ngtir:

Hién nay c6 rat nhiéu ngon ngit lap trinh phuc vu cho viéc xay dung va phat
trién cac chuwong trinh phin mém theo nhitng qui mé va céng dung khac nhau.
Vi du cac ngdn ngir 1ap trinh da ndng nhu Basic, Pascal, Fortran, C,
Assembler,...hoac cling ¢6 cac phﬁn mém chuyén dung phuc vu cho mdt muc
tinh toan nhu Matlab, Excel, MathCad, quan 1y co s¢ dir li¢u nhu FoxPro,
Access, SQL...

Visual Basic 1a mot trong nhitng ngdn ngit manh dé phat trién cac ung dung

trong Windows. Ngon ngit Visual Basic duoc ho trg cac ham xir 1y toan hoc,
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6 thé tao cac giao dién than thi€én véi nguoi st dung. Pac biét do ban chét
toan di€én cua minh, vi¢c st dung va lién hop véi céc tinh nang MicroSoft
Office nhu Excel, Access ...rat thuan tién. Ting san phim ndy tac dong nhu
mdt OLE Server cho ra mot sé tinh chat, phuong phap va su kién sén c6 cho
thé gi¢i bén ngoai. Chinh vi vay viéc két hop st dung céc tinh chat san c6 cua
Excel nhu bang tinh, d6 thi, quy chiéu,... v6i Visual Basic 1a kha ning lua
chon phu hop voi cac tiéu chi dat ra ¢ trén, phuc vu cho chuong trinh tinh

toan nay.

Chuong trinh xac dinh mién cong tic cac phan tir thu quang duoc viét trén
ngdn ngit Visual Basic chay doc 1ap trén hé diéu hanh Windows, chuong trinh
duoc xay dung dua trén giao dién dd hoa va ky thuat tinh 1ap lién tuc giap cho
viéc st dung rat dé dang va thuan ti€n. Nguoi st dung co thé quan sat mot
cach lién tuc su thay ddi cua cac ham dic trung cua linh kién theo céc thong

s6 cau trac 161 vao va yéu cau chat lugng ddi voi hé thong.
A.2. Gi6i thiéu chwong trinh tinh toan

o Cau truc chuong trinh:

Chon phan ti tinh toan
(APD/ PIN-Photodiode)

Xac |ap ché d6 tinh toan (twong
tw/so, loai dac tinh)

. Tinh toan:
Mién xac dinh ctia Photodiode

| Hién thi két qua I
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Hinh A.1. Luu do chuong trinh thyuc hién tinh toan mién cong tac cua
Photodiode

bé¢ dap ung dugc yéu cau tinh todn xac dinh mién cong tdc cua cac
Photodiode nhu da trinh bay & cac chuong trén, cau tric chuong trinh tinh

toan duoc xac dinh nhu hinh Al.

o Giao dién chuong trinh:

La chuong trinh doc 1ap nén c6 clra s6 vo1 menubar quen thudc. Nguoi su
dung c6 thé dé dang lya chon cac trudong hop tinh todn phu hop.
’E View Window Help

Analag Chrl+h
Digital Ctrl+0

Page Setup
Print Prexiew
FPrint...

Exit

[Status [12A0/2008  [11:30PM 4

Hinh A.2. Giao dién chinh ctia chuong trinh
Giao dién chuong trinh cho phép:
- Lua chon dé tinh toan trong truyén din Analog

- Lua chon dé tinh toan trong truyén dan Digital
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x| e =
— Truyén dén Analog — Truy&n din Digital
HEE Hnén ciing sUAt d80 van cha 5 Bac uyéh cong sudt ddu vao cla
* bhotodind insd photodiodathen tin 56

XAc dinh S/N theo tén sd tai

Xac dinh SN theo tn =4 tai
miic céng sudt x&c dinh

mitz cong =ust x&c dinh

S0 sanh cac d4c tuyen cong sust A8y vao

So sainh cc dAc tuyén cing sult d&u vao " .
photodiode wii cac mic S/M khac nhau

photodiode wii cac mic S/ khéc nhau

Ok | Cancel | Cancel |

Hinh A.3. Cira so lua chon céc trudng hop tinh toan
Trong d6 c6 thé lua chon dé tinh toan cho céc truong hop:
- Pic tuyén mién cong tac cua Photodiode
- Xac dinh S/N theo tan s6
- So sanh cac dudng dic tuyén do nhay thu theo tan so.

Pé dam bao tinh truc quan, thuan tién cho nguo1 st dung va biéu dién két qua
tinh toan dudi dang dd thi cac dic tuyén mé ta cac tham sb, giao dién tinh
toan cua chuong trinh s& bao gdm cira s6 hién thi ham x4c dinh mién cong tac
ctia photodiode va céc cira sd soan thao dé nhap cac thong sd cdu tric cua linh
kién can tinh toan (hinh A.4).

2% Photodiode _ Analog o ] 1|

— S8 ligu d8u vao

1.0E+03
moif ID'?
IED
1.0E+02 Moo= |J |||||

1.0E+01 Gt 1 ID

1.0E+00

1.0E-01 §N —fp—————————— 500

1.0E-01 1.0E+01 1.0E w03 1.0E+05 1.0E+07 1.0E+D9 1.0E+11 1.0E+15 10«15 |t b ror o
Tan so

Hinh A.4. Cira s giao dién chuong trinh tinh toan xac dinh

mién cong tac cua photodiode
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Cac cwra s0 giao dién cua chwong trinh bao gom:

° Cac ctra s6 nhap dir liéu:

Cac dai luong ddc trung cho qua trinh dong ciia APD va PIN-

Photodiode:

+

+

+

+

Do sau diéu ché: m véi cac gia tri (0,7 + 1)

Hé s6 khuéch dai tinh ctia APD: M véi cac gia tri (0 + 50)

Dién dan G 16p tiép giap (don vi 1a Q™), voi cée gid trj (0 + 5)
Dién dan tai Gt (don vi 1a Q™) voi cac gia tri (0 + 5)

Dién dung 16p tiép giap C. (don vi 1a pF), véi cac gia tri (0 + 6)
Dién dung tai C; (don vi la pF), véi cac gia tri (0 = 6)

Ti s6 tin hiéu trén nhiéu: S/N vdi cac gia tri (0 + 5000)

o Ctra s0 do thi bi€u dien mién cong tac cia phan tir thu quang

Vi giao dién duoc xdy dung & trén, cac thong so cau truc c¢é thé dugc nhap

ngay trong ctra s6 soan thao hodc thay d6i vi tri cac thanh truot. Sir dung

chuong trinh rat don gidn, chi can nhap céc thong sé cau tric cua linh kién,

chuong trinh s€ tinh toan va hién thi ham dac trung mién cong tac cua linh

kién 1€n cac cura s6 . Viéc thay doi li€én tuc mot thong sé cau truc sé cho ta

thdy anh huong ciia thong s6 d6 dén dic trung cia linh kién.
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2% Photodiode _ Analog =10 x|

— 5 ligy g8y vao
SIN
1.0E+09
- ; IU 7
1.0E+0E
1.0E+0T
" f ISD
...........
10E+05
1.0E+05 Ge | !
' i . . . .
1.0E+0d
Gt} IEI
1.0E+0Z ! ! ! ! ! !
10E+02 Ce I |2
v
1.0E+01
|3
1.0E+00 Ct !
1.0E-01 ‘I
.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+03 1.0E+04 1.0E+05 1.0E+06 1.0E407 1.0E+0% 1,0E408 106410 1.0E+11 1.0E+1Z 1.0E+13 1.0E+14 P !
Tan sb

Hinh A.5. Ctra s6 chuong trinh tinh toan xac dinh S/N theo tan s vai do nhay
thu xac dinh

Ngoai ra chuong trinh con c6 thé tinh toan cho cac truong hop truyén din

analog va digital v&i cac duong

- Xaéc dinh S/N theo tan s

- So sanh cac dudng dic tuyén d6 nhay thu theo tan sd

Sau khi thay ddi lua chon ché d6 hoat dong cua linh ki€n, chuong trinh s¢€ tu
dong tinh toan va hién thi cac ham dic trung trén cua linh kién dugc tinh toén,
nhu vay ta c6 thé theo ddi su thay ddi cac dic tinh cua linh kién mot cach lién
tuc theo cac thong sb cau tric dau vao.

2
A 4

bong thoi chuong trinh con c6 thé hién thi cung luc tat ca cac cura s6 dé co

thé tién theo doi két qua
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. Photodiode —[=(x]

File View Window Help

s1==1NE]

& Photadiade _ Analog Photodiode _ Analog

1003 /
1.0E02

108401

108200

10801
TOE01  ADEsD1  10E+03  LOEDS  10Ee07  10Ee03  LOEell  10Ee1d

e

i

-

Status [12/17172008 [1Z104M
Astan||| 1] & B & an || Zam04F0 | B chuongs_. | uPhotodiode|[=3 Photodi... EPhan24 .| EMienx0-..| 3 1z10am

Hinh A.6. Minh hoa toan by chuong trinh

A.3. Tinh toan mién cong tac cua Photodiode

A.3.1. Mién cong tic ciia cdc Photodiode trong truyén din analog

Trén co s& md hinh toan hoc mo tad qué trinh dong ctia APD, ta s€ xac dinh
dugc cong suét tin hiéu va nhiéu tai ddu ra APD. Tt d6 mién cong tac cua cac

Photodiode dugc xac dinh theo cong thirc:

-

N

3 z(%jcpam o)+ (%L“(”" o) [%j Blm, o)

I:)OT < I:)OT max

Trong d6 ky hiéu:
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NS _
a(m,a)): oy (1+a)2J 1+ m

2am?

B(m, @)= -2 [u“)_zJ
am a)g

voi

a= % HZM ?

b=2eM?*H,B,

¢ = [2eM2*(T; +1,)+ 4KT (G, +G,)| B,

Br: Bing tan tap Am:

Hr: Hé s6 bién d6i dién quang
m: Do siu diéu ché

M: Hé s6 khuéch dai tinh caa APD
Ge: Dién din 16p tiép giap
Gr: bién dan tai

Ce: Pién dung 16p tiép giap
Ce: Dién dung tai

S/N: Ti s6 tin hiéu trén nhiéu
I+ Dong toi

I, Dong ro

A.3.2. Mién cong tdac cua cdc Photodiode trong truyén din Digital
Trén co s& md hinh toan hoc mo tad qua trinh dong ctia APD, ta s€ xac dinh
duoc cong suat tin hiéu va nhiéu tai dau ra APD. Tiur d6, mién cong tac cia

cac Photodiode duoc xac dinh theo cong thuec:
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P. > z b +b,+2 [b b, +c S
< T a 1 2 Mo (Sj
L _ | N e
\I:)TS I:)T—cpmax
Trong do:

o =a] 1-exl-o, 07}

bl* bl[(g_1)+ D(th _ nT)]

b; =by[(e—1)+ L(t, —nT)]

V61 D(tq-nT), L(to-nT) dugc xac dinh boi cac cong thic:

D(ty, —NT) = { 1—exp[—20, (to, —NT)]}+ L(to, —NT)

L(to, —nT) = [expRa,T, )—1]ilbi exp[—2w, (to, —iT)]
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A.4 M6t s6 hinh anh mb ta két qua tinh toan

#X Photodiode _ Analog

1.0E+03

1.0E+02

1.0E+01

1.0E+00

J

1.0E-01

1.0E-01

1.0E+01

1.0E+03

1.0E+05

1.0E+07

1.0E+09

1.0E+11

10E+13

10E+15
Tan s6

=0l x|

S0 ligu d8u wao

Hinh A.7. Két qua tinh toan xac dinh mién cong tac cta photodiode trong

truyén din analog

&% Photodiode _ Analog

1.0E+09

1.0E+0%

1.0E+07

1.0E+0

1.0E+05

1.0E+0d

1.0E+03

1.0E+02

\

1.0E+01

\

1.0E+00

\

\

1.0E-id

1.0E-01 1.0E+00 1.0E+01 1.0E+0Z 1.0E+0% 1.0E+0d 1.0E+05 1.0E+06 1.0E+0T 1.0E+0% 1.0E+0% 1.0E+10 1.0E+11 1.0E+1Z 1 0E+13 1.0E+1d

Tan sb

=10l x|

50 ligu déu vao

Gt
Cec I

Ct I
P}

Hinh A.8. Két qua tinh toan xac dinh S/N theo tan s6 voi do nhay thu trong

truyén dan analog
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% Photodiode _ Analog - |EI|5|

— 50 liéu d4u vao

1.0E+03

f mo
108402 i

Ge —fF—————————

s

1.0E+i i 7

Gt )
1.omn. - /y e [

Lt I
1.0E- or ! !

1.0E-01 1.0E+00 1.0E+01 1.0E+02 1.0E+0% 1.0E+0d 1.0E+05 1.0E+0E 1.0E+07 1.0E+03 1 0E+09 1.0E+10 1.0E+11 1.0E+12 1.0E+1% 1.0E+14

Tan sb

Hinh A.9. Két qua tinh toan so sanh cic dudng dic d6 nhay thu theo tan sd
trong truyén dan analog

=% Photodiode _ Digital i _5]
Cong sust (P — 58 lidu ddu vao
1.0E+03
o f ID 99
1.0E402
1.0E+01
M e A [P
1.0E+00
/ T4/ I [05
160t pbio— e b T e
1.0E-02
Ta/Td ? o ID °
1.0E-03 _/
1.0E-04 SN T e ) ]PIJ
1.0E+08 1.0E+09 1.0E410 1.0E+11 1.0E412 . 1.0EM3
Tén =8 (f)

Hinh A.10. Két qua tinh toan xac dinh mién cong tac cua photodiode trong
truyén din Digital
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=¥ Photodiode _ Digital

SiN
1.0E+03

1.0E+02

1.0E+01

1.0E+00

1.0E-01

Theg

1.0E+08 1.0E+03 1.0E+10 1.0E+11 1.0E+12 1.0E+13

Tén & (f)

o X|

— 56 lidu d8u vao

n ' ' ' ' ' 0 99

Hinh A.11. Két qua tinh toan xac dinh S/N theo tan s véi do nhay thu trong

¥ Photodiode _ Digital

truyén din Digital

Céng sust
1.0E+03

1.0E+02

1.0E+01

1.0E+00

y 74

1.0E-01

1.0E-02

ps

\

1.0E-03

\

1.0E-04

1.0E+03 1.0E+03

1.0E410 1.0E+11 1.0E412 1.0E413

Tén sd

54 lidu déu vao

1 x|

Ul ' ' ' . . 099

Hinh A.12. Két qua tinh toan so sanh cic dudng dic tuyén d6 nhay thu theo

tan sb trong truyén dan Digital
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Phu luc B. Chirng minh c¢ong thirc (4-24)
Tur cong thire (4-21):

a’ P, Z(Sj
[, [, N ). (B1)
b P +c + yb,P +c P

Vi mau sb cta vé trai cong thirc (B1) 16n hon “0”, nén ta c6 thé viét cong thirc
(B1) dudi dang:

aPT2( je (\/blP +c+\/bP +c) (B2)

S
N J Pe (B3)

Ta c6 thé viét lai bat phuong trinh (B2) dudi dang:

*

> JbP +c+biP +c B4

=| = | P2> (b, +b,)P; +2c+2,/(B]P; +c)b;P +c)

—[(6, +b,)R. +2c]> 2,/bb,P? +c(b, +b,)P. +c?

;/

—|(b, +10,)P. + 2¢]t >4bb,P? +c(b, +D,)P. +¢?
/Ocp

;/
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*

S (£ et forT o £ il e

cp

< \2
4({a_J P +4(b)b, P’

cp

a*] Pﬁ—z[a*j R0, +0,)+ b+, >4 b1b2+c(a*J
Pep Pep

|

= [[Zj P. —(b +b,) | >4 b, +c£2;)2
|
|

* 2 * 2
2 1P —(b,+b,)>2 [bb, +¢| 2
pcp /Ocp

* 2 * 2
2 1R >(b+b,)+2. |bb,+¢
pcp pcp

2 L \2
Py a
=P z( . j (b1+b2)+2.\/b1b2 +C[p_cpJ )

Thay cong thue (B3) vao (BS), ta nhan duogc:
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Cong thuc (B6) chinh 1a cong thire (4-24) ¢ chuong 4.

-

/\

Ny

b +b,+2 [b b, +c

(B6)
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Churong 1:Téng Quan vé Ky Thujt Thong Tin Quang

CHUONG 1
TONG QUAN VE KY THUAT THONG TIN QUANG

GICI THIEU

K§ thuat thong tin quang ngay cang sir dung rong rdi trong vién thong, truyén sb liéu,
truyén hinh cap, ... Trong chuong nay chung ta s& tim hiéu su ra doi va phat trién cua thong tin
quang, ciu trac tong quat cua hé thong thong tin quang, cac wu diém va nhugc diém cia cap soi
quang, va cac linh vuc tng dung cong nghé thong tin sgi quang.

1.1 LICH SU PHAT TRIEN HE THONG THONG TIN QUANG

Viéc thong tin lién lac bang anh sang dd som xuét hién trong su phat trién loai nguoi khi
con ngudi trude d6 da lién lac v6i nhau bang cach ra dau (Hand signal). Lién lac bang cach ra ddu
cling 1a mot dang cua thong tin quang: bai vi khong thé ra ddu trong bong t6i. Ban ngdy, mat troi
12 ngudn 4nh sang cho hé thong nay (hé théng “Hand signal”). Thong tin duoc mang tir ngudi goi
dén nguoi nhan dya vao sy bltc xa mat troi. M3t 1a thiét bi thu thong diép nay, va bd ndo xur ly
thong diép nay. Thong tin truyén theo kiéu nay rit cham, khoang cach lan truyén c6 gi6i han, va
16i rét 16n.

Mot hé théng quang sau do, co thé co duong truyén dai hon, la tin hiéu khoi (Smoke
signal). Thong diép duoc goi di bang cach thay doi dang khoi phat ra tir lira. MAu khéi nay mot
lan nita dugc mang dén phia thu bang anh sang mat troi. Hé théng nay doi hoi mot phuong phap
ma hoa phai dugc dit ra, ma ngudi gi va ngudi thu thong diép phai duge hoc né. Diéu nay co thé
c6 thé so sanh v6i hé thong ma xung (pulse codes) str dung trong hé thong sb (digital system) hién
dai.

Trai qua mot thoi gian dai tir khi con ngudi sir dung anh sang mit troi va lira dé 1am thong
tin lién lac dén nay lich st ciia théng tin quang da qua nhitng budc phat trién va hoan thién co thé
tom tit bang nhitng mdc chinh sau day:

— Niam 1775: Paul Revere di str dung 4nh sang dé bao hiéu quan doi Anh tir Boston sap kéo t6i.

— Nam 1790: Claude Chappe, k¥ su nguoi Phap, da xdy dung mot hé théng dién bao quang
(optical telegraph). Hé thong nay gdm mot chudi cac thap v6i cac dén bao hiéu trén d6. Thoi
d6 tin tirc dugc truyén véi tin hiéu nay vuot ching duong 200 Km trong vong 15 phit.

— Nam 1854: John Tyndall, nha vat Iy tg nhién ngudi Anh, da thyc hién thanh cong mot thi
nghiém dang cha y nhét 13 4nh sang co thé truyén qua mot méi trudng dién moi trong sudt.

— Nam 1870: ciing John Tyndall di ching minh dugc rang anh sang c6 thé dan dugc theo mot
voi nuée udn cong dya vao nguyén 1y phan xa toan phan.

—  Nam 1880: Alexander Graham Bell, ngudi My, da phat minh ra mot hé théng thong tin anh
sang, d6 1a hé théng photophone. Ong ta di str dung 4nh sang mit troi tir mot guong phéng
mong di didu ché tiéng noi dé mang tiéng noi di. O mdy thu, 4nh sang mit troi da duge dicu
ché dap vao té bao quang dan, selen, n6 sé bién doi thong diép thanh dong dién. Bo thu may
dién thoai hoan tat hé théng nay. Hé thong photophone chua bao gid dat dugc thanh cong trén

1
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thuong mai, mac du né da lam viéc tdt hon, do nguén nhiéu qué 16n 1lam giam chét luong
duodng truyén.

— Nam 1934: Norman R.French, k§ su ngudi My, nhan dugc bang sang ché vé hé thong thong
tin quang. Phuong tién truyén dan ctia ong 1a thanh thuy tinh.

—  Vao nhitng nam 1950: Brian O’Brien, Harry Hopkins va Nariorger Kapany di phat trién soi
quang c6 hai 16p, bao gém 16p 16i (Core) bén trong (anh sang lan truyén trong 16p nay) va 16p
boc (Cladding) bao xung quanh bén ngoai 16p 15i, nham nhdt anh sang & 18i. Soi nay sau d6
dugc cac nha khoa hoc trén phat trién thanh Fibrescope udn cong (mét loai kinh soi bang sgi
quang), mot thiét bi c6 kha nang tmyén mot hinh anh tir diu soi dén cudi soi. Tinh udn cong
cua fiberscope cho phép ta quan sat mot ving ma ta khong thé xem mot cach binh thuong
dugc. Dén nay, hé thong fiberscope van con duge sir dung rong rai, dic biét trong nganh y
ding dé soi bén trong co thé con ngudi.

— Vao nam 1958: Charles H.Townes da phat minh ra con Laser cho phép tang cudng va tip
trung ngudn sang dé ghép vao soi.

— Niam 1960: Theodor H.Maiman dua laser vao hoat dong thanh cong, lam ting dung luong hé
thong thong tin quang rat cao.

— Nam 1966: Charles K.Kao va George Hockham thudc phong thi nghiém Standard
Telecommunication ctia Anh thyc hién nhiéu thi nghiém dé chimng minh rang néu thay tinh
dugc ché tao trong sudt hon bang cach giam tap chét trong thuy tinh thi sy suy hao 4nh sang
s& duo giam tdi thiéu. Va ho cho rang néu soi quang dugc ché tao du tinh khiét thi anh sang
c6 thé truyén di xa nhiéu Km.

— Niam 1967: suy hao sgi quang dugc bao cao la o = 1000 dB/Km.

— Nam 1970: hing Corning Glass Works di ché tao thanh cong soi SI ¢6 suy hao a. < 20 dB/Km
& budc song A = 633 nm.

— Nam 1972: loai s¢i GI dugc ché tao véi suy hao a ~ 4 dB/Km.
—  Nam 1983: soi SM (Single Mode) duoc san xuat & My.

— Niam 1988: Cong ty NEC thiét 1ap mot mang duong dai méi c6 téc do 10 Gbit/s trén chicu dai
80,1 Km dung soi dich tan sic va Laser hdi tép phan bé.

— Hién nay, s¢i quang c6 suy hao a < 0,2 dB/Km & budc song 1550 nm, va c6 nhiing loai soi
dic biét c6 suy hao thap hon gié tri nay rat nhiéu.

1.2 GIOI THIEU HE THONG THONG TIN QUANG PIEN HINH
1.2.1 So db khdi co ban hé théng théng tin quang
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bién thoai Dién thoai

E/0 f—a——} oE —[>— E/0 H—e—>— oE

Hinh 1.1 Céu hinh ctia mot hé thong thong tin quang.

Hinh 1.1 biéu thi cau hinh co ban ciia mot hé thong thong tin quang. No6i chung, tin hiéu
dién tir may dién thoai, tir cac thiét bi dau cudi, s liéu hodc Fax duoc dwa dén bo E/O dé chuyén
thanh tin hiéu quang, sau d6 goi vao cap quang. Khi truyén qua soi quang, cong suét tin higu (anh
sang) bi suy yéu dan va dang song bi rong ra. Khi truyén toi ddu bén kia soi quang, tin hiéu nay
dugc dua vao bd O/E dé tao lai tin hiéu dién, khoi phuc lai nguyén dang nhu ban dau ma may dién
thoai, s liéu va Fax da goi di.

Nhu véy, cdu triic co ban ciia mot hé théng thong tin quang c6 thé dugc mé ta don gian
nhu hinh 1.2, gdm:

+ B0 phat quang.
¢ BO thu quang.
*  Mai trudng truyén din 1a cap soi quang.

Tin hiéu quang

Tl'n hiéu diéns ---------- : E --------------------------------- : : ---------- : Tl'n hiéu dién
ngo vao : {5/'/ 2, \ : : ngé ra

» E/O |- > —— O/E |- >
Bo phat Cap soi quang B6 thu
quang quang

Hinh 1.2 C4u tric co ban ctia mot hé thong thong tin quang.

Trén hinh 1.2 chi méi minh hoa tuyén truyén dan quang lién lac theo mot huéng. Hinh 1.3
minh hoa tuyén truyén dan quang lién lac theo hai hudng.

Ngdvao 1 : 2, : Ngdraft
> E/0 |- —— —H o [ >
Ngd ra 2 b : Ngé vao 2
< O/E == ——__—_— ] E/O |&

Hinh 1.3 Minh hoa tuyén truyén dan quang theo hai huéng.
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Nhu vay, dé thyc hién truyén dan giira hai diém can c6 hai sgi quang.

Néu cy ly thong tin qua dai thi trén tuyén co thé c6 mot hodc nhidu tram 1ip (Repeater).
CAu truc don gian ctia mot tram 1ap (cho mot hudng truyén dan) duoc minh hoa ¢ hinh 1.4.

2, 2,
——4H oE —[>— E/O H

Hinh 1.4 CAu tric don gian ciia mot tram lap quang.

— Khéi E/O: bd phat quang c6 nhiém vu nhén tin hiéu dién dwa dén, bién tin hiéu dién d6 thanh
tin hiéu quang, va dua tin hiéu quang nay 1én duong truyén (soi quang). P6 1a chirc ning
chinh ctia khdi E/O ¢ bo phat quang. Thudng ngudi ta goi khbi E/O 1a ngudn quang. Hién nay
linh kién duge sir dung lam ngudn quang 1a LED va LASER.

— Khéi O/E: khi tin hiéu quang tmyén dén dau thu, tin hiéu quang nay s& dugc thu nhén va bién
tré lai thanh tin hiéu dién nhu & ddu phat. Do 1a chirc ning cia khdi O/E & bd thu quang. Cac
linh kién hién nay dwoc sir dung dé lam chirc ning nay 1a PIN va APD, va ching thudong duoc
goi 1a linh kién tach song quang (photo-detector).

—  Tram Ldp: khi truyén trén soi quang, cong sudt tin hiéu quang bi suy yéu dan (do s¢i quang co
d6 suy hao). Néu cu ly thong tin quéa dai thi tin hiéu quang nay c6 thé khong dén dugc dau thu
hodc dén dau thu véi cong sudt con rat thap dau thu khong nhan biét duoc, luc nay ta phai sir
dung tram 13p (hay con goi la tram tiép van). Chuc nang chinh cda tram 13p 1a thu nhan tin
hi€u quang da suy yéu, tai tao chung tré lai thanh tin hi€u dién. Sau d6 stra dang tin hiéu dién
nay, khuéch dai tin hiéu da sira dang, chuyén déi tin hiéu da khuéch dai thanh tin hiéu quang.
Va cubi cung dua tin hiéu quang nay 1én dudng truyén dé truyén tiép dén dau thu. Nhu vay,
tin hiu & ngd vao va ngd ra ctia tram lip déu & dang quang, va trong tram lap c6 ca khbi O/E
va E/O.

1.2.2 Uu nhugc diém ciia hé thdng thong tin quang

a) Uudiém

—  Suy hao thip. Suy hao thip cho phép khoang cach lan truyén dai hon. Néu so sanh véi cap
ddng trong mot mang, khoang cach 16n nhit ddi véi cap ddng duoc khuyén cao 1a 100 m, thi
d6i v6i cap quang khoang cach dé 1a 2000 m.

Mot nhuoc diém co ban cia cap dong 1a suy hao ting theo tan sé cua tin hiéu. Piéu nay co
nghia 14 tbc do dit liéu cao din dén ting suy hao cong suit va giam khoang cach lan truyén
thyc té. D4i voi cap quang thi suy hao khong thay doi theo tan s6 cua tin héu.

— Dai thong rong. Soi quang c6 bang thong rong cho phép thiét 1ap hé thong truyén dan sb toc
d6 cao. Hién nay, bang tan ciia sgi quang c6 thé 1én dén hang THz.

—  Trong lugng nhe. Trong luong ciia cap quang nhé hon so véi cap dong. Mot cap quang c6 2
soi quang nhe hon 20% dén 50% cap Category 5 c6 4 d6i. Cap quang c6 trong lugng nhe hon
nén cho phép lip dit d& dang hon

— Kich thuée nhd. Capsoi quang c6 kich thude nho s& dé dang cho viéc thiét ké mang chat hep
vé khong gian lap dat cap.

— Khong bi can nhiéu song dién tir va dién cong nghiép.
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— Tinh an toan. Vi soi quang 1a mdt chét dién moi nén no khong dan dién.

Bang 1.1. So sanh giita cap quang va cap dong.

Pic tinh Cép dong Cép quang

Soi da mode So¢i don mode
Dai thong 100 MHz 1 GHz > 100 GHz
Cy ly truyén dan 100 m 2000 m 40.000 m
Xuyén kénh Co Khoéng
Trong lugng Nang hon Nhe hon
Kich thudc Lén hon Nho hon

— Tinh bao mét. Soi quang rat khé trich tin hiéu. Vi no khong birc xa ning lugng dién tir nén
khong thé bi trich dé lay trom thong tin bang cac phuong tién dién théng thuong nhu sy dan
dién bé mat hay cam tmg dién tir, va rat kho trich 1iy thong tin & dang tin hiéu quang.

— Tinh linh hoat. Cac hé thong thong tin quang déu kha dung cho hau hét cac dang thong tin sb
liéu, thoai va video.

b) Nhugc diém

—  Vén @& bién d6i Pién-Quang. Trudc khi dua mot tin hidu thong tin dién vao soi quang, tin
hiéu dién d6 phai dugc bién doi thanh séng anh séng.

—  Don, d& gly. Soi quang st dung trong vién thong duoc ché tao tir thily tinh nén don va dé gly.
Hon nita kich thudc soi nho nén viéc han ndi gip nhiéu khé khan. Mudn han ndi can c6 thiét
bi chuyén dung.

—  Vén d8 sira chira. Cac quy trinh sira chita doi hoi phai c6 mot nhom k¥ thuat vién c6 ky ning
t6t ciing cac thiét bi thich hop.

—  Vén @ an toan lao dong. Khi han ndi soi quang cAn dé cac manh cit vao lo kin dé tranh dam
vao tay, vi khong co phuong tién nao c6 thé phat hién manh thily tinh trong co thé. Ngoai ra,
khong duge nhin tryc dién dau s¢i quang hay cac khop ndi dé ho phong ngira c6 dnh sang
truyén trong soi chiéu tryc tiép vao mét. Anh sang sir dung trong h¢ thong thong tin quang 1a
anh sang hong ngoai, mit nguoi khong cam nhan dugce nén khong thé diéu tiét khi co ngudn
nang luong ndy, va s& giy nguy hai cho mét.

1.3 UNG DUNG VA XU THE PHAT TRIEN
1.3.1.Ung dung trong Vién théng

—  Mang dudng truc qudc gia.

—  Pudng trung ké.

—  Pudng cap tha bién lién quic gia.

1.3.2.Ung dung trong dich vu tdng hop.

— Truyén so ligu.
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—  Truyén hinh cép.
Du6i day minh hoa mot vai trng dung str dung cap soi quang.

Cép soi quang hién nay duoc sir dung cho rat nhiéu tng dung khac nhau. Chang han, nhiéu cong
ty dién thoai dang sir dung cac tuyén cap quang dé truyén thong giita cc tong dai, qua cac thanh
phé, qua cac nudc khac nhau va qua nhimg tuyén dai trén bién (xem hinh 1.5). Hién nay ¢ mot sb
nude da co ké hoach m& rng cap quang dén cac ho gia dinh dé cung cép cac dich vu videophone
chat luong cao.

T

Mach vong néi hat hién tai

la day dong. Twong lai
c6 thé la cap s¢i quang

- -
o [o]
£ £
= g —3
o oS
ko] kel
> >
«0 «0
© ©
()] (o))
c c
po) o)
=} >
[&] (6]
3 S
Téng dai Tuvén cap auan Téng dai
thanh phd A yen cap quang thanh phd A

treo trén cac cot

Mach vong néi hat hién tai
=—==29. Tuong lai
co the tacap soi quang

[T

Hinh 1.5 Két nbi cac tong dai bang cap soi quang.

Céc cong ty truyén hinh cap dang trién khai cac duong cap quang dé truyén tai nhimg tin
hiéu chét lwong cao tir trung tim dén cac vi tri trung chuyén phan bd xung quanh céc thanh phd
(hinh 1.6). Soi quang nang cao duoc chit lwong cta cac tin hiéu truyén hinh va lam ting s6 kénh
kha dung. Trong tuong lai cap quang c6 thé ndi truc tiép dén cac ho gia dinh cung cap nhiéu dich
vu méi cho ngudi st dung. Nhitng dich vu dya trén cdp quang nhu truyén hinh tuong tac, giao
dich ngén hang tai gia, hay lam viéc tor mot h¢ théng van phong tai gia da dugc dua vao ké hoach
sir dung trong tuong lai.
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Trung tdm
phan phéi
i iil Trung tdm —
truyén hinh
gooao
. oooag _CE’
Trung tdm [
phan phéi

Trung tam
phan phoi

Cap ddng truc (hién tai),
twong lai c6 thé Ia cap quang

= Cap quang

Hinh 1.6 Mang truyén hinh cép quang.

Soi quang 1 phuong tién 1y twéng cho truyén sé liéu tbe do cao. Tin hiéu khong bi méo
b&i nhidu tir méi truong xung quanh. Tinh cach dién cia soi quang tao ra mot giao tiép an toan
gilra cac may tinh, cac thiét bi dau cudi, va cac tram lam viéc. Rat nhidu trung tam may tinh dang
sir dung céap soi quang dé cung cip cac duong truyén sé liéu toc do cao & cac mang LAN.

TOM TAT

Vi dac tinh suy hao thép, bang thong rong, kich thudc nho, nhe, khong bi cang nhiéu
song dién tir va dién cong nghiép lam cho s¢i quang dugc sir dung trong nhiéu linh vyc nhu linh
vuc vién thong: vién thong duong dai, vién théng qudc té st dung cap quang vuot dai dwong,
mang trung ké, mang ndi hat thué bao; linh vyc cong nghiép: duong truyén tin hiéu diéu khién ty
dong trong hé théng tur dong, cong nghié¢p dét; linh vuc y hoc; linh vie quan su. Soi quang chi co
thé truyén tin hiéu dudi dang anh sang nén cac ngudn tin hiéu dién duoc chuyén thanh anh sang
béng cach st dung LED hodc LASER. Qua trinh nay dugc xur 1y va dién ra ¢ dau phat, va duoc
g0i 12 by phat quang. Tin hiéu quang nay dugc ghép vao sgi va truyén dén bo thu quang. Sau khi
dén dau thu, cac tin hiéu nay dugc chuyén trd lai thanh tin hiéu dién thong qua linh kién PIN hosc
APD. Mic du sgi quang c6 suy hao thap nhung tin hiéu van bi suy yéu, do d6 ddi lic trén hé
thong ciing can bo lp quang, con goi tram tiép van.

V6i tiém nang vé bang thong nén hé thong truyén dan soi quang dd va dang phat trién
trong hé théng truyén dan sé duong dai, toc do cao tir hang trim Mega bit/s dén hang Tera bit/s
nho st dung cong nghé ghép kénh theo budc song quang WDM.
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CAU HOI ON TAP VA BAI TAP
1.1.  Trinh bay c4u tric tong quat ciia mot hé thdng thongtin quang.
1.2. M5 ta chirc nang cac thanh phan trén hé thong thong tin quang.
1.3.  Néu cac uu diém cia sgi quang.
1.4.  Néu cac nhuoc diém cua soi quang.
1.5.  Trinh bay cac tng dung cua thong tin bang soi quang.
CAU HOI TRAC NGHIEM
1.6.  Céu tric co ban ciia mot hé thong thong tin quang bao gdm:
a. May phat, may thu va mdi trudng truyén dan.
b. M4y phat quang, may thu quang va cap dong truc.
¢. May phat quang, may thu quang va cap sgi quang.
d. Caa, b, c déu ding

1.7.  Tin hiéu truyén trén soi quang la:

a. Dong dién b. .Dién ap.

c. Anh sang d. .Caa, b, c déu dung.
1.8. Linh kién tach song quang c6 nhiém vu:

a. Khuéch dai anh sang.
b. Bién dbi tin hiéu quang thanh tin hiéu dién.
c. Bién dbi tin hiéu dién thanh tin hiéu quang.
d. Sura dang tin hi€u quang
1.9. Ngudn quang c6 nhiém vu:
a. Bién ddi tin hiéu dién sang tin hiéu quang.
b. Bién d6i tin hiéu quang sang tin hiéu dién.
c. Khuéch dai 4nh sang.
d. Stra dang tin hi¢u quang
1.10. Mot tuyén truyén din quang can st dung it nhat méy soi quang?
a. 1sgiquang b. 4 s¢i quang
c. 2sgiquang d. 8 sgi quang
1.11.  Soi quang c6 wu diém gi ?
a. Dégiy b. Suy hao thép
c. Bang thong hep d. Dé bi nhiéu
1.12. B0 E/O c6 chic nang gi?
a. Chuyén dbi tin hiéu dién thanh anh sang
b. Chuyén dbi anh sang thanh tin hiéu dién

c. Khuech dai anh sang
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d. Chia tin hiéu anh sang

1.13. B0 O/E c6 chuc nang gi?
a. Chuyén ddi tin hiéu dién thanh anh sang
b. Chuyén dbi anh sang thanh tin hiéu dién
c¢. Khuéch dai anh sang

d. Chia tin hiéu anh sang
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CHUONG 2
SOI QUANG

GIOI THIEU

Soi quang 1a mot moi trudng thong tin ddc biét co thé so sanh voi cic moi trudong khac
nhu cap dong hodc khong gian tu do. Mot sgi quang cung cdp mot moi truong truyén dan suy hao
thép trén mot dai tan sd rong lon it nhét 1a 2.5 THz, hay cao hon v6i céc loai sgi quang dac biét,
dai théng cua nod rong hon dai théng cia cap dong hay bat cir moi trudng truyén din nao. Dai
thong nay c6 thé truyén hang trim triéu cudc goi dong thoi, hodc hang chuc triéu trang web trong
mot gidy. Dic tinh suy hao thip cho phép truyén tin hiéu & khoang cach dai véi toc do cao trude
khi chiing dwoc khuéch dai. Vi hai dic tinh suy hao thdp va dai théng cao nén hé thdng thong tin
sgi quang da dugc sir dung rong rai ngay nay.

Khi hé thdng truyén dan phat trién ¢ khoang cach xa hon va tdc d6 bit cao hon, do tan sic
tro thanh mot hé s gidi han quan trong. Taun saéc lag hieédn t66ing cauc thagnh phaan
khauc nhau cu@a tin hiedu di chuyean voui vaan toac khauc nhau trong séii quang. Pac
biét, tan sic mau 13 hién twong cac thanh phan tan sb (hodc budc song) cia tin hidu di chuyén voi
van tdc khac nhau. No6i chung, tan sic dan dén viéc xung bi trai rong ra va vi vay dap Gmg xung
clia cac bit gan nhau giao thoa voi nhau. Trong hé théng thong tin, diéu nay dan dén sy chong
xung cua cac bit gan nhau. Hién tugng nay dugc goi la giao thoa giita cac ki tu gan nhau
(InterSymbol Interference - ISI). Khi mot hé thdng phat trién 1én mét s lwong 16n budc song,
khoang cach va tdc do bit cao hon, cac hiéu umg phi tuyén trong soi quang bit ddu xay ra. Nhu
chung ta s& thdy, c6 su twong tac phirc tap ciia cac hiéu ing phi tuyén véi tan sic mau.

Chung ta bat dau chuong nay bang cach thao luén cic nguyén 1y co ban ciia sy lan truyén
anh sang trong soi quang, bit dau tir mo hinh quang hinh hoc don gian t6i mé hinh 1y thuyét song
chung dua vao phuong trinh Maxwell. Sau d6 chiing ta phan con lai ciia chwong nay dé tim hiéu
c4c co so tan sic mau va cac hién twong phi tuyén trong soi quang.

2.1. MOQT SO VAN BE CO BAN VE ANH SANG
2.1.1. Soéng dién tir
Anh sang nhu 1a song dién tir. Hinh 2.1 13 hinh anh tinh ciia mot séng dién tir.

RN

a) b)
Hinh 2.1 Séng dién tir: hinh tinh:
(a) Theo thi gian: T - chu ky, £= 1/T - tin sb (Hz);
(b) Theo khong gian: A - budc song (m).

10
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Trong moi trudong khong gian ty do, anh sang la song dién tir ngang (TEM ). Khai ni€ém ngang
(transverse) c6 nghia 1a ca hai véc to - dién truong E va tr truong H - vudng goc voi phuong
truyén, truc z trong hinh 2.1.

e Tin so:

- Ky hi¢u: f.
- bon vi: Hz (Hertz), hay cps (cycle per second).

e Budc song:

- Ky hi¢u: A
- DPon vi: m (um, nm).

Gitra tan so va budc song c6 moi quan hé sau:

C C
A== hay f=—
~ hay f=— @.1)

V6i ¢ 1a van toc anh sang trong chan khong, ¢ = 3.108 m/s.
e Khodng cdch tin s6 (Af) va khodng cdch budc séng (A,)

Lay dao ham (2.1) theo tan s trung tAm Ay, ta thu dwgc mdi quan hé giira khoang cach
tan s6 va khoang cach budc song

Af=-AA 2.2)
A

e Phé séng dién tir:

Ving héng Ving cuwc
ngoai tim Tia X

|

1,4 1:3 1,2 1.1 1,0 0,9 0,8 0,7 0,6 0,5 0,4
u

S3 SRR [P BB B

EHF

\Vung anh sang
nhin thay duoc

Anh sang dung trong théng tin quang

Hinh 2.2 Ph s6ng dién tir

11
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Bang 2.1 Céc bing séng vo tuyén

Bing tan Tan s6 (1) Budc song (1)
VLF 3Kz =+ 30Kz 100 Km = 10 Km
LE 30Kz = 300Kz I0Km <+ 1 Km
MF 00Kz = 3 Mz I Km + 100 m
HE 3Mz = 30 Mz 100m = 10m
VHF 30Mz + 300 Mz 10 m + Im
UHFE 300 Mz ~ 3Gz Il m + ldm
SHE 3Gz = 300Gz | dm + lcom
EHE 300Gz = 300Gz l em + lmm

- Vung anh sang nhin thay duogc: chiém dai phd tir 380 nm dén 780nm.

- Ving hong ngoai: chia 1am 3 phan:

=  Ving hong ngoai gan: 780 nm + 1400 nm.

=  Ving hdng ngoai giita: 1,4 pm + 6 pm.

*  Vung hdng ngoai xa: 6 um + 1 mm.

- Anh sang ding trong thong tin quang: 800 nm ( 1600 nm (nhu vdy nim trong
vung hong ngoai gan va mdt phan ving hong ngoai gitia).

- Babudc song anh sang thong dung dung trong cac hé thong thong tin quang dugc
goi la 3 ctra s6 quang:

» Cuasb1: A1 =850 nm.

= Ciras2: A2 = 1300 nm.
= Cuasd3: A3 =1550 nm.
= Ciraso 4: Mg = 1625 nm.

2.1.2. Quang hinh
2.12.1.  Chiét sult khic xa (Refractive index)

Anh sang c6 thé xem nhur 1a mot chim tia sang. Cac tia sang lan truyén trong cic moi
truong khac nhau vé6i van tde khac nhau. C6 thé xem cac mdi trudng khac nhau can trd sy lan
truyén canh sang bang cac luc khac nhau. Didu nay dugc dic trung bang chiét sudt khic xa cua
moi truong.

Chiét sut cuia mot moi truong trong sudt (n ) dwoc xac dinh boi ti sd giita van toc anh
sang lan truyén trong chan khong véi van téc cta anh sanh lan truyén trong méi trudng ay.

n="F 2.3)
|4

12
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Voi:
n: chiét sut cua méi trudong, khong co don vi.
v: van toc anhsang trong moi trudng, (m/s).
c: vén toc anh sang trong chan khong, (m/s).
Chiét sut ciia mot vai méi truong thong dung:
- Khéng khi:n =1,00029 ~ 1,0.
- Nubc:n=4/3 ~1,33.
- Thuy tinh: n=1,48.
Viv<cnénn2=1.
2.1.2.2.  Phan xa, khiic xa, phan xa toan ph?m va dinh luat Snell

Anh sang truyén théng trong modi truong déng nhét, bi phéan xa va khuc xa tai bién ngan
cach hai méi truong dong nhat khac nhau.

Nhu véy, ba dac diém co ban cta anh sang la:

e Truyén thang.

e Phan xa.

e Khic xa.

Téng quét, khi mot tia sang téi mat ngan cach giita hai moi truong, tia sang nay bi tach ra
lam hai phan: mot phan doi lai méi truong dau (hién tuong phan xa), mot phan truyén tiép qua

moi truong hai. Tia truyén tiép bi léch huéng truyén so véi tia ban dau (hién tugng khuc xa).
biéu nay duoc minh hoa & hinh 2.3.

Tia phan xa
Tia téi
04 91'
ny M6i trvdng 1
ny Méi trwedng 2
02
Tia khuc xa

Hinh 2.3 Hién trgng phan xa va khic xa anh sang
®  Djnh lujt phén xa 4nh sdng: dugc phat biéu tom tit nhu sau:
* Tia phan xa nam trong mat phang t6i.
= Goc phan xa bang goc t6i (0, = 0,).
®  Dinh luit khiic xa 4nh sdng:
*  Tia khiic xa nim trong mat phang t6i.
= Go6c khuc xa va goc tdi lién hé nhau theo cong thire Snell:

n;sin6; = n,sin6- (2.4)

®  Phdn xa todn phan

13
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Xét hai truong hop sau:

a) n;<nx
Tia toi
04
n, Mai trwdng 1
ny Méi trwdng 2
0
Tia khuc xa

Hinh 2.4 Anh sang di tir mdi truong chiét sudt nho sang moi truong chiét suét 16n.
Tir phuong trinh (2.5) két hop n; <n, suy ra 0; > 0, (xem hinh 2.4).
Nhu véy, khi 4nh sang di tir méi truong c6 chiét sudt nho sang méi truong co chiét suat 16n hon,
tia khiic xa léch vé phia gan phép tuyén hay léch xa mat ngan cach giira hai méi truong 1 va 2.

b) n;>ny:
Tia toi Tia t&i han
0 3 0 3)
1 ®, c
RN
nq Mai trwong 1 n Mai trwong 1
no Moi trudng 2 ns " Moituong 2
02 0,=90
Tia khuc xa
Tia khuc xa

(a) (b)
Hinh 2.5 Hién twong phan xa toan phén.
(a): con tia khuc xa
(b): xuét hién tia phan xa (tia 3)

Tir phuong trinh (2.4) két hop n; > n, suy ra 6, <0, (xem hinh 2.5 (a)).

Nhu vay, khi 4nh sang di tir moi truong c6 chiét suat 1on sang méi truong c6 chiét suat
nho hon tia khtic xa 1éch vé phia xa phap tuyén hay I¢ch gan vé phia mit ngan cach gifra hai moi
truong 1 va 2.

Cho nén khi tang goc t6i 6, = 0. < 90° thi 6, = 90° (hinh 2.5 (b)).

Va khi 6, > 0, thi tia t&i bi phan xa hoan toan vé moi truong 1, va dugc goi 1a hién tugng
phan xa hoan toan (total reflection).

0. dugc goi 1a goc gidi han (critical angle). Tir phuong trinh (2.4) suy ra:

sinf, = o (2.5)
Hl
2.1.3. Lugng tix
e Moi nguyén tir chi co thé chiém mot sb muc nang luong roi rat. biéu nay dugc dién ta
bang so d6 mirc nang lwong nhu trén hinh 2.6.

14



Chuong 2: Soi Quang

2.2.

2.2.1.

Es

Méi trwong 1

E>

E1

Nang lvgng ——p
m
£

Trang théi co ban

Eo

Hinh 2.6 So d6 mirc ning lwong
Nguyén tir c6 khuynh huéng ton tai & mic ning luong thip nhit.
Pé kich thich nguyén tir nhay 1én muc ning luong cao hon, chung phai duoc cung cap
mot nang lugng bén ngoai. Qua trinh nay goi 1a “bom”.
Khi nguyén tir nhay 1én mirc ning lwong cao hon, né hap thu mét luong ning luong tir
bén ngoai. Lugng nay dung bang do chénh léch v€ nang luong gilta hai mirc cao va
thap xdy ra viéc nhdy nay.
Khi nguyén tir roi tir mic nang lugng cao xuéng mot mirc ning lwong thap hon, nd
birc xa ra mot lugng t&r nang lugng dién tir goi 1a photon ( Diéu nay chi dung doi voi
chuyén tiép c6 buc xa ).
Photon 14 hat co ban di chuyén véi van toc anh sang ¢, va mang mot lugng tir ning
lugng:

1,24

E, = hf E :—)(eV)

’ hay P A um (2.6)

trong d6 /4 1a hing s Planck (6.6261x107* J.s) va £1a tin sb cta photon.

Anh sang la dong photon. Mau sdc ctia nd duge xac dinh boi tan sd photon, £, d6 cling
1a budc song, A, bai vi Af=c, trong d6 ¢ 1a van tdc clia anh sang trong chan khong.
Ning luong cia photon, Ep, bang khe (d6 chénh 1éch) ning luong giita mirc birc xa
cao va mirc niang nang luong thap, tan sé photon (budc soéng) duge xac dinh qua muc
nang lugng cua vat chét dugc st dung.

Cac muc nang lugng da tdn tai tw nhién; vi vay chiing ta c6 thé dat cdc mau anh sang
khac nhau bang cach sir dung cac mirc ning lugng cing vét liéu hodc dung cac vat
liéu khac nhau.

Photon dugc hap thu boi vat liéu ma cac khe ning lugng cta chiing ding bang ning
lwong photon. P& lam cho méi truong trong sudt, ching ta phai Iya chon hodc cac
photon khéc, tirc 1a anh sang mau sic khac, hoic moai truong khac.

MO TA QUANG HINH QUA TRINH TRUYEN ANH SANG TRONG
SGI QUANG
CAu tao co ban soi quang

Ung dung hién tuong phan xa toan phan, sgi quang duogc ché tao co ban gdm c6 hai 16p:

L&p trong cing ¢ dang hinh try tron, c6 dudng kinh d = 2a, 1am bang thuy tinh ¢
chiét suat n;, dugc goi 14 13i (core) soi.
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e  Lop tht hai cling c6 dang hinh try bao quanh 161 nén dugc goi 1a 16p boc (cladding),
¢6 duong kinh D = 2b, 1am bang thuy tinh hodc plastic, co chiét suit n, <n,.

CAu tric tong quat nay dugc minh hoa & hinh 2.7.

L&p boc

Hinh 2.7 C4u triic co ban s¢i quang, gdm 18i (core) va 16p boc (cladding)
Anh sang truyén tir dau nay dén dau kia soi quang bang cach phan xa toan phan tai mat
ngan cach gilra 16i-16p boc, va dugc dinh hudng trong 16i.

Hinh 2.8 Anh séng lan truyén trong sgi quang
2.2.2. Khiu d6 s6 NA (Numerical Aperture)
Su phén xa toan phan s& xay ra trong 15i s¢i quang chi d6i voi nhiing tia sang c6 goc t6i &

dau soi quang nhé hon Gy, Khiu do s6 cua soi quang duoc dinh nghia:
NA =5in6,,.« 2.7

Ddi véi soi SI ta tinh duoc:

NA=sin@,, =n' —m =mn~2A (2.8)

Voéi:

n;: chiét suét 13i soi quang;

ny: chiét suat 16p boc soi quang;

o : 36 chénh 1éch chiét sudt trong ddi.

2n}

A=

C6 thé tinh A don gian hon nhu sau [3]:

A= (n;-np)/n v6i n= (n;+ny)/2.

16
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(@) Minh hoa 3 tinh huéng khi chiéu anh sang vao soi quang

zemax

(b) Géc nhan anh sang béng 260

i

Vung nhan

=08

(c) Vung nhan anh sang c6 dang hinhnén

Hinh 2.6 Khéu d6 s6 soi quang

Vidu 1: Mot soi quang ST cé: ny =1,50 n, =1,485. Tinh khéu do sb cua soi quang nay.
Giai :

Ap dung cong thuc (2.8), ta c6

NA = 8in0pa = y 712 — 112 =/1,50% ~1,485% ~ 0,21

Suy ra Opmax = 12° .

Tir ddy suy ra goc tiép nhan anh sang 20, = 2x12° =24°

Vidu2:

Mot soi quang SI c6:NA = 0,12 n, = 1,450. Tinh chiét suat 16p boc cia soi quang nay.
Giai :

Ap dung cong thuc (2.8), ta c6

NA =5§in00 = v 11f — 03 =0,12
Suy ra :
nt —n3 =0,144

Ta tinh dugc  n; =0,1455.
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Khéiu d6 s6 cho ta biét diéu kién dwa 4nh sang vao soi quang. Day 1a thong sé co ban anh
hudng dén hiéu suat ghép anh sang tir nguon quang vao sgi quang.
2.2.3. Phén loai sgi quang
223.1. Sy phan bd chiét suét trong soi quang

Chiét suat cua 16p boc khong dbi va bang n,.

Chiét sut ctia 16i noi chung thay doi theo ban kinh clia sgi quang (tdm nam trén truc ciia
15i). Su bién thién chiét sudt theo ban kinh duoc viét dudi dang tong quét sau [1]:

HI{I—A[ng r<a
m(r) = 2.9
m, asr<b
Voi:
e n;: chiét suat 1on nhat & 18i, tirc tai r = 0. Hay n(0) = n,.
e ny: chiét suat 16p boc.
e 1: khoang cach tinh tir truc soi dén diém tinh chiét suét.
e a: ban kinh 161 sgi quang.
e b: ban kinh 16p boc sgi quang.
e g hé sd mii. Gia tri cia g quyét dinh dang phan bd chiét suat ciia sgi quang, g > 1.
g = 1: dang tam giac
g = 2: dang parabol
g = oo: dang bac thang.
2.23.2.  Soi chiét suit bac SI (Step-Index)
Soi SI 1a sgi don gian nhat. C6 dang phan bd chiét sudt nhu sau:
n r<a
n= (2.10)
n, asr<b
N
Ny

n
L
r

b a 0 a b

Hinh 2.7 Dang phén bd chiét trong 15i sgi SI.

Anh sang di trong soi SI nhu hinh 2.8.
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TONG QUANG VE HE THONG
THONG TIN QUANG COHERENT



A) NOI dung

Gi¢i thiéu chung :
cau tric co ban cua cla hé thong:
Céac dang diéu ché quang coherent:
May thu coherent:
Ti s0 16i bit trong may thu
C4c yéu tdo anh hwdng dén dd nhay
may thu
e Nhirng wu diém cua hé thong coherent




Gidol thiéu chung .

e IM-DD da dong mét vai trd rat quan trong
trong nganh vién théng, dem lai hiéu qua kinh
té to I&n va con dang dwoc st dung rong rai
nh& co wu diém Ia don gian va gia thanh ré.

e Tuy nhién hé thdng nay c6 mdt s6 nhwoc diém
co ban nhu ti s6 tin hiéu trén nhiéu nhan dwoc
tai dau ra bd tach séng thap, dd nhay cla may
thu khéng cao lam khoang cach truyén dan bj
han ché.




e Dong théi do dac diém thu tin hiéu theo
nguyén ly tach song trwc tiép (khéng qua doi
tan) nén tw may thu khdng thé lwa chon céac
kénh quang tuy y trong moi trweong da kénh

ma phai két hop thém céac bd loc quang.

e Viéc nay han ché kha nang st dung chung
trong cac mang truyén dan va phan phoi da
kénh quang dén trwce tiép cac thué bao trong
twong lal.




e Trong bdi cdnh dé viéc st dung may thu
moi ¢6 nguyen ly hoat dong khac - may
thu Coherence - nham nang cao do nhay

va co thé chon kénh trong moi trrong
phan phoi da kénh 1a mot yéu cau cap
thiét va mang tinh hap dan cao.




o Hé thong thong tin coherence ra doi va
khac phuc dwoc cac nhwoc diém cla hé
thong IM-DD va 1a hé thong thong tin cua
twong lai. Hién nay, buwdc dau no dang

dwoc 4p dung & cac nwéc tién tién dé
nhanh chong dwa vao st dung, khai thac
rong rai trong moét twong lai gan, day la
mot budc tien quan trong trong linh vee
vién théng.




cau truc co ban cua cla hé thong:

Phir thu

Then KB

‘ valod

E Tm}déutmgt&(m” =@ -

Laser dan ding vl (@, |

Hinh 4.1 5o dd khdn eta HTTTC) Cobetence.




Cac dang diéu ché

e A) Ky thuat diéu ché trong théng tin quang
Coherence:

e a) Diéu che khoa dich bién dé (ASK) :diéu
ché truc tiép cla mot diode Iaser ban dan la
khong thich ho’p trong hé thong véi toc do div
liéu cao badi vi n6 tao ra hiéu rng Chlrp, lam
thay doi tan so6 cla tin hiéu anh sang, gay Kho
khan cho tach song dong tan hoac tach song
doi tan. Do do, théng thuwong ngwo’l ta s
dung phwong phap diéu ché ngoai.




b) Pieu ché khoa dich tan FSK

e Vi dd rdng bang tan tdng cong rat rong
cho nén khong thich hop véi cac hé
thong co tdc dd cao, nhwng co thé dung
cho cac hé thdng don gian va ré tién. Cé
thé giai diéu tin hiéu IF bang phwong
phéap tach song déi tan dong bd hoac
dwong bao.




c) Dieu ché khoa dich pha PSK

e Diéu ché PSK s dung b0 diéu ché
ngoai nhw bd diéu ché pha LiNbO3. Tai
may thu, tin hiéu PSK dwoc giai diéu ché
bang hé thdng tach séng dong tan hoac
doi tan, tin hiéu trung tan IF dwoc giai
diéu ché dong bd hodc khéng dong bd




d) Dieu ché khoa dich pha vi phan
DPSK

e Dang phd DPSK gidng PSK, chi khac & quy
luat ma vi trong DPSK, thong tin duwgc ma hoa
theo hiéu pha gitra hai tin hiéu ké tiép nhau.

© Phuong phap nay thuong dwoc str dung
trong thuc té vi khdng can céac bd giadi diéu
phirc tap ma van cho dac tinh tot, dwoc dung
trong hé thong doi tan va giai diéu ché phan
biét tan s bang dwdng day tré.




e) Diéu ché phan cwc PoLSK

e May phat co mét bo dleu ché phan cuc va may thu co
mot bd chia phan cwe dé tach va gidi diéu ca hai trang
thai phan cure trye g|ao Tai may thu, séng cua tin hiéu
két hop voi song cua dao dong nQi trong bo tron
quang, tin hiéu dau ra ctia n6é dwa dén bd chia phan
cure, trwo’ng tin hiéu dwoc chia thanh hai thanh phan
truec glao s dung phwong phap diéu ché phan cuwc
va @ may thu thwc hién tach phan cuwc, giai diéu
dwdng bao godm hai nhanh doi xtrng nhau. Thanh
phan phan cwc doc dugce dua dén bd tach song phia
trén va thanh phan phan cwc ngang dwoc dwa dén bd
tach song duo.




f) Ky thuat diéu ché ngoai laser

e + Diéu che trong: 1 bom tryc tiép dong tin
hiéu vao laser. Phuwong phap nay phu hop VoI
cac hé thdong thong tin toc dd thap, vi laser
diode boc 16 nhirng han ché nhw suy giam phd
v a dich chuyén tan so khi diéu ché & téc do
cao.

e + Diéu ché ngoai: 1a phwong phap diéu ché
anh sang bén ngoéi laser. Phwo’ng phap nay
c6 nhiéu wu diém va dwoc rng dung nhiéu
trong ky thuat giai diéu ché




B) Cac ky thuat giai diéu ché:

e a) Giai dieu ché tin hiéu ASK:

~ Giai dieu ché ASK doi tan dong bo

~ Giai diéu ché dwéng bao ASK (ASK doi tan
khéng dong bo)

e b) Giai diéu che FSK :

~ Giai dieu ché FSK doi tan dong bo

> Giai diéu ché FSK loc kép

> Giai dieu ché FSK loc don

> Giai dieu ché CPFSK vi phan




c) Phwong phap giai dieu cheé

e +Giai dieu che PSK doi tan dong bd
e + Giai dieu ché DPSK

Tm

Iy

: Bé trin
1 LY o
' \» thong thap

T

Hinh 2.28 Sordé i didu ché DPSK




May thu coherent:

e Dic diém khoi tach quang ciia may
thu Coherence :
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Ti s0 16i bit trong may thu

e a)Nhiéu trong may thu quang:khi céng
suat tin hiéu dao dong ndi Ién hon cdng
suat tin hiéu t&i bd thu thi nguon nhiéu
chu yéu trong tach song coherent |a
nhiéu lwong t&r cda bd dao ddng noi
trong gi&i han nay nhiéu lwong tor cé thé
dwoc biéu dién dwdi dang nhiéu ban.




e b)Tac

ec)Tac
e d)Tac

e e)Tac
e f)ham xac suat 16

e g)so sanh dd nhay cla hé thong
coherent :tong két xac suat |61 co ché
tach sdng cua cac dang diéu ché tin hiéu

N song
N song
N song

N song

neteroc

neterodyne ask

yne FSK

neteroc

yne PSK

nomodyne ask va psk




Cac yéu t6 anh huwéng dén do
nhay cua may thu
e a)Nhiéu pha:lam giam d6 nhay thu trong

hé thdng ,nhiéu pha cd lién quan dén bd
phat quang va bo dao dong ndi siw thang

gidng vé pha gitra tin hiéu r&i va tin hiéu
dao ddng nd sé& dan dén sw thay doi vé
dong & ngo ra cua bd tach séng . Tw do
lam gidm ti s6 SNR cua tin hiéu.




b)Nhiéu cworng do

e Tat cd cong suat cla tin hiéu t&i va cua
bo dao dong noi duwgc sw dung moOt cach
cd hiéu qua tat ca cac bd thu can bang
deu str dung toan bd cong suat cua tin
hiéu va tranh duwgc sy mat mat nay
Pong thdi bd thu can bang cling s
dung hét cong suat clia bd dao dong noi
nén dé dang cho hé thong hoat dong
trong gi®i han cda nhiéu lwong tor




c)Khéng twong xtrng vé phan cuc

e d)Tan sac trong soi quang:anh huéng
dén dac tinh clia hé thong .Ly do 1a hé
thdng coherent can phai st dung cac
laser ban dan hoat dong & ché dod don
mode doc v&i dd rong phd hep




d)Cac yéu td han ché khac

e +H0i tiép phan xa

e +Cac hiéu &rng phi tuyén trong soi quang
e +Tan xa raman

e +Tan xa brillouin




Nhirng wu diém cla hé thong

e Nang cao do nhay thu

e +Tang khoang cach tram lap cho hé
thong trén dat lien va dwoi bién

e +Tang toc dd truyén dan ma khéng can
giam khoang cach tram lap

e +Tang quy cdng suat dé bu cac suy hao

e +Cai thién dd nhay cho thiét bi do quang
nhuw may OTDR.




e Nang cao kha nang truyén dan

e Kha nang két hop thu coherent v6i ky
thuat khuéch dai quang




B) Két luan

e Trong hé thdong théng tin quan coherent
c6 thé ap dung cac ki thuat diéu ché sb
quen thuéc nhuw ASK FSK ,PSK ,trong
théng tin quang coherent st dung cac tin
hi@u nhj phan trén cac ky thuat diéu ché
khod dich tan so va dich pha BFSK va
BPSK




Tai liéu tham khao

1. Ky thuat thong tin quang 2 — Dai hoc Tw Xa
2. Hé thong théng tin sgi quang Coherence
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CHUONG 1:TONG QUANG HE THONG THONG TIN SOI QUANG

Loi nli dau

Ngay nay su phot trién ctia x6 hoi ngay cang duge ndng cao thd nhu cau cua
con nguoi vé trao doi thung tin ngdy cang cao. Pé dop tmg nhitng nhu cau du, diii
hoi mang Iudi vién thung phai ct tdc d6 cao, dung lwong 16n. Chénh v thé,em d6
chon dé tai “ Hé thong thung tin sgi quang “ lam dé tai cho do on tot nghiép . D6 6n
gom ci 2 phan:
Phan Ly thuyét

CHUONG 1: TONG QUAN VE HE THONG TH&NG TIN QUANG

CHUONG 2: SOI QUANG VA CAP QUANG

CHUONG 3: THIET BI PHAT VA THU QUANG

CHUONG 4: KY THUAT GHAP KANH PHAN CHIA THEO THOI GIAN

Phan Ténh todn va Thiét ké

CHUONGS5:TINH TOAN THIET KE TUYEN CAP QUANG THEO  QUY
CENG SUAT VA THOI GIAN LAN

Do thoi gian va Kién thirc ciin han ché non van ct nhiéu thiéu sat can bo sung va
phot trién mong quy thay cu, ban doc chi bao.

Em Xin chdn thanh cam on quy thay cu trong khoa Dién tir vién thung, cung
Thay gioo T.s Ting Tan Chién d6 hudéng din cho em hoan thanh dé tai nay.

Da Niéng, thong 06 nam 2007



CHUONG 1:TONG QUANG HE THONG THONG TIN SOI QUANG

Phan ly thuyét

CHUONG 1: TONG QUAN VE HE THONG THENG TIN SOI QUANG
1.1 Gioi thiéu chwong

Trong chuong nay nham trdnh bay mot coch chung nhat vé hé théng thung
tin soi quang. Ngudn phot quang & thiét bi phot ca thé 1a LD hay LED, ca hai nguon
nay déu phl hop v6i hé thong thong tin quang. Bén canh d6, tin hiéu 4nh sang sau
khi dugc diéu ché tai nguon phat thd s& lan truyén doc theo sgi din quang dé dén
phan thu. Soi quang c6 thé 1a soi don mode hay soi da mode. Khi truyén anh sang
trong soi quang 4nh sang thuong bi suy hao va méo do cac yéu té hap thu, tan xa,
tan sic gay nén. Phia thu, bo tach song quang sé thyc hién viéc tiép nhan 4nh sang
va tach lay tin hiéu tir bén phat dén va thuong dung cac photodiode PIN hay APD.
D6 nhay thu quang & bén thu dong mot vai trii quan trong. Khi khoang coch truyén
dan kho dai t6i mot cu ly nao d6 thd ton hidu quang trong soi quang s& bi suy hao
nhiéu lyc d6 nhat thiét phai c6 tram lap quang ldp dit doc theo tuyén.
1.2 Tong quan

Cung v6i su phot trién ciia x6 hoi thd nhu cau ctia con ngudi ddi véi thong
tin ngay cang cao. Dé dap ing duoc nhiing nhu cau do, diii hoi mang vién thung
phai ¢ dung luong 16n, téc dd cao... Cac mang ludi dang dan dan boc 16 ra nhirng
yéu diém vé toc do, dung luong, bang thong... Mat khic, may nim gan day do dich
vy thong tin phot trién nhanh chéng, dé thich (mg véi su phat trién khong ngimg clia
dung luong truyén dan thong tin, thd hé théng thung tin quang ra doi d6 tw khang
dinh duoc chinh monh.

Nhu vay, voi viéc phat minh ra Laser dé 1am ngudn phéat quang d6 mé ra
mot thoi ky moi ¢t y nghia rat to 16n vao nim 1960 va bang khuyén nghi ciia Kao
va Hockham nam 1966 vé viéc ché tao ra sgi quang c6 do ton that thap. 4 nam sau,
Kapron d6 ché tao ra duoc soi quang trong sudt c6 do suy hao truyén dan khoang
20dB/km. Cho téi dau nhitng nam 1980, cac hé thdng thong tin soi quang d6 duoc
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CHUONG 1:TONG QUANG HE THONG THONG TIN SOI QUANG

pho bién kha rong roi voi vung bude song 1am viée 1300nm va 1500nm d6 cho thay
sy phot trién manh mé cia thung tin soi quang trong hon 2 thap nién qua. Ngay nay,
cap soi quang do tao ra nhimg trién vong méi cho cung nghé truyén thung téc do
cao ciing nhu viéc hién dai hoa mang thong tin va nhu cau két ndi thong tin. Sy két
hop soi quang vao bén trong day chong sét ciing nhu ddy dan d6 dem lai nhing giai
phap téi wu cho nha thiét ké. Véi sy gia ting cia ddy chong sét va day dan dién két
hop véi soi quang khong nhing chi truyén din va phan phéi dién ma ciin dem lai
nhiing loi ich to 16n vé thong tin. Diéu d6 1am giam gia thanh cta hé thong va ciing
chénh v& nhitng 1y do tron ma cép quang dang duge ing dung rong roi tron thé
gidi. Véi gio tri suy hao nay d6 gan dat duoc gia tri suy hao 0.14dB/km cuia sgi don
mode, tir d6 d6 cho ta théy hé théng thung tin quang ci cdc dac diém noi bat hon hé
thdng cop kim loai 12:

e Suy hao truyén dan rat nho.

e Bing tan truyén dan rat 16n.

e Khéng bi 4nh huong ctia nhiéu dién ti.

e CU ténh bao mat tét.

e (¢ kich thudc va trong tai nho.

e Soi co tinh cach dién tot va duge ché tao tir vat liéu c6 san.

V6i cac vu diém trén ma céc hé thong thong tin quang dugc ap dung rong
ri tron mang ludi. Ching c6 thé dugc xdy dung 1am céc tuyén duong truc, trung
ké, lién tinh, thué bao kéo dai cho t6i ca viéc truy nhap vao mang thué bao linh hoat
va dép tmg duoc moi moi trudng lap dit tir trong nha, trong cac ciu hdnh thiét bi
cho t6i coc hé théng truyén dan xuyon luc dia, vuot dai duong...Cac hé thong thong
tin quang ciing rat phi hop cho cac hé théng truyén dan sé khong loai trir tin hiéu
dudi dang ghép kénh nao, céc tiéu chuan Bic My, Chdu Au hay Nhat Ban.

1.3 H¢ théng truyén din quang

Tin higu dién tr céc thiét bi dau cudi nhu: dién thoai, dién béo, fax sb
liéu... sau khi duoc mo hua s& dua dén thiét bi phat quang. Tai ddy, tin hiéu dién s&
dugc chuyén do6i sang tén hidu quang. Tén hiéu trong sudt qué trdnh truyén di trong
So1 quang thi s€ bi suy hao do do6 trén duong truyén nguoi ta dat cac tram lap nham

khoi phuc lai tén hiéu.
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He theing 5Ghfs, 233km
veti 5 bé khugch dai quang
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H&nh 1.1: Sy phot trién ctia coc hé thong thung tin quang

tin hiéu quang ban dau dé tiép tuc truyén di. Khi dén thiét bi thu quang thd ton hiéu
quang sé& duoc chuyén ddi thanh tin hiéu dién, khoi phuc lai tin hiéu ban dau dé dua

deén thiét b1 dau cuoi.

M6 Thiét @D BO @ Thiét Giai
—— hia |—| biphot Lap » bi thu MO |—
Phét quang | Soi Soi | quang Thu
quang quang

H&nh 1.2: Céu honh cua hé thong thung tin quang.

Hién nay, cdc hé thong thong tin quang d6 dwgc ing dung rong roi tron
thé gioi, chiing dap tmg dugc ca cac tin hiéu twong tu cling nhu tin hiéu sd, ching
cho phép truyén dan tat ca cac tin hiéu dich vu bang hep va bang rong, dap tmg day
du moi yéu cau ciia mang sb hoa da dich vu (ISDN). Sé luong cap quang dugc lap
dat trén thé gidi voi sd luong ngdy cang 16n, & moi toc do truyén dan va & moi cu
ly. Nhiéu nudc 1y moi truong truyén dén cap quang 1a moi trudng truyén din chinh

trong mang luéi vién thong cia ho.
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1.4 Két luan chwong

Qua chuong 1: tong quan vé hé thong thong tin quang. Ta thay hé thong
thong tin quang ngay cang duoc str dung rong roéi v6i nhimg wu thé noi bat ma cac
hé thdng khac khong co duge vé dic tinh k¥ thuat va hiéu qua kinh té. Tuy nhién,
dé danh gia su thanh cong cia mot hé thong khong thé khong noi dén vai tril cia soi

quang va cop quang, van dé nay s& duoc trdnh bay cu thé & chuong sau.

CHUONG 2: SOI QUANG VA CAP QUANG

2.1 Gioi thiéu chwong

Cung véi sy phot trién cua khoa hoc k¥ thuat thd cop quang va soi quang
cang ngay cang duoc phat trién nham ph hop voi cac moi truong khac nhau nhu
dudi nudc, trén dat lién, treo trén khong, va dic biét gan day nhat 12 cap quang treo
trén duong day dién cao thé, & bat ky dau thd cop quang va soi quang ciing thé hién
dugc sy tin cay tuyét doi.
2.2 Sg¢i quang
2.2.1 Dac tinh cua anh sang

Dé hiéu dugc su lan truyén cta anh sang trong soi quang thd trudc hét ta
phai tom hiéu dac tinh cta anh séng. Su truyén théng, khuc xa, phan xa 1a céc dac
tinh co ban cta anh sang (dugc tronh bay & hdnh 2.1). Nhu ta d6 biét, onh song
truyén thang trong muyi truong chiét suat khic xa dong nhat. Ciin hién tuong phan
xa va khdc xa anh sang c6 thé xem xét trong truong hop co hai moi trudng khac
nhau vé chi s chiét suat, cic tia sang dugc truyén tir moi truong c6 chi so chiét suat
I6m vao moi trudng cd chi s6 chiét suat nho thd s& thay d6i hudng truyén cia ching
tai ranh gidi phan cach gitra hai moi truong. Cac tia sang khi qua vung ranh giéi nay
bi d6i hudng nhung van tiép tuc di vao mdi trudng chiét sudt moi thd dé goi 1a tia
khlc xa ciin nguoc lai, néu tia sang nao di trd vé lai moi trudng ban dau thd goi 12
tia phan xa. Theo dinh luat Snell ta c6 quan hé:

n,Sing, =n,Sing, (2.1)

véi ¢, la guc toi va ¢, la guc khyc xa.
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2.2.2 Pic tinh co hoc ciia sgi din quang

Soi din quang rt nho, vat liéu ché tao chu yéu 1a thuy tinh cho ta cam
giac d& v&. Tuy nhién, thuc té lai nguoc lai hodn toan, sgi quang lai co thé chiu
duoc nhirng tng suat va lyc cing trong qué trdnh boc cop. Piéu d6 chimg t6 rang,
ngodi cac dic tinh truyén dan cia soi quang thd coc dic tinh co hoc cia né ciing
dong vai tril rat quan trong trong qué trdnh dua soi quang vao khai thac trong hé

thdng thong tin quang.

Phép tuyén Phép tuyén
Tia khyc xa Tia khyc xa
n, ¢
6, n, <n, "
n, 1
¢
Tia t&i a) Tiaphan xa Tia t&i b
Phop tuyen Phép tuyén
nZ
nZ
n, <n,
n, n,
¢ > ¢,
Tia toi C) Tia phan xa Tia toi d)

Honh 2.1: Mo ta hién tugng phan xa va khic xa anh sang.

2.2.2.1 Sgi quang
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Soi quang 1a Sgi manh dan 4nh sang, gdm hai chat dién moi trong sudt
nhung khac nhau vé chiét suit. Liri sgi cho 6nh song truyén qua ciin 16p vo bao

quanh i va ct duong kinh tyy thudc vao timg you ciu cuy thé.

Soi quang duoc phan loai bang cach khac nhau va dugc tronh bay nhur sau:

S¢i quang thach anh
Phé}n loai theo vat liéu dién Soi quang thay tinh da vat

Soi quang bang nhwa liéu

S¢i quang don mode
Phdn loai theo mode truyén

S¢i quang da mode

o Soi quang chiét suit phon bac
Phdn loai theo phdn bo chiét
suat

/\

Ltin v/ Soi quang chiét suét bién doi

Céu tryc tong thé cua sgi quang gom: Liri thiy tinh hnh try triin va vé thay
tinh bao quanh hri. Lui thiy tinh dung dé truyén anh sang, ciin vo thay tinh ci toc
dung tao ra phan xa todn phén tai 16p tiép giop giita liri va vo. Mudn vay thd chi sb

chiet suat cua liri phai 16n hon chiét suat cua vo.

VO SO

Ltri soi
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1.S9i quang

2.Chatlam diy

3.0ng 16ng rdng

4.Chat tron khe hd

5.thép gia cudng
v6 boc PE

6.DPai thép

7.V4 bdo vé PE

8.Phin td gia cudng

0 O\ L BW

Honh 2.2: Céu tryc téng thé cia soi.

2.2.3 Suy gidm ton hiéu trong soi quang

Suy hao tin hiéu trong soi quang 1a mot trong cac dic tinh quan trong nhat
Clia soi quang v& nii quyét dinh khoang cach lap tdi da gitra may phat va may thu.
Mt khéc, do viéc kho lap dat, ché tao va bao dudng cac b 1ap nén suy hao tin hiéu
trong soi quang c6 anh hudng rat 16n trong viéc quyét dinh gia thanh cila hé thong.

Suy hao tén hiéu trong sgi quang co thé do ghép nbi giita ngudn phat
quang Voi soi quang, giita soi quang v&i soi quang va gitra sgi quang voi dau thu
quang, bén canh d6 qua trdnh sgi bi uén cong quo gii han cho phdp ciing tao ra
suy hao. Coc suy hao nay la suy hao ngoai ban chat cua soi, do d6 co thé 1am giam
chung bang nhiéu bién phap khac nhau. Tuy nhién, van dé chinh & day ta xét dén
suy hao do ban chét bén trong cia soi quang.
2.2.3.1 Suy hao tén hiéu

Suy hao tin hiéu dugc dinh nghia 1 ty s6 cong suat quang 16i ra P,, cia
soi ¢6 chiéu dai L va cong suat quang dau vao P, . Ty s6 cong suat nay 1a mot ham
ctia budc song. Nguoi ta thuong sir dung « dé biéu thi suy hao tinh theo dB/km.

10 P
="logl ™ 2.2
= g[Pomj 22)

Cac soi dan quang thuong co suy hao nhé va khi d6 dai qua ngan thd gan

nhu khong c6 suy hao, khidé P, =P, .

2.2.3.2 Hdp thu ton hiéu trong sgi dén quang
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Héap thy anh sang trong soi ddn quang 1 yéu t& quan trong trong viéc tao

nén ban chat suy hao cua sgi din quang. Hap thy nay sinh do ba co ché khac nhau

gay ra.

> Hap thu do tap chat: Nhon t6 hip thu noi tri trong soi quang 1a sy co
trong vat liéu soi. Trong thay tinh, cac tap chat nhu nude va cac ion kim
loai chuyén tiép d6 lam ting dic tinh suy hao, d6 13 c4c ion sat, crom,
dong va cac ion OH. Sy c6 mit cia céc tap chat nay lam cho suy hao
dat t6i gia tri rat 1on. Cac soi dan quang trudc ddy c6 suy hao trong
khoang tir 1 dén 10dB/km. Su c6 mit cia cac phan tir nude d6 1am cho
suy hao ting han 1én. Lién két OH d6 hap thu 6nh song & budc song
khoang 2700nm va cung tac dong qua lai cong huong vai Silic, no tao
ra cac khoang hip thu ¢ 1400nm, 950nm va 750nm. Giira cac dinh nay
c6 cac ving suy hao thap, d6 goi 1a cac cira s truyén dan 850nm,
1300nm, 1550nm ma cac h¢ thong thong tin d6 sir dung dé truyén anh

sang nhu trong honh vé dudi day:

Suy hao Hffpm]gmdc
( dB/krn) i

10 |

1 —

0,1 Hap thy

| mgpow . TEnxa T ke
dien U—I' . F:a}rleigh - o
0,01 — =
1t 1
B song

04 04 08 1 12 14 1.6 1.8 (1000

H&nh 2.3 Pic tinh suy hao theo budc song ciia soi dan quang ddi
véi cac quy ché suy hao.
>  Hap thu vt li¢u: Ta thay rang ¢ budc séng dai thd s& suy hao nho
nhung céc lién két nguyén tir lai c6 lién quan toi vat liéu va sé hap thy
anh sang c6 budc song dai, trudng hop ndy goi 1a hap thu vat liéu.

Mic du cac bude song co ban ciia cac lién két hap thu nam bén ngoai

10
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viing budc song sir dung, nhung né van c6 anh huéng va & day né kéo
dai téi ving budc song 1550nm 1am cho vung nay khéng giam suy
hao mot cach dang ké.

Hap thu dién tir: Trong ving cuc tim, anh sang bi hap thu 1a do cac photon kich

thich cac dién tir trong nguyén tu 1én mot trang thai nang luong cao hon.

2.2.3.3 Suy hao do ton xa

Suy hao do ton xa trong sgi din quang 1 do tinh khong dong déu rat nho
cua liri soi gby ra. P6 1a do nhiing thay doi rat nho trong vat liéu, tinh khong dong
déu vé cau triic hodc cac khuyét diém trong qué trdnh ché tao soi.

Viéc dién giai suy hao do ton xa gdy ra 1a kho phic tap do ban chat ngau
nhién ciia phan tir va cac thanh phan 6xit khac nhau cia thuy tinh. Dbi vai thay tinh
thuan khiét, suy hao tan xa tai budc song A1do sy bat 6n dinh vé& mat do gay ra co
thé duoc dién giai nhu cong thic dudi day:

X scat :%(nz _1)2kBTfﬁT (2.3)
n: chi s6 chiét suét.
K, : hang s6 Boltzman.
B hé s0 nén dang nhiét ca vat liéu.
T, : nhiét do hu cu (12 nhiét d6 ma tai d6 tinh bat 6n dinh vé mat
do bi dong lai thanh thuy tinh).
2.2.3.4 Suy hao do uén cong sgi

Suy hao do udn cong soi 1a suy hao ngoai ban chat cua soi. Khi bat ky mot
soi dan quang nao d6 bi udn cong c6 ban kinh xéac dinh thd s€ ci hién twong phat xa
anh sang ra ngoai vo soi va nhu vay anh sang lan truyén trong It soi d6 bi suy hao.
CU hai loai uén cong soi:

> Ubn cong vi mo: 1a udn cong c6 ban kinh udn cong 16n tuong
duong hoac 16n hon duong kinh soi.

> Udn cong vi md: 1a soi bi cong nhd mot cach ngiu nhién va
thuong bi x0y ra trong luc soi duge boc thanh cép.

Hién tuong udn cong cé thé thdy duoc khi goc t6i 1on hon goc tdi han &
c4c Vi tri soi bi uén cong. Dbi voi loai uén cong vi mé (thudng goi 1a uén cong) tha

11
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hién tuong suy hao nay thay rat rir khi phdn téch tron khau d6 sé NA nhé nhu hdnh
(2.4)

Déi voi truong hop sgi bi ubn cong it thd gio tri suy hao xay ra 1a rat it va
kho c6 thé ma thdy dugc. Khi ban kinh udn cong giam dan th& suy hao sé ting theo
quy luat ham mi cho t&i khi ban kinh dat t61 mot gia tri t6i han nao do6 thd suy hao
udn cong thé hién rat rir. Néu bon kénh udn cong ndy nhé hon gia tri diém ngudng
thd suy hao s& dot ngdt ting 1én rat 1on.

TEno TE1 TEZ2

|
|
|
|
Loi nl |
| 1
|
|
|
|

va nz :r
I

Honh 2.4: Sy phan b trudng dién ddi véi vai mode bac thap hon trong soi din
guang.

CU thé giai thdch coc hiéu tmg suy hao uén cong nay bang cach khao sat
phan b dién truong mode. Truong mode hri ¢t dudi md dan sang vo, giam theo
khoang cach tir Iiri t&i vo theo quy tic ham mil. V& dudi truong nay di chuyén cling
Véi truong trong Iri non mot phan ning lwong ciia mode lan truyén s& di vao vo.
Khi soi bi uén cong, dudi trudng & phia xa tdm diém udn phai dich chuyén nhanh
hon dé duy tr& truong trong Iiri clin ddi voi mode sgi bac thip nhat. Tai khoang
cach téi han x tir tAm soi, dudi trudng phai dich chuyén nhanh hon toc do anh sang
dé theo kip truong & Liri (2.5).

Mot phuong phap dé giam thiéu suy hao do udn cong 1a 1ong 16p vo chiu ap suét
bén ngoai soi. Khi lyc bén ngoai tac dong vao, 16p vo sé bi bién dang nhung sgi van

cl thé duy trd & trang thoi twong d6i thang nhur hanh (2.6)

12
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cong sudt
suy hao

Hdnh 2.5: Trudng mode co ban trong doan soi bi uén cong.

Mzoai Lifc
301 quang
*
Vo chju &p sudt

H&nh 2.6: V6 chiu ndn giam vi udn cong do cdc lwc bén ngoaii.

2.2.4 Tan sic dnh sdng va d¢ rong bing truyén din

Khi lan truyén trong soi, tin hiéu quang bi méo do céc tac dong cila tan sic
mode va tré giita cac mode. C6 thé giai thich cac hiéu img méo nay bang cach khao
st cac thudc tinh van tbc nhom cac mode duoc truyén, trong d6 van téc nhom 12 toe
d6 truyén ning luong ciia mode trong soi.

Ton sic mode 12 su gion xung xuat hién trong mot mode do van tbc nhiim
la ham cia budc ssing A. V& ton sic mode phy thudc vao budc séng nén tac dong
clia nd tang theo do rong phd cia nguon quang. C6 hai nguyén nhan chinh gay nén
tan siac mode 14 :

> Ton sic vat liéu
> Ton sac ong dan sing
1. Ton sic vat liéu do chi ) khyc xa cua vat ligu ché tao i thay doi theo
ham ciia budc song giy ra. Tan sic vat liéu tao ra sy phu thudc van toc
nhom vao budc song ciia mot mode bat ky.
2. Tén sic ong dan song do soi don mode chi gigi han khoang 80% cong
suat quang trong Iiri non 20% ciin lai s& lan truyén trong 16p vo nhanh

hon phéan 4nh sang t&i han trong Liri gdy ra ton sic.

13
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Téng hop tan sic ¢ soi da mode nhu sau:
1
Ton sic tong = [(ton sic mode)? +(ton sic bon trong mode)?] ?

2.2.4.1 Tré nhim

Gia str tin hiéu quang dugc diéu ché kich thich tat ca cac mode ngang nhau
tai dau vao cua soi. Mdi mot mode mang mQt nang luong twong thong sudt doc soi
va timg mode s& chira todn bo cac thanh phan pho trong dai song ma ngudn quang
phat di. V& tén hiéu truyén doc theo soi cho non mdi mot thanh phan duoc gia dinh
1a doc 1ap khi truyén va chiu sy tré thoi gian hay ciin goi 1a tré nhum tron mot don
vi d6 dai theo hudng truyén nhu sau:

n_ 1 _dg_ A dp

=== 2.4
LV ok 2mcda 24)
B 1a hang s6 lan truyén doc theo truc soi
L: 14 cu ly xung truyén di, va k = 2%
Khi d6, van tbc nhom duoc tinh bang
dg)™
V, = C(d_kj (2.5)

Pay 1a van tdc ma tai d6 nang luong ton tai trong xung truyén doc theo
soi. V& tré nham phu thudc vao budc song cho nén timg thanh phan mode cua bat
ky mot mode riéng biét ndo ciing tao ra mot khoang thoi gian khac nhau dé truyén
duoc mot cy ly nao d6. Do tré nhom thoi gian khac nhau ma xung tin hiéu quang sé
trai rong ra nén van dé ta quan tam ¢ day 1a do gion xung khi ci sy bién thion tré
nham.

Néu do rong phé cua nguén phat khong qué 16n thd sy Iéch tré tron mot
don vi budc séng doc theo phan lan truyén s& xap xi bang df%ﬂb . Néu d¢ rong pho
o, Cuangudn phat dugc dic trung bang gia tri hidu dung (r.m.s) o, thd do gién

Xung s& gan bang d6 rong xung hiéu dung

dr Lo, dg 2 dZ,B
= n ———A | .
o [ da le 2nC E da dA? (26)

14
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1dr
va b=—-—-""
L dA

2.2.4.2 Tén sdc vit ligu

Ia tAn sic va c¢6 don vi [ps/km.nm].

Nguyén nhan gay ra tan sic vat liéu 1a do chi so chiét suét trong soi dan
quang thay d6i theo budc song. Do van téc nhom V. cia mode 1a mot ham sé cia
chi s6 chiét suat non coc thanh phan phd khoc nhau sé truyén di véi cac toc do khac
nhau tuy thudc vao budc song. Tan sic vat lidu 1a mot yéu to quan trong ddi véi cac
soi don mode va cac hé thong sir dung ngudn phat quang 1a dit phat quang LED.

Dé tinh toan tan sic vat lidu, ta xét mot song phang lan truyén trong mot
mdi trudng trong subt dai vO tan va co chi s6 chiét suat n(1) ngang bang véi chi s6
chiét suat ¢ Iiri soi, khi d6 hang s6 lan truyén g dugc cho & trudng hop nay Ia:

_2mn(2)

F==7

@.7)

Thay thé phuong trdnh nay vao (2.4) véi k = 2% sé thu dugc tré nhém z,

cho ton sic vat liéu:
T, =—(n—i—j (2.8)

tir (2.10) thd s& ca duoc do gion xung o, ddi voi do rong phd o, ciia ngudn phat
bang cach vi phan d6 tré nhum nay.

dr, L d°n
v = 0, =——A—
di c da

Vvé6i D, (1) 1a ton sac vat ligu.

o,=D,(1)Lo, (2.9)

(o2

Db thi cua phuong tronh (2.9) cho don vi d dai L va don vi dd rong phé
ctia ngudn phat o, dugc cho nhu hdnh vé& dudi day, tir d6 cho ta thay dé giam tan
sic vat liéu thd phai chon ngudn phot ¢t do rong phd hep hodc hoat dong & bude

song dai hon.
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Chi 56 chigt sudt

1,54

132 L

148 [

146

144 |

142

Burdc song
14 L1 | {10001wm)

02 0406 10 30 40

Honh 2.7: Chi s6 chiét suét thay doi theo bude song.

2.2.4.3 Tén sic din siing

-a0

o8 10 12 14 1,68
Burdc song (1000mm)

Hinh 2.8: Tén sac vat liéu 1a ham s6 cua budc song quang d6i véi soi quang.
Dé khao sat tan sic dan song ta gia thiét rang chi s6 chiét suat cua vat liéu
khong phu thudc vao budce song. Vé tré nhoém, d6 1a thoi gian can thiét dé mot mode
truyén doc theo soi c6 do dai L. Bé dam bao tinh doc 1ap ciia cdu hdnh soi, ta cho

su tré nhiim du6i dang hang s6 lan truyén chuan hoa b dugc viét:

16
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(2.10)

b =1_(%T =—ﬁ%2 "

Y n/ —n’
i e (n—n,) N
doi vai cac gia tri chénh léch chiét suat nho A = n. » phuong tronh (2.10)
1

c6 thé dugce viét lai nhu sau:

B —n
b= L (2.11)
n —n,
tr d6 ta co B =n,k(bA +1) (2.12)
Str dung hé thuc tron va gia st n, khong phai 1a ham cua budc song, ta
. x Ld L d(kb
thay rang tré nhom 7 =Ed_f=€[n2 +HZA%} (2.13)

Mat khoc, V = ka(n? —nZ)? ~ kan,y2A thoa mén déi véi céc gia tri A nhé

non (2.13) ¢t thé viét lai

- b{l‘ jv+1<2uje§>(jlial)(ua>} 214)

d(Vb)

trong d6 N, + nzAd—V biéu thi su tré nhiim phot sinh do ton sic dan stng.

2.2.4.4 Anh hwéng ciia tin sic dén dung lwong truyén din

Tén sac gay ra méo tin hidu va diéu nay lam cho céc xung &nh sang bi gién
rong ra khi duoc truyén doc theo soi dan quang. Khi xung bi gion ra nd s& phi 1on
coc xung bon canh. Khi sy phil nay vurot qua mot gia tri gidi han nao d6 thd thiét bi
phda thu s& khung phon biét duge cac xung ké nhau nira, lic nay 151 bit xuat hién.

Nhu vy, dic tinh tan sic 1am gi6i han dung luong truyén dan cia soi quang.

2.3 Cop soi quang

Thuc té, dé dua cap quang vao sir dung thd coc soi can phai dugc két hop
lai thanh cép Véi cac cau trac phl hop véi timg moi truong lap dat. Do phu thudc
vao mdi truong lip dat nén cap quang co rat nhiéu loai: cap chon truc tiép dudi dat,

cap treo trong cong, cap treo ngoai troi, cap dat trong nha, cap tha bién...
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2.3.1 Coc bién phop bdo vé soi
Trude khi tién hanh boc cap, soi quang thudng dugc boc lai dé bao vé soi
trong khi ché tao cap. C6 hai bién phap :
e Boc chit soi.

e Boc long soi.

N66ng kinh ngoai
Soi fia boc so cap t6i 0.9mm

Soi quang
b)

Chat deo Chat deo mem

a) Chat delo cong

g =00 O000R00 O=

3.8mm
o) Sai fia boc
€
£
<
1.6mm |
H&nh 2.9: V& du mét sb boc chat khdc

nhau

2.3.1.1 Boc chat soi

Soi quang s& duoc boc chit do d6 s& lam ting tinh co hoc cua sgi va chong
lai img suat bén trong. CAc soi quang c6 thé dugc bao vé riéng bang cac 16p vat lidu
déo don hoic kép. Trong mot moi trudng nhiét do thap, su co lai ciia chat déo & 16p
bao vé co thé gy ra su co quang truc va vi udn cong soi, tir d6 suy hao soi c6 thé
tang lén. Tur d6 co thé rat ra hai cach bao vé soi 12 toi uu hoa viéc ché tao vo boc soi
bang viéc Iya chon vat liéu twong tng va do day cua vo, dong thoi giit cho soi cang
thang cang tot va cach thir hai 1a boc xung quang sgi mot 16p gia cuong co kha nang
lam giam sy co nhiét.

2.3.1.2 Boc long sgi
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So¢1 quang co thé duoc dat trong cap khi dugc boc mot 16p chat déo c6 mau
mong. Cac soi duge dit trong 6ng hodc cac ronh hdnh chir V ¢t & liri chat déo. Coc
6ng va coc ronh ¢t kdch thude 16n hon nhiéu so véi soi dan quang dé céc soi co thé
hoan toan ty do trong nd. K¥ thuat nay cho phép soi tranh dugc cic ing suat bén
trong. Trong cau tric boc 16ng, cic soi nam trong 6ng hodc trong khe déu dugc bao
vé rét tot. Giai phap nay it dung trong soi don ma thuong dugc ding cho céc soi &
dang bang.

2.3.2 Céc thanh phan ciia cép quang
Coc thanh phan ciia cop quang bao gdm: Liri chtra coc soi ddn quang, coc
phan tir gia cudng, vo boc va vat liéu don.

»  Liri cop: Cac soi cap do dugce boc chat nam trong cau tric long, ca soi va
cau tric 16ng hodc ronh két hop v6i nhau tao thanh liri cop. Liri cop duogc
bao quanh phan tir gia cuong ciia cap. Cac thanh phén tao rénh hodc coc
6ng boc thudng duoc 1am bang chat déo.

>  Thanh phan gia cwomg: Thanh phan gia cuong lam tang strc chiu dyung
cua cap, dic biét 1 on dinh nhiét cho cap. N6 c6 thé 1a kim loai, phi kim,
tuy nhién phai nhe va c6 do mém déo cao.

» Vo cop: VO cap bao vé¢ cho cap va thuong dugc boc dém dé bao vé lui
cop khoi bi tac dong cua tmg sudt co hoc va méi trudng bén ngoai. Vo
chat déo dugc boc bén ngoai cép ciin vo boc bang kim loai duoc ding

cho cép chén truc tiép.

2.4 Két luan chwong

Két thic chuong 2 gitip ta hiéu thém vé nhiing dic tinh k¥ thuat ciia soi
quang va cap quang. Dé ung dung quang trong hé thong thong tin thd soi quang
phai duoc boc thanh cap. Véi cac moi trudng khac nhau thd ciu tryc cua cop quang
cling khoc nhau dé phd hop v6i nhu cau thuc té. Tuy nhién, dé dam bao chit lugng
t6t ciia hé thong thd coc thiét bi phot quang ciing nhu cac thiét bi thu quang ciing

gop mot phan rat quan trong va phan nay sé duoc nghién ctru ¢ chuong sau.
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CHUONG 3: THIET BI PHAT QUANG VA THIET BI THU QUANG

3.1 Gigi thiéu chwong
Trong chuong nay s& trdnh bay mot coch kho chi tiét vé thiét bi phot

quang nhu LED, LD hay thiét bi thu PIN, APD ciing nhu nguyén tic hoat dong cua
n6 dé tir d6 chung ta co thé lua chon duoc thiét bi phll hop véi hé thong va yéu cau
thiét ké.
3.2 Thiét bi phét quang
3.2.1 Co ché phdt xa dnh sing

Gia thuyét c6 mot dién tir dang nam ¢ muc ning lugng thap (E,), khong co
dién tr n30 nam & murc nang lwong muc cao hon (E,), thd & diéu kién d6 néu co
mot ning lwong bang véi mic nang luong chénh léch cap cho dién tir thd dién tir
nay s& nhay 1én muc nang luongE,. Viéc cung cép ning luong tir bén ngoai dé
truyén ning lugng can t&i mot mirc cao hon duoc goi 1a kich thich su dich chuyén
cua dién tir toi mot muirc nang luong khac dugc goi 12 sy chuyén doi.

bién tir ro1 khoi muc nang luong cao E, bi hat nhan nguyén tu hut va quay
vé trang thai ban dau. Khi quay vé trang thai E, thd mot nang lugng diing bang E, -
E, dugc giai phong. Do 1a hién tuong phat xa ty phot va nang lugng dugc giai
phong ton tai & dang anh sang goi 1a anh sang phét xa tu phot. Theo co hoc lugng
tu, budc song anh sang phat xa dugce tinh theo cong thuc:

h

A=C——
Ez_E1

(3.1)

Trong d6, h =6,625.10* js (hang sé Planck)
¢ =3.10° 1a van toc 6nh song
Budc song ty 1é nghich voi do 1éch nang luong clia cac nguyén tir ciu tao

nén linh kién phat quang. Do d6 budc séng anh sang phat xa phan anh ban chét ciia

vat liéu.
E, ? E, o E, .
h E Ehv 1 E \/\/l\z/ﬂ/‘“P
V ] 1 1
o ! A !
NAVAVS . ERVAVAVe T2 <
5 i L hv o,
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Khi 4nh sdng c6 ning lugng twong bang E, — E, dap vao mot dién tir & trang thai
kich thich, dién tir & trang thai kich thich E, theo xu huéng s& chuyén doi vé trang
thai E, nay bi kéch thdch chuyén vé trang thoi E,. Sau khi hap thu nang lwong anh
sang dap vao (honh 3.1c¢). B6 1a hién tuong phat xa kdch thdch. Nang lugng anh
sang phat ra tai thoi diém ndy I6n hon ning luong anh sang phat ra ty nhién. Ciin
d6i v6i co ché phat xa ctia ban dan: 12 nho kha nang tai hop birc xa phat quang cia
cac hat dan & trang thai kich thich. Tir diéu kién can bang nhiét, dién tir tip trung
hau hét & viing hod tri c6 mirc ning lugng thap va mot sb it & ving dan 6 mirc ning
lugng cao. Gia sir rang trong ban din c6 N dién tir trong d6 co N, dién tir & vung
hoo tri n, dién tir & ving dan. Khi anh sang chiéu tir bén ngoai vao ban dan & trang
thai nay, ty 1¢ gitra birc xa cudng birc va hap thy ty 18 thuan véi ty sé n,va n,. Viéc
hap thu chiém da sd va anh sang phat ra giam di.

3.2.2 Diode LED

Didt phat quang LED 1a ngudn phat quang rat phil hgp cho cac hé thong
thdng tin quang toc do khong qua 200Mbit/s sir dung soi dan quang da mode.

Dé sir dung t6t cho hé thong thung tin quang, LED phai ci cong suat birc
Xa cao, thoi gian dap Gmg nhanh va hiéu suét luong tir cao. Su birc xa ciia nd 1a cong
Suat quang phat xa theo goc trén mot don vi dién tich ciia bé mit phat va dugc tinh
bang Watt. Chinh cong suat birc xa cao sé& tao diéu kién cho viéc ghép giita cac soi
dan quang va LED dé dang va cho cong suét phat ra tir dau soi 16n.

Thoi gian dau, khi cong nghé thong tin quang chua dugc phd bién, didt

phat quang thuong dung cho cac sgi quang da mode. Nhung chi sau d6 mét thoi
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gian ngan, khi ma coc hé théng thung tin quang phot trién kho rong réi, coc sgi dan
quang don mode duoc dua vao sir dung trong cac hé thong thong tin quang thd LED
cling d6 cu dudi dang san pham 1a ca&c modul c6 soi dan ra 1a soi ddn quang don
mode. CONng suat quang dau ra cua no it phy thudc vao nhiét do va thuong chiung co
mach diéu khién don gian.

Thuc nghiém d6 dat duogc do dai tuyén 1én t6i 9,6Km véi toc do 2Gbit/s va
100Km véi toe d6 16Mbit/s. LED ¢6 wu diém 1a gia thanh thap va do tin cdy cao,
tuy nhion chyng phu hop véi mang noi hat, cic tuyén thong tin quang ngan véi toc
d6 bit trung bonh thép.

3.2.3 Diot Laser

NOi chung, Laser c6 rat nhiéu dang va du cac kich c&. Chang ton tai ¢
dang khi, chét 1ong, tinh thé hodc ban dan. Pdi voi cac hé thong thong tin quang,
cac nguon phat Laser 1a cac Laser ban dan va thuong goi ching 1a LD. Cac loai
Laser ¢ thé 1a khac nhau nhung nguyén 1y hoat dong co ban cua ching 1a nhu
nhau. Hoat dong ctia Laser 13 két qua cta ba qua trdnh mau chdt 1a: hip thy phuton,
phot xa ty phot va phot xa kdch théch. Ba qué trdnh nay twong tu co ché phat xa
anh sang va dugc tronh bay 6 muc 3.2.1.

Céc hé théng thong tin quang thuong 1a ¢d toc do rat cao, hién nay nhiéu hé
thdng thong tin quang c¢6 téc do 2.5Gbit/s dén 5Gbit/s d6 dugc dua vao khai thac.
Bing tan ciia hé thong thong tin quang diii hoi kho 16n, nhu vay cic LD phun sé
phi hop hon 14 cac di6t phat quang LED. Cac LD thong thudng cé thoi gian dap
mg nho hon 1ns, d6 rong phd trung bdnh tir Inm dén 2 nm va nhod hon, cong suat
ghép vao soi quang dat vai miliwatt.

3.2.4 Nhiéu trong nguén phét Laser

Khi cac LD duoc str dung trong cac hé théng thong tin quang c6 toe do
cao, th mot sd hoat dong cua Laser bat dau xuat hién va téc do bién doi cang cao
thd chyng cang thé hién rir va ci thé gby ra nhiéu ¢ dau ra cua bo thu. Cac hién
tuong nay duoc goi 1a nhiéu mode, nhiéu canh tranh mode va nhiéu phan xa. V&
o6nh song lan truyén doc theo soi dan quang non su két hop cta coc suy hao mode
phu thudc, thay dbi pha gitta cac mode va su bat 6n dinh vé phan bb ning luong
trong cac mode khac nhau s& 1am thay doi nhiéu mode. Nhidu mode xuét hién khi
c6 sy suy hao bat ky nao d6 trong tuyén. Cac ngudn phéat quang bang hep c6 tinh két
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hop cao nhu cac Laser don mode s& gdy ra nhidu mode 16n hon cic ngudn phat
bang rong.

Ngoai ra, hién tuong phan xa nho trd lai Laser do cac mat phan xa tir ngoai
c6 thé gy ra su thay d6i dang ké nhidu mode va v thé ciing lam thay doi dic tinh
ctia hé thong. Nhiéu phan xa c6 lién quan téi méo tuyén tinh dau ra LD gy ra do
mot lwong anh sang phan xa tré lai va di vao hdc cong huong Laser tir cac diém ndi
soi. Co thé giam duoc nhiéu phan xa khi ding cac bo cach ly quang giira LD va soi
dan quang.

Két luan: Ngudn phat quang déng mot vai trii rit quan trong ddi véi hé
thdng thong tin quang, & phan nay ta quan tdm cha yéu dén LD, Laser don mode.
Tir d6, ta c6 thé lya chon ngudn phat sao cho phil hop véi hé thong.

3.3 Thiét bi thu quang

Thiét bi thu quang déng mot vai trii rit quan trong trong hé thong thung tin
quang, nl cl chirc nang bién d6i tin hiéu quang thanh tin hiéu dién. Trong linh vuc
thong tin quang ta s& nghién ciru van dé thu quang theo hiéu tmg quang dién.

3.3.1 Co ché thu quang

Nhu d6 nai & tron, co so ctia hi¢u ing quang dién 1a qua trdnh hap thy 6nh
song trong chat bon dan. Khi 6nh song dap vao mot vat thé ban din, cac dién tir
trong ving hoa tri duoc chuyén doi téi ving dan nhung néu khong c6 mot su tac
dong say ra thd sé khung thu dugc két qua gd ma chi ci coc dién tir chuyén dong ra
xung quanh va tai hop trd lai voi cac 16 tréng ving hod tri. Do d6 dé bién doi ning
lugng quang thanh dién ta phai tin dung trang thai khi ma I3 tréng va dién tir chua
Kip tai hop. Trong linh kién thu quang, 16p chuyén tiép p-n duoc sir dung dé tach
dién tir ra khoi 16 trong. Khi 4nh sang dap vao ving p s& bi hap thu trong qua tronh
lan truyén dén viing n. Trong qua tronh d6, cac dién tir va I trong d6 duoc tao ra va
tai viing nghéo do hap thu photon s& chuyén dong vé hai huéng ddi nguge nhau
dudi tac dong cua dién truong nén chung tach roi nhau. Vo khung ca dién truong &
bén ngoai ving ngheéo nén cac dién tir va 16 tréng dugc tao ra do hiéu tmg quang
dién va s& tai hop trong qua tronh chuyén dong cua chiing. Tuy nhién, s& c6 mot vai
dién tir di chuyén vao dién truong trong qua trdnh chuyén dong va cé kha ning

tham nhap vao mdi ving. Va do d6 c6 mot dién thé s& duoc tao ra giita cac mién p
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va n. Néu hai dau ctia mién d6 duoc ndi v6i mach dién ngodi thd coc dién tir va 16
tréng s& duoc tai hop & mach ngodi va sé& co6 diing dién chay qua.
3.3.2 Photodiét PIN

Phétodidt PIN 12 bo tach song dung dé bién ddi tin hidu quang thanh tin
hiéu dién. Cau trac co ban cia Photodidt PIN gdm cac ving p va n dit cach nhau
bang mot 16p tu dan i rat mong. Dé thiét bi hoat dong thd can phai cap mot thion op
ngugc dé ving bén trong rat hét cac loai hat mang. Khi ca 6nh song di vao
Photodidt PIN thd s& xdy ra quo trdnh nhu sau. Néu mét photon trong chim anh
sang toi mang mot nang lugng hv Ién hon hodc ngang bang voi ning luong dai cAm
ctia 16p vat liéu ban dan trong Photodidt thd photon ci thé kdch théch dién tir tir
ving hoa tri sang ving dan.Qué tronh ndy s& phot ra coc cap dién tir, 15 trong.
Thong thudng, bo tach séng quang duge thiét ké sao cho cic hat mang nay chu yéu
duoc phat ra tai ving nghéo 14 noi ma hau hét cac anh sang t6i bi hp thy (hdnh
3.2). Sy c¢6 mat cua truong dién cao trong vung nghéo lam cho cac hat mang tach
nhau ra va thu nhan qua tiép giap c6 thién 4p ngugc. Dicu nay lam ting ludng diing
& mach ngoai, véi mot ludng diing dién s& tmg véi nhiéu cip mang duoc phét ra va

diing nay goi 1a ding photon.

P LS tréng i Dién

4
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H&nh 3.2: So d6 ving ning luong ciia Photodidt PIN.

Trong truong hop 1y tuong, mdi photon chiéu vao phéi sinh ra mot xung
dién & mach ngoai va gia tri trung bonh cta diing dién sinh ra phai ty 1¢ vdi cong
Suét cua anh sang chiéu vao nhung trong thuc té, khong dat dugc nhu vay ma mot
phan anh sang bi ton hao do phan xa.

3.3.3 Photodiit théc

Pé tang do nhay didt quang ngudi ta img dung hé thng gidng nhu hiéu
ung nhén dién tr trong cac bd nhan quang dién.

Photodidt thac ky hiéu APD (Avalanche photodiote) c6 dic tinh tot hon
d6i vé6i tin hiéu nho. Sau khi bién doi cac photon thanh cac dién tir thd na khuéch
dai ngay diing photo & bon trong ni trude khi diing nay di vao mach khuéch dai tiép
sau va diéu nay lam tang murc tin hi¢u dan téi d6 nhay may thu ting 1én dang ké. Dé
thu dugc hiéu ing nhdn bon trong thd coc hat mang phai duoc tang dan nang luong
t6i mirc du 16n dé ion hoa cac dién tir xung quanh do va cham véi chiing. Cac dién
tir xung quanh nay duoc day tir ving hod tri t&i ving dan rdi tao ra cac cip dién tir-
16 trébng m&i san sang dan dién. Cac hat mang mdi nay tao ra tiép tuc dugc gia toc
nhd dién truong cao va lai co thé phat ra cac cip dién ti- 16 tréng mai khac. Hiéu

ung nay goi la hi¢u ing thac.

_|_
e - Trwong dién
n+
E——— Vwng théc
P Trwong t6i thiéu can
é thiét dé tac dong ion hoa
i Vung nghbo
20 I T A
P+
o—mm

H&nh 3.3: Céu tric Photodidt thac va truong dién trong vung trui.
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3.3.4 Tham sé co bdn ciia thiét bi thu quang
3.3.4.1 Hiéu sudt lwong tir
Hiéu suat lugng tir duwoc dinh nghia 14 ty sé dién tir duoc sinh ra trén sb
photon dugc hap thy. Thuong cac dibt dat hiéu qua khoang 60% dén 80%.
3.3.4.2 Do nhay quang
D06 nhay quang cho biét kha ning bién doi cong suat quang thanh diing

dién. Néu tai mot bude séng cd so photon roi vao 1a N, va ning lrong mdi photon

la:m
hc
E=— 3.2
. 32
o £ N c dN,
thd cung suat quang thu duoc la: P = T
(3.3)
va lugng dién tich sinh ra la: 0o = None (3.4)
Vi e=16.10"¢
Tur d6 ta tinh dugc diing dién sinh ra tir cac photon la:
. dqg, dN,
I =——>=ne—- 3.5
0= T4t n qt (3.5)
n.A.eP,
= he
goi S d¢ nhay quang co6 thtr nguyén [A/W] vas = UTM (3.6)
c

3.3.4.3 Tgp Om cua toch sung quang

Déi v6i cac b tach song quang, bd thu quang can phai cé do nhay thu rat
cao, didu d6 diii hoi coc photodiot phai tach duoc tin hiéu quang rat yéu tir phia
duong truyén téi. Dé thyc hién thu duoc cac tin hiéu rat yéu ndy, can phai tdi vu
hoa duoc bd tach song quang va ca cac mach khuéch dai tin hiéu di kém theo do,
diéu nay cho phép ta nhan dugc ty 18 tin hiéu trén tap am S/N:

P
S (37)
N PTS + PKD

voi P, Cung suét tén hiéu do diing photo tao ra.

P, : Cung suét tap 6m ciia bo toch siing.
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P.,: CONg suat tap am ciia bd khuéch dai.
Dé dat dugc ty 1¢ S/N cao thd phai hoi du cac diéu kién sau:
> Sur dung céc bo tach song quang c6 hiéu sudt lugng tir cao nham tao ra cong
SUAt tin hiéu 16n.
> Phai han ché dugc cac tap am ciia bo tach song quang va bo khuéch dai tin
hiéu trong bd thu quang cang nhiéu cang tot.

Tap am ctia cac bd khuéch dai quang 1a tap am cta bo tién khuyéch dai va
cta cac bo khuyéch dai phia sau. Nhung trong thyc té, phan 16n tap 4m 1a do cac bo
tach séng va céc b tién khuyéch dai quyét dinh.

3.3.5 Bj thu quang trong truyén din tén hi¢u sé

Hau hét cac hé théng thong tin quang hién nay thyuc hién truyén dan tin
hiéu sb. Tin hiéu duoc phét ra tir phia phat 13 ludng s6 nhi phan véi cac gia tri 0 va 1
trong mot khoang thot gian. Trong mdt bg thu quang, anh sdng nhan dugc tur phia
duong truyén s& duoc tach va bién doi thanh tin hiéu dién va duoc khoi phuc ¢ dau
thu. Bo khuéch dai thuc hién viéc bién doi diing ndy thanh tén hiéu dién ap véi mirc
phl hop véi cac mach tiép theo sau. Nhiém vu ctia b loc nham gidi han bang tan
ctia bo thu, 1am giam tdi thiéu tap 4m phat ra tir bo tach song va khuéch dai. Xung

clock dugc trich Iy ra tir chiim tin hiéu s6 trong mach quyét dinh.

Béng hd
Tric:h then -
gian
- ™ | ach quyer]  CRlERre
Khuech dai |- Bg can bing|-={Bg loc| : dir?hu}r
FPhotodetector
Tién khugch
dai
Tin higu vao G

H&nh 3.4: so dd khéi cia bod thu quang dién h&nh trong truyén dan
Viéc Iya chon bd tach song quang thudng duoc dya vao cac yéu té can
dugc quan tim nhu quy cong suat ciia hé thong, dai thong theo yéu cau, tinh phirc
tap phan ctng, hiéu qua kinh té.
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3.4 Két luan chwong

Viéc xem xét cac dic tinh k¥ thuat cia thiét bi thu quang 12 mot yéu t6 rat
quan trong. Chat luong cuia hé théng phu thudc rat nhiéu vao cac thiét bi thu quang
ma ¢ day ta xét chu yéu dén LD. Néu mot soi quang chi truyén tin hi¢u trong mot
soi dan quang thd hé thong khung dép tmg dugc nhu céu trao doi thong tin ngdy
cang cao v thé coc phuong phap ghép kénh quang ra doi, trong d6 phuong phap
ghép kénh theo thoi gian dang cang ngay cang thé hién rir ténh uu viét ciia né va

van dé nay s& duoc trdnh bay chi tiét & chuong sau.

CHUONG 4:
KY THUAT GHAP KANH QUANG PHAN CHIA THEO THOI GIAN
4.1 Gigi thiéu chwong

Trong nhiing nam gan day, cong nghé thong tin quang d6 dat dugc nhiing
thanh tyu rat 16n trong d6 phai ké dén k¥ thuat ghép kénh quang, n6 thuc hién viéc
ghép cac tin hiéu anh sang dé truyén trén soi dan quang va viéc ghop konh s& khung
cll mot quo trdnh bién d6i vé dién ndo. Muc tiéu cia viéc ghép kénh cling nham
taing dung lwong kénh truyén dan va tao ra cac tuyén thong tin quang c6 dung
lugng cao. Khi tdc do dat t6i mot mirc d6 nao do tha nguoi ta théy han ché cua cac
mach dién tu trong viéc nang cao toc do truyén dan, va ban than cac mach dién tir
khong dam bao dugc dap ing xung tin hiéu cuc ky hep cung véi nd6 1a chi phi cao.
Dé khic phyc tonh trang tron thd k¥ thuat ghop konh quang d6 ra doi va cé nhiéu
phuong phap ghép kénh khac nhau nhung phuong phap ghép kénh quang phan chia
theo thoi gian (OTDM-Optical Time Division Multiplexing) 1a wu viét hon ca va
duogc sir dung pho bién trén toan thé giéi. Poi véi OTDM, ky thuat ghép kénh & day
c6 lién quan dén ludng tin hiéu ghép, dang mé va téc 6 duong truyén.

Nhu ta d6 biét, coc hé thdng thung tin quang théch hop véi cung nghé
truyén dan SDH. K¥ thuat SDH s& ghop coc konh dé tao ra cac ludng tin hiéu
quang, ciin OTDM s& thuc hién viéc ghép cac ludng quang nay dé tao ra cac tuyén
truyén dan c6 dung lugng cao.

4.2 Nguyon ly ghop konh OTDM
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Trong hé thong thung tin quang sir dung k¥ thuat OTDM th& chudi xung hep
duoc phat ra tir ngudn phat thich hop. Cac tin hiéu nay dugc dua vao khuéch dai
nham ning muc tin hiéu du 16n dé dap tng duoc yéu cau. Sau khi dugc chia thanh
N ludng, mdi ludng s& duoc dua vao didu ché nhd cac bo diéu ché ngoai voi tin hidu
nhanh cé toc 46 B Gbit/s. Dé thyc hién ghép céac tin hiéu quang ndy véi nhau, cic
tin hidéu nhanh phai dugc dua qua cac bd tré quang. Tuy theo vi tri cua timg kénh
theo thoi gian trong khung ma cac bo tré ndy s& thuc hién tré dé dich cac khe thoi
gian quang mot cach twong tmg. Thoi gian tré 1a mot chu ky cta tin hidu clock va
nhu vay tin hiéu sau khi duoc ghép s& co tin hiéu 12 B Gbit/s. Bén phia thu, thiét bi
tach kénh sé tach kénh va khoi phuc xung clock khi d6 sé dua ra dugc tirng kénh

quang riéng biét twong tmg véi cac kénh quang & dau vao caa bo ghép phia phat.

So d6 khoi dudi day mo ta hoat dong ctia hé théng truyén dan quang sir dung k§
thuat OTDM.

Tin higu

Khéi phét block

Bo é

Nguén | |EDFA| [B& chia [ Boghep | |BEDFA| (O | |tdch [—
phat quang quang Sgi |kerh | . o
dén 4

—
quang Kérh

Tré quang
Thén glan
Thén glan HHI_H_H_II_H_H_I &
Kenh: 1 2 3 41 2 3 4

Hanh 4.1: So d6 tuyén thong tin quang dung ki thuat OTDM ghép 4 kénh quang.

Cac hé théng ghép kénh OTDM thuong hoat dong & ving budc song
1550nm, tai budc séng nay c6 suy hao quang nhé va lai phll hop véi b khuéeh dai
quang soi c6 mat trong hé théng. Céac by khuéch dai quang sgi ¢ chirc nang duy trd
qu¥ cung suat ciia hé thdng nham dam bao ty 1& S/N & phia thu quang.

4.3 Phét tén higu trong h¢ thong OTDM

Hé thong thung tin quang sir dung k¥ thuat ghop konh OTDM 6p dung hai
k¥ thuat phot ton hiéu cha yéu sau:

1. Tao ludng sb liéu quang sd RZ thung qua viéc sir 1y quang ludng NRZ.
2. Dua vao viéc diéu ché ngodi cua cac xung quang.

29



CHUONG 1:TONG QUANG HE THONG THONG TIN SOI QUANG

Trong k¥ thuat tao ludng sd liéu quang s RZ théng qua viéc sir Iy quang
lubng NRZ, tir ludng NRZ ta thyc hién bién doi ching dé dua vé dang tin hiéu RZ
bang cach cho ludng tin hiéu NRZ qua phan tir xir Iy quang c6 céc dic tinh chuyén
d6i phu hop. Quo trdnh bién ddi anh sang lién tuc (CW) thanh cac xung dua vao bo
khuéch dai dién-quang. Pau vao CW Ia ludng tin hiéu quang NRZ va thudng thd
mdi ludng NRZ ydu cay mot phan tir xir 1y quang riong. Nhung voi cac hé thong
tién tién hon s& cho phép dong thoi thuc hién ca bién doi va xen quang NRZ thanh
NZ nhd mot thiét bi chuyén mach tich cuc dién-quang 2x2. V& vy, chum tén hiéu
ban dau NRZ téc 6 B Gbit/s s& dugc 14y mau nhod bo diéu ché Mach-Zehnder, b
diéu ché nay duoc diéu khién v6i mot séng honh sin voi tan s6 B GHz va dugc 1am
bang bién d6 cho dén gia tri dién 4p chuyén mach. Tin hiéu quang sd nay s& dugc
bién d6i thanh dang RZ & tc do B Gbit/s véi do rong xung bang mot nira chu ky bit
va viéc ndy nham muc dich tao ra mot khoang dé xen vao mot ludng tin hiéu dang

RZ thtr hai. Viéc xen kénh thir hai dugc thuc hién nho bo ghép.

) 4' BUHz V. 4B Ghitje
- ‘ dang RZ
B Gbitfs o an o)
dang NRZ 2x32
cho mbi €4 8
dfu vao 2x2
_ %2
Y BGHz U
BGHz Vi
BOz, Vr il 4B Cbitfs
B Gbit; J— e
12
dang Nz L 20 @ o b
chombi D (o) e
ddu vao Coupler 3dB
BGiHz VET BGHz V T

H&nh 4.2: So d6 st dung hai phuong phéap & phia phat xtr Iy NRZ cho OTDM.
Cong nghé ngudn phat quang trong ghép kénh ciing dugc luu y, d6 1a coc
Laser cO thé phat xung rat hep & téc d6 cao va dau ra cua ngudn 1a cac bo chia
quang thu dong, cac bd didu ché ngodi va tiép d6 1a cac bo tré thoi gian, cac bo tai
hop van str dung couple. Cac san pham cua phia phat OTDM dugc phéat hau nhu
dua vao cac cdng nghé t6 hop mach lai ghép va diéu nay d6 tao diéu kién thuan loi
cho viéc tiép hanh nghién ctu.
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Déi v6i hé thdng st dung ki thuat OTDM, khi Iya chon tuyén quang cho
hé théng ta can quan tim dén ty 18 “dénh diém-khoang tréng” va no tuy thugc vao
murc do ghép kénh dit ra. Trong hé thdng OTDM 4 kénh, ty 1é “danh diém-khoang
tréng” 16n hon d6i véi nguon phat xung quanh. Khi tuyén truyén dan rat xa tho ty 18
nay s& you cau cao hon. Cac ngudn phat xung phll hop véi hé thong OTDM dang
dugc s dung rong roi:

1. Cac Laser hic cong huong ngodi gir mode 4x5Gbit/s.

2. Céc Laser DFB chuyén mach khuéch dai 8x6,25Gbit/s.

3. Coc Laser viing s¢i khoo mode 4x10Gbit/s va 16x6,25Gbit/s.
4. Céc ngudn phot lion tuc 16x6,25Gbit/s.

Nguodn phot 1ion tuc 16x6,25Gbit/s 1a mot cong cu thyc hién linh hoat
dya trén sy mé rong quang phd bang cach truyén nhiing xung ning luong cao
trén day cap quang.

4.4 Giai ghdp va xen ré konh trong hé thong OTDM
4.4.1 Gidi ghgp

Khi xem sot coc hé thong thung tin quang s dung cong nghé OTDM
nguoi ta quan tdm dén viéc ghép va giai ghép trong viing thoi gian quang, Véi hé
thng thong tin quang c6 cau hdnh diém-diém thd cung viéc giai ghdp ¢ phda thu
la viéc toch hoan toan coc konh quang tuong tmg d6 dugc phat & dau phat.
Nhung d6i voi mang thung tin quang sir dung k¥ thuat OTDM thé viée giai ghop
& phda thu khung chi don thuan 12 tach cac kénh quang ma ciin thyc hién viéc xen
va r& konh tir ludng truyén dan.

Déi v6i cac bo giai ghép kénh can phai xem xét cac thong so co ban vé
tach kénh ké ca ty s phdn biét quang, suy hao quang, suy hao xen va mit cit cira
s6 chuyén mach c6 thé dat dugc. Ty s6 phan biét ¢6 anh hudng rat 16n dén mirc
do xuyén am.

EX =10log,, % (4.1)
véi A: Mitc cung suat quang trung bdnh ¢ murc logic 1.
B: Mtic cung suat quang trung bonh & murc logic 0 .

Ngoai ra, xuyén kénh ciing s€ bi tang do su phu chom giira cac kénh lan
can voi nhau tao thanh cira sé6 chuyén mach. Va két qua 1a d6 rong cua cira s6
chuyén mach s& c6 anh hudng tryc tiép dén toc do duong truyén do d6 ta phai dat
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ra cac yéu cau vé do rong xung tin hiéu sau khi truyén dan dé giam nho xuyén

kénh.

Béang tom tit cic phwong phap giai ghgp konh OTDM.

Loai chuyén mach

Tin hiéu diéu

Céc dic tinh va cira s6 chuyén mach

khién nho nhét
-Bo diéu ché Niobate | Song dién honh 40>10Gbit/s cira sd 19ps
ghép tang sin
- Bo diéu khién bang 40>10Gbit/s cira s6 22ps.
rong Song dién 2 tan sd Ré va xen konh
- Bo diéu khién dién- Khung nhay cam phfn cuc
hép thu Song dién honh 40>10Gbit/s cira s 10ps
- Quang Kerr: soi sin 40Gbit/s 5Gbit/s
- Tron stng: soi 100>6,25Gbit/s
- Guong viing: Soi Xung quang 40>20Ghit/s
Xung quang 100>6,25Gbit/s, cira sd 6ps
Xung quang Ré va xen konh 40Gbit/s*10Gbit/s
- Tron sung: bon din 20>5Ghit/s
- Quang Kerr: bon 20>10Ghit/s
dan Xung quang 40>10Ghit/s
-Guong viing: bon Xung quang 250>1Ghit/s cira s6 4ps
dan Xung quang

C6 hai loai so d6 giai ghép chinh 1a diéu khién dién va diéu khién quang

dugc tronh bay trong hdnh 4.3. Trong thdi gian dau, co ban tip trung vao hudng

st dung céac bo diéu ché Mach-Zehnder Lithium niobate, né cho phép khai thac

dép Gmg hdnh sin dé giai ghép bdn lan tdc do tin hiéu co ban. Nhung gin day,

nguoi ta lai quan tim dén viéc tmg dung cic cong nghé sir Iy quang hoan toan

cho giai ghdp véi coc dic tinh ndi bat sau:

> Cho phop thoa mon vé cac mirc do giai ghép kénh.

> Lay dugc kénh, truy cap dén cac kénh dang truyén dé thuc hién viéc xen

va ré kénh.
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» CA4c cua sd chuyén mach ¢6 cac wu diém ndi bt cho hé théng OTDM, diéu
nay cho phép sir dung cic xung tin hiéu rong hon trudc khi cac kénh ké

nhau gdy ra xuyon konh.

T, -0, =0

Trang thai phian ore B chia

M AN
/\W Thigt bj Kerr quang

N Xungtin higu 1
eesmminemn ™\ [

ANAN A < AN

Xung difu khién quang 1, ary Ii':IJJ,:l Hung tin hign 2
(9,0 |

=
fmm el . Xung diéu
' Thay d6ihe =8 chigt @ o0 i,
 sudt (thay déi phase) o - @ =
Trang thai phin arc ¥ Ey TR

Higu fng Kerr quang

H&nh 4.3: Nguyon ly cua b giai ghdp théi gian (DEMUX) str dung
chuyén mach phdn cuc quang.
Hi¢u tng Kerr 1a hi¢u trng ma trong d6 dac tinh phan cyc cia sgi quang
phu thudc vao su déng nhét theo hdnh try ctia chi sd chiét suit. Su anh huong cua
hiéu tmg phi tuyén 18n sy dong nhat ndy va cac hiéu ung truyén dan say ra sau do

thuong dugc goi chung 1a hiéu tng Kerr.
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Bo didu khign
guwong véng phi
tuyén

1035z clock

Coupler WDV

Coupler 3dB ]
Ax 100GBitfs+xen

40GBitfs data 10GEitfs

Coupler 3dB Coupler 348

e 105GBitfs Xen 10GBitfs

H&nh 4.4: So @6 déng bo lwa chon kénh quang bang gwong viing phi
tuyén dé ré va xen kénh véi céc bd coupler 3dB.

4.4.2 Xen ré konh

Tin hiéu dén bo chia 3dB chia ra giita cac nhanh cua guong viing. Sau khi
lan truyén viing quanh vai km soi trong viing thd hai chuui xung sé& giao thoa, toi
hop v6i nhau va duge phan xa tir gwong viing dudi cac diéu kién twong thich. Chu
trdnh hoat dong co ban nay la dong va tuyén tinh. Tuy nhién, néu c6 chudi xung
clock cong suét cao hon dugc dua vao viing ma tring hop véi tin hiéu s nhung chi
lan truyén theo mot hudéng thd coc xung clock s& bién ddi chi s chiét suat cua liri
soi. Viéc diéu ché ngang pha vira da d6 ca thé cu trong coc xung tén hiéu dé tao ra
cac xung phi hop duoc chuyén mach qua phia dbi dién cia guong viing. Két qua 1a
ton hiéu can thiét liy ra & nyt duoc thiét bi phan xa trong khi d6 cac kénh ciin lai s&
di qua va tai hop tai chd véi tin hiéu dugc phat cho huéng truyén dan phia trude cira
s6 chuyén mach cua thiét bi va cira so nay dugc xac dinh khong chi bang dang cta
cac xung diéu khién ma ciin bang ca coc van tc twong ddi cua céc tin hiéu. Do do,
sy sap xép cla cac xung tin hiéu va xung diéu khién mot cach ddi xtimg & hai phia
cla tan sic soi bang khong ma ctra s6 chuyén mach sé& thu dugc tir cac xung tin hiéu
va diéu khién 13 twong hop vé van tdc.

Cac guong viing phi tuyén (NOLM: Nonlinear Loop Mirror) ciing cu thé

duoc ciu tric tir thiét bi Laser ban dan thay cho soi trong mot sd trudng hop. Nhuoc
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diém chinh cia NOLM la do do dai cia soi (khoang 10km), ma can phai lya chon
viéc tan sic béng khong va budc song tin hiéu diéu khién dé dat duogc cua sb
chuyén mach hop 1y.

4.5 Pong bd quang trong h¢ thong OTDM

/\ Tin higu

Burde séng A, At Ay l clock ra
Tin hign F—>|LDA|, (B lgc Bé thu quang af B o Vo B/ >
quang téi | [ = quang —Tva loc 7

Burdre séng A,

Sot &

Phét tin
higu clock
quAarlg

/\/\/\ Bude séng A,

H&nh 4.5: CAu h&nh PLL quang dé trich lay clock

Ky thuat toch ldy ton hiéu clock 1a mot quo tronh khong thé thiéu dugc dé
tao ra tin hiéu dinh thoi véi tbe do cua tin hiéu thu dugc 1a mot qué trdnh khyung thé
thiéu khi thuc hién sir 1y tén hiéu PCM tdc do cao. Trong cac hé thong thong tin
quang hién nay dang khai thac, viéc trich Iy thoi gian dugc thyc hién trén cac mach
khoa pha PLL dién (Phase-locked-loop) sau khi tin hi¢u quang thu dugc d6 dugce
bién dbi thanh tin hiéu dién thd coc thiét bi truyén din nhu cac thiét bi dau cudi
quang, thiét bi xen r& kénh va ca cac tram lap déu co6 PLL. Viéc trich lay xung clock
diii hoi phai thuc hién mot céch chdnh xdc.

Cac mach PLL dién chi dap tmg duogc cac hé théng truyén dan véi toc do bit
nho, khi tbc do truyén dan ting 1én thd chyng khung ciin phy hop nira. Nii s& bi han
ché v& bang tan cia cac bo bién doi quang-dién va mach dién tir khong dap tng kip.
Déi véi cac hé thdng OTDM tbe do 1am viéc rat cao va tinh chat quang hoa cua cac

hé théng nay thé hién rat rir cho non can phai st dung viée toch tén hiéu clock dya
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tron cung nghé quang. Coc mach PLL quang d6 dap ung duoc toc do cuc nhanh cia
tin hiéu trén hé thdng OTDM ciing nhu céc hé thong thong tin téc d6 cao khéc.

Trong cdu honh mach PLL quang, b khuéch dai Laser LDA c6 chirc ning
nhu mot mach két hop ngang quang c6 téc do cuc nhanh. Khi ¢6 ca tin hiéu quang
va xung tir clock di toi, b khuéch dai LDA sé& két hop hai tin hiéu ndy va cho ra tin
hiéu két hop tan so thap c6 chira thanh phan Af véi Af 14 sy 1éch tan s6 cia hai tin
hiéu nay, sau d6 to hop tin hiu nay duoc tach song va loc dé cho ra tin higu Af
twong g vai tin hiéu dao dong nodi1 so sanh. Dich pha nay dugc kiém tra nhd mach
so pha, két qua so pha s& dugc dua vao b dao dong diéu khién dién 4p VCO dé
phat ra tan s6 f,. Mach phot tén hidu quang s& bién doi tin hiéu dién co tan s6
f, +Af thanh tin hi¢u quang twong tng. Tin hiéu clock quang s& dugc ldy ra tir bd
bién dbi dién-quang E/O va cip vao thiét bi giai ghép quang trong hé thong OTDM.
4.6 Dic tinh truyén din cia OTDM

Do 6nh song truyén trong soi quang bi gion rong ra do su ton sic cua soi
quang, trong khi d6 cac hé thong théng tin quang sir dung k§ thuat OTDM hoat
dong véi toe do rat cao, didu d6 diii hoi coc xung phot ra phai rat ngin. Ta ch thé
dua truyén dan Soliton vao hé thong dé khic phuc van d¢é tan sac. Tuy vay, van phai
quan tim dén van dé tao ra xung cuc hep. Gia sir cac bo khuéch dai quang thuong
duogc sir dung dé tang cac mie tin hiéu doc theo tuyén thong tin quang khi can.

Trong truyén dan tuyén ténh tén hiéu RZ tron soi co tan sic, van dé bu cho
hé thong theo nghia bl trir tan sic chi thiét lap khi cic xung tin hiéu bi mat ning
lugng vao cac khe thoi gian 1an can. Tuy vay, mot khi diéu nay say ra thd hé thong
bi suy giam nhanh non dé tang cuc dai khoang cach truyén dan thd phai dua cac hé
thdng truyén ddn ODTM va0 C4C tuyén cé tan sac tién t6i khong. Giai phap dau tién
la ngudn phat phai 1am viéc tai budc séng gan véi budc song cila tan sic soi bang
khong va diéu nay rat kho thuc hién v& giam cung suat ton hidu dé tranh gién xung
can thiét nhung diéu nay c6 thé lam cho dic tinh cua hé théng bi gidi han do ty 18
S/N. Giai phap thir hai 12 cAc k¥ thuat diéu tiét tan sac anh sang c6 thé duoc str dung
dé duy trd honh thie truyén dan tuyén ténh cia tuyén.

Hé thdng sir dung coc bo phat OTDM trong truyén din sb phi tuyén c6 uu

diém 1én. Cac dang xung ngan phd hop véi truyén dan Soliton dé khic phuc tan sac
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cua soi din quang. Vi hé thong Soliton thd khoang lap cta hé thong OTDM phi
tuyén cu thé dugc tang 1én rat 1on bang cach thyuc hién ky thuat diéu khién Soliton,
théng qua viéc sir dung cic bo loc dan hodc hodc dinh thoi tich cuc. Cac bo loc dan
rat thuan loi khi ap dung vao méi truong cé hiéu tng Gordon-Haus gay ra lJitter,
ciin lai viéc dinh lai thoi gian tich cuc s& loai bo Jitter d6i véi bat ky mot co ché
hoat dong nao. Nho cac cong nghé nay ngudi ta co thé thyc hién mot tram 1ip bao
gom khdi khoi phuc clock dién dé diéu khién thiét bi dién-quang hodc quang hoan
toan nham dua ra dich pha cho tin hiéu quang.
4.7 Két luan chwong
Qua nghién ciru vé ky thuat ghép kénh quang phan chia theo thoi gian

(OTDM) chiing ta thay n6 thuc sy 12 mot k§ thuat toi wu trong cc tuyén thong tin
quang tdc d6 cao do né co cac dic diém ndi bat sau:

> Dung luong kénh truyén dan 16n.

> Toc d6 truyén dan cao.

> Van dung tot phd hep cua Laser.

> Két hop dugc vé6i ki thuat diéu khién Soliton dé tang kha nang lip cia

hé thong phi tuyén 1én rat 16n.
» Ghép kénh quang phén chia theo thoi gian phu hop vai cac loai Laser tao

ra cac xung co6 do dai it hon do dai khe thoi gian cta tin hi¢u cho phép.
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Phan Ténh toén va thiét ké
CHUONG 5: TINH TOAN THIET KE TUYEN CAP QUANG THEO QUY
CONG SUAT VA THOI GIAN LEN

5.1 Giéi thiéu chwong

Céc hé thong thong tin quang dugc tmg dung ct hiéu qua nhét trong linh vuc
truyén dan sb. Do vay trong tonh todn, thiét ké ta xem x0t hé théng truyén dan s
IM-DD (Intensity Modulation-Direct Detection) thd nhing diéu kién bat budc vé k¥
thuat va tinh kinh té dong mot vai trii quan trong trong tat ca cac tuyén thong tin soi
quang. Ngudi thiét ké phai chon can than timg cong doan dé dam bao sao cho ca hé
thdng trong sudt thoi gian phuc vu déu hoat dong tot.
5.2 Céc khoi niém

Nhu d6 biét, hé thong thung tin quang pho bién hién nay 1a hé thong IM-

DD diém-diém. Dé thiét ké tuyén ta can quan tim dén: Thiét bi phat quang, thiét bi

thu quang, soi dan quang va cac yéu t6 anh huong dén nd chang han nhu mdi han

8¢ quang
Thigt bj — - - - - ———— Thigt by
phit I thu
M3i hin

va cac b connector nhu honh vé dudi day:
Muc dich cta viéc thiét ké tuyén 1a phai dat duoc cac yéu cau sau:
> Cu ly truyén dan theo you cau.
> Toc d6 truyén dan.
> Ty sb 16i bit BER.
Pé dam bao cho viéc thiét ké tuyén dat duoc cac yéu cau dé can phai chon
c4c thanh phan coa tuyén:
» Soi quang don mode hay da mode.
» Kich thudc i soi.
> Chi sb chiét suat mat cét Li.
> Bing tan hodc tén Sic.
» Suy hao cua soi.
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> Khau d6 hay ban kinh truong mode.
Ngudn phot 1a LD hay LED

» Budc song phat.

> Do rong pho.

> Cung suét phot.

» Vung phot xa cu hi¢u qua.

Thiét bi thu quang sir dung PIN hay APD

> Hé s6 chuyén doi.

» Budc song lam viéc.
> Tbc do 1am viéc.

> DO nhay thu.

Pé lua chon cac thanh phan sao cho dam bao k¥ thuat ta phai xét dén quy
cong suat 18n va quy thoi gian 1én cia tin hiéu trong hé thong.

Quy¥ cung suit ¢l cung sut phat, do nhay thu, cong suat dy phiing, tir d6
ta thiét 1ap ty sd BER. Cong suit dy phiing cho suy hao soi, suy hao mdi nbi...Khi
lya chon coc thanh phan cua tuyén ma khung dam bao khoang cach duong truyén
thd ct thé thay doi cac thanh phan d6 hay ghép tram 1ap vao tuyén dé thoa mén you
cau vé cung suat. Khi quy cung suit o ¢dn bang ta kiém tra quy thoi gian lon cua
ton higu.

Cac bude thiét ké:

1. Chon budc song 1am viéc ciia tuyén
2. Lua chon thanh phan thiét bi hoat dong & budc song nay
3. Chon thiét bi thoa moén you cau dit ra

5.3 Qu§y cung suit

Ta xét phuong trdnh c¢dn bang cua quy cung suit. P6 1a diéu kién vé cong
suat dé tuyén hoat dong bonh thudng.

Gia sir bon phot va bon thu khung ct su suy hao cung suat thd:

P-P =0 (5.1)
trong d6, P,: Cung suét phot.

P.: Cung suat thu.
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Suy hao tron tuyén bao gdm suy hao trén soi dan quang, trén cac bo ndi va

cac moi han. Suy hao timg phan dugc xac dinh theo cong thirc:

A = -10log-Pet (5.2)
pin

Ngoai c4c suy hao noi trén can phai c6 mot lugng cong suat du phiing cho
tudi tho ctia coc thanh phﬁn, cho sy thay d6i cua nhiét do. Gia tri cong suat du
phiing nay cl gi6 tri khoang 6dB dén 8dB.

e  Phuong trdnh c6n bang quy cung suat (diém-diém) 1a:
10log[P,.(hs)]~ MDP = (¢ + areyy )L + N, + Mg +0tg + e (5.3)
Trong d6: P, 1 cung suat phot [mW]
hs: Hiéu suat ghdp quang [%]
MDP: B nhay may thu
MDP=-27,5dBm [7]
o, 0, HE s6 suy hao cop va duy phiing cho cop [dB/km]
L: Khoang coch giira phda phot va thu [km]
a,,a. : Suy hao connector va suy hao méi han [dB]
n, m: SO connector va sé6 mdi han
a, . Suy hao ghop soi quang-bo thu[dB]
U goice . SUY hao du phiing cho thiét bi [dB]
e  Cung suit quang téi P, [dB]:
P, =10log[P, (hs)] - |(ex + ctea )L + Nect, + M, +ty + e (5.4)
Khi cung suat quang téi nam trong khoang gittra [MDP dén (MDP+Over)]
véi Over 12 hé s6 qua tai may thu. Liic ndy ty sb 16i bit BER s& nhé hon mong muén

va khong bi qua tai may thu.

5.4 Quy thoi gian lon

Trong mot hé thdng thung tin quang, tin hidu dugc truyén tir thiét bi phat
dén thiét bi thu théng qua moi trudng truyén din 14 soi quang. Trong qua trdnh do,
do rdng xung cua tin hiéu bi gion ra. Do do, ta c6 thé xem tin hi¢u di qua hé théng

nhu 13 di qua mot bd loc thong thap. Khi do, thoi gian 18n cia hé thong duge dinh
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nghia 1a khoang thoi gian t sao cho bién d tin hi¢u xung tang tir 10% dén 90% bién
do cuc dai cua no.

Ta c6 thé tinh thoi gian 18n caa tin hidu xung vudng khi di qua mach loc
thong thap RC:

R EI-/ri;ve E;ru:wt
—{ ——
i Vi c— lff 7y 0,9
* - 0,1
£ £ t

t

Hanh 5.1: Dap ing xung ctia bo loc thong thép.

Tén hiéu vao la xung vuung non ct dang:

v, =V0.1(t):>Vin(p)=V% (5.5)

Ham truyén:  H(p)= 1+1pT véi 7=RC (5.6)
VO

=V, (p)= H(P)-Vin(P)Zw (5.7)

=V, (t)zvo.ll—exp(—%)J (5.8)

o/ )08
it oav, ~v1-e( "/ | 59)
o1/ ) o1 510

t,—t, =In(9)r

T (5.9) va (5.10) ta cu:
¥ (3.9)va (5.10) & t=In(9)RC = 2,2RC

(5.11)

Tu (5.6) ta c: H(f)= umﬁ (5.12)
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1

Do d6 bang tho [ h: B=—— 5.13
o d6 bang thong cliia mac TS (5.13)
Tu (5.11) va (5.13) ta duogc:
t:ﬁzﬁ (5.14)
27B B

Bing thong t6i thiéu cta bd loc phai bang bang thong cia tén hiéu thd ta

mai ¢t thé thu duoc tin hiéu, diéu ndy tuong tng voi thoi gian 18n t6i da:

0,3
max Zé—j (5.15)
V61 ton hiéu loai NRZ: trx(max)zo,%
(5.16)
V61 loai ton hiéu RZ: t :0%:5
(5.17)

khi d6 thoi gian 1én cia tuyén:

t, = /itf (5.18)

-Thoi gian 1on cua thiét bi thu.

Goi B 1a bang tan dién 3dB tinh bang MHz thd thoi gian 1on cua thiét bi thu duoc

tinh
t, =3504 (5.19)
-Thoi gian 10n ton sac mode cila s¢i quang
toose = 440.12 [ns] (5.20)
0

Trong d6 q: tham s6 c6 gia tri tir 0,5 dén 1

B,: Bang tan 1 Km cap soi quang [MHz]

L: Chiéu dai cua cop

-Thoi gian 10n tén sac vat liéu dung 6ng din sung
t, =D.Lo (5.21)

Trong d6 D: Hé s6 tan sic

o : Do rong ngudn phat
(5.17) c6 thé dugc viét lai:
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2

q

t, = \/tfx +(D.Lo) + 44;" +[?j (5.22)
0

5.5 Nhiéu trong hé thong thung tin quang

Nhiéu 12 khai niém dé mo ta cac thanh phan tin hiéu dién khéng mong mudn
C6 chiéu huéng giy rdi qué tronh truyén dan va xir 1y ton higu trong hé thong ma
chyng ta khung kiém soot ddy du. Trong hé thong tach song, do nhay cuia hé thong
phu thudc rat nhiéu vao cac loai nhidu va hai ngudn nhiéu chinh & day 1a nhiéu
luong tir va nhiéu nhiét.

5.5.1 Nhiéu hrgng tir.

Nhiéu luong tir ciia photodiode sinh ra do s lugng cac hat tai dién di qua
mot khe ning luong hay vuot qua hang rao thé niang c6 tinh ngau nhién theo thoi
gian gy ra. Diing chay cua coc hat electron qua tiép giop p-n la riéng ré va ngau
nhién. Cac hat dén khong dong thoi nén phat sinh ra nhidu nay.

Gia tri cua nhidu luong tir phu thudc vao cac tham so:

iZ, =2eiB
(5.23)
Trong d6: B 1a dd rong bang cia bd thu
| 13 diing trung bdnh dén bo tach song

Gié tri cua diing nhidu luong tir 14 i, =+/2€i.B, tir biéu thirc nay ta thay

diing nhiu luong tir ting theo /B .

5.5.2 Nhiéu nhigt

Nhiéu nhiét xuit phat tir dién tro tai bo tach song va cac linh kién dién tur
trong bo khuyéch dai, c6 xu huéng chi phdi trong qua trdnh khuyéch dai khi sir
dung photodiode PIN véi ty sb tin hiéu trén nhiéu thip, c6 thé dat duoc hé sb
khuyéch dai t6i wu bang thiét ké can bang giira nhiéu nhiét va nhiéu luong tir khong
phu thudc vao hé sd khuyéch dai.

Cung thirc tonh toon nhiéu nhiét: i =4KTB/R,
(5.24)

Tong d6: K 14 hang s6 Bozman, K=1,38.10%
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T 1a nhiét d6 ¢ don vi kenvin, T = t(°c) + 273
R 1a dién tré tai
5.6 Ty 18 tén higu trom nhiéu
5.6.1 Doi véi photodiode PIN
Trong hé thong toch sing truc tiép, sit dung diode toch sing PIN thd gio tri
diing va cung sudt toi quan hé nhu sau:

i, ="
S (5.25)

Véi: n 1a hiéu suat luong tir
h 1a hang s plank, h =6,626.10% Js
Mt khoc ta ci cung sudt tron tai:
S=i* R
s= (T ps ¥R, 5.26
hv
-Cong suat nhidu luong tir voi diing bao gém ca diing tdi:

Ny, =i%no.R_=2€l.BR, =2e(hfps +i,)BR, 5.27
\'

-Diing va thé cila nhiéu nhiét:

., _4KTB

Inh

‘U2 =4KTB.R,

L
Cung suit nhiéu nhiét:
\ :%BRL =4KTB 5.28

Tir d6 ta co ty s tin hiéu trén nhidu & may thu sir dung photodiode PIN:

S (PR

= _ v

N e _ 5.29
2e(m.ps +1;)B.R_ +4K.BT

5.6.2 Pbi v6i photodiode APD
Nhu d6 biét APD bao gdm 16p chuyén d6i quang dién va Iép nhan dién, do
véy nhiéu xuét hién & 16p chuyén ddi quang dién i’ = 2.€.1.B ciing nhan dugc 1én

I6p nhéan v&i hé s6 nhan M.
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i26h00 = (Z—s.ps 1i,)M#*B
5.30

Ny, =i%motR, =2€l.BR :2e(hfps +i,)M**BR, 5.31
\"

shot

Trong biéu thirc tron tri s6 M* goi 1 nhidu qua murc. Pay 1a gia tri dugc sinh ra
trong hi¢u tmg thac.
Véi x 1a hé sb tap 6m qué mirc. Gio tri cuia x phu thudc vao vat liéu ché tao
photodiode APD. Bbi vai photodiode si = 0.3
photodiode INGAs x = 0.7
photodiode Ge x =1
Do d6 ty s6 tin hiéu trén nhidu & may thu str dung photodiode APD Ia:

S (Z\e/Mps)z RL
N e o (5.32)
2e(h—.ps +iy)M“*BR +4K.BT
v

exp("9 )

V6i g=SN/2

Ty s6 BER cang nho thd chat lwong ciia hé thong cang cao va diéu nay ciin tuy

Ty 1¢ 13i bit:

thudc vao timg hé théng. Thuong BER = 10~°hay < 107,
5.7 Céc gié tri ciia céc thanh phan

Thiét bi phot quang: [7]

Tham s6 Gio trj

Budc song 1am viéc 1300nm hay 1550nm

Dai sung lam viéc +50nm

Cung suat ra LED: -32 dén 15dBm
LD: -12 d&én 7dBm

Thoi gian lon LED: 3ns(max)
LD: <1ns

Do rong phod LED: 30 dén 100nm
LD: 1 dén 2nm
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Cop so¢i quang: [7]

Tham sb

Gio tri

Do rong bang thong 1km cép soi quang

100 dén 2500Mhz

Suy hao cua sgi(sh)

MM<2dB/km
SM tai 1300nm:0.36dB/km
SM tai 1550nm:0.22dB/km

Hé s6 ton sac(D)

MM<6ps/nm.km
SM tai 1300nm <3,5 ps/nm.km
SM tai 1550nm <18 ps/nm.km

Thiét bi thu:

Tham s6 Gio trj

Do nhay(S) PIN: -43 d¢én 27,1 dBm
APD: -41,5 dén 29,6 dBm
Hiéu suat 60%-90%
Diing i,,i, ~1nA
Suy hao do han ni va bo ndi:

Tham s6 Gio trj
Suy hao méi han 0,3 db(max)
Suy hao bo noi 0,5 db(max)

Khi tao t6 hop coc thanh phan trong tuyén phai tudn theo coc quy tic sau:

. LED khong dugc st dung véi soi quang don mode

. LED khéng duoc str dung véi diét quang APD

1
2
3. LD khong duogc st dung véi sgi da mode
4

. LD don mode dung v&1 APD
LDDM: Laser don mode

DAMO: Sgi quang da mode
DMTT: Soi quang don mode thong thuong
DMDC: So¢i quang don mode dich chuyén
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Do d6 cac t6 hop c6 thé co 1a:
1. LED-DAMO-PIN
2. LD-DMTT-APD
3. LD-DMDC-PIN
4. LD-DMTT-PIN
5. LD-DMDC-APD
6. LDDM-DMTT-APD
7. LDDM-DMDC-APD
5.8 Bai todn ténh toén va thiét ké theo quy cung suat va thoi gian lon

Trong bai toan, hé thong sir dung 1an lugt 2 thiét bi thu quang 1a photodiode
PIN va photodiode APD, tinh toén cong suat phat tdi wu.

Viéc tonh toon dya tron nhimg thong sb cu thé cua cac thiét bi ¢ trong
tuyén , cac thong s6 nay dugc cho boi nha san xuat.

Y&u cau cy thé ciia tuyén nhu sau:

- Tuyén A-Bvéicy ly truyén din: L = 100 km

- Toc do bit : B,=2,5 Gb/s

- Mo sir dung lamo RZ

- S6 conector(mdi ndi) : 2

- S0 Slice(mdi han) : 20

- BER cho phop 10™ va khong sir dung bd khuyéch dai quang
5.8.1 Chon bwéc séng 1am viéc ciia tuyén.

Chon budc séng 1am viéc cua tuyén co lién quan dén rat nhiéu tham sb khéc
cta tuyén. C6 ba ving cira so dé co thé lwa chon khi thét ké 1a 850nm, 1300nm,
1550nm.

Nghién ctru vé cap quang d6 cho thay rang, cop quang ci dic tinh tot hon &
vung budc song dai. Khi ton hao truyén dan va tan sic 1a cac nhan té quyét dinh dé
xé4c dinh duoc chiéu dai cua tuyén.

Budc song ngan thuong dung dé sir dung & nhimng hé théng thong tin hoat
dong voi toc do thap. Trong ving budc song dai, cac hé thong hoat dong & budc
s6ng 1550nm cho mirc suy hao thip nhung lai c6 muc tan xa 16n hon 1300nm, &
tuyén trén, do chiéu dai cua tuyén 1a 100km nén ta cho budc séng 1am viéc cua
tuyén 1a 1550nm dé c6 muc suy hao thap.
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5.8.2 Chon loai s¢i quang
Theo sy trdnh bay & phan 1y thuyét soi quang duoc phan thanh 3 loai: don
mode, da mode chi s6 budc, da mode chi s6 16p. Loai s¢gi don mode c6 dac tinh ton
hao va tan sb rat tét cho nén loai nay dugc st dung phd bién cho duong dai, dung
lwgng truyén dan cao doi hoi bang thong rong va ton hao thap.
Loai s¢i quang cua tuyén dugc chon 1a: soi quang don mode véi chi ) suy
hao 12 0,25dB/km va hé sb tan séc D=17ps/nm.km.
5.8.3 Thiét bi thu quang
Chon thiét bi thu quang thira mén céc you cau sau:
- Do nhay cao v6i bude song 1am viée cia tuyén.
- Hiéu suat luong tir 16n
- Dic tinh nhidu phai thap
- Hoat dong on dinh v6i sy thay doi cua moi truong
Viéc chon thiét bi thu ing v6i mot ty 1é 156i bit BER cho trudc 1amot cong doan
quang trong, boi 18 4o nhay tinh dugc ta s& co cong suit phat toi wu va nhu vay s&
lam cho tuyén hoat dong on dinh.
V¢i BER cho trude thd ta sé cu ty 1& ton hiéu tron nhiéu tir bang dudi day:
S/N (dB)

B S B O R S & 2 e |

IIIIIIIIII LI B II T T T T I
[N

[ R TR NN SR N TR N B
10 10 10° 10* 10®° 10° 107 10%® 10° 10'°10™ 10?2

H&nh 5.2 Tv sb bit BER

V6i BER=10"" th& tir hgnh v& ta s& ci S/N =22,6dB hay S/N = 182 lan

5.9 Tinh toan ton hao trén dwong truyén
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Loai ton hao Don vi S6 lugng Tong
Tén hao soi 0,25dB/km 100km 250B
Ton hao moi 0,1dB 20 2dB
han
T6n hao moi noi 1dB 2 2dB
Du phiing 5dB 5dB

PA =340B

5.10 Do nhay ciia may thu trong trwong hgp sir dung PIN
Ta s& c6 cong thire S/N ddi véi thiét bi thu PIN nhu sau:

€\
_ (mps) RL

S
N 2e(;7\e/.ps+id)B.RL+4K.B.T

e 2
G, P

=" =

N 2e(ge.ps +i, )B4 BT
\

L

V6i B = B = 2,5Gb/s (do mo sir dung 1a RZ)

Cho thiét b thu 1a photodiode PIN G6742-003 ciia Hamamatsu Photonic (ct

thung s6 kom theo)

Coc thung sd caa PIN:

R =€ =0 95A/W
hv

RL: 500

ly =0,3.10° A

Coc hang s6 :
K =1,38.10° J/K, h=6,626.10"*Js, c=3.10° m/s
Thay céc gia tri vao ta dugc phuong tronh:

187 = (0,95x P, )’

4x1,38.10 > x300 x 2,5.10°

3,2.10 (0,95 x P, +0,3.10 °)x 2,5.10° +
s 50

Ta dugc phuong tronh theo Ps :
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0,9025.P5 -138,3.10°P5 -15,1.10™ = 0
Giai phuong tronh bac hai ta dugc: Ps = 13.10° W
Ps=-12,8.10°W (loai)
Vay d6 nhay clia may thu 1a: Ps = 13.10°w hay Ps =-18.7dBm
Tir d6 ta c6 cong suiat phat tdi wu cho laser trong truwong hop sir dung
PIN: P;=P,+Pg =34+ (-18,7) = 15,34dbm
Nhu vay chon thiét bi phat véi cong suat danh dinh 1a: Py = 15,12mW

5.11 Do nhay may thu trong trwong hop sir dung APD
Ta c6 cong thitc S/N ddi véi thiét bi thu APD nhu sau:

e 2
—M. R
(hV ps) L

S
N 2e(ze.ps i, )M2*BR_ +4K BT
\V
s (T M.pY
S_ v
hay N KBT

26(’® p, +i,)M?*B.+ 4
hv

Chon thiét bi thu 1a photodiode APD loai Suo020 ciia sensor Ulimited Inc
(ct thung s6 kom theo)
Coc thung s6 cia APD:

R =" =0,8A/W
hv

R.=500

X=07

M = 10

3= 30 A

Coc hang sé:
K =1,38.102 J/K, h=6,626.10%Js, c=3.108 m/s
Thay céc gia tri vao ta dugc phuong tronh:

182 = BxP. )

4%1,38.10 %300 x 2,5.10°
50

3,2.10™°(0,8x P, +0,3.10°)x.102"%7.25.10° +
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Ta dugc phuong tronh theo Pg:
64.P2 - 29,189.10°Ps - 7,717.10" =0
Giai phuong tronh bac hai ta dugc: Ps = 1,35.10° W
Ps=-8,93.10°W (loai)
Vay do nhay cua méy thu 1a: Ps = 1,35.10° W hay Ps = - 28,7dBm
Tir d6 ta c6 cong suiat phat tdi wu cho laser trong truwong hop sir dung
PIN: Py =Pa + P = 34 + (-28,7) = 5,3dBm
Nhu véy chon thiét bi phat v6i cong suat danh dinh 1a: Py = 5,34mW
5.12 Tonh toon thoi gian lon
-Thoi gian 1én t6i da ciia hé thong
t,=0,7/B,=0,7/2,5.10°=2.8.10"s
-Thoi gian 1on cia thiét bi thu:
t, = 350/B = 350/2,5.10° = 14.10™ s
-Thoi gian 10n ton siac mode ciia soi quang:
t, = 440.LB, = 440.100%°/2,5.10" = 176.10° s
Trong d6: q 1a tham sb c6 gia tri tir 0,5 dén 1
B, : bang tin mot km cop soi quang (MHz)
L : chiéu dai caa cop
- Thoi gian 1on ton sic vat liéu 6ng dan sing:
ty-D.L.c =17.0.04.100 = 68ps = 68.10™
- Khi d6 thoi gian 1én cia tuyén :

4401 {350}2
J’_ [
B

rx

t = \/tfx +(D.Lo)* +

t, =2,65.10™ °
Nhu vdy thoi gian 1on cta tuyén 1a: t; = 2,65.10™%s
5.13 Két luin chwong
Két qua viéc tinh toan dya vao cac thdng sb cho trude cua tuyén d6 cho thiy
rang, & APD cii hé s6 nhdn M non ty 18 tén higu tron nhiéu S/N ci gié tri 16n hon

nén d¢ nhay may thu dugc nang cao hon so vdi PIN.
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Do d6, viéc Iya chon APD 1am thiét bi thu quang s& kéo theo thuan loi 1a chi
can st dung diode Laser v&i cong sudt phat nho hon rat nhiéu so véi khi dung PIN

lam thiét bi thu quang.

KET LUAN VA HUONG PHAT TRIEN DE TAI

Pé tai “hé thong thong tin quang” @6 thuc sy dem lai cho em nhiéu hiéu biét
vé thong tin soi quang. Khi tdm hiéu vé hé thong thung tin s¢i quang & chuong 1 d6
trdnh bay mot coch khoi quot vé hé théng va do giyp cho em ci tim nhdn vé hé
thdng thung tin soi quang mot coch tong quat. Cac chuong tiép theo s& tap trung
vao trdnh bay mot coch then chét coc van dé nhu cac dic diém, cau tao chirc ning
cta hé thdng, va timg bo phan cau thanh nén hé théng.

Dbi voi hé théng thiét ké, tuy ciin nhiéu han ché nhung hé thong IM-DD véi
dac tinh don gian d6 dugc rng dung rong roi va cho nhirng 191 &c¢h to 16n trong thoi
ky méi phot trién thung tin quang,

V6i nhing wu diém ké trén viéc sir dung soi quang lam phuong tién truyén
dan 1a can thiét. Thé nhung khi sir dung soi quang trong thuc té khong phai 1a diéu
don gian co ché 4nh sang lan truyén trong soi quang ciing nhur do t6n hao 1a nhiing
yéu t6 can phai tinh dén trude tién khi chon soi quang lam phuong tién truyén dan
tin hi¢u.

Tuy nhién, dé tang téc d6 truyén dan, bing thong, dung luong ...thd van dé
ghép kénh quang 1a mot tat yéu. C6 ba loai ghép kénh quang 1a ghép kénh quang
phan chia theo thoi gian(OTDM), ghép kénh phan chia theo tan s6(ODFM), ghép
kénh quang phéan chia theo budc song (WDM). Trong ca ba phuong phép trén thd
ghdp konh phon chia theo thoi gian 1a don gian va pho bién nhét véi cac tinh ning
wu viée clia nd. Viée tinh toan, thiét ké tuyén thong tin quang theo quy cong suat va
thoi gian 1én dili hoi coc thung sé phai phy hop, cung thitc chénh xoc ..va tron co so
d6 chuong trdnh sé kiém tra cac diéu kién vé thoi gian 18n va quy cong suat va BER
cta hé thong d& dua ra dugc tuyén phll hop v6i nhu cau thiét ké.

Trong nhung nim gan day, cic nudc phat trién trén thé gidi nhu My, Nhat
Trung québc, Dic...dang ngién ctru dé dua ra cong nghé méi :WDM 1a cdng nghé
truyén dan toc do cao vai trim Gbit dén Tbit. Ding cong nghé WDM dé mé rong

dung luong 14 ¢6ng nghé truyén dan siéu 16n nhat hién nay. N6 khong nhitng mo
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CHUONG 1:TONG QUANG HE THONG THONG TIN SOI QUANG

rong dung lugng, tiét kiém duoc s6 luong 10n diém bo lap, bo tai sinh, giam gio
thanh cia hé thong. N6 12 nén méng cho su phat trién 1au dai trong twong lai.
Tuy nhién, khi hoan thanh d6 4n nay khong thé tranh nhiing sai sot noi dung

cling nhu trong thiét ké.
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CHUONG 2: SOI QUANG VA CAP QUANG

2.1 Gi6i thiéu chwong

Cung voi sy phat trién ciia khoa hoc k¥ thuat thi cap quang va soi
quang cang ngdy cang dugc phat trién nham phu hop véi cac méi truong
khac nhau nhu duéi nudc, trén dat lién, treo trén khong, va dac biét gﬁn day
nhat 13 cap quang treo trén dudng day dién cao thé, & bat ky dau thi cap
quang va sgi quang ciing thé hién duoc su tin cay tuyét doi.
2.2 S¢i quang
2.2.1 Ddc tinh cua anh sang

Dé hiéu duoc su lan truyén cua anh sang trong soi quang thi trude
hét ta phai tim hiéu dic tinh cta anh sang. Su truyén théng, khuc xa, phan xa
la cac dac tinh co ban cta anh sang (duoc trinh bay & hinh 2.1). Nhu ta da
biét, 4nh sang truyén thing trong méi trudng chiét suat khic xa déng nhat.
Con hién tugng phan xa va khiic xa anh sang co thé xem xét trong truong
hop c6 hai méi truong khac nhau vé chi sb chiét suat, cic tia sang dugc
truyén tir moi trudng ¢ chi sd chiét suat 16n vao méi truong c6 chi sb chibt
suat nho thi s& thay d6i hudng truyén ctia chung tai ranh giéi phan cach gitra
hai méi trudng. Céc tia sang khi qua ving ranh gi6i nay bi d6i huéng nhung
van tiép tuc di vao mdi trudng chiét sudt mai thi d6 goi 1a tia khuc xa con
nguoc lai, néu tia sang nao di tro vé lai mdi truong ban dau thi goi 1a tia
phan xa. Theo dinh luat Snell ta c6 quan hé:

n,Sing, = n,Sing,

2.1
voi ¢, 1a goc tdi va ¢, 1a goc khace xa.

2.2.2 Pic tinh co hoc cia soi din quang



Soi dan quang rat nho, vat liéu ché tao chu yéu 1a thuy tinh cho ta
cam giac dé v&. Tuy nhién, thuc té lai nguoc lai hoan toan, sgi quang lai cé
thé chiu duoc nhitng ing sut va luc cang trong qua trinh boc cap. Piéu d6
chting to rang, ngoai cac dic tinh truyén dan cua soi quang thi cac dic tinh
co hoc ctia no ciling dong vai tro rat quan trong trong qua trinh dua soi quang

vao khai thac trong hé thong thong tin quang.

Phép tuyén Phap tuyén

Tia khiic xa Tia khiic xa

n, y
©2 n, <mn >

o1
n1
2
Tia t6i a) Tiaphinxa Tia t6i b

Phap tuyén

Phép tuyén Php tuyén

Phap tyyén

N

n, n,
n] ¢ ¢2 nl
¢ > ¢,

Tia té c Tia dhan xa
Tia to1 c) Tia phan xa




Hinh 2.1: M0 ta hién tuong phan xa va khic xa dnh séng.
2.2.2.1 S9i quang

Soi quang 13 sgi manh dan anh sang, gdbm hai chat dién méi trong
sudt nhung khac nhau vé chiét suat. Lai soi cho 4nh sang truyén qua con 16p

v6 bao quanh 151 va c6 dudng kinh tiy thudc vao timg yéu cau cu thé.

Soi quang dugc phan loai bang cach khac nhau va dugc trinh bay nhu sau:

So1 quang thach anh
Phén loai theo vat li€éu di€n moi

\

» So1 quang thuy tinh da vat li€u

Soi quang bang nhya liéu

o 361 qHang don meds
Bhan 1041 thes mads tryén dan

881 quang d4a meds

So1 quang chief;t suzf)t phan bac
Phan loai theo phan bg chigt sugt Soi quang chiét suat phan bac
Phan loai theoiglfinbp chiét suat

khuc xa

M A

Soi quang chiét sujt bién doi déu
Soi quang chiét suat bién doi déu

Céu triic tong thé ciia soi quang gom: Ldi thay tinh hinh try tron va vo
thity tinh bao quanh 15i. Li thity tinh dung dé truyén anh sang, con vo thity
tinh c6 tac dung tao ra phan xa toan phan tai 16p tiép giap gitta 151 va vo.

Muon vay thi chi so chiét suat ctia 161 phai 16n hon chiét suat cia vo.

vO soi

Loi soi



1.Sdi quang

2.Chdtlam ddy

3.0ng 16ng rong

4.Chat tron khe hd

5.thép gia cudng
vé boc PE

6.Pai thép

7.Vé bdo vé PE

8.Phan ti gia cudng

o0 NN w W

Hinh 2.2: Céu trac téng thé cua soi.
2.2.3 Suy giam tin hiéu trong sgi quang

Suy hao tin hi€u trong sgi quang la mot trong cac dac tinh quan
trong nhat cia sgi quang vi nd quyét dinh khoang cach lip ti da gitta may
phat va may thu. Mat khac, do viéc kho la“ip dat, ché tao va bao dudng cac bd
lap nén suy hao tin hiéu trong soi quang c6 anh hudng rat 16n trong viéc
quyét dinh gia thanh cta hé thong.

Suy hao tin hiéu trong soi quang c6 thé do ghép ndi giita ngudn
phat quang vdi sQi quang, gitra sgi quang vl sQi quang va gitra sgi quang
v6i dau thu quang, bén canh d6 qua trinh soi bi udn cong qua giéi han cho
phép ciing tao ra suy hao. Cac suy hao nay 1a suy hao ngoai ban chét cua soi,
do @6 c6 thé 1am giam chung bang nhiéu bién phap khac nhau. Tuy nhién,
van dé chinh ¢ ddy ta xét dén suy hao do ban chat bén trong cuia s¢i quang.
2.2.3.1 Suy hao tin hiéu

Suy hao tin hiéu dugc dinh nghia 13 ty sé cong suat quang 16i ra
P, cua soi co chiéu dai L va cong sudt quang dau vao P,. Ty sd cong suét
nay 1a mot ham cia budc soéng. Nguoi ta thuong sir dung a dé biéu thi suy

hao tinh theo dB/km.



10, (P,
a=—Iog
L\ L.

Céc soi dan quang thudng c6 suy hao nho va khi d6 dai qua ngén

(2.2)

thi gan nhu khong c6 suy hao, khido P, =P, .

ut
2.2.3.2 Hdp thu tin hi¢u trong soi din quang

Hap thu 4nh sang trong soi dan quang 1a yéu t6 quan trong trong

viéc tao nén ban chat suy hao cta soi ddn quang. Hap thu ndy sinh do ba co

ché khac nhau gay ra.

> Hap thu do tap chat: Nhan t6 hap thu ndi troi trong soi quang 1a

su co trong vat liéu sgi. Trong thuy tinh, céc tap chat nhu nudc

va cac ion kim loai chuyén tiép da lam ting dic tinh suy hao, d6

1a céc ion sit, crom, déng va cac ion OH. Sy c6 mat cua cac tap

chét nay 1am cho suy hao dat t6i gia trj rat 1én. Cac soi dan quang

trude ddy cé suy hao trong khoang tir 1 dén 10dB/km. Su c6 mit

clia cac phan tir nude da 1am cho suy hao ting han lén. Lién két

OH d3 hip thy anh sang & budc song khoang 2700nm va ciing tac

dong qua lai cong huong voi Silic, nd tao ra cac khoang hép thu

¢ 1400nm, 950nm va 750nm. Gitra cadc dinh nay c6 cac vung suy

hao thép, do goi la cac cura ) truyén dan 850nm, 1300nm,

1550nm ma cac hé thong thong tin da sir dung dé truyén anh sang

nhu trong hinh vé dudi day:
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Hinh 2.3 Pic tinh suy hao theo budc séng cua soi dan quang dbi
v6i cac quy ché suy hao.

> Hap thu vat liéu: Ta thdy rang ¢ budc song dai thi s& suy hao
nho nhung cac lién két nguyén tir lai c¢6 lién quan toi vat liéu va
s& hap thy anh sang co budc song dai, trudng hop nay goi 1a
hép thu vat li¢u. Mac du céc budc song co ban cua céc lién két
hap thy ndm bén ngoai ving budc séng st dung, nhung nd van
c6 anh hudng va ¢ day nd kéo dai tdéi vung budc song 1550nm

lam cho vung nay khong giam suy hao mot cach dang ké.
Hap thu dién tir: Trong ving cuc tim, anh sang bi hap thy 13 do cac photon
kich thich cédc dién tir trong nguyén tir Ién mdt trang théai nang lugng cao

hon.

2.2.3.3 Suy hao do tin xa
Suy hao do tan xa trong soi dan quang 1a do tinh khéng dong déu

rat nho cia 16i soi gdy ra. D6 1a do nhitng thay d6i rat nho trong vat liéu, tinh



khong dong déu vé ciu trac hodc cac khuyét diém trong qua trinh ché tao
SOT.

Viéc dién giai suy hao do tan xa gay ra la kha phirc tap do ban chét
ngiu nhién ctia phan tir va cac thanh phan 6xit khac nhau cta thiy tinh. Déi
v6i1 thay tinh thuan khiét, suy hao tan xa tai budc song 1do su bat 6n dinh
vé mat do giy ra c6 thé duoc dién giai nhu cong thirc dudi day:

Agear = i (n2 _1)2kBTfﬂT

3t
(2.3)
n: chi sb chiét sut.
k, : hing s6 Boltzman.
B, hé s6 nén déng nhiét cua vat liu.
T, : nhiét d6 hu cdu (1a nhiét 6 ma tai d6 tinh bat on dinh
vé mat do bi dong lai thanh thuy tinh).
2.2.3.4 Suy hao do uén cong soi
Suy hao do udn cong soi 1a suy hao ngoai ban chét cua soi. Khi bat
ky mot soi dan quang nao d6 bi udn cong c6 ban kinh xé4c dinh thi s€ c6 hién
tugng phat xa anh sang ra ngoai vo soi va nhu vay anh sang lan truyén trong
161 s¢i1 da bi suy hao. Co hai loai udn cong soi:
> Ubn cong vi mo: 1a udén cong cé ban kinh ubén cong 16n
tuong duong hoac 16n hon duong kinh soi.
> Ubn cong vi md: 1a soi bi cong nhd mot cach ngau nhién va
thuong bi xay ra trong lic so1 dugc boc thanh cép.
Hién tuong udn cong c6 thé thdy duoc khi goc téi 16n hon goc toi
han & cac vi tri soi bi udn cong. Pdi vé6i loai ubn cong vi mod (thuong goi 1a
udn cong) thi hién tuong suy hao nay thiy rat rd khi phan tich trén khau do

s6 NA nho nhu hinh (2.4)



Déi voi truong hop soi bi ubn cong it thi gia tri suy hao xay ra 1a
rat it va kho c6 thé ma thiy duoc. Khi ban kinh udn cong giam dan thi suy
hao s€ tang theo quy luat ham mii cho téi khi ban kinh dat t61 mot gia tri téi
han nao d6 thi suy hao uén cong thé hién réat r3. Néu ban kinh udn cong nay

nho hon gia tri diém ngudng thi suy hao s& dot ngot ting 1én rat 16n.

TEa TE1 TEZ2
o o
1 |
I : '
! 1 T
| 1 1
L3i nl | 1
1 |
| |
| ! |
| ! 1
I ! '
t | 1
. ( | |
o o2 | I ,
1 1

Hinh 2.4: Sy phan bd trudng dién d6i véi vai mode bac thip hon trong soi
dan quang.

C6 thé giai thich cac hiéu tmg suy hao udn cong nay bing cach
khao sat phan bd dién truong mode. Truong mode 16i c6 dudi mo dan sang
v, giam theo khoang cach tir 151 tdi vo theo quy tic ham mil. Vi dudi trudng
nay di chuyén cung véi trudng trong 16i nén mot phan ning luong ciia mode
lan truyén s& di vao vo. Khi soi bi udn cong, dudi trudong & phia xa tam diém
ubn phai dich chuyén nhanh hon dé duy tri truong trong 15i con ddi voi
mode so1 bac thép nhét. Tai khoang cach té1 han x, tir tdm so1, dudi truong
phai dich chuyén nhanh hon téc d6 anh sang dé theo kip trudng & 15i (2.5).

Mot phuong phép dé giam thiéu suy hao do udn cong 1a 16ng 16p vo chiu
ap suat bén ngoai soi. Khi luc bén ngoai tac dong vao, 16p vo sé bi bién dang
nhung soi van

c6 thé duy tri & trang thai tuong d6i thang nhu hinh (2.6)



Hinh 2.5: Trudng mode co ban trong doan soi bi udn cong.

Mgoai Lic
201 quang
*
Vi chju &p it

Hinh 2.6: Vo chiu nén gidam vi uon cong do céc luc bén ngoai.

2.2.4 Tdn sic dnh sdng va dj rong béing truyén din

Khi lan truyén trong soi, tin hiéu quang bi méo do cac tac dong cua
tan sic mode va tré giira cac mode. C6 thé giai thich cac hiéu tng méo nay
béng cach khao sat cac thudc tinh van tdc nhom cac mode duge truyén,
trong d6 van téc nhom 1a toc d6 truyén niang luong ctia mode trong soi.

Téan sic mode 14 sy gian xung xuét hién trong mot mode do van tdc

nhom 1a ham cua budc ssong 2. Vi tan sac mode phu thudc vao budc song



nén tac dong ctia nd ting theo d6 rong phd cuia ngudn quang. Co hai nguyén
nhan chinh gy nén tan sic mode 1a :
> Tén sic vat liéu
> Tan sic ong dan song
1. Tén sic vat liéu do chi sd khiic xa cta vt liéu ché tao 15i thay doi
theo ham cua budc song gay ra. Tan sic vat liéu tao ra su phu
thude van toc nhom vao budce song cua mot mode bat ky.
2. Tén sic ong dan séng do sgi don mode chi gidi han khoang 80%
cong sudt quang trong 18i nén 20% con lai sé lan truyén trong 16p
v6 nhanh hon phan anh sang t6i han trong 13i gy ra tan sic.

Tong hop tan sdc ¢ sgi da mode nhu sau:

1
Tan sac tong = [(t4n sic mode)>+(tan sic bén trong mode) ] B
2.2.4.1 Tré nhom
Gia st tin hiéu quang dugc diéu ché kich thich tat ca cic mode
ngang nhau tai dau vao cua soi. M6i mot mode mang mot ning luong tuong
thong sudt doc soi va tirng mode s& chtra toan bd cac thanh phan phd trong
dai song ma ngudn quang phat di. Vi tin hiéu truyén doc theo soi cho nén
mdi mot thanh phan duoc gia dinh 1a doc 1ap khi truyén va chiu su tré thoi
gian hay con goi 1a tré nhém trén mot don vi d6 dai theo hudng truyén nhu
sau:

g A dp

1
V. cdk  2mc dA

T
L
(2.4)

B 12 hang s6 lan truyén doc theo truc soi

L: 1a cu ly xung truyén di, va k =27 A

Khi d6, van toc nhom duoge tinh bﬁng



(2.5)

Pay 1a van tbc ma tai 46 ning luong ton tai trong xung truyén doc
theo soi. Vi tré nhom phu thudc vao budc séng cho nén ting thanh phan
mode ctia bat ky mot mode riéng biét nao ciing tao ra mot khoang thoi gian
khac nhau dé truyén dugc mot cu ly nao d6. Do tré nhom thoi gian khac
nhau ma xung tin hiéu quang sé trai rong ra nén van dé ta quan tam ¢ day la
d6 gian xung khi c6 sy bién thién tré nhom.

Néu d6 rong phd cua ngudn phat khong qua 16n thi su 1éch tré trén
mot don vi bude song doc theo phan lan truyén s& x4p xi bang dr% - Néu
d6 rong phd o, cua ngudn phat duoc dic trung bang gia tri hiéu dung

(rm.s) o, thi d giin xung s& gan bang d6 rong xung hiéu dung

L 2
o, = ar, o, =-— % 21ﬁ+12d2ﬂ
dA 2mc dA dA

(2.6)

\ 1 dz—n N oL < \ ’ .
va D= T L la tan sac va c¢6 don vi [ps/km.nm)].

2.2.4.2 Tén sdc vit li¢u

Nguyén nhan gay ra tan sic vat liéu 1a do chi s6 chiét suit trong soi
dan quang thay ddi theo budc séng. Do van téc nhdm 7, cta mode 1a mot
ham s6 cta chi sd chiét suat nén cac thanh phan pho khac nhau sé& truyén di
véi cac toc do khac nhau tuy thudc vao budc song. Tan sic vat lidu 1a mot
yéu td quan trong d6i véi cac sgi don mode va cac hé thdng st dung ngudn

phat quang 1a dibt phat quang LED.



D¢ tinh toan tan sac vat li€u, ta xét mot song phang lan truyén
trong mot moi trudng trong suot dai vo tan va cé chi so chiét suat »(1) ngang
bang vai chi s6 chiét suat & 161 so1, khi d6 hang s6 lan truyén g duoc cho &

truong hop nay la:

2.7)

Thay thé phuong trinh nay vao (2.4) v6i k =27/ s& thu duoc tré

nhém 7, cho tan sac vat liéu:

(2.8)
tir (2.10) thi s& c6 duoc do gidn xung o, doi voi d6 rong phd o, clia ngudn
phat bang cach vi phan d6 tré nhém nay.

dr, L . d’n
. 7 o, :—ZAWO'A :Dv(i)LO'/I

O

(2.9)
v6i D, (1) 1a tan sac vat liéu.

Do thi ctia phuong trinh (2.9) cho don vi d6 dai L va don vi do
rong pho cua ngudn phat o, duge cho nhu hinh vé dudi déy, tir d6 cho ta
thiy dé giam tan sic vat liéu thi phai chon ngudn phat c6 d6 rong phd hep

hodc hoat dong ¢ budc song dai hon.
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Hinh 2.7: Chi s6 chiét suat thay d6i theo budc song.

2.2.4.3 Tan sic din séng

40

=20

Budc sdng (10001m)
Hinh 2.8: Tan sic vat liéu 12 ham sb ctia bude song quang d6i véi soi quang.
bé khdo sat tdn sac dan song ta gia thi€t rang chi s chiét suat cua

vat li¢u khong phu thudc vao budc song. Vé tré nhom, d6 1a thoi gian can



thiét dé mét mode truyén doc theo soi c6 d6 dai L. Pé dam bao tinh ddc 1ap
ctia cau hinh soi, ta cho sy tré nhom dudi dang hé‘mg sb lan truyén chuan hoa

b duoc viét:

(2.10)
dbi voi cac gia tri chénh léch chiét suat nho A= (nl _n% , phuong trinh
1

(2.10) c6 thé duoc viét lai nhu sau:

bz%_n2

n, —n,
(2.11)
tr do ta c6 B =n,k(bA+1)
(2.12)

St dung hé thirc trén va gia su », khong phai la ham cua budc
song, ta thdy rang tré nhom T4 =%% = é{nz +nzA%}
(2.13)

« , ] , ~ I e,
Mat khac, v = ka(nlz -n; )A ~ kan,~/2A thoda man doi voi cac gia tri A

nho nén (2.13) c6 thé viét lai

d(Vb) { ij(ua) }
S pl1- I
av o (ua )J v-1 (ua)
(2.14)
, dve) o P
trong d6 n, +n2A7 bi€u thi sy tré nhom phat sinh do tan sdac dan

song.



2.2.4.4 Anh hwéng ciia tin sic dén dung lwong truyén déin

Tan sic gay ra méo tin hiéu va diéu nay 1am cho cac xung anh sang
bi gidn rong ra khi dugc truyén doc theo s¢i dan quang. Khi xung bi gidn ra
nd s€ phu 1én cac xung bén canh. Khi su phu nay vugt qua mot gia tri gioi
han nao d6 thi thiét bi phia thu s& khong phan biét duoc cac xung ké nhau
nita, lic nay 15i bit xuét hién. Nhu vay, dac tinh tan sic lam gi61 han dung

luong truyén dan cua sgi quang.

2.3 Cap s¢i quang

Thuc té, dé dua cap quang vao sir dung thi cac soi can phai duoc
két hop lai thanh cap véi cac cau trac phu hop véi timg moi truong lip dit.
Do phu thudc vao méi trudng lap dit nén cap quang co rat nhiéu loai: cap
chén truc tiép dudi dat, cap treo trong cong, cap treo ngoai troi, cap dat
trong nha, cap tha bién...
2.3.1 Cac bién phap bdo vé sgi

Trude khi tién hanh boc cap, soi quang thuong duoc boc lai dé bao
vé soi trong khi ché tao cap. C6 hai bién phap :

e Boc chit soi.

e Boc long soi.
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Hinh 2.9: Vi du mét s6 boc chat khac nhau

2.3.1.1 Boc chdat sgi
Soi quang s€ dugc boc chat do do6 s€ lam tang tinh co hoc cta soi
va chdng lai tng sut bén trong. Céc soi quang cd thé duoc bao vé riéng
bang cac 16p vat lidu déo don hodc kép. Trong mdt méi trudng nhiét do thap,
su co lai cta chat déo ¢ 16p bao vé co thé gay ra su co quang truc va vi udn
cong soi, tir 46 suy hao soi co thé ting 1én. Tir d6 c6 thé rut ra hai cach bao
vé so1i 12 toi vu hoa viée ché tao vo boc soi béng viéc lya chon vat li€u tuong
mg va d6 day cta vo, dong thoi giit cho soi cang thang cang tét va cach thu
hai 1a boc xung quang soi mét 16p gia cuong c6 kha nang lam gidm sy co
nhiét.
2.3.1.2 Boc long sgi
Soi quang co thé duoc dat trong cap khi dugc boc mot 16p chit déo

c6 mau méng. Cac sgi1 dugc dat trong ong hoac cac ranh hinh chit V c6 & 161



chat déo. Cac dng va cac ranh c6 kich thudc 16n hon nhiéu so véi soi dan
quang dé cac soi ¢ thé hoan toan tu do trong né. K thuat nay cho phép soi
tranh duoc cac ng suat bén trong. Trong cau tric boc 1ong, cac sgi ndm
trong 6ng hodc trong khe déu dugc bao vé rat tot. Giai phap nay it dung
trong so1 don ma thuong duoc dung cho cac sgi & dang bang.
2.3.2 Cdc thanh phan ciia cdp quang
Cac thanh phan cua cap quang bao gém: Ldi chira cic soi dan
quang, cac ph?m tor gia cuong, vo boc va vat liéu don.
» Loi cap: Cac soi cap da dugc boc chat nam trong cAu trac long, ca
soi va cdu tric 1ong hodc ranh két hop véi nhau tao thanh 15i cap.
L5i cap duge bao quanh phan tir gia cuong cua cap. Cac thanh
phan tao ranh hodc cac 6ng boc thuong duoc 1am bang chat déo.
> Thanh phin gia cwong: Thanh phan gia cudng lam ting stc chiu
dung cua cap, dac biét 1a 6n dinh nhiét cho cap. No co thé 1a kim
loai, phi kim, tuy nhién phai nhe va c6 do mém déo cao.
» Vé cap: Vo cap bao vé cho cap va thuong dugc boc dém dé bao vé
16i cap khoi bi tac dong cta ung suat co hoc va méi trudng bén
ngodi. Vo chét déo dugc boc bén ngoai cap con vo boc bang kim

loai dugc dung cho cap chén truc tiép.

2.4 Két luan chwong

Két thuc chuong 2 giup ta hiéu thém vé nhitng dic tinh k¥ thuét
clia soi quang va cap quang. D¢ tmg dung quang trong hé thong thong tin thi
soi quang phai dugc boc thanh cap. Vi cac méi trudng khac nhau thi cdu
tric cua cap quang ciing khac nhau dé phu hop voi nhu ciu thuc té. Tuy

nhién, dé dam bao chat luong tot cua hé thong thi cac thiét bi phat quang



cling nhu céc thiét bi thu quang cling gép mot phan rat quan trong va phan

nay s€ dugc nghién ctru ¢ chuong sau.



CHUONG 3: THIET BI PHAT QUANG VA THIET BI THU
QUANG

3.1 Gidi thi€éu chwong
Trong chuong ndy sé& trinh bay mot cach kha chi tiét vé thiét bi

phat quang nhu LED, LD hay thiét bi thu PIN, APD ciing nhu nguyén tic
hoat dong ctia n6d dé tir d6 ching ta co thé lua chon duoc thiét bi phu hop véi
hé théng va yéu cau thiét ké.
3.2 Thiét bj phat quang
3.2.1 Co ché phdt xa dnh sdng

Gia thuyét c6 mot dién tir dang nam & mirc niang luong thap (E,),
khong c6 dién tir ndo ndm ¢ mirc ning lwgng muc cao hon (E,), thi & diéu
kién d6 néu c6 mot nang luong bang véi mirc ning luong chénh 1éch cap
cho dién tir thi dién tr ndy s& nhay 1én mirc ning luongE,. Viéc cung cap
nang lugng tir bén ngoai dé truyén ning luong can téi mot mirc cao hon
dugc goi 1a kich thich sy dich chuyén cua dién tor t&61 mdt muc nang luong
khac duoc goi la su chuyén doi.

bi¢n tir 101 khéi mic nadng lugng cao £, bi hat nhan nguyén tur hut
va quay vé trang thai ban dau. Khi quay vé trang thai £, thi mot ning luong
dung bang E,- E, duoc giai phong. D6 1a hién tugng phat xa tu phat va ning
lwgng duoc giai phong ton tai & dang anh sang goi 13 4nh sang phat xa tu
phat. Theo co hoc lugng tir, budc song anh sang phat xa dugc tinh theo cong

thuec:

(3.1)
Trong 6, & = 6,625.10* js (hang sd Planck)



¢ =3.10% 1a van tdc 4nh sang

Buoc song ty 1€ nghich vai d 1€ch nang luong cua cac nguyén tu

ciu tao nén linh kién phat quang. Do d6 budc séng anh sang phat xa phan

anh ban chat cua vat liéu.

E, ® E, —
i hv
b : : \/\12/\/—1/"->

E E :

5 ®

. Phat xa ty phat
Hap thu
a b

Hinh 3.1 Mirc ning lwong va qua trinh chuyén dich

E,

E;

Q

hv ,
N AVAY e 4
VWA

hv |,

%

Phat xa kich thich

Khi anh sang c6 ning luong twong bang E, - E, dip vao mot dién tir &

trang thai kich thich, dién tor & trang thai kich thich E, theo xu hudng sé

chuyén doi vé trang thai E, nay bi kich thich chuyén vé trang thai E,. Sau

khi hap thu niang luong anh sang dap vao (hinh 3.1c¢). D6 1a hién tuong phat

xa kich thich. Nang luong 4nh sang phat ra tai thoi diém nay 16n hon ning

lugng 4nh sdng phat ra tu nhién. Con doi voi co ché phat xa ciia ban dan: 13

nho kha ning tai hop birc xa phat quang cua cac hat dan & trang thai kich

thich. Tur diéu kién can béng nhiét, di€n tu tap trung hau hét & vung hoa tri

c6 muc nang luong thap va mot so it & vung dan 6 mirc nang lugng cao. Gia



sir rang trong ban dan co N dién tir trong d6 ¢ 1, dién tor & ving hoa tri 7,
dién tir & ving dan. Khi 4nh sang chiéu tir bén ngoai vao ban din & trang théi
nay, ty 1¢ giira birc xa cudng birc va hap thy ty 1é thuin véi ty sd n,va n,.
Viéc hip thu chiém da sé va 4nh sang phat ra giam di.

3.2.2 Diode LED

Dibt phat quang LED 1a ngudn phét quang rat phu hop cho cac hé
thong thong tin quang tbc do khong qua 200Mbit/s st dung soi dan quang da
mode.

Dé sir dung tot cho hé théng thong tin quang, LED phai c¢6 cong
suat buc xa cao, thoi gian dap tng nhanh va hiéu suat luong tir cao. Su birc
xa clia no 1 cong sudt quang phat xa theo goc trén mot don vi dién tich cua
bé mat phat va dugc tinh bfmg Watt. Chinh cong suét burc xa cao s& tao diéu
kién cho viéc ghép giita cac soi dan quang va LED dé dang va cho cong suét
phat ra tir dau soi 16n.

Thoi gian dau, khi cong nghé thong tin quang chua duge pho bién,
diét phat quang thuong dung cho cac soi quang da mode. Nhung chi sau do
mdt thoi gian ngin, khi ma cac hé thdng thong tin quang phat trién kha rong
rai, cac soi dan quang don mode dugc dua vao st dung trong cac hé théng
thong tin quang thi LED ciing d3 c6 dudi dang san pham 1a cac modul c6 soi
dan ra 1a soi dan quang don mode. Cong suat quang dau ra cta nd it phu
thudc vao nhiét do va thuong chiing c6 mach diéu khién don gian.

Thuc nghiém da dat dugc do dai tuyén 1én t6i 9,6Km véi toc do
2Gbit/s va 100Km véi toe do 16Mbit/s. LED c6 wu diém 1a gia thanh thap va
do tin cdy cao, tuy nhién ching phu hop v6i mang noi hat, cac tuyén thong
tin quang ngin voi toc do bit trung binh thap.

3.2.3 Piot Laser



N6i chung, Laser ¢ rat nhidu dang va du céac kich ¢&. Ching ton
tai & dang khi, chat long, tinh thé hodc ban dan. Pi vai cac hé théng thong
tin quang, cic nguon phat Laser 1a cic Laser ban dan va thuong goi chiing 1a
LD. Cac loai Laser c6 thé 1a khac nhau nhung nguyén 1y hoat dong co ban
ctia chung 13 nhu nhau. Hoat dong ctia Laser 1a két qua cua ba qua trinh mau
chét 1a: hap thu photon, phat xa ty phat va phat xa kich thich. Ba qua trinh
nay tuong tu co ché phat xa anh sang va duoc trinh bay ¢ muc 3.2.1.

Céc hé théng thong tin quang thuong 13 ¢ tbe do rat cao, hién nay
nhiéu hé théng thong tin quang c6 toc do 2.5Gbit/s dén 5Gbit/s da dugc dua
vao khai thac. Bing tan cua hé théng thong tin quang doi hoi kha 16n, nhu
vay cac LD phun s& pht hgp hon 1a cac diét phat quang LED. Cac LD thong
thuong c6 thoi gian dap tng nho hon 1ns, d6 rong pho trung binh tir 1nm
dén 2 nm va nho hon, cong suit ghép vao soi quang dat vai miliwatt.

3.2.4 Nhiéu trong nguén phdt Laser

Khi cac LD duoc sir dung trong cac hé théng thong tin quang cd
tdc do cao, thi mot sb hoat dong cua Laser bat dau xuét hién va tdc do bién
d6i cang cao thi ching cang thé hién rd va c6 thé gdy ra nhidu ¢ dau ra cua
b6 thu. Cac hién tugng nay duoc goi la nhiéu mode, nhiéu canh tranh mode
va nhiéu phan xa. Vi anh sang lan truyén doc theo soi dan quang nén su két
hop cua cac suy hao mode phu thudc, thay doi pha giira cac mode va su bat
6n dinh vé phan bd ning lugng trong cic mode khac nhau s& lam thay doi
nhiéu mode. Nhidu mode xuat hién khi c¢6 sy suy hao bat ky nao d6 trong
tuyén. Cac ngudn phat quang bang hep c6 tinh két hop cao nhu cac Laser
don mode s& gay ra nhidu mode 16n hon c4c ngudn phat bang rong.

Ngoai ra, hién tuong phan xa nho tr¢ lai Laser do cac mat phan xa
tir ngoai c6 thé gy ra su thay d6i dang ké nhiéu mode va vi thé ciing lam

thay doi dic tinh cta hé théng. Nhiéu phan xa c6 lién quan téi méo tuyén



tinh dau ra LD gdy ra do mot lugng anh sang phan xa trd lai va di vao héc
cong huong Laser tir cac diém ndi soi. C6 thé giam duwoc nhidu phan xa khi
dung cac bo cach ly quang gitta LD va soi dan quang.

Két luan: Ngudn phat quang dong mot vai tro rat quan trong d6i
v6i hé thdng thong tin quang, ¢ phan ndy ta quan tim chu yéu dén LD, Laser
don mode. Tir d6, ta c6 thé lya chon ngudn phat sao cho phu hop véi hé
thong.

3.3 Thiét bj thu quang

Thiét bi thu quang déng mot vai tro rat quan trong trong hé thong
thong tin quang, né c6 chirc ning bién d6i tin hiéu quang thanh tin hiéu dién.
Trong linh vyc thong tin quang ta s& nghién ciru van dé thu quang theo hiéu
ung quang dién.

3.3.1 Co ché thu quang

Nhu d4 néi o trén, co sé ciia hiéu tmg quang dién 1a qua trinh hap
thu anh sang trong chit ban dan. Khi anh sang dap vao mdt vat thé ban dan,
cac dién tir trong ving hoa tri dugc chuyén doi téi ving dan nhung néu
khong c6 mot sy tac dong say ra thi s& khong thu duge két qua gi ma chi co
cac dién tir chuyén dong ra xung quanh va tai hop tré lai voi cac 16 tréng
ving hoa tri. Do d6 dé bién ddi ning lugng quang thanh dién ta phai tan
dung trang thai khi ma 13 tréng va dién tir chwa kip tai hop. Trong linh kién
thu quang, 16p chuyén tiép p-n duoc sir dung dé tach dién tir ra khoi 13 trong.
Khi anh sang dap vao ving p s& bi hap thy trong qua trinh lan truyén dén
viung n. Trong qua trinh do, cac dién tir va 16 tréng da duoc tao ra va tai
ving nghéo do hép thu photon s& chuyén dong vé hai huéng ddi ngugce nhau
dudi tdc dong cua dién truong nén ching tach roi nhau. Vi khong co dién
truong & bén ngoai ving nghéo nén cac dién tir va 16 tréng duoc tao ra do

hiéu tng quang dién va s& tai hop trong qua trinh chuyén dong cta ching.



Tuy nhién, s& c6 mot vai dién tir di chuyén vao dién truong trong qua trinh
chuyén dong va c6 kha ning tham nhap vao mdi ving. Va do d6 c6 mot dién
thé s& dugc tao ra giita cac mién p va n. Néu hai dau cua mién d6 dugc ndi
voi mach dién ngoai thi cac dién tir va 15 tréng s€ dugc tai hop ¢ mach ngoai
va s€ co6 dong dién chay qua.
3.3.2 Photodiét PIN

Photodiét PIN 13 bo tach song dung dé bién ddi tin hiéu quang
thanh tin hiéu dién. Cau tric co ban cua Photodidt PIN gdm cac ving p va n
dit cach nhau bang mot 16p tu dan i rit mong. Pé thiét bi hoat dong thi can
phai cip mot thién ap nguoc dé ving bén trong rat hét cac loai hat mang.
Khi c6 anh sang di vao Photodi6t PIN thi s& xay ra qué trinh nhu sau. Néu
mdt photon trong chum anh sang t61 mang mot nang lugng v 16n hon hoac
ngang bang véi nang luong dai cdm cua 16p vat liéu ban dan trong Photodi6t
thi photon c6 thé kich thich dién tir tir ving hoa tri sang ving dan.Qua4 trinh
nay sé& phat ra cac cip dién tir, 16 trong. Thong thudng, bo tach soéng quang
duoc thiét ké sao cho cac hat mang nay cha yéu dugc phat ra tai ving nghéo
12 noi ma hau hét cac anh sang t&i bi hap thu (hinh 3.2). Sy c6 mit cua
truong dién cao trong vung ngheéo lam cho cac hat mang tach nhau ra va thu
nhan qua tiép gidp c6 thién ap ngugc. Didu ndy lam ting ludng dong & mach
ngoai, voi mot ludng dong dién s& tng véi nhidu cip mang dugc phat ra va

dong nay goi la dong photon.

Thién ap

P Lo tréng i Dién tir




Hinh 3.2: So d ving nang lugng ctia Photodi6t PIN.

Trong truong hop 1y tudng, mdi photon chiéu vao phai sinh ra mot
xung dién ¢ mach ngoai va gia tri trung binh cua dong dién sinh ra phai ty 1€
v6i cong suat cua anh sang chiéu vao nhung trong thuc té, khong dat duoc
nhu vy ma mot phan anh sang bi ton hao do phan xa.

3.3.3 Photodiot théc

Pé ting d6 nhay didt quang ngudi ta mg dung hé thong gidng nhu
hiéu g nhan di¢n tur trong cac bd nhan quang di¢n.

Photodidt thac ky hiéu APD (Avalanche photodiote) c6 dic tinh tot
hon d6i vé6i tin hiéu nho. Sau khi bién d6i cac photon thanh cac dién tir thi
n6 khuéch dai ngay dong photo & bén trong né trudc khi dong nay di vao
mach khuéch dai tiép sau va diéu nay 1am ting muc tin hiéu dan ti 46 nhay
may thu ting 1én dang ké. Dé thu duoc hiéu Gng nhan bén trong thi cac hat
mang phai dugc ting dan ning luong téi muc da 16n dé ion hoa cac dién tur
xung quanh do va cham véi chiing. Céc dién tir xung quanh nay dugc day tir
vung hod tri t6i ving dan rdi tao ra cac cip dién tir- 16 tréng méi sin sang

dan dién. Cac hat mang mdi ndy tao ra tiép tuc dugc gia tdc nho dién truong



cao va lai co6 thé phat ra cac cap dién ta- 10 trong mdi khac. Hi¢u ting nay

goi l1a hi¢u ing thac.
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Hinh 3.3: Céu trac Photodiét thac va trudng dién trong ving
troi. ] )

3.3.4 Tham so6 co ban cua thiét bi thu quang
3.3.4.1 Higu suit lwong ti

Hiéu suét lugng tir dugc dinh nghia 1a ty s6 dién tir dugc sinh ra
trén sd photon dugc hap thy. Thuong cac dibt dat hiéu qua khoang 60% dén
80%.
3.3.4.2 D) nhay quang

Do nhay quang cho biét kha ning bién ddi cong suat quang thanh
dong dién. Néu tai mot bude song co s6 photon roi vao 1a N, va ning luong

moi photon la:m

(3.2)



¢ dN,

thi cong sudt quang thu duoc la: P = hz ”
(3.3)

va luong di¢n tich sinh ra la: q, = N ne
(3.4)

vOl e=16.10"¢

Tu do6 ta tinh dugc dong dién sinh ra tir cac photon la:

. % __dN,
Y
(3.5)
. nAieP,
=i, :7hc L =SP,
goi S do nhay quang c¢6 thad nguyén [A/W] vasS= 77';'6
C

(3.6)
3.3.4.3 Tap dm cua tach song quang

Déi véi cac bo tach song quang, bd thu quang can phai c6 6 nhay
thu rat cao, diéu d6 doi héi cac photodiot phai tich duoc tin hiéu quang rat
yéu tir phia dudng truyén toi. Dé thuc hién thu duoc cac tin hiéu rat yéu nay,
can phai tdi wu hoa dugc bo tach song quang va ca cac mach khuéch dai tin
hiéu di kém theo d6, diéu nay cho phép ta nhan duogc ty 1€ tin hiéu trén tap
am S/N:

P

p

S__ 5%
N Pg+P,
(3.7)
voi P,: Cong sudt tin hiéu do dong photo tao ra.
P, : Cong suét tap am cua bd tach song.

P,,: Cong suat tap am cta bd khuéch dai.



Dé dat duoc ty 18 S/N cao thi phai hoi du cac diéu kién sau:
> Str dung cac bo tach song quang c6 hiéu suit luong tir cao nham tao ra
cong suat tin hiéu 16n.
> Phai han ché dugc cac tap 4m cua bd tach song quang va bd khuéch
dai tin hiéu trong bo thu quang cang nhiéu cang tot.

Tap 4m cta cac bo khuéch dai quang 1a tap am cua bo tién khuyéch
dai va ctia cac bo khuyéch dai phia sau. Nhung trong thuc té, phan 1on tap
am 13 do cac bo tach song va cac bo tién khuyéch dai quyét dinh.

3.3.5 Bé thu quang trong truyén dan tin hig¢u so

Hau hét cac hé thdng thong tin quang hién nay thuc hién truyén
dan tin hiéu so. Tin hiéu duoc phat ra tir phia phat 1 luéng s6 nhi phan véi
cac gia tri 0 va 1 trong mdt khoang thoi gian. Trong mot b thu quang, anh
sang nhan dugc tir phia duong truyén s& dugc tach va bién d6i thanh tin hiéu
dién va dugc khoi phuc ¢ dau thu. Bo khuéch dai thyc hién viéc bién d6i
dong nay thanh tin hiéu dién ap véi muic phi hop voi cac mach tiép theo sau.
Nhiém vu ctia bo loc nham giéi han bing tin cua bo thu, 1am giam tbi thiéu
tap 4m phat ra tr bo tach song va khuéch dai. Xung clock duge trich 1dy ra

tir chum tin hiéu s trong mach quyét dinh.

Béng hd
Trich theén -
Zian
\1" Dt ligu ra
: [ Mach &t :
Khueh dai |- Bg can bing [-=1Bo loc | dﬂilhu}'
Photndetectnr
e
Tign khuéch
dai
Tin higu vao G

Hinh 3.4: so d6 khéi cia bo thu quang dién hinh trong truyén dan sd.



Viéc lwa chon bo tach song quang thudong dugce dua vao cac yéu to
can dugc quan tAm nhu quy céng suat cia hé théng, dai thong theo yéu cau,
tinh phtrc tap phan cimg, hiéu qua kinh té.

3.4 Két luan chwong

Viéc xem xét cac dac tinh k¥ thuat cua thiét bi thu quang la mdt
yéu td rit quan trong. Chat luong cua hé thdng phu thudc rat nhiéu vao cac
thiét bi thu quang ma & ddy ta xét cha yéu dén LD. Néu mdt soi quang chi
truyén tin hiéu trong mot soi ddn quang thi hé thdng khong dap tmg dugc
nhu ciu trao d6i thong tin ngay cang cao vi thé cac phuong phap ghép kénh
quang ra doi, trong do6 phuong phdp ghép kénh theo thoi gian dang cang
ngay cang thé hién rd tinh wu viét ciia nd va van dé nay s& duoc trinh bay chi

tiet & chuong sau.
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. HE THONG THONG TIN QUANG

1.1 THONG TIN QUANG

Khac voi thong tin hiru tuyén va v tuyén - cac loai thong tin sir dung cac
moi trudng truyén dan tuong ng la day dan va khong gian - thong tin
quang 1a mot hé théng truyen tin thong qua soi quang. Diéu d6 ¢o nghia
1a théng tin dugc chuyén thanh anh sang va sau d6 anh sang dugc truyén
qua s¢i quang. Tai noi nhén, n6 lai duoc bién ddi trd lai thanh thong tin
ban dau. Hinh 1.1. Gi6i thiéu mot hé thong truyén dan sgi quang digital
dugc str dung rong réi nhat hién nay. Trong phan nay chiing ta s& xem xét
cac giai doan phét trién cua hé thong nay va so sanh cac dac tinh cua no
v6i cac dic tinh cua nhitng hé thong dang ton tai. Cudi ciing, chung ta s&
giai thich céc tinh chat ctia anh séng.

Hinh 1.1. Hé théng truyén dan soi quang digital

1.1.1. SU PHAT TRIEN CUA THONG TIN QUANG

Cac phuong tién so khai cua thong tin quang la kha nang nhén biét cua
con nguoi vé chuyén dong, hinh dang va mau sic cua sy vat thong qua
d6i mat. Tiép d6, mot hé thong thong tin diéu ché don gian xuit hién
béng cach sir dung céc deén hai dang cac dén hi¢u. Sau do, nam 1791,
VC.Chape phat minh ra mot may dién bao quang.

Thiét bi nay sir dung khi quyen nhu la mot moi truong truyén dan va do
d6 chiu anh huong ciia cac diéu kién vé thoi tiét. Pé giai quyét han ché
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nay, Marconi da sdng ché ra may dién bdo vO tuyén c6 kha ning thuc
hién thong tin gitra nhitng nguo1 giri va ngudi nhan ¢ xa nhau.

Pau nim 1980,’ A.G.Bell - nguoi phat sinh ra hé tbéng dién thoai - da
nghi ra mot thiét bi quang thoai c6 kha nang bién doi dao dong ctua may
hat thanh anh sang. Tuy nhién, sy phat trién ti€p theo cua hé thong nay da

bi bo bé do su xuat hién hé thong vo tuyén.

( Bang 1.1) Cac giai doan phat trién ctia théng tin cap soi quang

Nam Ngudn quang Cap s¢i quang

1960 Trién khai méy laser Ruby

(HUGHES)

1962 May laser Ga As

1965 May laser Co2 (BL)

1966 Kha nang sir dung duong t’ruyén
dan cap quang (ST, ton that
1000dB/km)

1970 May laser GaAIAS tao dao dong Trién khai thanh cong soi sap

lién tuc (BL, Nga, NEC) quang st dung abaston (Corning,
20 dB/km)

1973 Phuong phap san Xudt soi quang co
d6 ton that thap (MCVD, BL, 1
dB/km)

1976 May laser GalnAsP dao dong lién || D¢ xuét kha ning san xuat sgi

tuc (MIT, KDD, TIT, NTT) quang florua (France, Lucas).
1977 May laser GaAIAs c6 tudi tho wéc
luong 1a 100 nam (BL, NTT)
1979 May laser GalnAsP 1,55 um Ché tao sgi quang co Abastoes co
(KDD, BL, TIT) dao dong lién tuc || dd ton that toi thiéu (NTT, 0.18
dB/km (1.55um))

1980 Cé}l trac laser giéng lugng tir duoc Qhé tao soi quang Flo (NRL) d6

che tao (Bell Lab). ton that 1000 dB/km

1981 GalnAsP LD (1.6 um) Continuous

Oscillation (TIT)
1982 LD Array High Power
(2.5 W Continuous
Osciltation)
1983 Single Mode, Single Frequency So1 quang fluor c6 do t,(;)n that thap
LD (NRT, NTT) d¢ ton that 10 dB/km
(KDD, Bel Lab.)
1986 Single Mode, Single Frequency Soi quang fluor c6 do ton that thap,
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LD D6 tén that 1dB/km (khoang
Commercialization (NEC, 2.5 um)
Hitachi etc.)

1989 GaAl/AlGa Laser Develoment

Sy nghién ctru hién dai vé thong tin quang dugc bat dau bang sy phat
minh thanh céng cua Laser nam 1960 va bang khuyen nghi cua Kao va
Hockham nim 1966 vé viéc ché tao soi quang c6 do ton that thap. 4 nam
sau, Kapron dd c6 thé ché tao cac soi quang trong sudt co do suy hao
truyén dan khoang 20 dB/km. Puoc cb vii boi thanh cong ndy, cic nha
khoa hoc va k¥ su trén khap thé gi6i di bat dau tién hanh cac hoat dong
nghién ciru va phat trién va két qua 1 cac cong nghé moi vé giam suy hao
truyén dan, vé ting giai thong vé cac Laser ban dan ... 43 dugc phat trién
thanh cong trong nhitng ndm 70. Nhu duoc chi ra trong <bang 1.1>, do
ton that cua soi quang da dugc giam dén 0,18 dB/km. Hon nita, trong
nhitng nim 70 Laser ban dan c6 kha ning thyc hién dao dong lién tuc &
nhiét do khai thac da duoc ché tao. Tudi tho ctia nd duogc ude lugng hon
100 nam. Duya trén cac cong nghé soi quang va Laser ban dan gio day da
6 thé gui mot khoi luong 16n céc tin hi¢u am thanh / dir li¢u dén cac dia
diém cach xa hang 100 km bang mét soi quang c¢6 d6 day nhu mot soi
toc, khong can dén céac bo tai tao. Hién nay, cac hoat dong nghién ctru
nghiém chinh dang dugc tién hanh trong linh vuc dugc goi 1a photon hoc
- 1a mot linh vuc toi quan trong ddi véi tat ca cac hé théng thong tin
quang, c6 kha nang phat hién, xir 1y, trao doi va truyén dan thong tin bang
phuong tién anh sang. Photon hoc c6 kha nang s€ duoc img dung rong rai
trong linh vur dién tir va vién thong trong thé ky 21.

1.1.2. Cac dac tinh cta thong tin quang

Trong thong tin s¢i quang, cac uu diém sau cua soi quang dugc su dung
mot cach hi¢u qua: do suy hao truyen dan thip va bang thong lon. Thém
vao d6, chung co thé sir dung dé thiét lap cac dudng truyén din nhe va
mong (nho), khong cd xuyén am véi cac duong sgi quang bén canh va
khéng chiu 4nh hudng ctiia nhiém cam tmg song dién tir. Trong thuc té soi
quang 13 phuong tién truyén dan thong tin hiéu qua va kinh té nhat dang
c6 hién nay

Trude hét, vi c6 bang thong 16n nén nd co thé truyén mot khdi luong
thong tin 16n nhu cac tin hiéu 4m thanh, dit liéu, va céac tin hiéu hén hop
thong qua mot hé théng c6 cu ly dén 100 GHz-km. Tuong tmg, bang cach
sur dung so1 quang, mdt khoi lugng 16n céc tin hi€u am thanh va hinh anh
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c¢6 thé duoc truyén dén nhiing dia diém cach xa hang 100 km ma khong
can dén cac b0 tai tao.

Thur hai, soi quang nho nhe va khong c6 xuyén am. Do viy, chung co thé
duogc lap dat dé dang ¢ cac thanh phd, tau thuy, may bay va cac toa nha
cao tang khong can phai lip thém cac dudng 6ng va cong cép.

Thir ba, vi soi quang dugc ché tao tir cac chat dién moi phi dan nén chiing
khong chiu anh huéng béi can nhiéu cua song dién tir va cua xung dién
tir. Vi vy, chung c6 thé st dung dé truyén dan ma khéng cé tleng on.
Diéu d6 co6 nghia 1a nd c6 thé lap dat cung véi cap dién luc va co thé si
dung trong moi truong phan tng hat nhan.

Tht tu, do nguyén liéu chu yéu dé san xuit soi quang 1a cat va chat déo -
1a nhimng thir ré hon déng nhiéu - nén no kinh té hon cap dong truc nhiéu.
Gia thanh cua soi quang s€ giam nhanh mot khi cong nghé moi duoc dua
ra. Ngoai ra, nhu da dé cap & trén, do dic trung 1a c6 d6 ton that thap gia
thanh lap dat ban dau ciing nhu gia thanh bao dudng va stra chita thap boi
vi chliing can it cac b tai tao hon.

Ngoai nhitng vu diém da néu trén, soi quang c6 dd an toan, bao mat cao,
tudi tho dai va co kha niang dé khang méi truong 16n. N6 ciing dé& bao
dudng, stra chira va c¢6 do tin cdy cao. Hon nita, n6 khong bi ro ri tin hi¢u
va d& kéo dai khi can va co thé ché tao voi gia thanh thip. Trong bang
1.2, ching ta tong hop cac wu diém trén. Nho nhitng vu diém nay, soi
quang dugc su dung cho cac mang ludi dién thoai, s6 liéu/ may tinh, va
phét thanh truyén hinh (dich vu bang rong) va s& dugc st dung cho
ISDN, dién luc, cic Gmg dung y té va quan sy, cling nhu céc thiét bi do.

Bang 1.2 Cac wu nhwoc diém cla soi quang

Thong tin an toan

Pic tinh Uu diém Nhwoc diém

phi thiét bi duong
day dan

Dai thong 1on Truyén dan dung luong

16n
Giam kich thuéc duong || D& lap dat va bao dudng || Kho dau nbi
truyén dan Giam chi phi lap dit

cong

Phi dan Ngan ngtra xuyén am Can c6 cac duong day

CAp ngudn cho tiép
phat

Nguon - cat

Nguyén li€éu phong phu

Can c6 cac phuong thic
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Chi phi san xudt ré chinh 161 méi (cap)
Dénh gid Duong truyén dan tuyét | Co thé giai quyét bang
Vo1 cac tién bg cong nghé
mdi

1.2 CAP SOI QUANG

Soi quang 1a nhitng day nho va déo truyén cac anh sang nhin thiy dugc
va céc tia hdng ngoai. Nhu di duoc trinh bay trong hinh 1.4, chung c6 16i
& gitra va c6 phan bao boc xung quanh 15i. Pé anh sang c6 thé phan xa
mot cach hoan toan trong 15i thi chiét suat ctia 18i 16n hon chiét suét cia
ao mot chut.

V6 boc & phia ngoai 40 bao vé soi quang khoi bj am va an mon, dong thoi
chéng xuyén am voi cac soi di bén canh va 1am cho soi quang d& xir 1y.
Pé boc ngoadi ta diung cac nguyén liéu mém va do ton that ning luong
quang lon.

Hinh 1.4. Céu tric cap soi quang

L5i va 40 dugc 1am bang thuy tinh hay chat déo (Silica), chat déo, kim
loai, fluor, soi quang két tinh). Ngoai ra chiung dugc phan loai thanh céac
loai 801 quang don mode va da mode tuong tmg voi s6 luong mode cua
anh sang truyén qua soi quang. Ngoai ra chung con dugc phén loai thanh
s01 qaung c6 chi s6 budc va chi s6 16p tuy theo hinh dang va chiét suat
ctia cac phan cta 151 soi quang. Cac van dé ndy s& duoc trinh bay ti mi &
muc 1.2.2

1.3. HE THONG CAP QUANG

Nho két qua ctia cac hoat dong nghién ciru va phét trién cuong do cao
trong nhitng nam 1970, hi¢n nay cong nghé thong tin quang da mode
dang duogc sir dung rong rii trén toan thé giéi. Cling dung nhu vy dbi voi
hé thong thong tin quang don mode. Dya trén ky thuat da duoc phat trién,
ngay cang nhiéu cap quang di dugc sir dung trong nhiéu linh vuc. Trong
phan ndy, cac dic tinh chung cua cap quang duoc giai thich va tiép do,
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chlng t61 s€ gidi thi€u vigct hiét ké mot hé théng s6 va tuong tu cling nhu
cong ngh¢ ghép kénh phan chia budc song.

1.3.1. Tong quan vé hé thong thong tin quang
1. Cdu hinh ciia hé thong théng tin quang.

bé thlet 1ap mot hé théng truyen dan hop 1y, viéc lua chon méi truong
truyén dan, phuong phap truyén dan va phuong phap diéu ché/ ghép kénh
phai duoc xem xét trude tién. Cho dén nay thi khong gian dugc s dung
mot cach rong rai cho thong tin vO tuyen con cap doi xang va cap dong
truc cho thong tin hiru tuyen Trong phan dudi day, chiing t6i chi ban dén
cac phuong phap truyen dan hién dang sin c6 dua trén viéc str dung cap
quang. Su diéu ché song mang quang cua h¢ théng truyén din quang hién
nay duoc thuc hién véi sy diéu ché theo mat d6 vi cac nguyén nhén sau:

(1) Séng mang quang, nhan duogc tur cac phan tir phat quang hién co,
khong dii 6n dinh dé phat thong tin sau khi co su thay d6i vé pha va
d6 khuyéch dai va phan 16n khong phai la cac song mang don tan.
Dic biét cac dibt phat quang déu khong phai la nhit quan va vi vay
c6 thé coi anh sang dai loai nhu tiéng On thay vi song mang. Do do,
chi c6 nang lugng la cuong @6 anh sang tuc thoi dugce st dung.

(2) Hién nay, cac Laser ban dan duoc ché tao da co tinh nhét quan
tuyét voi va do d6 co kha ning cung cp song mang quang on dinh.
Tuy nhién, cong ngh¢ tao phach - Mot cong nghe bién dbi tan sb can
thiét dé diéu ché pha - con chua dugc phat trién day du.

(3) Néu mot song mang don tan c6 tin sd cao dugc phat di theo cap
quang da mode - didu ma co thé xir Iy mot cach d& dang - thi cac dic
tinh truyén dan thay d6i twong d6i phuc tap va cap quang bi dao dong
do su giao thoa gay ra boi sy bién ddi mode hoac do phan xa trong
khi truyén din va két qua 13 rat kho san xuat mot hé thong truyén dan
6n dinh. Vi vdy, trong nhiéu tGng dung, viéc st dung phuong phap
diéu ché mat do co kha ning s& dugc tiép tuc.

Déi voi truong hop déu ché quang theo mat do (IM) co rat nhiéu phuong
phap d¢€ bién do1 tin hiéu quang thong qua viéc di€u ché va ghép kénh cac
tin hi€u can phat. Mgt trong nhitng vi du dién hinh dugc trinh bay trong
hinh 1.19
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Hinh 1.19. Qua trinh ghép kénh dién

Phuong phép phan chia theo thoi gian (TDM) dugce sit dung mot cach
rong réi khi ghép kénh cac tin hiéu nhu sO liéu, am thanh diéu ché Xxung
ma PCM (64kb/s) va s6 liéu video digital. Tuy nhién, trong truyén dan cu
ly ngan, cua cac tin hiéu video bang rong rai cling co thé su dung phuong
phap truyen dan analog. Phuong phap diéu ché mat do sé6 DIM - phuong
phap truyen cac kénh tin hiu video bang IM - va phuong phap thyc hién
diéu ché tan s6 (FM) va diéu ché tan s6 xung (PFM) sém dé ting cy ly
truyén dan c6 thé duogc sir dung cho muc tiéu nay.

Ngoai TDM va FDM, phuong phap phan chia theo budc song (WDM) -
phuong phap diéu ché mot sé song mang quang cé céc budc song khac
nhau thanh céc tin hiéu dién khac nhau va sau d6 c6 thé truyén chung qua
mot sgi cap quang - ciing dang dugc sir dung. Hon nira, khi truyen nhiéu
kénh thong qua cap quang, mot s6 lugng 16n cac dit liéu c6 thé duge gui
di nho gia tang s6 161 cap sau khi da ghép cac kénh trén. Phuong phap
nay duoc goi la ghép kénh SDM. He thdng truyén dan quang c6 thé duoc
thiét lap bang cach su dung hon hop TDM/FDM, WDM va SDM. Chung
ta co thé thay rang hé thong truyen dan quang cung tuong ty nhu phuong
phap truyen dan cap doi va cap dong truc truyén théng, chi c6 khac 1a né
bién doi céc tin hiéu dién thanh tin hiéu quang va ngugc lai tai dau thu.
Hinh 1.20 trinh bay cdu hinh cta hé thong truyén dan cap quang.



HE THONG THONG TIN QUANG — VO TUYEN 8

:3.:_1|-|l..| 19
R . -

fiar quang guangdién

1 bavin dan digial

SN QUIET

Hinh 1.20. C4u hinh cla hé théng truyén dan cap quang

Phuong phap truyén din analog c6 thé dugc tién hanh chi véi mot bo
khuyéch dai tao diéu kién dé phia thu nhan dugc mirc ra theo yéu cau
bang cach bién doi cac tin hiéu dién thanh céc tin hiéu quang va ngugc
lai. Khi sir dung phuong phap diéu ché PCM thi moi chiic ning giai diéu
ché twong tmg v4i nd can duge gan cho phia thu. Cho toi1 day, ching ta
d3d mo ta cac chic ning co ban cua hé théng truyén dan quang. Ngoai
nhiing phan di trinh bay & trén hé thong hoat dong thuc té con c6 thém
mot mach 6n dinh dau ra cta cac tin hiéu quang can phat, mot mach AGC
dé duy tri tinh déng nhét ctia dau ra tin hiéu dién & phia thu va mot mach
dé giam sat mdi phia.

2. Nhitng thanh phan co ban ciia hé thong truyén dan quang.

Hé thong truyén din quang bao gdm cac phan tor phat xa anh sang (nguon
sang), cac so1 quang (moi truong truyén dan) va cac phan tir thu dé nhan
anh sang truyén qua soi quang.

Céc phan tir sau day duoc chon dé sir dung:

1. Phan tir phat xa anh sang
. biot Laser (LD)

. D16t phat quang (LED)

. Laser ban dan

o oW

. So1 quang

. Soi quang da mode chi sb budc
. Soi quang da mode chi sb 16p

. So1 quang don mode

o o

. Phén tir thu anh sang
. 16t quang kiéu thac (APD)
. bi6t quang PIN (PIN - PD)

o W
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1.4. PHUONG PHAP TRUYEN DAN PONG BQ E
1.4.1. Co sé ciia tiéu chuin hoa

Trudc khi phuong phép truyén dan déng bo c6 duoc dang thirc cao cap
clia cac dic trung don nhat, Metrobus va SONET di c6 nhitng dong gop
to 16n. Metrobus 1a hé thdng thong tin quang déng bd nodi tai ma bell
Communications Research cia AT & T ¢ Hop chung quoc Hoa Ky
nghién ctru va phat trién. Con SONET la tiéu chuan két ndi cua hé thong
thong tin quang ma sau d6 Bell communications reseach (Bellcore) de
xudt va roi duoc uy ban Tl chap nhén sir dyng va phat trién cho ticu
chuan Bic My. Metrobus da chong lai quan diém cua thong tin quang co
dién, da su dung su ghép tang dau tién, da chap nhan st dung khai niém
container (cong teno), da su dung Overhead (mao dau) mot cach hiéu qua
va da thiét 1ap khai ni¢m he théng thong tin quang dong bo ndi tai, hé
thong nay coi tin hiéu cap 150 Mbit/s 1am cip tiéu, chuan Do vay, trén co
s cap 50 Mbit/s, SONET b sung quan niém vé cau trac phan cap va
phuong phap dong bd nhd con tré dé hé thong hoa doan mao dau va sau
do m¢ ra chén troi moi cho thong tin toan cau. Dua trén nhiing cai do,
chinh phéan cip cua dong bo (SDH) hién nay da lay tin hiéu cap 150
Mbit/s 1am tiéu chuan, ké ca phan cap so kiéu Chau Au, va dugc phd cap
hoa dé mé ra kha nang thong tin toan cau.

1. Metrobus

Metrobus 12 mot hé thdng thong tin quang do J.D.Spalink, mot nha
nghién ctru tai Bellcore cua AT & T, dé xuat nam 1982. N¢ di duoc trién
khai theo quy mo day di1 vao dau nim 1984, duoc cong bd vao thang chin
nam 1985 va dugc thir nghiém dé thuong mai hoa vao dau nam 1987.
Chinh sach co ban cua Metrobus 1a phat trién hé thong thong tin quang
t6i uu nhat, c6 can nhic dén khia canh toc d6 cao, dung luong 16m, von la
dic trung cia mot hé théng thong tin quang, phuong huong tién trién cua
mang thong tin, qua trinh phat trién cua cong ngh¢ cot yéu va xu hudng
d6i méi dich vu. Tén goi cia Metrobus c6 ngudn gdc tir muc tiéu Ung
dung ctia nd nhim vao viung thanh phd 16n (metropolitan). Trong qua
trinh R&D cho tng dung d6 da ndi 1én mot sd khai niém. Pién hinh 1a
khai niém vé mang thong tin quang diém - da diém, khai niém vé hé
thong dong b0 ndi tai, tim nhin cua DS-0, khai niém ghép kénh tang dau
tién, diéu chinh dong thoi nhitng tin hiéu nhiéu cap bang viéc diéu khién
sb hiéu cong teno, thiét lap tin hiéu tiéu chuin noi tai 150Mbit/s va sir
dung ¢ mao dau.

Do tat ca cac hé thong thong tin quang trudc day déu da duoc dé xuit
trong bodi canh cua cac hé thong diém - ndi diém, cho nén khai niém cta
thong tin quang d duoc xem nhu mot khai niém c6 tinh chat cach mang.
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Nhitng khai niém khac dd dong vai tro khong thé thiéu duoc dé thé hién
khai niém nay. Vi viéc can nhac dén dai thong v0 han ma théng tin
quang cung cap, ta thiy nd du bao dam khoang trong cho mao dau, va
bang viéc sir dung nd ciing nhu bang viéc hinh thanh kénh truyen thong
mao dau, cho phép ung dung lién két ctia toan bd cac tuyén thong tin
quang. Tuy nhién, do ty 1é ciia mao dau da vuot qua 4,5% cia toan b,
cho nén khai niém nay kho cé thé duoc chap nhan trong bdi canh do.

Viéc lua chon 150 Mbit/s (cu thé 1a 146,432, Mbit/s) lam tin hiéu ndi bo
ctia mang d3 thuc su 1a mot quan diém tién phong. S¢ di nhu vay 1a vi
nhitng diéu sau day duoc dy kién : khi dugc xem xét theo khia canh phan
16p tin hiéu digital, tdc d6 bit ma tat ca cac tin hiéu c6 thé bao gom 1a 150
Mbit/s; theo khia canh dich vu, tin hi¢u thoai, s6 liéu va video (ké ca tin
hiéu HDTV c6 nén) hién tai déu co thé dugc sir dung trong cap 150Mbit/s
nay; vé khia canh cong nghé ban din co ban, cong nghé CMOS c6 thé
dugc st dung trong pham vi 150 Mbit/s chang khé khin gi. Ngoai ra, vé
khia canh thué bao thi con c¢6 mét sb loi thé: voi cap phan tir 150 Mbit/s,
cac anh sang co thé duoc str dung nho su két hop voi didt LED va PIN ré
tién, va cap soi quang cé thé tao diéu kién cho su két hop hiéu qua nay
nho viée st dung soi quang da mode cé chi sd ting dan thay cho don
mode.

Khai niém ghép kénh ting dau tién cling la mot khai niém mang tinh cach
mang. N6 cho phep ghép kénh tryc tlep tin hi¢u DS -1 thanh tin hi¢u ti€u
chuan150 Mbit/s ma khong can chuyén qua tin hiéu DS-2 hoic DS-3 diéu
khéng thé co trong hé thdng ghép kénh khong dong bd trude day. N6 tro
thanh nén tang dé thuc hién két ndi tach/nhap va ndi két chéo 1a nhimg
ndi két thuong thay trong mang thong tin quang.

Dugc gidi thiéu nhu mot phuwong tién thyc hién ghép kénh tang thir nhat,
khai niém nay giuap cho viéc ghép kénh tin hiéu phan cap bang viéc diéu
khién s hiéu cua céc cong teno. Nghia 13, bang viéc xac dinh cac 6 co
kich thudc c¢b dinh, 1am cho cac tin hiéu DS -1. DS -1C, DS-2, DS-3
v.v...1ap day vao cac 6 tuong tng cua cac khi 1, cac khdi 2, cac khbi 4,
cac khoi 28 trong cung mdt don vi thoi gian. Nhu vy, két ndi tach nhap
va két nbi chéo rat tién loi, bai vi tat ca cac tin hiéu déu duoc xir Iy véi
don vi clia s0 hi¢u 6.

Tin hiéu tiéu chuan noi bo bao gom 13Wx88 (1W=16 bit) nhu trong hinh
1.37. Toc do bit 1a 146,432 Mbit/s (13x88x16x8 kbit/s). 88 don vi cua tir

mi (thudc vé 88 6) xuat hién trong 125m s/13, trong dé 4 don vi duge sir
dung cho mao dau va moi tin hi¢u DS-n chiém s6 hiéu tuong tng cua 0.
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Hinh 1.37. Cé4u trac khung ctia Metrobus

Viéc gidi thiéu khai niém dong bo ndi tai cling dd 1a mot tién dé cho
mang thong tin déng bo. Co6 nghia 1a, do pham vi muc ti€u da chi dugc
gid1 han cho khu vyc thanh phé, dua trén tiéu chuin ndi bd cua mang,
bién phap ddi pho trong truong hop vuot qua gidi han can dong bo da
khéng dugc chuan bi chat ndo. Trong truong hop ndy tin hiéu dinh thoi s&
str dung tan s6 chuan déng bo hoa co ban BSRF va ciing c6 thé sir dung
tin hi¢u dinh tho1 duge don nhan tir by dao dong ndi va tur tin hiéu thu
duoc.

Do nhin 16 cua tin hiéu DS-O da duoc tao ra voi don vi 125 m s. Khi viéc
chuyén tir mdi tin hiéu phan cép sang coéng teno ciing duoc thuc hién véi
don vi 125 m s, thi cac tin hi€u DS-O nhan duoc qua 1§y mau 8 kbit/s co
thé xuat hién mot cach trong sudt ngay tai tin hiéu phan cdp mirc cao.

Theo cach nhu viy, vi¢c phan tdch kénh DS-O 64 kbit/s khoi tin hiu tiéu
chuan ndi by 150 Mbit/s c6 thé dugc thuc hién mot cach dé dang.

Hinh 1.38 biéu dién cau truc cua hé théng Metrobus. Phan duoc trinh bay
nhu bus nd1 bd trong hinh v€ tuong g véi tin hiéu ti€u chuin noi bd
146,432 Mbit/s. Tin hiéu dugc tao ra tir DS-1 d¢én DS-3 qua PMB (bang
ghép kénh co thé 1ap trinh). Thong tin quang 146 Mbit/s co thé phéi hop
true tiép v6i tin hiéu nay, va di qua thiét bi truyen dan séng quang LTE-
Lightwave Transmission Equipment). c6 thé tao nén thong tin quang 876
Mbit/s hodc 1,7 Gbit/s bang viéc dwa 6 hodc 12 don vi cta tin hiéu nay
vao WIM (ghép kénh xen tir ma - Word Interleaved Multiplexing), rdi sau
dé dua qua LTE. Nhitng qué trinh ndy dugc mo ta trong hinh v&. Ngoai
ra, hé théng PCCS (hé théng két ndi chéo co thé 1ap trinh) thuc hién chuc
nang ndi két chéo qua cic cong teno do tiéu chuan cua toc do bit DS-1
tao ra béng cach dua vao tin hiéu 146 Mbit/s.
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Khoi dudma day dicpital
= = H& thonog g K& choeo ol thee lap rinh

Hinh 1.38. Cé4u tric cua hé théng Metrobus
2. SONET

Sonet 13 mét tir viét tit ctia Synchronous Optical Network (mang quang
dong bo). N6 da duge R.J.Boehm va Y.J.Ching ¢ vién nghién ctru truyén
thong Bell d¢ trinh 1én uy ban T1- t6 chtrc tiéu chuan truyen thong cua
Bic My - vao cubi nim 1984 nhu mot dé an tiéu chuan vé dau noi hé
théng thong tin quang. Vao thoi gian d6, khung duoc dé xuat co dang
3x8x33B nhu trong hinh 1.39, va toc do bit 1a 50,688 Mbit/s (=3x8x33x8
kbit/s). Tin hiéu nay dugc goi la STS-1 (Synchronous Transport Signal -
1 - Tin hiéu chuyen giao dong bo - 1) va DS - 3 hodc SYNTRAN DS-3,
ma n6 da duoc chap nhan nhu tin hi€u phan cap co ban va duogc 4n dinh
dua vao qua trinh ghép kénh xen byte qua STS-1.

Tang dau tién cuia SONET da dugc dé nghi cho muc dich " gap g0 gitia
ching" va quan diém nghi ngo vé tinh kha thi cia no da chlem wu thé.
Két qua 1a viéc tiéu chuan hoa no hau nhu khong dugc tién hanh trong
khoang mot ndm, sau khi khai niém SONET da dugc giéi thi¢u. Tuy
nhién, viéc tiéu chuan hoa da bdng nhién dugc dua ra cing voi thong bao
ctia Metrobus vao thang chin nam 1985, va khai niém vé hé thong phan
cap va k¥ thuat dong bo hoa bang con tré di dugc cic thanh vién cia uy
ban T1 dé xuat thém. Nhitng nguoi dé xuat SONET da phat trién va hé
théng hoa cau trac khung cta ting dau tién va dua ra cong thuc (28+L)
(24+M) (8+N). DPiéu nay dy tinh ton mao dau ctia mac DS-3 1én kich
thudc DS-1 cta L don vi; mao dau cua muc DS-1 1én kich thuéec DS-O
ctia M don vi va mao dau cia mirc DS-O 1én Nbit. Tang giita cta khung
SONET c¢6 céu trac 26Bx30 va 49,92 Mbit/s (30x26x8x8 kbit/s) duoc
diéu chinh vi L=2, M=2 N=0 dya trén cong thirc miéu ta trong hinh
1.39. Vao khoang thoi gian d6 vién nghién ctru truyén thong Bell cua
AT&T d& nghi rang tin hiéu tiéu chuan ndi bd ciia Metrobus (c6 ciu tric
26x88W va 146,432 Mbit/s) can duoc chép nhan 1a tin hiéu tiéu chuan.
Tin hiéu nay duoc biéu thi bang cong thirc ctia Vién Nghién ctru truyén
thong Bell sé la: J+K (28+L) (24+M), (8+N), J=1, K=3; L=1, M=2; N=0;
va L, M va N trong sb6 d6 co cung mdt y nghia nhu dugc xéac dinh trudc,
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K ¢6 nghia 1a s6 hi¢u cua tin hi¢u mic DS-3, con J 1a kich thude cua DS-
1 dai dién cho mao dau gan vao toan bg ching.

Hinh 1.39. Céau truc khung ctia SONET

Mac du uy ban T1 dé xem xét ky nhiing cudc thao luan lién quan dén hai
du an nay, no van khong thé phan quyét duoc tinh vu viét theo két qua
d6i chiéu va kiém nghiém. Dlem ban cii soi noi nhét 1a trong danh gia
giita 150Mbit/s va 50 Mbit/s thi toc do bit nao wu viét hon.

Tuy nhién, do su canh tranh vi phan chia thi truong vién thong va vai tro
giita cac cong ty, dau nam 1986, uy ban T1 di di t6i mot quyét dinh 1a tin
hiéu tiéu chuan STS -1 s& 13 49,92 Mbit/s. Trong khi ITU - T ciing dang
hoat dong nham tiéu chuan hoa bang kénh rong vao cung thoi gian d6 thi
uy ban T1 quyét dinh dé nghi liy 149,976 Mbit/s lam du an ctia Bic My,
n6 gip ba 1an 49,92 Mbit/s; c6 nghia 13 uy ban T1, nguoi da quyét dinh
chon cé'lp 50 Mbit/s, di thira nhan vé mit k¥ thuat tinh thich hop cua 150
Mbit/s. Sau do6, nhitng hoat dong ti€u chuan hoa SONRT dugc tién hanh
mot cach sudn sé, chil yéu nho uy ban ngang cap T1X1, va da di dén mot
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thoa thuan vé mot tiéu chuan tham chi kha chi tiét. Mic du né di tién
hanh hoat dong ph01 hop ngay tic khic mang tinh chat bé mgoai, 4
ITU-T vé van dé tiéu chuan két n01 NNI cta B-ISDN, song di c6 rat
nhiéu mat han ché trong viéc diéu tiét voi cac tin hiéu digital kiéu Chau
Au, boi vi 13Bx60 va 49,92 Mbit/s (hodc 146,976 Mbit/s) chi chii yéu
phu hop véi céc tin hiéu digital ctia Biac My.

Do ngly, cAu tric 9Bx270 va toc d6 155,520 Mbit/s, cai du’qc tépg 1én bgt
lan cau trac khung va toc do bit ciaa SONET chinh la phan cap dong b s6
ma n6 da dugc quy dinh nhu khuyén nghi G.707-G.709 cua ITU-T.

3. Phdn cdp sé dong bé

ITU-T d4 thiét 1ap cac kénh H1, H2, H3, H4 nhu d6i v6i kénh tdc d6 cao
ctia khach hang trong qué trinh tiéu chuan hod ISDN vao dau nim 1980.
Trong sb6 d6, kénh H1, d3 duogc tiéu chuin hoa bﬁng viéc phan chia nho
thanh kénh H11 ctia 1,536 Mbit/s dya trén co so tin hiu DS-1 kiéu Béc
My, va kénh HI12 cua 1,920 Mbit/s dya trén co so tin hi¢u DS-1 kiéu
chau Au. Mdi dang chi c6 nhitng nét dai cuong mang tinh chat khai niém
tuwong (mg v4i phan cp sb hién ¢ lién quan dén cac kénh H2, H3, H4, n6
da bat dau dé cap dén tiéu chuan cua mot kénh bang rong dua trén céc
kénh d6. Pau tién né nghién ciru cac tbe do bit 30-40, 45, 60-70 Mbit/s,
sau d6 dé 4n 149,976 Mbit/s da duoc dua ra, dya trén tiéu chuan SONET
cua uy ban T1.

Trong khi ¢, ITU-T bat dau hoat dong dé tiéu chuan hoa phan cép dong
bd s6 cho NNI (giao dién nit mang) vao thang bay nim 1986, khac biét
v6i UNI (giao dién khach hang - mang) cua ISDN. Diéu nay di bat dau
mot giai doan tiéu chuan hoa dich thuc hudng téi phan cap s6 ddng bd va
ITU-T cung uy ban T1 da duy tri méi quan hé hop tac chit ché cho muc
dich do, Hoa ky da chinh thuc dua ra cép 50 Mbit/s dua trén tin hiéu
STS-1 dang duogc st dung cia SONET tai héi nghi ¢ Brazin vao thang
Hai ndm 1987 con CEPT tim cach chimg minh su can thiét ctia cap toc do
150Mbit/s vi n6 ¢o thé thich hop véi ca hai hé phan cap s6 kiéu Bic My
va kiéu Chau Au.

Két qua 13, dé 4n ciia My da dugc thay doi thanh 149,976 Mbit/s ciia cau
truc 13Bx180, dya trén tin hi¢u STS-3, tai Ho1 nghi & Hamburg vao thang
7 cung nam d6, con CEPT dé xuét tin hiéu 155,520 Mbit/s cua 9Bx270
d01 1ap voi cua My. Nguoi ta da tranh cai sudt mot thoi gian dai vé hai
ciu tric ndy va diém tranh cii sb6i ndi nhat 13 sy chung hoa gitta tin hi¢u
DS-2 cua 8,448 Mbit/s va DS-3E cuia 34,368 Mbit/s thoa thuan cubi cung
qua hoi nghi ¢ Seoul vao thang Hai ndm 1988 1a ciu trac 9Bx270. Tiéu
chuan NNI duoc thoa thuan 13 tiéu chuan trong cac khuyén nghi G-707 -
G.709 cua ITU-T va phan cip sé dong bo, tap trung trén tin hiéu STM-1



HE THONG THONG TIN QUANG — VO TUYEN 15

clia cu trac khung 9Bx270 va tdc do bit 155,520Mbit/s, da duoc chinh
thirc hoa.

Ngay ca sau khi khuyén nghi ctia ITU-T d3 dugc 6n dinh thi cac hoat
dong nghién ctru va doi moi vé phan cap sé dong bod van duoc tiép tuc.
Vao thoi diém khi tiéu chuan phan cip s6 dong bo 1an dau tién duoc quy
dinh, hé théng ghép kénh déng bd dd c6 mot cAu tric hoan chinh nhu
hinh 1.40. Tuy nhién, khi nhitng khuyén nghi G.781 - 784 va G.957 - 958
(déu dua trén co sé phan cp sé dong bo) da dugc tiéu chuan hoa dé hoan
chinh trong qua trinh nghién ctru hai ndm sau do, thi h¢ théng ghép kénh
dong bo da dugc don gian hoa nhu ciu trac trong hinh 1.41. Co6 thé thay
duoc rang cac duong ghép kénh phan cap kleu chau Au tuong dong mot
cach dang ké véi cac duong ghép kénh phéan cip kiéu My, va rang da bo
sung cac khai ni¢m moi, chéng han nhu AUG, TUG-3. Hiéu theo diang
nghia cua no thi pham vi ma Metrobus dong gop cho viée tiéu chu'fm hoa
SONET va SONET dong gop cho viée tiéu chuan hoa phén cap sd dong
b0 la cuc ky to lon. R4t nhiéu dic trung cta phan cap dong bd co nguon
gbc tir tiéu chudn ciia hé thong Metrobus, chang han nhu quan diém vé
mang thong tin quang, khai niém vé hé thong ddng bd (mdt cach ndi tai),
d6 5 cua DS-O qua khung 125m s, khai niém vé ghép kénh tang thir
nhat, phéi hop tin hiéu tbc d6 ghép kénh bang viéc diéu khién sd hiéu cta
cong teno, thiét lap tin hi¢u cép 150 Mbit/s tiéu chuan, va nang cao dd
linh hoat va d¢ tin cay cua hé théng nho st dung mao dau mot cach hiéu
qua. Cung nhu vay, cau trac hé thdng phan cap, hé théng hod ciu tric
mao dau, dong bo hoa bang con tro, va kha nang cAu trac mang thong tin
lién tuc dia, déu xuat phat tur tiéu chuan két ndi cia SONET. Dua trén
nhimg co s¢ do, tiéu chuan phan cap s6 dong bo 14 tiéu chuan cho phép
cau trac nén mang thong tin toan cau qua viéc diéu chinh két hop hai kiéu
phan cip s6 ctia Bac My va ctia Chau Au.
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Hinh 1.41. CAu tric ghép kénh déng bod

Mit khac, phan cép sb d@)ng b6 von duge khoi dau vi muc dicI} tiéu chuan
hoa NNI ctua B-ISDN, dé c6 anh huong rat lon dén ti€u chuan UNI cua
B-ISDN. Trudc hét, anh huong truc tiep cua NNI cua B-ISDN 1a da quy
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dinh 155,520 Mbit/s cho tdc dd bit tiéu chuin cua NNI ctia B-ISDN va
trong s6 quy dinh téc do bit trudng tin thap hon 149,760 Mbit/s. Ngoai ra,
anh huong co tinh chat co ban khéac nita 1a nd c6 cac té bao ATM duoc
anh xa trong dudng bao cua truong tin VC-4 dé phat di co sd phan cap sd
d6ng bo cua UNI ctia B-ISDN. Néi mot cach chinh xé4c, phan cap sé dong
bd di déng mét vai trd chit chdt trong viée hinh thanh khai niém B-ISDN
cling nhu di t6i mot phuong phap truyén dan dong bo méi.

1.4.2. SHD va SONET

Nhu trén di giai thich vé qua trinh tiéu chuan hod phwong thuc truyén
dan déng bd, SDH va SONET, ¢6 mdt mbi quan h¢ hét sttc mat thiét. Do
chinh Ia: hoat dong tiéu chuin hoa SONET tao diéu kién thuan tién cho
tiéu chuan SDH va nd cling mo rong SONET dé SONET dugc sir dung
cho thong tin hoan ciu. Do vy can phai hiéu rang giai thich SDH 1a da
bao ham ca viéc giai thich SONET. Tuy nhién van c6 mot s6 khac biét
nho gitta SDH va SONET. Néu nhiing sy khac biét tiéu biéu gitra chiing
ta c6 thé dém trén dau ngdn tay thi diém bat dau co ban ctia SDH 1a cap
150Mbit/s, trong khi SONET 1a cdp 50Mbit/s. Co nghia 14, trong khi
SDH két hgp DS-4E v¢i tin hiéu mirc thap thanh tin hiéu cp cao nhét thi
SONET c6 DS-3 nhu tin hi€u cép cao nhat. Do c6 mot khai niém vé giao
dién, cho nén, duong nhién, diy chang phai 1a mot sy khac biét dang ké.
C6 nghia 1a néu ba lan cua tin hiéu STS-1 (Tin hiéu chuyén giao déng bo
cép 1) 1a 51,840 Mbit/s tin hi¢u truyén dan co ban cua SONET - dugc
phéi ghép dé tao thanh STS-3C thi nd ciing c6 thé bang véi tin hiéu STM-
1-155,520 Mbit/s cia SDH, SDH va SONET c6 su khac biét nao d6 vé
cac loai toc do truyén dan. STM (155,520 Mbit/s, 1a mot khdi co ban,
STM - 4 (622,080 Mbit/s), gip bdén lan ctia STM-1 va STM-16
(2.488,320 Mbit/s), gap bon 1an cia STM-4, 1a nhitng dbi tugng quan tam
chinh trong SDH. Trong khi d6, & truong hop SONET, STS-1 (51,840
Mbit/s) 1a téc dd co ban, STS-3 (155,520 Mbit/s) STS-9, STS-12
(622,080 Mbit/s)STS-18, STS-24, STS-36, STS-36, STS-48 (2.488,320
Mbit/s) 1a cac ddi tuong quan tdm (tham khao bang 1.9); khi do, noi
chung, tin hiéu STM-n bang véi tin hiéu STS-3n trong tdc d6 truyén dan :

Bang 1.9 Téc dd truyén dan ctia SDH va ctia SONET

SDH SONET
N STM - N N STS-N
1 51.840 Mbps

1 155.520 Mbps 3 155.520 Mbps
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9 466.560 Mbps
4 622.080 Mbps 12 622.080 Mbps
18 933.120 Mbps
24 1,244.160 Mbps
36 1,866.240 Mbps
16 2,488.320 Mbps 48 2,488.320 Mbps

Vé mit cau trac khung, SONET giam di ba 1an so véi SDH. Néu SDH 1a
STM-1, né ¢6 ciu tric 9x270B va STS-1 cia SONET c¢6 cau tric 9x90B,
bang mot phan ba kich thudc ciia SDH. Ciing nhu vay, mao dau doan cua
STM-1 trong dang 9x9B duoc bb tri & hang dau cua khung STM - 1, mao
dau doan cua STS-1 duéi dang 9x3B duoc bd tri & hang dau cua khung
STS-1. Sau @0, trong ca hai truong hop, hang thtr tw dugc danh riéng cho
con tro (pointer). Cu thé 13, viéc Iya chon hang tht nhét, thir tu va thir bay
cia mao dau doan trong STS-1 twong tmg véi mao dau doan cua STS-1
va viéc sir dung cac thanh phan nay 1a nhu nhau trong ca hai truong hop.

SDH va SONET c6 mdt sb khac biét trong khéi tin hiéu ciu thanh. Goc
gac ctia van dé nhu vay 1a vi STM-1 1a cip 155Mbit/s va STS - 1 la cap
50Mbit/s. Do do, trong truong hop STM - 1 can phai ghép kénh mot cach
c6 hé thong tat ca cac tin hiéu phan cap tir DS-1 dén DS-4E, trong khi do,
& trudng hop STS-1 chi can thiét ghép kénh c¢o6 hiéu qua nidm loai tin hiéu
phan cép la DS-1, DS-1E, DS-1C (3,152Mbit/s), DS-2 va DS-3. Do vay,
trong truong hop STM-1, cac khoi tin hidu & gitra, chéng han nhu C, VC,
TU, TUG, AU, AUG v.v.... s& duoc thiét lap va thu tuc ghép kénh déng
bo toan bo hé théng nhu trong hinh 1.41 1a can thiét. Nguoc lai, trong
truong hop STS-1 chi c6 mot khéi tin hiéu trung gian, goi 13 mot nhanh
ao (VT-virtual tributary) 1a s& duoc thiét 1ap. VT nayf twong tng voi VC
cua SDH. Cac VT tuong duong véi VC-11, VC-12 VC-2 duoc goi tuong
tmg 1a VT 1,5, VT2 va VT6, con VT3 dugc bo sung cho DS-1C.

Vi don vi tin hi€u trung gian lién quan c6 khac nhau, cho nén SDH va
SONET ciing khac nhau vé cdu triic ghép kénh. Trong truong hop SDH
cau truc thong ké hé thong nhu trong hinh 1.41 1a can thiét , trong d6 no
ndi két C, VC, TU, TUG, AU, AUG ATM-n véi nhau, con trong truong
hop SONET, chi can dén mot thu tuc ghép kénh don gian 1a ddu nbi DS-
m, VT va STS-1. Sau d6, phuong phap anh xa céc tin hiéu phan cap
thanh VT-1,5 VT 2 va VT 6 ciing giéng nhu phuong phap anh xa mdi tin
hiéu phan cip thanh VC-11, VC-12 va VC-2, va phuong phap anh xa DS-
1C thanh VT3 s¢€ stir dung phép anh xa tuan theo can chinh duong, khong
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va am. Phuong phap dung dé ghép kénh cac VT nay thanh dudng bao
truong tin STS-1, tac 1a SPE (Synchronous Payload Envelope - Puong
bao truong tin dong bo) ciing gidng nhu phuong phap ghép kénh VC lién
quan thanh VC-3 qua TUG-2. Trong truong hop thr hai, viéc &nh xa DS-
3 thanh SPE ciing gidng nhu phuong phép anh xa DS-3 thanh VC-3,
nhung phép anh xa SYNTRAN DS-3 thi dugc cung cap phu thém.

V& phuong dién thuat ngit, khi méi quan hé tuong Gmg gitra SONET va
STM duogc tom luge, thi VT 1,5 VT2, VT6 lan lugt tuong Gmg voi VC-
11, VC-12, VC-2, STS-1SPE tuong tng voi VC-3 va STS-3C véi STM-
1. Khi cac thuat ngir lién quan dén phéan cap can dbi sanh, phuong tién vt
ly, doan tai tao, doan ghép kénh va 16p dudng truyén duoc dit ra trong
SDH sé duogc goi la 16p quang, 16p doan, 16p duong day va 16p duong
truyén trong SONET. Cac thuét ngit xac dinh khac lién quan dén 4nh xa,
ghép kénh, mao dau va déng bo hoa thi hau nhu gidng nhau.

SONET ciing nhu SDH déu dya trén khai ni¢ém phan cap, su dung khung
125 m s, dung mao dau hé thong, va o toc do truyén din co ban giong
nhau. Nhung né dugc diéu tiét nho sy lién két tat ca cac tin hiéu phan cap
s Bac My ké ca tin hiéu DS-1E kiéu Chau Au, va no chira dung ca thu
tuc ghép kénh tang thir nhat.

Ngoai ra, SONET sir dung déng bo hoa lién quan t¢i phuong phap con
tro, gidong nhu cia SDH, cho nén c6 thé két ndi toan by nudc My bang
mang truyén dan dong bo.

1.4.3 Phan cap so cian dong b so véi dong bd

Lép (mirc) s6 hién co bao gdm cac tin hidu DS-1-DS-4 cia hé thong
Chau Au/ Béc MY, da dugc bd phan tiéu chuin hoa vién thong cua ITU
va Bell System quy dinh. Trong s6 do, céc tin hiéu cta hé théng Bic My
da dugc uy ban T1 cua Bic MY thtra nhan tro lai nhu tiéu chuan Bac My,
ddng thoi, tiéu chuan do ciing dugc biét dén nhu 13 tiéu chuin do Bell
System thiét 1ap lai.

Dé phan biét 16p sb nay voi phan cap s6 ddng bo duoc thuc thi gan day,
n6 duoc goi 1 phan cip s6 can dong bo.

Phan cép sb can déng bo, mdt h¢ phan cép s6 tiéu chuan dang duogc su
dung, dugc phan loai thanh hé théng Chau Au va hé théng Bic M¥ nhu
(a) va (b) trong Hinh 1.42 Phén cép s6 cin dong bd cua Bic My duoc
hinh thanh tr DS-1 (1,544 Mbit/s), DS-1C (3,152 Mbit/s), DS-2 (6,312
Mbit/s) va DS-3 (44,736 Mbit/s), DS-4E (139,264 Mbit/s). Phan cap s6
can dong bd Chau Au bao gom DS-1E (2,048 Mbit/s), DS-2E (8,448
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Mbit/s), DSO3E (34,368 Mbit/s) va DS-4E (139,264 Mbit/s), DS-5E
(564,992 Mbit/s).

Ghép kénh theo mdi giai doan 1a ghép kénh cafm‘déng b6 va nd dugc dong
bd hod nho can chinh duong - d6 1a mdt loai nhoi bit.

Phan cip s6 dong bo, nhu dugce trinh bay trong (c) cua hinh 1.42, duogc
hinh thanh tir cac tin hiéu STM-n. Pong thot, n la mot sd nguyén lan, ma
1,4 va 16 1a cac s6 duoc quan tim chu yéu. Cac tde do bit twong tmg véi
cac sb6 nay 1a 155,520 Mbit/s, 622,080 Mbit/s va 2.488,320 Mbit/s. Mot
tin hiéu STM-n dugc hinh thanh théng qua ghép kénh dong bo tir cac tin
hiéu phan cap DS-1, DS-2, DS-3 va DS-4E, DS3E, DS-2E, DS-1E. Pong
thoi, cac tin hi¢u DS-1C hodac DS-5E khong dugc st dung. Tin hiéu
STM-n dugc ciu thanh tir n 1an céc tin hiéu STM-1 ma nd di 1a su ghép
kénh xen byte (BIM).

Tuy nhién, cau tric mao dau cua né dugce tién hanh mdt cach hoi khéc.

Khi so sanh (a), (b) trong Hinh 1.42 v6i (¢) trong cung hinh d6 chung ta
c6 thé dé dang nhan thay rang phan cap 80 dong bd c6 mdt céu trac don
gian hon nhiéu so voi cdu tric cua phan cap s6 can dong bo.

C6 nghia 13, tat ca cac tin hiéu phan cép cua hé thong Bic My va Chau
Au chi c6 mot giai doan ghép kénh. Trong mot hé thong phan cip sb cu
dong b vige ghép kénh khong dong bod duoc thuc hién khi tin hiéu trong
mot cap dugc ghép kénh thanh cap cua giai doan ké sau. Trong mot hé
théng phan cap ddng b, viéc ghép kénh dong bo duoc thyc hién khi tin
hiéu phan cap duoc ghép thanh tin hiéu STM-n. Va lai, trong phan cép s6
can dong bo tin hi¢u DS-m thudc vé cap cla giai doan ké sau cua tin hiéu
DS-(m-1); nhung tat ca cdc tin hidu nay c6 moi quan hé ngang bang trong
phan céap sd dong bo.

(a) Phan cp khong dong bo (Bic My)
(b) Phan cip khong dong b (Chau Au)

(¢) Phan cap khong dong bo
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o) Phan cdp khdng dong bo

Hinh 1.42. Phan cép sb
1.4.4. Khai niém phan cip va mao dau

No6i chung, cac tin hiéu s6 duoc gui di qua dudng truyén, doan tai tao,
doan ghép kénh va moi truong vat Iy nhu duge minh hoa trong hinh 1.43.
Khi ap dung cac khai niém phan cip cho qué trinh truyén dan sd thi
duong truyén dan c6 thé duoc phan chia thanh mot 16p, duong truyén,
mot 16p doan ghép kénh, mdt 16p doan tai tao va mdt 16p moi trudng vat
1y (hodc 16p quang hoc).

Céu trac ctia ghép kénh ddng bo co6 mot su sap xép theo khong gian c6 hé
thong phu hop véi cac khai niém phan 16p. Trong Hinh 1.44, khung
STM-n dugc phan loai theo chirc nang; mao dau ctia doan ghép kénh
dugc ap dung trén 16p cua doan tai tao va trén 16p cua doan ghep kénh.
Hon nita, mao dau duong truyén duoc ap dung cho 16p dudng truyén va
cac mao dau cho bat ky cac dudng cd6 mirc thdp hon nao khac thi hién
dién trong hinh bao trudng tin bén trong STM.

Céac mao dﬁg dugc st dung trong ghép kénh dong bo dugc phan chia
thanh mao dau doan (SOH-Section overhead) va mao dau duong truyén
(POH - Path Over-head), dua trén nhiing khai ni€ém phan cap nhu mo ta ¢
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trén. Trong $6 ching, SOH bao gém mot mao dau doan duong truc va
dau doan ghép kénh.

Hinh 1.43. Budng truyén dan (mot dwong) va khai niém phan Iop
cula tin hiéu s6

Mao dau doan tai tao Mao dau duong truyén|| Mao dau dwong truyén cua
Con trd clia Iép co6 mirc cao I&p c6 mure thap

Mao dau doan tai tao

Hinh 1.44. C4u trac khung va céac khai niém phan 1&p ciia STM-n

SOH duogc chén vao trong giai doan cubi cung khi tin hiéu STM-n duogc
hinh thanh con POH dugc chén vao bat ky khi nao tin hi¢u cong teno do
duoc tao thanh.

SOH duoc chén vao va dugc tach ra trong doan tai tao hoac doan ghép
kénh dé chi thi hiéu ning truyén dan cling nhu hoat dong va bao dudng
tin hiéu STM-n. Nhu dugc minh hoa trong hinh 1.44, cac SOH nam bén
trén va bén duoi cua con tré dugc st dung tuong ung cho doan tai tao va
doan ghép kénh. C6 nghia la B1, SOH cho BIP-8 (Bit Interleaved Parity-
8) duoc bd tri trén phan phia trén ciia PTR va né duogc kiém tra va tinh
toan lai trong mdi b tai tao.

Tuy nhién, ba byte ciia B2-SOH cho BIP-24- dugc bd tri & phan phia
duéi ctia PTR va chang chi dugc kiém tra ¢ cudi duong day. Nhu da dé
cap ¢ trén, POH dugc phan chia thanh POH cua 16p ¢6 mtc cao cho VC-
4 hoic VC-3 va POH cua 16p c6 mirc thip hon dung cho VC-11, VC-12
va VC-3. Trong bat ky truong hop nao POH ciing duoc st dungcho
truyén thong dau cudi - t6i - dau cudi giira nhitng diém, noi cac VC tuong
ung dugc hinh thanh va giai toa.
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Dé giai thich cau trac cia mao dau doan va mao dau duong hay xem
khung STM-1 trong hinh 1.45, (a), (b). Viéc su dung moi loai mao dau
trong hinh nay nhu sau: Al, A2 dung cho bit sap xép khung; B1, B2; B3
dung dé kiém tra ngang bang chin 1&, C1, C2 dung cho s6 lu’(_mg tin hiéu
va D1-D12 dung cho kénh truyén sé liéu, con E1 va E2 dung cho kénh
nghiép vu; F1, F2 dung cho kénh khach hang; G1 1a dé kiém tra trang thai
duong truyén, H4 dung dé chi thi da khung; J1 dung dé ghi du tich
duong truyén; K1, K2 dung cho chuyén mach béo vé tu dong; Z1~ Z5 1a
cac mao dau du phong cho cac muc dich khéc.

1 2 3 4 5 6 7 8 9 J1

1 || AT A1 || A1 A2 || A2F || A2 || C1* || XX xX* B3
o || B E1 F1 X X C2
3 D1 D2 D3 G1
4 con tré F2
5 || B2 B2 B2 K1 K2 H4
6 D4 D5 D6 Z3
7 D7 D8 D9 Z4
g || D10 D11 D12 Z5
9 Z1 Z1 Z1 Z2 Z2 Z2 E2 X X

Hinh 1.45. CAu tric mao dau

* Cac byte khéng dwoc pha trén .
(a) Mao dau doan (b) Mao dau dwéng truyen

1.4.5. Cau tric ciia Khung STM-n

Khung STM-n c¢6 mét cdu hinh nhu dugc trinh bay trong hinh 1.46, dua
trén co s¢ cac khai niém phén 16p dinh nghia trong phén trudc. Do cau
tric nay chiém mo{t vung 9Bxnx270 (B=Byte) trong vong 125 m s, cho
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nén nd c6 mot toc dod bit 1a n x 155,520 Mbit/s E9xnx270 x 8§ x 8
kbit/s). Trong d6, 9B x n x 9 dugc phan bd cho ving mao ddu SOH va
con tré AU (Khdi quan 1y) va phan con lai ctia 9B x n x 261 dugc phan
b6 cho duong bao truong tin cia STM-1.

Do vay, STM-1, mdt tin hi¢u co ban ctia phan cép s6 déng b0, sé co kich
thude 1a 9B x 270. Ciing nhu vdy, 9B x 9 trong sé d6 1a cing ctia mao
dau doan va con tré AU, va ciing ching dy 9B x 261 1a dudng bao trudng
tin, va téc do bit tré thanh 155,520 Mbit/s.

Theo quan diém cau trac khung STM-1, SOH duoc tao thanh tir hai khu
vuc 3 x 9B va 5 x 9B, con tr6 AUPTR bao gém khu vue 1 x 9B va ciu
hinh cua né nhu dugc trinh bay trong hinh 1.45. Mot VC-4 dugc anh xa
trong vung con lai, hoac ba tin hi¢u VC-3 c6 thé duoc anh xa sang vung
d6 cung voi mao dau cb dinh (FOH-Fixed Overhead). Cac tin hiéu VC-4
va VC-3 déu bao gdm hinh bao truong tin va ving POH c¢6 kich thudc 9
x 1B dugc bd tri & trude mdi hinh bao trudng tin. Pong thoi, cau hinh bén
trong cua POH nhu trong (b) cta hinh 1.45. VC-4 hodc VC-3 ma dugc
gan con tro AUPTR thi duoc goi 1a AU-4 hoac AU-3.

0 ¥ n hang mao [byie)

Hinh 1.46. CAu tric cta khung STM-n

Do viy, trong cdu trac cua khung STM- 1, AU-4 1a t6 hop cia ving
truong tin STM-1 va vung con tro AU, va cAu tric cudi cung cua STM-1
c6 thé dat dugc khi céc vung SOH tuong Umg dugc dat lan lugt vao phan
phia trén/ phia dudi cia AU-4.

1.4.6 CAu tric ghép kénh dong bé

Nhu da duoc mé ta, qua trinh ghép kénh ddng bo xtr 1y tit ca cac tin hiéu
phan cap s6 mot cach ngang bang va nd sé thiét 1ap nén cac tin hiéu
STM-n. Trong hinh 1.41, so d0 tong thé cua cdu trac ghép kénh dong bod
trén cac tin hiéu phan cip di duoc dua ra.
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Trong hinh nay, cdc con s6 nam trong ngodc chi rd s luong tin hiéu can
thiét cho qéa trinh ghép kénh twong tng. Qua trinh ghép kénh déng bo
nam trong hinh chit nhét in chdm (duoc chi thi bang chit SM), trong khi
d6, hinh chit nhat phia bén trai dugc chi thi bang chitr AM, biéu thi cho
qua trinh ghép kénh khong déng bo ma trong d6 cac tin hiéu phan cap
duoc hin thanh.

Tai budc dau tién cua qua trinh ghép kénh dong bo, cac tin hiéu ctia mdi
cap duoc anh xa sang cac cong teno tuong tmg. Pong thoi, phuong phap
chén duwong/khong/am hoic chi chén duong trong khoi bit duoc sir dung
dé ddng bo hoa. Mot VC (Cong teno) duge hinh thanh néu dua thém
POH vao congteno, va mot TU (khdi phan nhanh) dugc hinh thanh néu
gan thém PTR vao nd. Tuy nhién, nhu trong trudng hop VC-4, VC-3, TU
s& trd thanh AU (Khbi quan 1y) néu tin hiéu duoc anh xa thang sang
STM-1 ma khong qua cac VC khac. Khi do, s6 m (m=1, 2, 3, 4) gan cho
mdi khéi tin hiéu s& chi thi réng mdi tde d6 bit ctia khdi tin hiéu lién quan
s& tuong Gmg v4i cap DS-m. Khi m=1, né dugc chia nho thanh 11 va 12
va chung biéu thi twong tmg cho tdc do bit cua hé théng Biac My DS-1 va
hé théng Chau Au DS-1E.

BN i R S

1 -2 [ - 1 B3 I B | Y

(1) i2) in}

Hinh 1.47. Qua trinh ghép kénh trén dwdng truyén
Tuy nhién, trong trudng hop STM-n, téc do bit gip n lan 155,520 Mbit/s

Truong hop TU-1 (TU - 11 hodc TU-12) né dugc ghép kénh thanh VC-3
va VC-4 thanh kiéu TUG (nhém cta khdi phan nhanh) sau khi dugc gop
lai thanh bén. TU-2 c6 thé dugc xem nhu twong dong véi TUG-2. Ngoai
ra, TU-3 c6 thé duoc xem nhu bang véi TUG-3. VC-3 c6 thé duoc ghép
kénh thanh VC-4 sau khi d3 duogc dinh tuyén véi TU-3, hodc nd co thé
dugce ghép thang vao AU (khéi quan 1y - Administrative Unit) nho dinh



HE THONG THONG TIN QUANG — VO TUYEN 26

tuyénﬁ cho AU-3. Nhom don vi quan ly AUG- Administrative Unit Group)
co thé duoc xem nhu tuong dong voi AU-4. S€ dat dugc tin hiéu STM-n
khi gan mao dau doan (SOH) vao n nhém AUG da dugc ghép kénh.

Ghép kénh déng bd duoc dua ra nhu mét trong cac thi du trong hinh 1.47
13 qua trinh ghép kénh trén cic dudng truyén cua DS-1\C-11\VC-11\TU-
1 \TUG-2\TUG-3\VC-4\TU-4\AUG\STM-n, dugc chi dan béng cac
duong ké dam trong Hinh 1.41. Nhu dugc trinh bay trong hinh 1.47, tin
hiéu DS-1 dugc anh xa trude hét thanh C-11 va sau d6 VC-11 POH duoc
nap vao d6 dé bién d6i n6 thanh VC-11. Pat dugc TUG-2 khi TU-11 PTR
dugc gan t6i VC-11, va sau d6 n6 duge ghép thanh bon. Ngay dbi vai cac
tin hiéu TUG-2 chiing ta c6 thé thdy rang cac con tro TU-11 PTR cua cac
TU-11 duoc gop lai véi nhau va dugc dua ra ngoai. Ngoai ra, TUG-3 dat
duoc nho ghép kénh mdt TUG-2 thanh 7 TUG-2 va sau do, gan FOH vao
dau cta chung. TUG-3 lai dugc ghép thanh 3 TUG-3 va cac FOH cing
cac VC-4 POH sé& duogc gan vao phia trude chung dé dat duoc VC-4.

Theo bé ngoai, tin hiéu VC-4 ciing gidng nhu tin hiéu thu dugc nho ghép
TUG-2 thanh 21 TUG va sau d6 gan VC-4 POH va FOH vao phia truéc
ching.

Khi kiém tra cac két qua ghép kénh chung ta c6 thé biét rang mdi mot
trong 84 tin hiéu TU-11 c6 thé duoc truy nhap trén VC-4. Pong thoi,
FOH chi dugc st dung nhu mdt mao dau duoc dién tam dé diéu chinh
kich thudc.

C6 thé thu dugc AU-4 nho gan AU-4 PTR viao VC-4 va nd ciing gidng
nhu tin hiéu AUG. Cubi cung cé thé thu duoc tin hiéu STM-n khi mot
AUG duogc ghép thanh n AUG va sau d6. mdt mao dau doan duoc gén
trén chung.

1.4.7 Con tro va dong bé hoa

Trong SDH, k¥ thuat con tré dugc str dung dé déng bo hoa. Con tro nay
dugc st dung dé chi thi su thay d6i moi quan hé khi VC duogc déng chinh
theo tin hiéu TU hodc AU va khi VC chi thi dia chi xuét phat trong mdt
khung TU hodc AU va diém xuét phat ciia n6 bi thay doi.

Nhu dugc trinh bay trong hinh 1.41 cac loai con tré kha dung 1a AU-4
PTR, AU-3 PTR, TU-3 PTR, va TU-11 PTR, TU-2 PTR, TU-12 PTR
v.v.... Trong s6 d6 AU-4 PTR, AU-3 PTR xuét hién trén vi tri cia AU
PTR duoc chi rd trong hinh 1.46 va TU-3 PTR dugc bd tri trén dinh cua
hang dau tién trong pham vi khung TU-3.
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Céc con tro cua lop c6 muc cao nodi trén duge danh dau véi H1, H2 va
H3. cac con tré ctia 10p co6 muc thap, chang han nhu TU-11 PTR, TU-2
PTR va TU-12 PTR duoc danh ddu bang V1, V2 va V3. Céc con tro cua
16p mirc thap nay duoc cu tric nhu sau: ba trong s6 cac byte dau tién cta
moi doan s& dat dugc nhd phan chia TU twong tng thanh mot doan 125
m s. Trong s d6, viéc ung dung cic doan ma ba byte dau tién ciia chiing
la cac con tro V1, V2 va V3, con byte thir tu 1a V4, thi con chua dugc xac
dinh. Pong thoi, ving truong tin cia mdi TU s& bd tri cac dia chi trén
byte dimg ngay dang sau V2 va sau do, theo trinh tw 0, 1, 2 ...

Céc con tro H1, H2, H3 va V1, V2, V3 c6 cung mot chirc nang nhu nhau,
trong khi chung dugc danh dau mét cach khac nhau. Hinh 1.48 chi rd
phai xac dinh cach sir dung ba byte niay nhu thé ndo. Bén bit ctia c¢& hiéu
s6 liu méi (NDF-New Data Flag) chi thi trang thai cua s6 liéu méi, con
bit SS dugc str dung dé phan dinh loai cua TU hodc AU tuong tng. Dia
chi bit dau cta VC tuong tmg dugc ghi trén 10 bit sau d6. 10 bit nay
dugc phan chia thanh 5 bit [ (Increment - gia tang) va 5 bit D (Decrement
- giam) nhu duoc trinh bay trong hinh. Trong s6 d6, bit I s& bi huy bé mdi
khi dia chi ctua diém xuat phat duoc gia ting va bit D bj huy bo mdi khi
dia chi cua diém xuat phat giam di. Cubi cung, byte H3 (hoic V3) duoc
su dung dé nap cac s6 lieu hop 1€ khi thyc hi¢n viéc chén am.

[ ri]HelHe [H2 [Ha [ Ha [ Ha

P45 6 MTE[510111213141516
NNSSIDHDIDIDID

Hinh 1.48. C4u hinh va chirc nang cla con trd

Khi thyc hi¢n mot ghép chen duong, cac $6 liéu hop 1€ dugc phat di b'flng
cach nap tai cho byte dimg ngay dang sau H3 (V3). Khi xay ra su khéc
nhau vé tan s6 giita khung TU va AU hodc giita cac VC (1a cac truong tin
ctia chung) thi cac byte con trd c6 thé duogc sir dung dé giai quyet cac van
dé nay nho sir dung phép chen duong/ khong/am. Néu tan s0 cua VC
tuong tng bat ddu 1on hon so véi khung TU/AU thi truong tin can phat s&
duogc gia tang. Dong thoi, doi cho t6i khi téng s6 cac dit liéu duoc tich tu
do sy khéc biét tin s trd nén bang 1 byte (trong truong hop VC-4 14 ba
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byte), roi khi d6 nap ching cho mot byte H3 hodc V3 (trong truong hop
VC-4 1a 3 byte), dong thoi huy bo cac bit D. Khi d6, trén khung ké sau,
ghi lai dia chi m61 ma né da dugc gidm di 1 tuong Umng véi dia chi da
dugc ghi trude do trén mot con tré 10 bit dé tién hanh chén am. St dung
cac phuong phéap tuong tu dé tién hanh chén 4m khi tan sé ciia VC tuong
g bat dau thap hon so voi khung TU/AU. Tuy nhién, khi d6 céc bit I s&
bi huy bo va cac sb liéu khong hop 1& s& dugc nap sang byte tiép sau cta
H3 hodc V3 va dia chi sé dugc gia tang 1.

1.4.8 Cac dic diém ciia Phuwong phap Truyén din Pong b

Nhu d4 phan tich cho téi luc ndy, khi dugc so sanh véi truyén dan khong
dong bd cd mot s6 dac diém noi1 bat. Trong phan sau day s€ giai thich dac
diém nay.

1. Khung 125 as

C6 thé thiy dic diém dau tién cua truyén din dong bo trong cdu tric
khung ctia nod; d6 1a cau trac khung duoc hinh thanh bang cac khoi 125.
Pic diém nay khong co trong phan cap s6 khong ddng bo hién dung.
Trong phan cap so dong bd no cho phép vi€e truy nhap tir cac tin hiéu
phan cAp muc cao tdi cac tin hiéu phan cip mirc thap, dic biét 13 xubng
t4i tin hiéu DS-O dugc thuc hién mot cach dé dang. Bang dic diém nay,
toan bd qua trinh xu ly s6 lidu co thé duoc thue hién nho mét don vi byte.
Tuy nhién dic diém ndy 1am ndy sinh van dé trong phan cip s6 khong
déng b0 hién tai. Do d6 ma bién dong (jitter) thoi gian doi tré nén ndng
né. Co nghia la viéc chén duong/khong/am 1a can thiét khi cac tin hiéu C-
1 va C-2 dugc hinh thanh tir cac tin hiéu sé DS-1 va DS-2. Nho d6, cac
van dé lién quan dén jitter c6 thé duoc giai quyét.

2. Sw hop nhdt cdc phin cdp sé

Céu trac ghép kénh dong bo c6 kha ning hoa hop cac tin hiéu sé Bic My
va Chau Au. C6 nghia 13, cac tin hiéu STM-n ¢6 cung hinh dang bé ngoai
c6 thé duogc hinh thanh qua thi tuc ghép kénh dong bd ngay ca khi duoc
gan bat ky tin hiéu nao trong sb cac DS-1, DS-2, DS-3 cua Bic My va céc
DS-1E, DS-2E, DS-3E, va DS-4E cia Chau Au. Ngoai ra, céc tin hiéu
Bic My co thé két hop dugc voi cac tin hiéu Chau Au trong qua trinh
ghép kénh dong bo, va nguoc lai. Trude day, khong thé thuc hién duoc
diéu nay. Ghép kénh tat ca cac duong la phi thyc té va kha nang sir dung
phuong thire d6 cin phai dugc xac dinh dé chuan bi cho sy lién két mang
toan cau.

3. Cdu triic phdn I6p
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Mot trong nhimg dic diém noi bat cia truyén dan dong bo 1a nd cé thé
thod hi€p cac khai niém phan 16p khac nhau. Dya trén khai ni€ém nay, cac
mao dau duoc phan loai thanh SOH va POH trong cau trac khung. Co
nghia la mang thong tin chu yéu dugc phan 16p thanh cac dudng va cac
doan. Cac mao dau can thlet cho cac duong s€ khong dugc xu ly tai cac
doan ma chiing dugc truyén di mot cach trong sudt. Cac SOH nam & phan
phia trén hodc phan phia dudi cta con tro s& duoc phan loai theo chirc
nang - chung dugc gan tuong Umg véi chic nang doan tai tao va chuc
ning doan ghép kénh. Co nghia 1a cac doan lai duwoc phan 16p mot lan
nita thanh cac doan ghép kénh murc cao va cac doan tai tao muc thap.

4. Su dung mot cach hé théng cdc mao dau

Trong céac tin hi¢u STM-1, mao dau doan va con tré chiém mot khong
gian 9x9B. Mao dau thuc té s& ting 1én khi cac mao dau va con trd cla
duong dang xét bi vuot qua trén mot s cac ting. Chung ta c6 thé biét
réng cac mao dau trong STM-1 vuot qua 105 khi tbc do bao hiéu DS-4E
1a 139,264 Mbit/s. Pay 1a mot diéu cai tién to 16n so voi mang phan cap
s6 khong dong bo hién nay. Cac mao dau dugc st dung day du sau khi
dugc phan loai thanh SOH, POH va PTR. Ching dugc sir dung dé tao
diéu kién dé dang cho cong tic quan 1y diéu hanh va sta chita mang
thong tin.

5. Dong bé hod bang con tro.

Trong qué trinh ghép kénh ddng bo, mang thong tin duoc dong bd hoa
nho viée thinh thoang gai vao cac con tré. C6 nghia 1 su xé dich tan sb
gitta d6ng ho hé théng va cac tin hiéu thu ¢ thé duge xtr Iy phu hop véi
con tro va chén duong/khong/am. Thong qua viéc st dung by nhé co
dong, phuong phap dong bo hoa kiéu nay tao diéu kién kha thi cho ddng
bd hod bang rong nho viéc dua ra kha nang quan h¢ véi moi trudong can
ddng bd. Phuong phap dong bd hoa bang con trd twong tmg véi viéc nhdi
byte, néu chung ta nghién ctru nd trong bdi canh cia dong bo hoa nhoi
bit. Vi 1y do 6, phuong phap dong bo hoa con tro tao ra jitter tan so thap
va jitter bién do cao. Mot trong nhimng van d¢ quan trong 1a phai giai
quyet jitter nay.

6. Ghép kénh mot budc

Trong qué trinh ghép kénh dong bo, cac duong truyén trén do6 céac tin hiéu
TUG-2 duoc anh xa tryuc ti€p thanh céc tin hi€éu VC-4, hodc cac tin hi¢u
AU-3 dugc anh xa truc ti€p thanh cac tin hi¢u. Cai d6 goi la ghép kénh
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mot budc; tang trung gian bi bo qua trong qua trinh ghep kénh. Khai niém
nay khong hé dugc tmg dung dbi véi qua trinh ghép kénh khong dong bo
dang dugc st dung.

Ngoai ra, khi 4p dung trén mot mang thong tin, noi mot sb luong 16n cac
tin hiéu duoc gui di nho tién hanh mot sd qua trinh ghép kénh, khai niém
nay tao diéu kién dé dang va kinh té cho két ndi phan chia va két ndi
chéo. Ghép kénh mot budc tré nén kha thi nho dya vao khai ni¢m
congteno.

7. Khadi niem Mang thong tin.

Phuong phép truyén dan dong bd di duoc thiét 1ap dua trén co so cia
khai niém mang thong tin. Do boi cac hé thong thong tin quang hién nay
d3 duoc thiét ké dua trén quan niém truyen dan diém nbi diém cho nén s&
khong c6 hi€u qua khi thyc hién céac két ndi tach/nhap hoac ndi két chéo
thuong xuyén xay ra ddi v6i cac tin hiéu di duge tao ra trén cac nt &
gitra, sau khi hinh thanh mang truyén thong. Tuy nhién, khi s6 luong céac
hé théng thong tin quang dugc sur dung ngay mot nhiéu thi cic hé thong
va cac tiéu chuan dya trén khai niém cta mang quang di tré nén can thiét
va khai niém ghép kénh mot budc da dugc ap dung. Hon nira, vé mat céc
mao dau thi cac SOH can cho cac doan va POhH can cho cic duong da
duogc phan loai va mdt vai loai mao dau trong s6 do6 da duge gan cho vi¢c
khai thac va bao dudng mang thong tin dugc hiéu qua.

8. Mang théng tin todn cdu

Mot dic diém khac cua mang truyén dan dong bd 1a n6 duoc dua trén co
so khai niém thong tin toan cau. Viéc dong bo hoa dugc tién hanh mot sO
lan qua viéc str dung cac con trd 13 yéu t6 cho phep mang truyén din
dong bo dugc dong b hoa vo1 mang thong tin toan cau. Vi myc dich do,
phan cap s6 ciia Bic My va cta Chau Au da két nbi véi nhau. Néu cac
mao dau tir bén ngoai va cdu tric ghép kénh dugc st dung déu dya trén
khai niém nay ctia mang thong tin thi mang thong tin toan cau c6 thé tro
thanh hién thuec.

1.6.6 Cac mach vong tw han gin (SHR)
1. Loi ich cua viéc sur dung cac SHR

Cac mang hién tai v6i cong ngh¢ cap soi quang dang sir dung phuong
phép dinh tuyén bao vé phan tap tu dong va tim huéng kép dé bao vé
mang trong nhitng truong hop dat cadp hoac hu hong cac trung tdm
chinh. Nhitng mang nhu vay c6 thé duoc phat trién thanh cac vong
SHR néu nhu SHR ching to dugc la kinh té hon. Mot mang mach
vong 1a mét tap hgp cac nat hinh thanh nén mot vong khép kin, trong
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d6 mdi nat duge két ndi qua mot phuong tién truyén thong song
cong. Mot SHR 12 mot mang mach vong cung cap dai thong va hodc
thiét bi mang du phong sao cho cac dich vu bi gidn doan co thé duoc
phuc hoi mot cach tu dong sau su cd mang. Céc thiét bi ghép kénh
dung trong cac cu triic vong 13 cac thiét bi ADM c6 nhiém vu xen va
1§ cac kénh tai chd va chuyén tlep xuyén sudt cac kénh ~qua giang.
Hinh 1.68 miéu ta mot thi du vé mot kich ban phat trién mang tur
mang bao v¢ phan tap sang mach vong. Hinh 1.68(a) mi€u td mot
mang cap quang hudng tdm voi ba CO va trung tdm phuc vu cua
chung. Cac dudng truyén thong giita mot CO va trung tdm cua nd
duoc di qua ching cap quang uu tién diém - ndi - diém, chang nay
dugc bao vé nho chang cap quang phan tap vat Iy do hé théng APS
diéu khién. Céac bd ghép kénh dau cudi dugc st dung trong mang cap
quang huong tam nay co thé duoc phat trién thanh mot hé thong
ADMS tbc dd cao, trong d6 cac ADM nay bat dau c6 hiéu luc va khai
niém mach vong ching minh dugc 1a c6 hi¢u qua kinh té. Khi so sanh
v6i ddi tac hudng tAm ctia nd, mach vong co thé s& can dén cac ADM
tbc do cao hon, boi vi nd str dung chung khéng chi cac phuong tién
cap quang ma con thiét bi ghép kénh.

Hinh 1.68 Phat trién cta céu trdc mach vong

Nhu duoc mé ta trong hinh 1.68, cdu tric mach vong da c6 nhiing uu
diém sau ddy so véi cdu tric huéng tdm 1:1/DP: (1) giam bét cac soi
quang va cac thiét bj quang/dién tir va cac bo tai tao; va (2) kha ning
sinh ton day du trong khi dtt cap quang va hong nit mang (trir nat bi
hong). Poi véi thi du trinh bay trong hinh 1.68(a), mang hudng tim
1:1/Dp yéu cau 12 by OLTM, con mang mach vong trinh bay trong
hinh 1.68(b) chi doi héi c6 4 bd ADM. Phu thudc vao cac tbc do
duong day dugc dung, mot s6 ADM it hon cho mach vong co thé
khong nhat thiét ching t6 rang cac chi phi dau tu 13 thap hon. Néu ta
nghién ctru mdt truong hop trong dé cad hai mang vong va hudng tdm
déu st dung cung mot toc do duong day, va chi phi cia moét OLTM
vao khoang 80% chi phi ctia mét ADM (tai cung mot toc do dudng
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day) thi mang vong c6 thé tiét kiém duoc 58% chi phi dau tu so voi
dbi tac hudng tim cua néd. Bay gio chung ta nghién ctru mét truong
hop khac, trong d6 mang hudng tdm 1:1/DP st dung hé thong 565
Mbit/s va mang vong st dung hé thong 2,40 Gbit/s. Gia thiét rang gia
thanh trong doi cia mot thiét bi ket cudi 565 - Mbit/s 1a 1 va chi phi
cta thiét bi 2,40 Gbit/s gap ba lan gia thanh nay. Mang vong dang
nghién ctru & ddy can dén bén bd ADM 2.4 cobit/s, diéu nay dan dén
mot gia thanh twong ddi 1a 12 (1 x 3 x 4 = 12), trong khi d6 mang
huéng tdm 1:1/DP can dén 12 bdo OLTM 565 Mbit/s, diéu nay dan
dén mot gia thanh twong d6i 13 9,6 (1 x 0,8 x 12 = 9,6). Do vy, trong
thi du dic trung nay, mang huéng tim 1:1/DP dudng nhu it dit hon
mang vong. Tuy nhién, c¢6 thé phai can dén cac bo tai tao cho céc
chang bao v¢ phan tap dai hon trong cac mang hudéng tam cap quang
rong hon va co thé diéu chinh nhirng o1 thé cua viéc st dung cac
OLTM tdc d6 thap. Khi sé luong cac nat trong mang vong ting 1én
té1 tdam hodc 16n hon, mang 1:1/DP s€ bat dau it hép dan hon so véi
mach vong.

Luu ¥ rang thao luan & day chi cha y dén gia thanh cta thét bi ghép
kénh, bdi vi no6 1a y€u td6 ndi troi nhat cia toan bd gia thanh hé thong
chuyén tai bang cap quang doi véi cac mang "intra LATA".

Trong nhiéu trudng hop, mang vong ¢6 cac wu diém vé kinh té so voi
d6i tac hudng tim cua no, tuy nhién, n6 co thé gap kho khian hon
hodc dit d6 hon dé nang cap hé thong khi dung luong mach vong da
can kiét. Mach vong ciing c6 thé can dén mot hé thong dleu khlen
mang phirc tap hon so v&i déi tac dinh tdm cta né, béi vi rang tat ca
cac nit s& twong tac voi nhau khi cac tinh hudng su ¢ xay ra hodc ¢6
yéu cau tai ciu hinh. Tuy nhién, van dé can kiét ciia dung lwong mach
vong c6 thé duoc giam bt hodc duoc giai quyét nho quy hoach mang
can than hodc trién khai ADM tbc d6 cao hon nhiéu (chang han, tinh
kha dung cua cac ADM 9,6 Gbit/s). Va lai (xem muc 4.5), hé théng
diéu khién dung cho mang vong c6 thé dugc don gian hoa khi thiét bi
SONET duoc trién khai. Bang 1.17 tong két hoa mét su so sanh
tuong ddi gitta cac cau trac mang vong va dinh tAm v6i mang bao vé
phan tap (Hub/DP).

Bang 1.17. So sanh gilra dinh tuyén bao vé phan tap va ciu tric SHR

Cac thudc tinh Hub/DP SHR/ADM
Kha ning ning cip Dé dang Kho khin - dat
Téng sO cap quang Nhiéu hon it hon

Téng s6 dau cudi Nhiéu hon it hon

Téc d6 dau cudi Thép hon Cao hon
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Kha ning sinh ton ctia cap soi quang E 100% * 100%

Kha ning sinh ton clia trung tam ** Ngheo T6t hon

* Phu thudc vao cép bao vé 1:1 hay 1: N
** Gia thiét toan bd toa nha trung tAm bi hu hong.
2. SHR cua SONET

SHR 13 mot mang dudng vong cung cap dai thong hodc va thiét bi
mang du thura, sao cho cac dich vu bi gian doan co6 thé dugc khoi
phuc mét cach tu dong. Giai phap chung dé bao dam mot kha nang tu
han gin 1a cung cdp mot vong truyén thong thir hai song song voi
vong lam viéc thir nhat. Trong truong hop nay, mot su co trén vong
c6 thé duoc bé qua nho chuyén cac cude truyén thong sang vong thu
hai; n6i chung n6 duoc coi nhu mot chirc ning chuyén mach dudng
day (hodc chuyén mach bao vé&). Hon nita, néu vong thir hai phat theo
huéng nguoc lai so voi vong thi nhat thi mot sy ngat trong ca hai
vong gifta hai nat ké lién nhau c6 thé dugc ciru van nho cac nit trén
mot trong hai phia bi ngat bang viéc dau vong cac cudc lién lac ngugc
tro lai sang vong thtr hai. N6 duoc goi mot cach thong dung la chirc
ning dau vong nguoc. Hinh 1.69 miéu ta cac thi du vé chuyén mach
duong day va mach vong nguoc dé phuc hoi.

Cht ¥y rang mot su két hop cac chirc ning vong nguoc va chuyén
mach dudng day (trén mot trong hai phia bi ngat) co thé dugc st
dung dé phuc hdi dich vu bi gian doan. Do vay, mot thudc tinh quan
trong ctia SHR 1a: néu vong bi "gly" tai bat ky mot diém nao do, thi
huéng truyén dan dbi véi cac tin hiéu c6 thé duge dao lai nham tranh
viéc mét dich vu.

Cac SHR ctia SONET c6 thé dugce phan chia thanh hai loai pho bién
13 don huéng va song huéng theo hudéng cua ludng luu luong dudi
cac diéu kién binh thuong. Cau tric cia SHR thudc vé mot trong hai
loai phd bién nay co thé khac nhau vé co ché diéu khién bao vé can
su dung dé phuc hdi céc dich vu bi gian doan.

SHR don huong

Trong SHR don huéng (USHR) luu luong lam viéc dugc chuyén
quanh mang vong chi theo mét huong (chang han nguoc chiéu kim
ddng ho). Hiy tham khao hinh 1.70(a). Luu luong tur bat ky mot nat
nao d6 dugc dinh tuyén theo cac duong truyén thong lam viée tir Nut
1 to1 Nuat 3 (tire 1a duong 1-2-3). Luu lugng quay vé tiép tuc di theo
vong tur Nut 3 quay vé Nut 1 theo cung mot chiéu nhu tir Nut 1 dén
Nt 3, sir dung phan con lai cia vong 1am viée (tirc 1a dudng 3-4-1).
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Do vay, luu lugng di téi tai Nut 1 va Nut 3 theo cac con duong khac
nhau. Do qua trinh truyén dan cta luu luong lam viée binh thuong
trén USHR nay 1a chi di theo mot chiéu cho nén dung luong cua vong
duoc xac dinh boi tong nhu cau gitta cac nat. Cac USHR d6i khi
duoc goi 1a "cac vong quay nguoc" 1 boi vi vong truyén thong thi
hai (chi dé bao vé) dugc phat di theo chiéu ngugc v6i vong thir nhat
(vong lam viéce).

A
L ¥
& A,
S | r 1 m
it
" v “ - - ak
T
g déy Da F
> .
. e Y
" LN " Pl
" - o
-y L ", i
- L. P - p
-
JE
LAl A i
- W -
w A w
ER N 1
v binh h ) rvan mach du
o .
K L
A
- >: el TR (e
.-I
5 e

Hinh 1.69. Chuyén mach duwong day so vOi dau vong nguoc dung
dé phuc hoi dwdng vong.

Vi cac kénh phuc vu duoc dinh tuyén mot cach don huéng, cho nén
can phai c6 mot cap quang dé van chuyén ching. USHR nay c6 thé
duoc cai dat theo khai niém bao vé€ 1:1 hodac 1 + 1. USHR su dung
mot vong riéng biét lam vong bao vé ma né khoéng van chuyén nhu
cau dich vu trong trang thai binh thudng va né trén (dau vong) cic
kénh bi gidn doan sang vong bao v¢ tir phia vong lam viéc khi thanh
phan ctia mang bi hong. Cau tric 1:1/USHR nay ciing dugc goi 1a
mot SHR don hudng tron (USHR/L). Tuong phan lai, USHR 1 + 1
phén chia cac tin hi¢u sang ca hai vong lam viéc va bao v¢ tai nut
phia phat nay (c6 nghia la bac cau dau cudi), con nht phia thu s& Iya
chon tin hiéu tot nhat trong hai tin hiéu nhu nhau dya trén tiéu chuan
chuyén mach bao vé. C4u hinh USHR 1 + 1 nay doi khi dugc goi la
mot duong don huéng SHR (USHR/P). Luu y rang cac USHR 1:1 ¢o6
thé dugc cu hinh nhu cac USHR 1 :N, c6 nghia la mdt vong truyén
thong bao vé dugc cho N vong truyén théng lam viée dung chung:
tuy vay cac USHR 1:N khong phai 1a loai ty han gén duoc toan bo.
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(b} Dinh tuyén song huing

ia) Dinh tuvén don hudng

Hinh 1.70. Cac dinh nghia vé cac SHR don hwéng va song hwéng
SHR song huong

Nhu dugc trinh bay trong hinh 1.70(b), & truong hop SHR song
huong (BSHR), Iuu lugng lam viéc di theo ca hai hudng trén mot
duong duy nhat; duong nay st dung hai dudng truyén théng song
song v&i nhau (hudng hoat dong va hudng nguoc lai) gitra cac nut
ctia vong (chang han giita Nt 1 va Nat 3). Thi du, trong diéu kién
binh thuong, céac tin hiéu tor Nut 1 dén Nut 3 duoc dinh tuyén qua
duong 1-2-3, con cac tin hiéu quay vé tir Nut 3 toi Nat 1 duoc dinh
tuyén qua cung mot duong nhu vay (duong 3-2-1). Vi luu luong duge
dinh tuyén trén mot duong duy nhat gitta cic nat ma dung luong du
thira quanh mot vong c6 thé duoc dung chung trén co sé ting tuyén
két n6i va né khong dugce danh riéng cho tong yéu ciu trén vong do
(nhu dbi voi trudng hop USHR). Do cac kénh nghiép vu duoc dinh
tuyén song hudng tai hai nit, cho nén can dén hai cap quang dé van
chuyén cac kénh nghiép vu nay.

Mot BSHR c6 thé dung hai hodc bdn cép quang, tuy thudc vao viée
b tri dung luong du thura. Trong truong hop BSHR bbn cap quang
(hodc cau hinh 1:1) mét vong truyén thong tha hai, ¢o 1ap véi vong
thir nhat, s& dugc cung cap dé bao vé. Cac kénh 1am viéc va bao vé sé
str dung cac vong truyén thong khac nhau. Cac BSHR 1:1 ciing c6 thé
duoc cau hinh nhu ciac BSHR 1:N, tirc 12 mot vong truyén thong bao
vé dung cho N vong truyén thong 1am viéc. Nhu duoc dé cap o trén,
cac BSHR 1:N khong phai 1a loai ty han gan day du, va do vay, trong
muc ndy s& khong thao luan vé chung. Trong truong hop cia BSHR
hai cap quang, cac kénh lam viéc va bao vé su dung cung mot cap
quang véi mot phan dai thong dugc dy phong dé bao vé. Bé cung cip
mot chirc nang ty han gan, thuong mét ntra dai thong s€ dugc du
phong dé bao vé. Viéc bd tri mang vong nhu vy co thé bao dam
chuyén mach bao vé duong ddy nho sit dung phuong phap TSI dé



HE THONG THONG TIN QUANG — VO TUYEN 36

hoa nhap cac kénh lam viéc trong cap quang bi héng véi cac kénh
bdo vé trong cap quang khong bi anh huéng. Cac USHR va BVSR
con co thé duogc phan loai tiép thanh cac SHR chuyén mach bao vé
duong diy va duong truyén phu hop voi mutc cia SONET dung dé:
(1) van chuyén céc tin bao gip su c¢d va (2) xtc phat hoat dong
chuyén mach bao vé dé cho phép vong duoc phuc hdi mot cach tu
dong khoi su cd.

SHR chuyén mach bao vé dwong day

Mot cdu tric SHR chuyén mach bao vé dudng day st dung tiéu dé
duong day ctia SONET (chang han cac byte K1 va K2) dé van
chuyén cac tin bao sy ¢d va dé xtc phat dong tac chuyén mach bao
v¢. Dong tac chuyén mach bao v¢ chi dugc thuc hién tai 16p duong
day dé phuc hoi khoi su ¢ va khong lién quan dén 16p duong truyen
N6 phuc hoi yéu cau duong day khoi mot phuong tién bi su ¢d. Céc
ciu tric chuyén mach bao vé dudng diy da duoc xac dinh cho ca hai
loai USHR va BSHR, str dung nguyén tic dau vong luu luong sang
duong bao v€. Khi mgt vong bi dut can phai co diéu khién tai chdva
diéu khién tir xa dé thuc hién viéc dau vong luu lugng tai cac nut nam
trén hai phia cta chd dat. Hé théng chuyen mach bao v¢ duong day la
mot sy lwa chon tu nhién d6i véi tat ca cac BSHR boi vi dinh tuyen
yéu cau BSHR str dung ciing mot nguyen tac nhu cac hé thong diém -
nbi - diém hién nay, 1a nhimg hé thong s dung hé chuyen mach bao
vé dudng day (tirc 1a APS) dé phuc hoi cac yéu cau néu mot cau kién
mang bi hu hong.

SHR chuyén mach bdo vé dong truyén

Mot ciu tric SHR chuyén mach bao vé dudng truyén sir dung tin
hiéu cua 16p duong truyén (chang han, duong AIS) dé khoi dong
chuyén mach bao vé. Khac véi hé théng chuyén mach bao vé duong
day, hé théng chuyen mach bao vé duong truyen s& phuc hdi mot
kénh STS hoac VT dau cudi - toi - dau cudi. Chuyén mach duong
truyén ctia mot dudng dic trung ndo d6 doc 1ap véi trang thai cua cac
duong khac. Mac du mdt nat nao dé phat hién mot su cd duong day,
thi chuyén mach van dugc thyc hién tai 16p duong truyén cho cac
SHR chuyén mach dudng truyén. Véi chuyén mach bao vé dudng
truyén, ngudi ta xac dinh rd hai cap cta cidc mirc mach vong: VT va
STS. SHR chuyén mach bao vé duong truyén VT dugc x4c dinh nhu
mét vong, trong do duong truyén VT dugc chuyén mach cho cac
cudc sap xép lai mach vong, va SHR chuyén mach bao vé duong STS
duoc xac dinh nhu mét mach vong trong dé cac duong truyen STS
dugc chuyén mach dé tai sip xép mach vong.
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Céac vong chuyén mach dudng truyén STS va VT tuong (mg dugc su
dung chu yéu trong cac mang lién tong dai va cac mang dau vong.

Hinh 1.71 miéu ta cac y€u cau k¥ thuat cua cau trac vong SONET
dua trén co s¢ dinh truyén yéu cau va co ché di¢u khién bao vé.

«Fror duping Iruyén Bau vong

Hinh 1.71.

1.7 SU TIEN TRIEN SANG BISDN

B-ISDN da duoc phat trién dé diéu tiét cac thé loai khac nhau cia cac tin
hiéu bang rong, dya trén nhitng khai niém vé tiéu chuan ISDN va tiéu
chuan thong tin quang ddng bo, trong khi d6 hé thong thong tin ATM da
dugc phat trién dé cai dat B-ISDN. Muc tiéu chu yéu ciia BISDN 1a lién
két tit ca cac tin hiéu lién tuc theo thoi gian thyc va céc tin hi¢u s6 liéu
theo nhom c6 su phan bd dai tan rong (can thiét dé cung cap cac dich vu
bang hep, phat hién tur xa, chéng han nhu giam sat tur xa, dau cudi sb liéu,
dién thoai va fax, va cac dich vu bang rong, chéng han nhu dién thoai
thdy hinh, hoi nghj truyén hinh, truyén tin hiéu truyén hinh do nét cao,
truyen s lidu toc do cao v.v). B-ISDN doi hoi mot phuong phap hiéu qua
dé c6 thé xir Iy chung tat ca cac dich vu néi trén. Hé thong truyen thong
ATM (phuong thirc chuyén giao khong dong bo) di duoc dé xuat nhu 1a
mot giai phap.

Cac khai niém vé BISDN di duogc phat trién dé dap tmg mot cach hi¢u
qua cac nhu ciu dang cang ngay cang gia tang vé cac thé loai dich vu
bang rong khac nhau. Dé diéu tiét tat ca cac loai tin hiéu bang rong nay,
cac dich vu thong tin, ching han nhu cac thé loai dién thoai video, can
dugc lién két v6i cac loai dich vu phéan b, chang han nhu CATV. Ngoai
ra, phai c6 mot chirc ning cung cip ca cac dich vu ché do kénh, ca cac
dich vu ché do goi.

Mat khac, lai d3 timg c6 mot doi hoi vé kha nang mang co kha nang cung
cap dich vu giam sat tir xa hoat dong tai mot tbe do truyén dan thap (bit/s)
cling nhu dich vu thoai/thi tdn hoat dong & téc do truyén din trung
binh/cao (vai chuc kbit/s cho thoai va vai tram Mbit/s cho video). M{t
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giai phap cho viéc nay 1a dé xuat tiéu chuan hoa cac loai tin hiéu khac
nhau cta cac dich vu dé tmg c6 cac hinh thirc bé ngoai nhu nhau va sau
d6, tich trir chiing lai dé ghép kénh. Cac té bao ATM da duoc st dung dé
tiéu chuan hoa cac hinh thuc bé ngoai cua céc tin hiéu dich vu va h¢
théng ATDM (ghép kénh khong dong bo phan chia theo thoi gian) da
duogc st dung dé ghép mot nhom cac té bao ATM; mot hé théng truyén
thong dua trén co so cac té bao ATM va ghép kénh ATDM duoc goi 13 hé
thong thong tin ATM.

H¢ thong truyén thong ATM da lién két hé thong thong tin digital ché do
kénh dang hoat dong vo1 hé thong thong tin ché d6 gbi. Hé thong thong
tin ATM giéng nhu hé théng thong tin goi, trong do no su dung cac té
bao ATM nhu mét phuong tién truyen dan co ban, trong khi d6 né khéc
v6i chuyén mach goéi ¢ chd n6 dong thoi ¢ thé xir 1y duoc cac tin hiéu
thoi gian thuc va trong duong. Ngoai ra, cac hé thong chuyén mach goi
n6i chung da dugc st dung mot cach cuc bd trong cac mang LAN, con
ddi v4i hé théng ATM thi do no6 di duoc thiét ké dé su dung trén cac
mang cong cong dinh c& 16n, cho nén nd khéc phuc dugc nhitng kho khan
trong viéc gan dia chi, diéu khién két ndi va luu trinh, chuyén mach va
truyén dan. Mt khac, so voi hé théng thong tin ché do6 kénh (phan b
kénh cho mdi dich vu rdi sau d6 théng qua cac kénh ndy ma chuyén céc
tin hi¢u thong tin di nhu moét day bit lién tuc), ATM phan chia céc tin
hiéu mang thong tin réi sau d6 nap chung vao céac té bao ATM dé chuyén
chung di qua céc kénh a0. Do vdy, mot s6 van dé mai lién quan dén viéc
thiét lap ndi két, qua trinh bao hiéu, dén truyén dan va chuyén mach da
phat sinh.

B-ISDSN hay hé théng thong tin ATM da duoc trién khai vao cubi nim
1980, tir @6 dén nay no6 van duoc nghién ctru va nang cap. Do vdy trong
muc sau day s& xem xét lai cac van dé lién quan dén ching, dya trén cac
diéu khoan thu¢c vé BISDN ctia ITU-T.

Hé théng thong tin ATM d3 duoc phat trién dé cai dat B-ISDN cho nén
doi1 khi n6 dugce xem 1a "mang ATM".

1.7.1 Cac khai niém co ban cua B-ISDN

Khi x4 hoi phat trién, khi cang ngay cang c6 nhiéu cong ty moc Ién, thi
nhu ciu vé cac dich vu da phuong tién va cac dich vu bang rong khac
nhau cling dang gia ting mot cach dang ké. Bay gid cang ngay cang co
nhiéu ngudi st dung cic dau cudi sb lidu, cac may tinh ca nhan, cic may
Fax va cac hé théng hoi nghi video, va sb lugng cac cong ty nhan tham
gia vao cac dich vu CATV ciing da tang 1én.
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Ngoai ra, nhu ciu vé cac dich vu nhu di¢n thoai thay hinh (video), truyen
hinh d¢ phén giai cao, truyén so liéu tdc do cao, dich vu giam sat bang
video, truy tim bang video, video text bang rong ciing dang tiép tuc gia
tang. Nhitng dich vu ké trén bao gém cac dich vu giao luu cling nhu céc
dich vu phan phdi ma mot sb trong cac dich vu d6 co thé can dén céac
mang riéng cua minh (do mot ) trong cac dich vu doé 1a cac dich vu ché
do kénh, mot sb 13 cac dich vu ché do g61). Song dé lam dugc diéu do can
phai dau tu manh va s& lam cho thong tin tré nén kém hiéu qua. Do do,
hién dang c6 mot nhu cau lién két cac dich vu néi trén thanh mot mang
truyén thong chung cho tat ca cac dich vy lién két.

BISDN - mot mang thong tin 50, ¢6 kha ning cung cap cac loai hinh dich
vu biang hep, chang han nhu dién thoai, cac dau cudi s liéu, giam sat tir
xa, facximin, teletext, cling nhu céc dich vu bang rong, chang han nhu
dién thoai thdy hinh, hoi nghi truyén hinh, truyén din hinh anh c6 do
phan giai cao, truyén s6 liéu téc do cao, giam sat bang video va CATV...

Do vay, B-ISDN co thé dugc xem nhu mot mang thong tin ma né da
duoc phat trién tir mang ISDN bang hep hién dang dugce st dung.

1.7.2 Cac dac trung tin hiéu cia dich vu B-ISDN

B-ISDN ¢6 nhitng muc dich co ban 1a két hop tat ca cac dich vu hién hitu
vao mdt mang truyén thong trong tuong lai. Do vdy, vé co ban nd cung
cép cac dich vu bang hep, ch.'fmg han nhu dién thoai, dau cudi sb liéu,
fasimile, soan thao van ban tir xa, doc s6 do tu xa, videotex, buu chinh
dién tu, teletex. Ngoai ra, n6 c6 kha nang cung cap cac dich vu bang rong,
chang han nhu dién thoai thay hinh, hoi nghi truyén hinh va truyén sé liéu
tdc do cao, facsimile mau, CATV, phan ph01 HDTYV, am thanh nhay cam
cao, thu truyén hinh, giam sat bang video, truyén chuong trinh chiéu
phim d6 phan giai cao va videotex bang rong.

Nhitng dich vu BISDN nay bao g@)m tat ca cac dich vu c6 nhirng dac tinh
khac nhau. Co6 nghia 13, cac dich vu tuong tac chéng han nhu dién thoai
hodc dién thoai thdy hinh va cac dich vu thong bao chang han nhu buu
chinh dién tir hodc buu chinh bﬁng hinh &nh va céac dich vu truy tim dé tra
ctru ban v& va van ban déu duoc bao gdm trong d6. Cac dich vu nay 1a
cac dich vu thong tin ma tin hiéu cua dich vu dugc chuyén giao theo ca
hai chiéu, song bén canh do, chiung con co cac dich vu phan phéi mot
chiéu, chéng han nhu dich vu CATV.

Nhitng dac trung noi bat nht cua céac tin hiéu dich vu B-ISDN la pham vi
phan b dai thong ciia no rat rong. Trong khi tin hiéu ciu hinh co ban cta
ISDN bang hep dugc phan bd quanh tin hi€u thoai thi viéc phan bd toe d6
tin hiéu cua B-ISDN bao gdm cac 16p digital khac, cac tin hiéu video
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khac nhau va cac tin hiéu truyén s6 licu toc d6 cao. Do do, ding trén
quan diém téc do truyén dan, céc tin hiéu cua dich vu chiém bang tan
rong tr vai bit/s ctia cac tin hiéu gidm sat tir xa td1 cac tin hi¢u video véi
vai trim Mbit/s. Ngoai ra, thoi gian st dung no trong pham vi tir cac sb
lidu toc @6 thap, co do dai vai gidy, t6i dich vu video co d6 dai vai gio,
cac dich vu thoai c6 d§ dai vai ba phut.

Nhu d3 m6 ta, B-ISDN c6 kha nang cung cdp dich vu bang rong toi nhiéu
Mbit/s, con cac tan s6 ma néd st dung va phan bod thoi gian st dung thi co
pham vi rat rong.

Pic tinh phan b khac cua tin hiéu dich vy B-ISDN 12‘1 cac tin hi¢u lién
tuc, chang han nhu tleng noi va hinh anh, c6 the cung "séng chung" voi
cac tin hiéu nhom, chang han nhu s liéu dau cudi. Cac tin hiéu tiéng noi
va hinh anh c6 thé tré thanh céc tin hiéu téc do bit bang nhau nho phuong
phap s6 hoa. Tuy nhién, céc tin hiéu sb liéu khac nhau 1a céc tin hiéu véi
tdc do bit bién doi rat rong. Mt khac, cac tin hiéu hinh anh va am thanh
doi hoi duge xir Iy theo thoi gian thuc, con trong truong hop sé lidu thi
khong can nhu vay.

Ll Widao cho gial i
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Hinh 1.72. Phan bé dich vu ctia B-ISDN

Do nhiing sy khac nhau nhu vy, chuyén mach va truyén dan céc tin hiéu
dich vu B-ISDN tré nén khé ma thuc hi¢n dugc. Vi 1y do d6, chuyén
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mach goi 1a 1y tuong ddi vai toe do thép hodc s6 liéu nhom, trong khi do,
d6i voi tin hiéu tiéng néi va hinh anh thi chuyén mach kénh 1a thich hop
hon. Ngoai ra, ddi véi céc tin hiéu thoai, chuyén mach phan chia thoi gian
d3 phat hién tir 1au 13 thich hop hon ca, con d6i véi cac tin hiéu video tdc
d6 cao 1a chuyén mach kénh phan chia theo khong gian.

Vi vay, tim dugc mot hé théng truyén dan co6 kha ning trao ddi v6i nhau
cac tin hi¢u toc do thap/cao va céc tin hi¢u lién tuc/ nhom la cuc ky kho
khan.

Téc do sb liéu kénh
1.7.3 Nén tang k¥ thuit ciia B-ISDN

Nhu dé cap trude day, vi cac dich vu do B-ISDN cung cép c6 nhitng dic
diém khéac nhau, cho nén mot sb cong nghé co ban dugc doi hoéi dé hién
thie hoa B-ISDN. Thir nhat, xtr 1y téc d6 cao va cong nghé méi trudng,
truyén dan bang rong va cong nghé chuyén mach bang rong; ching duoc
yéu cau 12 b vi cac tin hiéu cua dich vu bang rong va tdc do cao duoc sir
dung rdng rai. Va lai, viéc cdi thién cong nghé va thiét bi xur 1y video 1a
can thiét bai vi cac dich vu chinh ctua B-ISDN 1a cac loai dich vu video
khac nhau. Hon nita, cong nghé mang thong tin d6i v6i nhimg van dé trén
day la can thiét, boi vi cac dich vu toc do thép/téc do cao duogc cung cép
va cac dich vu ché d6 g61 déng tdn tai.

Nhitng cong nghé co ban nay da duoc phat trién va duoc nang cip lién
tuc nham dap tng mot cach déy da nhu cau vé cac dich vu bang rong
cang ngdy cang ting. Thir nhat, cong nghé thong tin quang da dugc nang
cao; suy hao cta cap soi quang di dugc giam xudng thip hon 0,5 dB/Km
va gia ca cta cac phan tir buc xa/thu anh sang da sut xudng kha nhanh
chong; Hon nita, cong nghé vé mach tich hop va cong nghé ché tao céc
cdu kién ciling da rat tién tién. Cac phan tir Silic ludng cuc hoic GaAs
dugc phat trién mot cach thanh cong c6 kha ning thuc hién viéc xir 1y tbe
do cao (hang tram Mbit/s hodc Gbit/s) va CMOS c6 kha nang xur ly murc
150 Mbit/s. Ngoai ra, cong ngh¢ phan mem va m p tién trién mot cach
thanh cong tao diéu kién dé diéu khién tdc do cao, cling nhu hoat dong va
chuyén mach tdc d6 cao tré nén c6 thé duge.

Viéc nén, chuyén déi va tai tao cac tin hi¢u dich vu khac nhau da tr¢ nén
dé dang do phat trién cong nghé xur 1y tin hiéu. Va lai, viéc thu thap, thay
d6i va xtr Iy cac tin hiéu dich vu di tro nén dé dang hon nho phat trién
cong ngh¢ may tinh. Qua viéc st dung cong nghé ndi trén, cung vdi cong
ngh¢ VLSI, cac thiét bi dau cudi khach hang hi€u qua da duoc phat trién.
Thém vao do, cac thiét bi dau cudi B-ISDN duoc sur dung cho cac thiét bi
video khac nhau d3 duoc trién khai mot cach thanh cong va dugc st dung
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voi1 cac monitor TV chat luong cao, cung voi cadc camera video co do
nhay cao.

Mait khéc, cac hoat dong tiu chuan hoéa cua ISDN, theo sang kién cua
ITU-T trong nhimg nim 1980, di anh hudéng dén rat nhiéu hoat dong
nghién ctru vé su lién két cac loai tin hiéu dich vu khac nhau cling nhu
viéc s0 hoa mang thong tin va da dong gop vao su phat trién cong nghé
thong tin. Dya vao nhiing van dé noi trén, hé thong thong tin ATM c6 kha
nang cung cap dich vu B-ISDN c6 nhiing nét dic trung khac nhau. Diéu
nay da dan dén sy phat trién cong nghé lién két dich vu B-ISDN.

1.7.4 Nén tang ciia tiéu chuin hoa B-ISDN

Trong qua trinh tiéu chuan hoa B-ISDN tién hanh vao dau nhitng nim 80,
ITU-T da quy dinh cac kénh H1, H2, H3, H4 1a cac kénh tbc do cao cua
khach hang. Trong sé d6, kénh H1 dugc phdi ghép vdi nhém so cip cua
ISDN trong dang kénh H11 1,536 Mbit/s va kénh H12 1,920 Mbit/s, va vi
vay hinh thanh co s& cua ISDN cung véi giao di€én co ban 2B + D 144
kbit/s.

H2, H3 va H4 dugc quy dinh 1a cac kénh bang rong twong ung voi phan
cap sO dang ton tai.

Bit dau tir nim 1985 nguoi ta dd cha ¥ dén cac kénh bang rong va két
qua 1a cac tdc do bit 30 - 40, 45 60 - 70 Mbit/s di dugc xem 14 tiéu chuan
cho cac kénh H2, H3 va H4. Mat khac, uy ban T1 da dua ra mét du an su
dung 149,760 Mbit/s dua trén co s& SONET.

Sau d6, vao thang Bay nim 1986, ITU-T bat dau tiéu chuan ho4 giao dién
nat mang (NNI) mdt cach doc 1ap vdi ti€u chudn hoa giao dién khéach
hang - mang (UNI) ctia BISDN.

Nhiém vu tiéu chuin hoa NNI, vén duge tién hanh dudi nhiéu diéu kién
kho khan, da di dén thoa thuan 1a str dung tiéu chuan tin hiéu STM-1, ¢6
cau triic 9B x 270 va c6 toc dd bit 155,520 Mbit/s, tai hoi nghi Seoul
duge t6 chirc vao thang Hai nam 1988. Sau d6, no tré thanh phan cép sb
déng b0 cua cac khuyén nghi G.707 - G.709. Mat khac, nhiém vu tiéu
chuan hoa UNI cta B-ISDN do BBTG (Broad Band Task Group- Nhom
dac trach bang rong) thuc hién da hoa nhap voi khuyén nghi [.121 vao
nam 1988 tai cung hoi nghi trén. Do 1a nhitng van kién dau tién da dic ta
khuon khé co ban ciia B-ISDN. Nhiing vin kién ndy quy dinh rang B-
ISDN phai dya vao ATM va cac dich vu cua no, phai dugc phan chia
thanh cac dich vu giao luu va cac dich vu phan b, va rang céu trac chirc
ning/tiéu chuin ctia B-ISDN phai duoc thiét 1ap gibng nhu ctia ISDN.
Céc van ki¢n nay cling da xac dinh rd6 mo6 hinh giao thitc cho ATM va
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kich thudc cua té bao ATM 1a 30 byte. Ngoai ra, cac van kién nay phan
dinh 32,768 Mbit/s cho H21, 43 - 45 Mbit/s cho H22 va 132 - 138, 240
Mbit/s cho H4. Thém nira, n6 quy dinh UNI 1a 16p 150 Mbit/s va 16p 600
Mbit/s.

Sau do it lau, BBTG dé dugc chi dinh la WP8 nhung cong viéc tiéu qhuén
hoa UNI da gap nhing kho khan lién quan dén kich thude cta té bao
ATM, dén toc dg bit va cau trac khung trén mat giao ti€p.

Ngoai ra, vé kich thudc cua té bao ATM, "4+32" byte (dau dé té bao +
truong tin) do nguoi chdu Au dé xuét dd canh tranh véi "5+64" byte do
ngudi My dua ra. Song cudi cing dd quyét dinh 1a "5+48" byte s& duoc
st dung cho muc dich nay. Do bi &nh huéng manh ctia SDH da duogc ti€u
chuan ho4 trudc dé, téc do bit cua mit giao tiép da duoc quyét dinh la
155,520 Mbit/s. Ngoai ra, ciu trac khung cua lop vat ly da quyét dinh
tuan theo ciu tric khung STM-1 hodc dong té bao ATM thuan tuy. Hon
nita, cling da dugc phép b6 tri cac tin hiéu khac cua G.702. WP8 da xac
dinh rd nhiing chi tiét ca nhitng diéu khoan cin dugc ban cii nhu cac
khuyén nghi thudc Seri I tai Hoi nghi Masyama, t6 chic ¢ Nhat Ban vao
thang 11 nam 1990. Nhu vay, khuon kho tong thé vé BISDN da duoc
hoan chinh. Mt khéc, khi ITU da dugc to chic lai vao nim 1993, nhom
nghién ctu 13 (SG.13) cua ITU-T bat ddu dam trach cac hoat dong
nghién ciru vé tiéu chuan hoa BISDN.

1.7.5 Nguyén tic co ban ciia BISDN

Nhu da trinh bay truéc day, BISDN 1a mot khai niém duoc dua ra dé thoa
méan nhu cau vé cac dich vu bang rong dang cang ngay cang gia tang. Cac
muc dich co ban cua BISDN la thiét 1ap mot mang sd c6 kha nang lién
két va cung cép céc hinh loai dich vu bing rong khac nhau thong qua viéc
su dung truyén dan toc do cao, chuyén mach tdc d6 cao, xur 1y tin hiéu,
may tinh, phan mém va cong ngh¢ cau kién. Va4 lai, thong qua BISDN,
cac dich vu giao luu va phan ph01 cling nhu cac dich vu ché d6 kénh va
ché d6 nhom ciing duoc cung cap. Thém vao do, cac dich vy bang hep va
cac dich vu bang rong dugc cung cap mot cach dong thoi. Pé dat duoc
cac muc dich néi trén, BISDN phai c6 kha ning hd tro cac ndi két truyén
thong ban cb dinh ¢6 dinh cac ndi két diém - ndi - diém da diém - nbi -
diém va cac ndi két danh dung cac diu riéng/cé dinh; Nhu vay, BISDN
can phai c6 kha nang thong minh dé mo rong va cai tién cac dich vu va dé
quan 1y hoat dong, bao dudng va diéu khién mang mdt cach hiéu qua.

Céu trGic cua B-ISDN phai nhu thé nao d6 sao cho né khéng can tr su
phat trién cong nghé hodc sy phat trién phuong phap hién thyc hoa trong
tuong lai. Ngoai ra, n6 phai c6 kha nang dap ung cac nhu cau cua khach
hang hodc sy phét trién mang ma no c6 thé phat sinh mot 1an nira. Hon
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nita, dua trén cac khai niém ctia ISDN, tiéu chuan giao dién phdi ghép va
giao thuc cling can phai dugc thiét 1ap mot cach phu hop.

BISDN dung ATM dé thuc hanh céc chitc niang cia minh. ATM 13 mot
hé thdng truyén thong phan chia déu cac hinh loai dich vu khéc nhau, sap
xép chung vao cac té bao ATM c6 kich thudc nhu nhau va cudi cung,
chuyén ching di nhd cac ATDM. Hon nita, n6 thiét lap cac duong 4o va
cac kénh 4o dé chuyén giao té bao ATM.

Do d6, thong qua viée str dung ATM, c6 thé thyc hién duoc két ndi mang
c¢6 d6 linh hoat cao va phan bd dai thong bién d6i. Cung véi nhing cai
d6, ATM c6 kha ning chuyén giao thong tin va s liéu qua cac loai
phuong tién vat Iy va cdc mang chuyén tai khac nhau, bai vi nd duoc xac
dinh mot cach doc 1ap v6i cac phuong tién chuyén tai cua cac 1op vat 1y.

1.7.6. So sanh B-ISDN va ISDN

B-ISDN 1a mot khai niém xudt phét tir tiéu chuan ISDN. Do vdy, cac
quan diém vé B-ISDN ciing giong nhu cua ISDN. Tuy nhién, viéc thiét
1ap B-ISDN duogc thuc hién khac voi thiét 1ap ISDN.

Thir nhat, BISDN 1a modt mang s6 lién két da dich vu nhu trong trudong
hop ISDN, nhung né khac v6i ISDN ¢ chd né bao dam viéc lién két ca
cac tin hiéu bing rong nira. Vi Iy do d6, mo hinh cdu trac co ban cia
BISDN cung giong nhu cta ISDN, ngoai trir kha nang xtr 1y cac tin hiéu
bang rong, dong thoi vai cac chirc nang cua ISDN bang hep. Vé mat thiét
1ap cdu tric chirc ning hay cu hinh tiéu chuan BISDN ciing gidng nhu
cua ISDN. Nhém chirc nang ctuia n6 bao gom TE1, NT1, NT2 va TA,
cung cac diém chuan duoc hinh thanh tr R, S va T.

Tuy nhién, ching chi twong tu nhau vé miat khai niém ma khong tuong
thich nhau vé mat hoat dong thuc té. Co nghia 1a BISDN khong thé duoc
thuc hién chi béng viéc bod sung cac thiét bi cta dich vu bang rdng vao
mang ISDN hodc TE cua ISDN khong thé dugc ddu ndi téi NT cua
BISDN. Do d6, cic nhom chirc niang ctia ISDN va cac diém chuan ciing
giéng nhu cac phan tir lién quan ctia BISDN chi vé miat khai niém. Tuy
nhién noé c6 thé phdi ghép voi TEL ciia ISDN hoidc v6i TA qua viée sir
dung TE2 ctia BISDN. Trong hoat dong thuc t¢ BISDN khac rat xa véi
ISDN; hé thdng thong tin ISDN c¢é cac dic trung két hop cac hé thong
thong tin chuyén mach kénh s6 dang hoat dong v&i hé thong chuyén
mach goi, trong khi d6 BISDN dung hé thong ATM hoan toan khac véi
cac hé théng noi trén caa ISDN.

C06 nghia la, trong khi ISDN chu }(é'u di’éu tiét hé thong thong tin kénh (hé
thong thong tin goéi cling dugc diéu ti€t) thi BISDN chu yéu st dung h¢
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théng thong tin gbi, déng thoi van diéu tiét hé thong thong tin kénh). Do
nhitng sy khic nhau vé hé thong truyén thong do, qua trinh truyén dén,
bao hiéu va quan 1y mang cua BISDN ciing dugc tién hanh khac véi
ISDN. Do vay, BISDN can duoc coi 1a khac han so véi ISDN.

1.7.7 Hé thong thong tin ATM

ATM 1a mot hé théng truyén thong dé thyc hién BISDN. ATM la mot hé
théng chuyén giao kiéu géi ¢ hinh thirc ddc biét, sir dung ATDM. Trong
BISDN, thong tin dugc chuyén di nho mot luéng lién tuc cai goi c6 mot
kich thudc khong d6i. Cac goi 6 kich thude c¢b dinh nay dugc goi 1a cac
té bao ATM. Do vay thong tin dich vu cling dugc bd tri vao té bao ATM,
sau d6 duoc chuyén di theo nhiing kich thudc khong ddi. Va sau do, tin
hiéu truyén din ctia BISDN duogc tao nén nhu ATDM véi cac té bao
ATM. Pong thoi ATDM 1a mot phuong phap ghép kénh théng ke, thuc
hién viéc phan chia theo thoi gian dé ghép cac té bao ATM ciia mot s6
kénh di t6i mot cach khéng dong bo.

Neu su dung ATM, dung luong cua kénh nghiép vu cing dugc tinh theo
s6 luong cac té bao ATM. Cho nén sy vuot qua dung luong truyén din
cua thong tin dugce biéu thi boi sé lugng cac té bao ATM. Viée phéan phdi
dung luong truyen dan duoc xac dinh theo dung luong yéu cau va kha
nang phan phdi c6 thé c6 thong qua thuong lugng véi mang thong tin
trong qua trinh thiét 1ap cudc goi.

ATM - mét hé thong kiéu lién két - s& thiét 1ap cac kénh 4o dé chuyén
giao thong tin dich vu. Mdi khi mot kénh ao dugce thiét 1ap, sé hiéu nhan
dang ndi két duogc gan va khi ndi két duoc giadi toa, s6 hiéu nhan dang nay
cling dugc huy bo. Trinh ty sap xép gitta cac té bao ATM trong mot kénh
40 nao d6 do cac chirc ning cua 16p ATM duy kién truéc. Thong tin bao
hiéu vé thiét lap ndi két duogc chuyén giao cac té bao ATM riéng biét.

Hé théng ATM xac dinh r6 md hinh chuin cta giao thic phan 16p dé
chuyén giao thong tin mot cach c6 hé théng va co dong. Cac 16p giao
thirc dugc st dung 1a l6p ATM, 16p tng dung ATM (AAL) va l6p mirc
cao. Lop AAL anh xa céc tin hi€u dich vu sang khu vuc truong tin cua
cac té bao ATM, con 16p ATM thuc hién chic nang tao dau dé cua té bao
ATM dé chuyen giao truong tin mot cach trong sudt. Lop vat Iy thuc hién
chirc ning chuyén doi cac té bio ATM thanh hang bit va sau d6, chuyén
ching di.

Kich thudc cua té bao ATM 1a 53 byte. N6 duoc phan chia thanh mao
dau 5 byte va duong bao truong tin 48 byte (hinh 1.73(a). Chue nang chu
yéu ctia mao dau té bao 1a nhan dang cac té bao thudc vé cing mot kénh
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a0 (trong sO cac té bio ATM) hién dién trong mot ludng thong tin
ATDM.

D6 1a chie nang do VPI (phan tir nhan dang dudng 40) va VCI (phan tir
nhan dang kénh 40) chi ro trong (b) va (c) ctua hinh 1.73.

(a) Ciu truc cua té bao
(b) Céu trac dau dé trong UNI
(¢) Céu trac dau dé trong NNI

Zu truc dau dé trongUNI TlCICAn troe dau 06 trong NN
Hinh 1.73 CAu truc cua té bao ATM

Pong thoi, duong ao co nghia 1a mot bo cac kénh ao cung sir dung chung
cac duong nao d6 va mao dau té bao ciing dugc phén loai thanh loai
truong tin (PT) va chi thi thAm quyén mat té bao va cung cap kha nang
diéu khién stra sai ciia mao dau. No6 con cung cap thém chirc ning diéu
khién ludng chung cho mao dau té bao trong giao dién UNI.

1.7.8. Cau triic chire ning ciia BISDN

M5 hinh céu trac chiic ning chung cua ISDN bang rong vé co ban giéng
nhu ISDN bang hep. C6 nghia la vé mit cau hinh tiéu chuan nhém chirc
nang va diém gdc, ca hai cau tric d6 13 nhu nhau. N6 chi ra rang B-ISDN
duoc hinh thanh trén co s& khai niém cua ISDN. M6 hinh cau tric co ban
ctia B-ISDN nhu duoc trinh bay trong hinh 1.74. Ciu trac ctia ISDN bing
rong bao gdm kha ning mirc cao va kha niang mirc thap.
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Kha nang muc cao la chirc nang lién quan dén thiét bi dau cubi (TE) va
kha nang mtrc thap bao gébm kha néng ISDN bang hep dwa trén kha néng
bang rong, 64 bit/s, va kha nang bdo hi¢u lién tong dai.

Cha nang ola lop mos i

Hinh 1.74. M hinh c&u triic co ban ctia B-ISDN

Céu hinh tiéu chuan ctia B-ISDN duoc trinh bay trong hinh 1.75

Hinh 1.75. CAu hinh tiéu chuan cta B-ISDN

Piém gbc 1a Sb va Tb, nhom chiic ning bao gom B-TE1, B-TE2 va B-
TA, B-NT1, B-NT2. Trong hinh 1.75, céc thiét bi dau cubi (B-TE) co
chira B-TEl, B-TE2 va B-TA. Cung nhu vay, B-NT2 va B-NTI tuong
ung nam trong mang B-IDN danh riéng va B-ISDN cong cong. Dé chi thi
diém gbc va nhom chirc ning ctia minh, B ¢6 nghia 1a B-ISDN.

1.7.9. M6 hinh chuén ciia giao thic

Mo hinh chuan giao thirc (PRM) cua B-ISDN duoc hinh thanh tir mit
bang quan 1y, mat bang diéu khién, va mat bang khach hang nhu duoc
trinh bay trong hinh 1.76. Chirc ning cta mit bang quan 1y duoc phan
chia thanh : quan 1y mat bang va quan 1y 16p.
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Hinh 1.76. C4u hinh chuan ctia B-ISDN

Quan 1y mat bﬁng trong mat béng quan ly cua PRM cua B-ISDN c¢6 nghia
la quan ly tong the toan hé thong. Ciing nhu véy, quan ly 16p ham y la
quan 1y ngudn tiém nang va khach hang lu6n bién doi, va quan ly thong
tin OAM. Ngoai ra, trén mat bang diéu khién, thong tin diéu khién cudc
goi va diéu khién két ndi s& duoc quan ly. Trén mat bang khach hang,
thong tin vé khach hang dugc giam sat. Cac giao thirc cuia mit bang diéu
khién va mat bang khach hang duoc phéan loai thanh 16p muc cao, 16p
tmg dung ATM (AAL), cung 16p ATM va 16p vat ly. Chirc ning ctia mdi
16p nhu trong bang 1.18.

Lép L&p con Chutre nang
[L&p mirc cao |Chirc néng hdi tu -
|Lép tng dung |[Hai tu IChtrc nang hoi tu
~ |IPhan doan va i

lp rap lai ‘Chu’c nang phan doan va chirc nang lap rap lai

Churc nang diéu khién dong chung
Chtrc nang tao ra va huy bd mao dau té bao

|-op ATM AAL Chtrc néing thang dich VPINCI ciia té bao
Chtrc nang ghép kénh va tach kénh cho té bao
~ |Chtrc nang phan chia toc d6 té bao
At Hbi tu truyén [|[Chrc nang tao ra va khangddinh tin hiéu HEC
|ILop vat ly

dan Chirc nang nhan dang té bao

Chure nang tao ra va khéi phuc dan

Chtre nang thong tin thoi gian bit

Chtre nang lién quan dén méi trwdng vat ly

Mbi trdng vat
ly

Bang 1.18. Chirc ndng ctia mbi I1&p trong PRM cutia B-ISDN

Léop AAL duogc hinh thanh tir 16p con hoi tu (CS), 16p con phan doan va
lap rap lai (SAR). CS bién d6i thong tin dich vu khach hang cua 16p muc
cao thanh khéi sd liéu giao thirc (PDU) va SAR tao nén phan thong tin
khach hang cia té bao ATM bang viéc ngin chin PDU.

Lép ATM diéu khién két ndi va dong thong tin trong UNI bang viéc st
dung doan GFC. Ciing nhu vay, nd két ndi VPI/VCI véi cac diém truy
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nhap dich vu sau khi thong dich va ghép kénh/tach kénh cho céc té bao.
Bén canh do, n6 xu 1y ‘céc,doan PT hodac CLP va thuc hién churc nang la
tao ra va huy bé mao dau té bao ATM.

L&p vat 1y bao gdm 16p con hoi tu truyén din va 16p con méi trudng vt
ly. Chirc ning cta 16p con hoi tu truyén din bao gdm viéc phan chia toc
do té bao, tao ra va xac nhan byte stra sai dau dé, phat hién diém bién gisi
té bao. Ngoai ra, trong truong hop phat theo phan cap s6 déng bd no thuc
hién chtrc ning tao ra va khang dinh khung truyen dan. Lép con moi
truong vat 1y c6 nghia la budc truyén din cudi cling qua cap soi quang
hodc cap dong truc.

1.7.10. Giao dién khach hang - mang ciua B-ISDN

Céu hinh cua giao dién khach hang - mang (UNI) ctia B-ISDN duoc trinh
bay trong hinh 1.77, trong trudng hop chi thi né bang viéc st dung cac
diém chirc nang Tb, Sb va R va cac nhom chirc nang B-NT1, B-NT2, B-
TEL, B-TE2, va B-TA. Trong hinh nay, cac truong hop (a), (b) (©), (d),
(e), (f) (i), (j) c6 cau hinh gibng nhur cau hinh trong ISDN. Cing nhu
vay, cac truong hop (g), (h) chi cho thay rang B-NT c6 thé dung cip cac
diém gbc S va Sb mét cach dong thoi.

Céu hinh vat Iycia UNI dé két nbi da diém duoc trinh bay trong hinh
1.78. Trong hinh nay, (a) chi thi cu hinh chung cua loai tap trung hoa,
con (b) chi thi cau hinh chung cua loai phan bo. Ciing nhu vay, (c), (d),
(e) chi thi 1an lugt cau trac bus hinh sao, cau tric bus va cau tric vong
ctia loai phan bd. MA trong hinh nay 13 bo phdi hop phuong tién, con W
chi ra diém két ndi giira cic MA véi nhau. Ngoai ra, TE* chi thi TE tao ra
cau tric kiéu bus va SSB chi thi diém két ndi giita cac TE* nay. MA 1a
thiét bi va B 1a diém gbc déu thudc loai phi tiéu chuan. B-NT1 thuc hién
chirc ning cua 16p 1, chang han nhu diém cubi duong day truyén dan, xir
Iy phéi ghép truyén din, van hanh va bao dudng. B-NT2 thuc hién chirc
nang cta 16p 1 va 16p c6 mirc cao va nd cd thé duoc cau hinh theo
phuong phap tap trung hoac phuong phap phan bd. Cac churc ning lién
quan dén B-NT2 14 bd phdi hop phuong tién (MA), tim klem bién gi6i té
bao, tap trung hoa, nhd dém. ghép kénh, tach kénh, gan ngudn, xir Iy phoi
ghép chirc nang AAL vé bao hiéu, xtr 1y giao thurc bao hi¢u va chuyén
mach két ndi bén trong. B-TE thuc hién truyén thong gitra khach hang -
v0i - khach hang va gitra khach hang - voi - may, két cudi phodi ghép, xur
ly giao thic bao hiéu, xir 1y ndi két trén cac thiét bi khéc, trén 16p 1 va
16p c6 mic cao hon, ké ca OAM.

(a), (b) Truong hop giao dién vat 1y 1a Sb, va Tb
(¢), (d) Truong hop giao dién vat 1y 1a Sb
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(e), (f) Truong hop giao dién vat Iy 1a Tb
(), (h) Trudng hop S, Sb, Tb 1a déng ton tai
(i), (j) Truong hop Sb, va Tb 1a dong nhat

Hinh 1.77. C4u hinh vat ly co ban ctia UNI
(a) Cau hinh chung cta loai B-NT2 tap trung hod (Ciu trac hinh sao)
(b) Cau hinh chung cuta loai B-NT2 phan bd
(¢) Cau trac bus hinh sao
(d) CAu trac bus

(e) Céu triic vong
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Hinh 1.78. CAu tric tbng quan va vat ly cho phwong tién dung chung.
1.7.11 Giao dién mang cia B-ISDN

Néu can nhéc rang BISDN la mang chuyén tai cia ATM, thi co thé dua ra
khai niém phan 16p ciia mang. C6 nghia 14, mang chuyén tai duoc phan
16p thanh mang 16p ATM va mang 16p vat ly. Mang 16p ATM lai dugc
chia nhé thanh 16p con ctia kénh do va 16p con cua duong 4o.

biém cuoi cua 16p con tuong ting

biém noi két cua 16p con tuong ting
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r e nd kel cua lp eon tremg ung
Hinh 1.79. Mbi quan hé gitra cac mang phan I&p cta B-ISDN

Cung nhu vay, mang cua lop vat ly dugc chia nho thanh 16p con cua
duong truyén dan, 16p con cua doan digital va 16p con cua doan tai tao.
Khai niém cac mang phan 16p nay déu duoc ap dung trong trudong hop
mang dua trén té bao hodc mang dua trén SDH. Mbi quan h¢ gitra cac 16p
mang cua B-ISDN dugc trinh bay trén hinh 1.79. Trong 16p con cua kénh
40 c6 cung cap két ndi kénh 4o (VCC - Virtual Channel Connection) dé
chuyén giao thong tin giira khach hang - khach hang gitra khach hang -
mang va gitra mang - mang. Do vay VCC dugc thiét 1ap gilia cac diém
chuan Tb hoic Sb va cac té bao lién quan dén cing mot két néi VCC sé&
dugc chuyén giao qua cing mot kénh.

Trong 16p con ciia dudng 4o co cung cap ndi két dudong ao (VPC - Virtual
Path Connection) dé chuyén giao thong tin giita khach hang - khach hang,
gitra khach hang - mang va gitra mang - mang. Do vay, VPC dugc cau
hinh nhd két ndi lién tuc cua cac kénh két ni VP, con VPC, giita khach
hang - khach hang dugc thiét 1ap giita cac diém chuan Tb hodc Sb. Ngoai
ra, cac té bao lién quan dén cuing mot VPC s& duoc chuyén giao trén cing
mot duong.

Mang cua 16p vét ly 1a mét mang truyen dan déng bo, duoc két hop véi
mang cua l6p phuong tién truyén dan: c6 nghia 13 16p con ciia dudng
truyén dan chinh 1a duong VC-4 trong truong hop phan 16p dua trén
SDH; 16p con cua doan digital va 16p con ctia doan tai tao tuong ung la
doan ghép kénh va doan tai tao.
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2. THONG TIN VO TUYEN

2.1 NEN TANG CUA THONG TIN VO TUYEN

Thong tin vo tuyén sir dung khoang khong gian lam méi trudng truyén
dan. Phuong phap thong tin 1a: phia phat birc xa cac tin hiéu thong tin
bang song dién tur, phia thu nhan song dién tir phia phat qua khong gian
va tach 1y tin hiéu gbc. V& lich str ctia thong tin vO tuyén, vao dau thé ky
nay Marconi thanh cong trong viéc lién lac vo tuyén qua Pai Tay duong,
Kenelly va Heaviside phat hién mot yéu t6 1a tang dién ly hién dién &
tang phia trén cua khi quyén c6 thé dung lam vat phan xa song dién tu.
Nhing yéu t6 d6 da mé ra mot ky nguyén thong tin Vo tuyen cao tan dai
quy mo. Géan 40 nam sau Marconi, thong tin vo tuyen cao tan la phuong
thire thong tin vo tuyén duy nhat sir dung phan xa cua tang d6i luu, nhung
n6 hau nhu khong dap tng néi nhu cau thong tin ngay cang gia ting.

Chién tranh Thé gi6i lan tht hai 12 mot budc ngoit trong thong tin vo
tuyén. Thong tin tam nhin thang - linh vuc thong tin sir dung bang tan sb
cuc cao (VHF) va dd duoc nghién ctru lién tuc sau chién tranh thé gioi -
da tro thanh hién thuc nho sy phat trién céac linh kién dién tr dung cho
HF va UHF, chi yéu la de phat trlen nganh Rada. Vi su gia tang khong
ngung cua luu luong truyén thong, tan sd cua thong tin vo tuyén di vuon
t6i cac bang tan siéu cao (SHF) va cyc cao (EHF). Vao nhiing nam 1960,
phuong phap chuyen tiép qua v¢ tinh da dugc thyc hién va phuong phap
chuyén tiép bang tan xa qua ting ddi luu cua khi quyén da xuat hién. Do
nhirng déc tinh vu viét cua minh, chang han nhu dung luong 16n, pham vi
thu rong, hiéu qua kinh té cao, thong tin vo tuyén dugc st dung rat rong
rdi trong phat thanh truyén hinh quang ba, vo tuyén dao hang, hang
khong, quan su, quan sat khi tugng, lién lac song ngan nghiép du, thong
tin vé tinh - vii try v.v... Tuy nhién, can nhiéu véi linh vuc thong tin khéc
1a diéu khong tranh khoi, bai vi thong tin vo tuyén sir dung chung phan
khong gian lam méi trudng truyén dan.

bé dbi pho véi van dé nay, mot loat cac cudc Hoi nghi vo tuyén Quéc té
da duogc to chirc tir nam 1906. Tan sd vo tuyén hién nay di duoc an dinh
theo "Quy ché thong tin vo tuyén (RR) tai Hoi nghi ITU & Geneva nim
1959. Sau d6 1an luot 13 Hoi nghi vé phan b lai dai tin sé song ngan dé
str dung vao nam 1967, Hoi nghi vé bd sung quy ché tan sd vo tuyén cho
thong tin vii try vao nam 1971, va Ho1 nghi vé phan b lai tan sb vo tuyén
cua thong tin di dong hang hai cho muc dich kinh doanh vao nam 1974.
Tai Hoi nghi cua ITU nam 1979, dai tan s6 v6 tuyén phan bd di dugc mo
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rong toi 9kHz - 400 Ghz va da xem xet lai va bd sung cho Quy ché thong
tin vo tuyen dién (RR). Bé giam bot can nhiéu cua thong tin vo tuyen
ITU tiép tuc nghién ctru nhitng van dé sau ddy dé bo sung vao su sap xép
chinh xac khoang cach gitta cac song mang trong Quy ché thong tin vo
tuyén:

- Dung cach che chin thich hop trong khi lya chon tram.

- Céi thién hudng tinh cta anten

- Nhén dang bang séng phan cuc chéo.

- Tang cuong d§ ghép kénh.

- Chap nhén st dung phuong phap diéu ché chdng lai can nhiéu.

2.2 CAC PAC TINH CUA SONG VO TUYEN

Tan s6 sit dung cho song dién tir nhu vai tro séong mang trong thong tin
vo tuyén duoc goi riéng 1a "tan sd vo tuyén" (RF). Tan sé nay chiém mot
dai rat rong tir VLF (tﬁn sO cuc thélp) t61 song milimét. Khong thé 1y giai
day du song vo tuyen theo 1y thuyét, boi vi né khong chi bi anh huong
boi tang d6i luu va tang dién ly ma con bai cac thién thé, ké ca mit troi.

Do vy, viéc danh gia cac trang thai clia cac hanh tinh, cua tng ddi luu
va dién ly va viéc du bao duong truyén song vo tuyén cling nhu kha ning
lién lac dua trén nhiéu dit liéu trong qua khu 1a hét stre quan trong. Phan
sau day cua chuong trinh nay s& giup ban doc hiéu duogc co. ché truyén
song vo tuyen theo tan so thong tin vo tuyén cung nhitng van dé khéc,
lién quan dén song vo tuyén.

2.2.1 Phan loai tan s vo tuyén

Trong thong tin vo tuyén, co ché truyen song vo tuyen va viéc st dung
thiét bi truyén thong phu thudc vao tan s6 vo tuyén sir dung. Bang 2.1
trinh by bang tin s6 vo tuyén dugc phan loai theo tiéu chuan qudc té
hién hanh va theo co ché va phuong thirc str dung séng vo tuyén.

Bang 2.1. Phan loai, co ché va sr dung séng v tuyén

Tan s6 Phan loai Co ché Cu ly thong tin va linh vuc st
bing tan truyén dung
song vo
tuyén
3KHz~30 KHz VLF Song dat- || Thong tin dao hang quan su
dién ly khap thé giéi
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30KHz~300KHz LF Song dat || 1500Km dao hang vo tuyén
300KHz~3MHz MF Song dat || Phat thanh c6 dinh
(Clgr ly Hang khong, dao hang,
ngan) lién lac nghiép du
Song
troi
(Culy
dai)
3MHz~30MHz HF Soéng tro1 || 3~6MHz : Thong tin lién tuc
dia
6~30Mhz : Thong tin di
dong
Thong tin kinh doanh
va nghiép du, dan sy quéc
te
30MHz~300MHz VHF Song troi || Thong tin truc thi, VHF, FM
Song Da thong tin
doi
luu
300MHz~3GHz UHF Song tro1 || Radar, da thong tin
Song Thong tin di dong
doi
luu
3GHz~30GHz SHF, Viba || Séng troi || Thong tin vé tinh, thong tin cb
dinh,
Radar
30GHz~300GH EHF, Song tro1 || Thong tin cho tuong lai
Milimeter

2.2.2 Puong truyén lan séng vo tuyén

Song vo tuyén khong truyén lan theo dang ly tuong khi ching ¢ trong
khong gian do anh huong cua mat dat va tang dbi lwu. Hinh 2.1 mo ta
duong truyén song gitra cac dau phat T va dau thu R va chi cho thiy con
cO song phan xa tu bé mat dat dé dat t6i tram thu, ngoai song truc tlep

theo duong thang.

(a) Trong tAm truc thi

(b) Ngoai tam truc thi
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b Tronag tam true thi by Mgoak 18m truc th

Hinh 2.1. Pwdng di clia Séng vo tuyén

Khi khoang cach giira tram phat va tram thu xa nhau hon, thong tin
béng song di thang tré nén khong thé dugc do do cong cua bé mat trai
dat nhu trinh bay trong hinh 2.1(b) nhung van c6 thé cd séng v
tuyén truyén lan xudng mit dat do c6 song bé mit va song troi, nho
hién tugng khuc xa (hinh 2.2). N6i chung, song bé mit, song truc tiép
va song phan xa, trir song troi, déu dugc goi 1a song dat. Song troi 1a
song dién tir bi thay doi hanh trinh cia minh tai ting dién ly va quay
trér ve trai dat; téng dién ly 1a noi hoi tu cia vo s6 dién tich, dinh hinh
tai do cao 100-400Km. Ngoai song bé mit va song troi con cd song
tan xa - do 1a phan xa do nhiing su bién ddi manh liét cua t?mg ddi luu
va di¢n ly hoac do song di¢n tir va cham véi cac vat chit, chéng han
nhu cac sao bang, va bi tdn xa dé rdi dat t&i dau thu. Song tan xa
duoc st dung trong phuong phap chuyén tiép qua tan xa d6i luu.

Hinh 2.2. Hanh trinh cta séng vé tuyén di qua dwdng chan troi
1. Sw lan truyén ciia bang tan sé thdp

Sy lan truyén cia bang tan sb thap 1a nhd vao song dat. N6 duoc thuc
hi¢n nho nhiéu xa song dién tir. Do d6 nhiéu xa ty 1¢ nghich v6i budc
song cho nén tan s str dung cang cao, song dat cang yéu (dé truyén lan
tan sd thap) Hién tuong nhiéu xa c6 mdi tuong quan chat ché voi do dan
dién va hang s6 dién méi cia dat trong duong lan truyen Vicu ly truyén
song trén mat bién dai hon so voi mat dat cho nén tan s thap dugc su
dung rong réi trong thong tin vo tuyen dao hang. Trong truong hop tan so
cuc thap, budc song 16n hon nhiéu so vai chiéu cao tir bé mat trai dat 1én
t6i tang dién ly. Cho nén, mat dat va tang dién ly dong vai tro nhu hai b
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tuong. N6 duoc goi la ché d6 6ng dan song mat dét - dién ly ma nho no,
co thé thong tin té1 toan thé giol. Bang tan s6 cuc thap dugc s dung chu
yeu cho thong tin hang hai va thong tin dao hang.

2. Su truyén lan cua bang tan so cao

Thong tin cu ly xa béng bang tan sb cao dugc thuc hién nho sy phan xa
clia song troi trén tang dién ly. Trong phuong thirc thong tin nay, mat do
thu song troi phu thude vao tan sb vo tuyén va trang thai cta tang dién ly,
trang thai nay thay doi theo thoi gian, theo ngay, theo mua va theo diéu
kién thoi tiét. Cho nén viée du bao trang thai ctua tﬁng dién ly 1a vo cung
quan trong d6i véi thong tin lién lac str dung song troi.

(1) Tang dién ly

Tang dién ly hinh thanh tai d6 cao 100Km - 400Km 1a do két qua cta
viéc ion hod trang thai clia tang ddi luu bang cac tia cuc tim va tia X do
mat troi buc xa. Téng dién ly dugc phan chia thanh mot vai 16p c6 gia tri
mat do dién tir cuc dai. Mdi ting dugc phan chia thanh cac 16p D, E, F
theo do cao cua nd. Lép F lai duge phan chia thanh 16p F1, F2. Hinh 2.3
trinh bay mat do tinh theo do cao cta cac 16p ion dién hinh.

Hinh 2.3. Mat d6 dién tl /ion cua tang dién ly - theo do cao
(2) Truyén séng trong 16p Ion

Trong khi tang dién ly co thé xem nhu mot tam dan dién phang trong viéc
truyen lan cac tan sO thap thi 16p ion hoa gidéng nhu mot tim dién moi
khong 16 ma hé sb khiic xa cuia n6 bién déi lién tuc, vi su bién d6i ctia mat
d6 ion theo budc song 1a khong dang ké trong bang tan sd cao (budc song
ng:fm hon). Hé sb khiic xa hiéu dung dugc xac dinh nhu sau:

Trong cong thirc nay, N biéu thi cho sb luong ion trong trang thai céac
dién tir ty do hodc plasma, trén m3. Hinh 2.4 trinh bay dudng di cua song
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vo tuyén trong tang dién ly. Goc t6i q i di duoc xac dinh theo cong thirc
sau:

Trong chleu t6i thang dung (q i = 0), neu gia tri cuc dai cua mat do dién
tr trong tang dién ly 1a Nm, thi tan sO cuc dai phan xa tai diém nay 1a q
Nm, goi 14 tan s cuc tri cho tang dién ly nay.

[T AR e I--!.' it duoe chan xa
Hinh 2.4.- Co ché phan xa cla tang dién ly

Néu tan sd cuc trj cho biét trude thi tan sb 1on nhéat duoc phan xa ddi vai
goc kich thich c6 thé duoc quyét dinh. Tan sd nay goi 1a Tan sb kha dung
Cuc dai (MUF) va duoc biéu thi bang MUF = f.sec q i . Hanh trinh vo
tuyén ctia MUF la khoang cach t6i da ma song troi co thé dat toi va duoc
goi 1a khoang nhay. Ving ma ca song truc tiép 1an song khong gian déu
khong dat t61 duoc goi 1a vung nhay. Khi song vo tuyén di Xuyén qua
tang dién ly thi n6 s€ bi suy giam vi va cham v6i cac phén tu. Piéu nay
cha yéu xay ra ¢ 16p D c6 mat do dién tir cao hon so véi trong 16p E va F.
Do suy hao ty 1¢ thuan v6i 1/£2, do vay , vé mit chat lugng thong tin, diéu
dang mong mudn 1a chon duoc tan sd cao nhat dé dugc st dung nhu song
khong gian.

Bang viéc nghién ctru sy bién doi cia MUF theo ngay va theo thoi gian,
nguoi ta thuong s dung tan sé thap hon khoang 15% so véi gia tri du
kién trung binh ciia MUF trong thong tin bang song trdi. Tan sd thap hon
nay duoc goi la tan sb lam viéc tdi uu (OWF). OWF thép hon MUF trong
khoang 90% ty 1& chiém thoi gian.

3) Truyén séng ciia VHF va UHF.
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Trir mot vai truong hop dic biét, gidi han trén ma séng khong gian truyén
lan dugc 1a 30 MHz . Song khong gian dugc sit dung cho céc tin hi¢u 16n
hon VHF. Sy thay doi hé s6 khiic xa theo d¢ cao cua khi quyén gdy anh
hudng dén song khong gian. Khi quyén tiéu chuan 13 mot khi quyén ly
tudng cdé mot ty 1¢ blen dbi hé so khuc xa theo d6 cao mét cach déu din,
boi vi n6 c6 mot hé sb thay doi cb dinh cua ap suat khi quyén theo do cao,
nhiét do va do am. ITU-R quy dinh chi sé khiic xa ctia khi quyén tiéu
chuan theo do cao h Km nhu sau:

Vi ¢6 su bién ddi hé sb khic xa mot cach lién tuc, cho nén duong di thuc
té ctia song khong gian 1a khic voi duong truc tiép (thang). Dé bu lai su
khac nhau nay, cu ly thong tin cuc dai thuc té dugc tinh toan theo duong
tryc tiép dua trén quy dinh ban kinh hiéu qua cua trai dat KR (K=4/3
trong khi quyén tiéu chuan) (tham khao Hinh 2.5).

a) Dbiéu kién thuc té

b) Piéu kién twong dwong cua ban kinh trai dat duoc tinh bang KR
(4=4/3)

Hinh 2.5. Khic xa ctia séng vé tuyén trong khi quyén tiéu chuan
4) Song tan xa dbi luu.

Viéc lan truyén cua song vo tuyén nho hiéu tng tan xa ddi luu cua khu
vuc khi quyén rong 16n trong tang ddi luu dugce dung cho bing tan trén
VHF. Phuong phép nay cho phép thong tin lién lac cu ly xa & cac bang
tan VHF, UHF, va SHF va phu thudc rat nhiéu vao thong tin tryc thi
trude day. Phuong phap ndy c6 nhiéu vu diém cua thong tin bing rong va
ghép kénh ciing nhu thong tin dong thoi cho mét khu vuc rong. Mit khac
n6 cling doi hoi cong suét phat 16n va may thu c6 do nhay cao.

2.5. HE THONG THONG TIN DI PONG

Gan day, thong tin di dong da tr6 thanh mot ing dung trong linh vuc
thong tin vo tuyén. Sy phét trién cua thong tin di dong duoc bat dau bang
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phat minh thi nghiém vé séng dién tir ciia Hertz va dién bao vo tuyén cta
Marconi va vao thoi ky dau ctia phat minh thong tin vo tuyén, né dugc sir
dung trong dich vy van tai an toan duong bién dé diéu khién cac tau. Doi
v6i thong tin vo tuyén mat dat, sau chién tranh thé giéi thir nhat, hé thong
dién thoai vo tuyén di dong da duoc lap dit va khai thac trong nganh canh
sat cia M. Trong dich vu thong tin di dong hang khong - mot hé thong
dugc khai thic ¢ cac dai thong HF va VHF da duoc thiét 1ap dé kiém soat
bay. Hién nay, hé théng dién thoai xe ¢ tu dong va h¢ théng dién thoai di
dong tau bé da duoc thiét 1ap dé s dung trong thyc té. Nguoi ta sir dung
chudng bo tai, dién thoai khong day, dai bang nghiép du cac nhan
(CB_may bo dam... va cac dich vu thong tin vo tuyén di dong khac nhau
chang han nhu dich vy v¢ tinh hang hai, dién thoai trén tau hoa may bay
dang duogc cung cap Tan s6 str dung 1én dén VHF va UHF va trong
tuong lai khéng xa tan s6 can vi ba (quasi microwave) (1-2 GHz) ciing s&
dugc sir dung. Trong muc nay, chung ta s€ xem xét cac dich vu thong tin
di dong khac nhau, sy phat trién cua ching trong tuong lai, dac biét,
thong tin di dong mat dat s& dugc dé cap dén mot cach ti mi hon.

2.5.1 Cac loai va cac diic tinh ciia thong tin di ddng mat dat.
1/ Théng tin di dong mat dat.

Thong tin di dong mat dat thuong dugce phan nhom thanh h¢ théng cong
cong va dung riéng... Hé théng cong cong co nghia la hé thong thong tin
c6 thé truy nhap téi mang dién thoai chuyén mach cong cong (PPTN) - ¢6
dién thoai xe ¢, di¢n thoai khong dap, chudng bo thi... Trong hé thong
dung riéng ca 2 loai hé thong. Hé thong thir nhét 14 hé théng dich vu cong
cong chéng han nhu canh sat, ctru hoa, cép ciru, dién lyc va giao thong.
Hé thdng thtr hai 1a ding cho cac c nhan hay cac cong ty. & ddy, ngoai
dich vu kinh doanh sir dung séng v tuyén danh riéng, con c6 hé thong
MCA hé théng kinh té trung nhap da kénh, st dung céc kénh vo tuyén
trong thong tin vo tuyén ndi bo cong ty va ca nhan chang han nhu may bo
dam va vo tuyén nghiép du. Ngoai nhitng dich vu ké trén con ¢6 cac dich
vu thong tin di dong mit dat khac méi xuat hién nhu chudéng bo tii co
man hién hinh, ddu cudi xa... Cac dic tinh cta thong tin di dong duoc
trinh bay trong bang 2.2.
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Bang 2.2 Cac dic tinh cla cac dich vu théng tin di ddng mat dat.
[Hé théng cong cong [Hé théng danh riéng
Am thanh |Di liéu  |JAm thanh |D@ ligu
lpien thoai .. [CMU09  Inoann Ve tuyén Bau (truy
xe CO ien |khong i hiep ltw nhan [MCA |4 nhan |"h@P da
i thoai |[day i kénh)
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R on on on on .
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2/ Théng tin di dong hang hai

Thong tin di dong hang hai duoc phan thanh hé thong thong tin tau

thuyén gitra tram gbc & cang va tau di doc theo bo bién va hé thdng théng
tin vé tinh hang hai dén véi cac tau ngoai khoi xa.

Thong tin dién thoai tau thuyén duoc phat trién tir dién bao vo tuyén st

dung bang song ngan trung binh, con hé thdng dién thoai tau be thyc su,
str dung bang tan VHF 13 hé théng dién thoai tau bé cua Great Lakes ¢

My¥ nam 1952. & Chau Au, kénh thong tin hai huéng mé rong duoc phat
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trién theo cac kiéu cia My. Cac nudc ¢ ving bién Béc bat dau khai thac
hé thong nay nam 1956, nhung h¢ thong nay thudc ki€u truy nhap khai
thac nhan cong vadi bang tan 150 MHz.

Sau d6, ITU-R di khuyén nghi kiéu truy nhdp ty dong va bay gio hé
théng 450 MHz NMT duoc khai thac ¢ phia Bac va kiéu tu dong bang tan
250 MHz dugc str dung & Nhat.

Trong thoi ky déu cia thong tin vé tinh hang hai, hé thong MARISATA
duoc khai thac nhu la moét hé théng ndi bd cong ty va theo do
INMARSAT duoc thiét 1ap va khai thac vao nam 1979 va rat nhiéu dich
vu nhu dién thoai, telex, dir li€u, va ctru hd hang hai da dugc cung cép.

Hé thong giai phap tong thé GMDSS (H¢ théng ctru nan va an toan hang
hai toan cau dang dugc phat trién va s& duoc sir dung.

3/ Thong tin di dong hang khong.

Trong thong tin di dong hang khong ¢6 dich vu dién thoai vo tuyén san
bay dé kiém soat bay va hé thong dién thoai cong cong hang khong cho
hanh khach. Dich vu dién thoai c6ng cong hang khong kiéu thong tin truc
tiép gilra dai mat dat va may bay - dugc sir dung mot phan & My, Nhat va
mot s0 nudc khac. Cac kleu cha yéu coa no la ARINC va Airfone - la
nhiing kiéu dugc phét trién & My. Bang tan 1a 800 - 900 MHz - dung
chung véi biang tan ctia thong tin di dong mit dat. Diéu ché ¢ day 1a SSB.
Vé truy nhap cudc goi, loai thir nhét 1a chuyén vung thong tin va loai sau
1a kiéu viing thong tin phu thudc.

Theo sy phat trién ciia k¥ thuat thong tin vé tinh di dong hang khong
dang duoc xuc tién mot cach tich cuc viéc st dung dich vu dién thoai
cong cong hang khong thuc su s& duoc md rong cho cac dudng bay qudc
té sau nhitng ndm 1990.

2.5.2 Cau hinh ciia hé thong thong tin di dong

CAu hinh cta hé thong thong tin di dong c6 thé khac nhau tuy theo céc
dang dich vu va thudng bao gdm tong dai chuyén mach dién thoai di
dong, tram géc di dong va cac dau cubi dién thoai vo tuyén. Céc mang co
ban tiéu biéu cua cac hé théng dién thoai xe cd va tau bé dugc mo ta
trong hinh 2.32.

Trong d6, ving bao phtl ctia mot tram gbe 12 mot ving thi nhiéu ving tao
nén mot tram chuyén mach va bién giéi vao mot tram chuyén mach c6
thé xtr 1y s& 1a mot ving luu luong... Toan bd ving phuc vu duge hinh
thanh bdi vung luu luong nay.
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b SAu hinh hE thong vign thang 1au b2
Hinh 2.32 C4u hinh ctia hé théng vién théng xe co va tau bé
1/ Tram chuyén mach vién théng.

Tram chuyén mach lién két mang thong tin di dong voi PSTN va hé
théng chuyén mach & tram chuyén mach 1a dang tu dong va diéu khién
theo chuong trinh luu trit. Cac chirc nang chinh ciia n6 1a dau ndi cac thué
bao di dong v4i nhau va véi cac thué bao ciia PSTN. Vi vady MTX can
phai ¢6 cac chic ning khac véi hé thong chuyén mach PSTN, chang han
nhu chuyén ving tim kiém vi tri va dang ky.

Chuyen ving nghia 1a trong qua trinh cudi go1, néu may di dong di
chuyén khoi ving phuc vu cia mot khu vyc cu thé thi hé thong s& chuyén
cudc goi nay sang mot kénh tan s m&i & mot khu vue té bao méi ma
khong lam gidn doan cudc goi. biéu nay duogc thuc hién béng mot hé
théng tinh toan phirc tap, mot hé théng nhay cam va diéu khién chinh xac.
Phuong phap chung & day 14 bang viéc giam sat chat lugng tin hiéu (murc)
ctia ting kénh thu dugc tir cac tram goc khac, khi chat luong tin hiéu bat
dau giam dudi mic quy dinh thi khu vuc t& bao hién tai s& chuyén tin
hiéu bao dong cho tram chuyén mach sau d6 tram chuyén mach s& yéu
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cau do chét lugng tin hiéu cua kénh di téi tram goc bién canh dé xac dinh
xem ving nao xur 1y cudc goi va sau d6 dua vao két qua nay chon ra ving
t6i wu. Viéc dang ky don vi 12 khi thué bao di dong dich chuyén tir nha
dén vung luu lugng khéc, tram nha s€ lam cho tram da dich chuyén phat
hién ra thué bao di dong va hé thong & nha s& luu trit lai cac thong tin
dang ky dé dau ndi cudc goi. Va tram chuyén mach can phai co chirc
nang 1a tat ca cac thong tin dich vu khac duoc luu trir trong hé thong
chuyén mach dé dau nbi cac thué bao di dong vdi nhau va cic thué bao
PSTN.

2/ Tram géc.

Tram gdc dung dé ndi tram chuyén mach vién théng di dong va mang di
dong va no bao gdom thiét bi thu phat, angten va thiét bj diéu khién. Chtc
ning chinh ctia né 1a diéu khién va quan 1y ving da dugc phan dinh bang
cach chuyén cac tin hiéu goi dén/goi di gan kénh, giam sat kénh va tu
chan sai. D& giam tdi thiéu can nhidu cua cac ving bén canh thi cac yéu
t6 nhu phan bd tan sé va phan bé ma ving rat quan trong. Nhiing diéu
nay duoc nhiac dén trong phan hé thong dién thoai di dong.

3/ May di déng cua dién thoai vé tuyén.

May tir dong nghia 1a thiét bi thong tin dugc trang bi dé di dong nhu 13 xe
cd, tau be, may bay va chiung bao gom dién thoai cam tay, chudéng bo tui
va dién thoai vo tuyén xach tay.

2.5.3 Phuwong phap truy nhap kénh

Trong thong tin di dong, can phai diéu tiét cang nhiéu nguoi st dung
cang tot trén cac ngudn tan s6 gidi han. Truy nhap kénh duoc phéan loai
thanh kiéu chiém dung kénh va phan chia kénh. Kiéu chiém dung kénh 1a
truy nhap tét déi voi thong tin lién tyc nhu dién thoai. Co da truy nhap
phan chia theo tan sb trong hé théng té bao tuong ty, da truy nhap phan
chia theo thoi gian du st dung trong hé thong té bao sb, va da truy nhap
phén chia theo ma.

Kiéu chia kénh duoc goi la truy nhap ngau nhién vi n6 cho phép c6 va
cham va nguoi sir dung c6 thé chuyén mot cach doc 1ap tin hiéu géc mot
cach ngau nhién. Cé cac loai truy nhap ALOHA, ICMA (da truy nhap
chuyén tin hiéu r01) va CSMA (da truy nh@p nhay cam song mang).
Trong hé thong té bao, khi may di dong tién hanh cudc goi va chuyen tin
hiéu diéu khién dé yéu cau kénh tdi tram gdc thi truy nhap ngiu nhién
dugc st dung.

1/ FDMA,/ TDMA/CDMA
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Hinh 2.34 Cau hinh ctia hé thdng thu phat (tram géc)

Mait khac trong CDMA thi séng da duoc diéu ché thir nhat cta sd liéu
phéat duoc diéu ché truc giao thir hai bang ma khuyéch tan. Ty 1& dai
thong gitra song diéu ché 1an thir hai va song diéu ché lan thir nhat goi 1a
hiéu qua khuyéch tan. Néu khuyéch tan nguoc bang ma khuyéch tan nay
thi chiing ta lai nhan duoc song diéu ché 1an thir nhat.

Nguoc lai voi truong hop FDMA va TDMA trong do tin hiéu la tryc giao
trong timg mién tan sd va timg mién thoi gian, dé tranh sy va cham, cac
tin hiéu goc cua khach hang trong CDMA diém dic trung cta no 1a tin
hiéu duoc truc giao hod & mién ma.

2/ Truy nhdp ngadu nhién.

Trong truong hop truyén thong goéi ma yéu cau thong tin 12 ngau nhién va
kha nang tao nhom cao, mac du mdt kénh vo tuyén dugc dung chung cho
nhiéu ngudi st dung nhung xac suat va cham thap. Bang cach st dung
truyén théng goc theo théng ké ndy, viéc truy nhap dé thuc hién ghép
kénh duoc goi 1a da trung nhap thdng ké.
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Truy nhép ngiu nhién don gian nhat 13 ALOHA. T mdi khi goc thong
tin can phat dugc tao ra may di dong gitr goc thong tin nay toi tram goc.
Khi ¢6 xuat hién 16i trong goc thong tin ndy tdi tram gdc. Khi ¢6 Xuat
hién 13i trong goc thong tin thu duoc do va cham thi tram gbc yéu cau
phat tra lai cho may di dong. Chéng ICMA phat hién duoc khi nao duong
thong dén tram gdc khong bi chiém (cha c6 may di dong nao phat, va khi
nao duong thong dén tram gbc dang duoc st dung (mot may di dong
dang phat) va tranh duoc va cham trong kénh vo tuyén tir tram gbc xudng
(tir tram gbc dén may di dong).

3/ FDMA

Phuong phap don gian nhat vé truy nhap kénh 1a da truy nhap phan chia
tan s6. FDMA 1a thé hién kénh bing hep ma don gian 1a bat ky dau cudi
nao cling c6 mot dudng dién thoai theo mdi kénh ma né cé thé truy nhap
t6i bat ky tan s6 nao. Doi khi hé théng nay con dugc goi 1a mdi kénh trén
mot song mang. Phan chia tan s ¢ ddy 1a mdi may di dong co thé sir
dung mot duong dugc tao ra bang cach nay (xem hinh 2.35). Pa truy
nhap phan chia tan sd c6 nghia 1a nhiéu khach hang c6 thé sir dung dai tan
da dugc gan cho ho ma khong bi trung nho viéc chia phé tan ra thanh
nhiéu doan.

Ghép kénh phan chia tin s6 1a: tin hiéu can duoc phat tdi mot sé khach
hang tir mot may phat s& duoc phat di bang cach phan chia cac bing tan
va may thu sé& chon thong tin thudc bang tan ciia n6. FDMA 1a phat tin
hiéu téi mot s6 may thu. Do vay, néu sir dung FDMA trong hé thong té
bao thi FDMA phai 1a kénh nghich (backward channal) FDM Ia kénh
thuan (Forward channel). N6 duoc goi la FDM/FDMA.

Hinh 2.35 (trunked). 1 mach trén mét mach RF

Nhitng wu diém cua da truy nhap phan chia tan sé 1a mot trong nhirng van
deé kho khan trong vi¢c thuc hién hé thong t€ bao s6 do6 1a su khuyéch tan
tré do thoi gian dén bi tré cia song da duong trong kénh té bao, n6 gay ra
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Hinh 2.36 So dd khai niém cta théng tin di ddng TDMA
(1) Pinh thoi phat va thu

Hinh 2.37 Chi 1 viéc dinh thoi phat va thu tai tram gbc va ché d6 dinh
thot tai may di dong trong truong hop ba kénh TDMA, chu ky phat, thu,
trbng duoc lip di lap lai trong may di dong. Do viéc dinh phat va thu
khéng tring nhau nén khéng can dén bo loc chon Iya thu phat trong may
di dong. Khoang thoi gian trong duogc st dung dé do muc thu cua céc
tram géc lan can.

Hinh 2.37 Binh thoi phat thu & tram gbc
2/ Cdu hinh cia khung

CAu hinh cua khung duoc trinh bay trong (Hinh 2.38). Nhom cua tuyén
Ién (tr may di dong dén tram gdc) bao gdm phan mao dau, tir ma déng bod
dir liéu diéu khlen dur liéu cua nguoi sir dung va thoi gian bao vé. Vi
khung cta tuyen Xuong (tir tram gbc dén may di dong) 1 tin hi¢u lién tuc
nén khong can thiét phai c6 phan mao dau va thoi gian bao vé. Phan mao
dau 1a hé théng ma cua dong bd song mang va ddng bo déng hod. Khi phat
hién tré thi viéc tai tao song mang 1a khong can thiét va ma dong bo song
mang 13 mi 1 boi vi song thu phai 13 song chuan dé phat hién bang cach
tao ra thoi gian tré ma 1).
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Tir ma dong bd chi rd diém bat dau cua dir 1i€u di€u khién va di liéu
nguoi s dung. Dir li€u di€u khién dung dé diéu khién kénh v6 tuyén
trong thong tin.

A ) nguen S0 dung
dien khie .

Hinh 2.38 C4u hinh cta khung
3/ Piéu chinh thoi gian bdo vé va dinh thoi phdt.

Khi mét may di dong giri chum tin hiéu hudéng 1én dé tao dinh thoi cho
tin hiéu TDMA hudng xudng, d6i khi chum nay bi xung dot boi vi cu ly
gitta cac may di dong t6i tram gdc 13 khac nhau. Chang han nhu khi khe 1
duoc gan cho mot may di dong ¢ xa tram gbc va may di dong gan nhat
duoc gan khe 2 thi phan cubi cta tin hiéu chum s& va cham véi khe 2 boi
vi chum tin hiéu cia may di dong 1 dén cham. Piéu nay nhu duoc trinh
bay trong hinh <hinh 2.38>, ¢ thé tranh duoc bang cach dua vao st dung
thoi gian bao vé. Tinh hubng ma cé thé tranh dugc xung dd dugc trinh
bay trong <Hinh 2.39>. Khi ban kinh té bao 1a R thi thoi gian bao vé (g)
dién hinh 1a 2R/C (gidy) trong d6 C 1a van toc anh sang. Khi R-3km thi g
1a 20s. Néu thoi gian bao vé qua dai thi hiéu qua cua khung [(d6 dai cua
dir liéu diéu khién + dir liéu nguoi sir dung) do dai khung] bi giam.

Viéc diéu chinh dong thoi phat 1a phuong phap diéu chinh dinh thoi gian
phat cia may di dong theo cu ly tir tram gbc dé nhan duoc tin hiéu khoi
cua tung may di dong ma viéc dinh thoi n6 dugc mo ta 6 <Hinh 2.37>
vao khong gay ra xung dot ¢ tram gbc. Mic du hiéu qua su dung khung
khong giam no Van can phai do khoang cach. N6 duoc chap nhan sir dung
khi hé théng ¢ téc d6 bit cao, noi khong thé chap nhan giam hiéu qua
khung du c6 thoi gian bao vé gidng nhu hé théng té bao 16n.

4/ Thu tin hiéu nhom.
Tuy nhién, cac tin hi¢u nhém tr cdc may di dong khong xung dot voi
nhau do diéu khién dinh thoi phat va thoi gian bao vé va dinh thoi dong

hd cua tin hi¢u nhom la nhap dong bo. Vi vay, vi€e tai tao lai ddng ho
nhom ciia mdi may di dong 1a can thiét & tram gbc.

Vi tin hiéu nhém duoc phat mot cach tuan hoan tr may di dong trong
kénh truyén thong cho nén vi¢c tai tao dong ho ma khong can phai vi



HE THONG THONG TIN QUANG — VO TUYEN 71

phan mao dau duogc thuc hién bang cach duy tri gia cua tin hiéu dong hd
da duoc tai tao cho dén khi thu duoc tin hiéu nhom tiép theo va thuc hién
phuong thire tai tao dong hd thong thudng khi nhan duogc tin hidu nhom.
Mit khac, kénh diéu khién chung 13 truy nhdp ngdu nhién va tin hiéu
nhom duoc bo sung phan mao dau dé tai tao dong hd. Pé khong lam giam
hiéu qua khung thi viéc ddng bd hoa ddng hd can phai duoc chén vao 1
phan mao dau ngin véi tbe d6 cao. N6 co thé 1a dong bd tdc do cao bang
cach déng bo hoé pha dau tién cua déng ho tai tao véi tin hiéu nhan dugc.

(5) Giam sat mic thu & tram gdc bén canh su diéu khién chuyén ving dé
lam cho cudc goi duoc lién tuc béng cach phat hién ra bao do6i dich
chuyén va chuyén té bao nay sang kénh vo tuyén khi may di dong dang
goi t6i t€ bao dd di chuyén 1a mot k¥ thudt dieu khién quan trong khi
cuong do truong cua tin hiéu thu dugc tai tram gbc bi giam (trong hé
thong té bao tuong tu) cac tram gdc trong té bao bén canh s& do cuong do
tin hiéu cia may di dong ngay lap tirc. Cuong d9 tin hiéu manh nhat cua
té bao tram goc dugc nham vao té bao da dich chuyén va kénh vo tuyen
cta tram gbc nay duoc gan cho mdy di dong. Tuy nhién su phat hién té
bao dich chuyén nay di duoc st dung trong FDMA. Néu sb nguoi sir
dung ting 1én thi qua trinh diéu khién chuyén ving sé rat 16n ¢ tram goc.
Trong TDMA ngoai khe phat va thu con c6 mot khe trong. Nén né duoc
str dung thi qua trinh diéu khién cta tram goc s& dugc don gian hoa rat
nhiéu boi vi ¢b thé do cuong do tin hi¢u tur tram géc gﬁn do va no duoc
danh gia 1a té bao da dich chuyén.

5/ CDMA

Trudc day rat 1au, do nhitng déc tinh cia hé thong thong tin trai pho la rat
manh vé mit chéng nhidu va co loi thé cho thong tin bi mat duong dai,
cho nén nd da duogc sir dung trong thoéng tin quan sy. Pau nhimg nim
1980 do cong nghé ban ddn VLSI va nhd su phat trién cta ky thuyét
thong tin d6 truy nhap phan chia theo mdi trong d6 ndé ghép kénh bang
viéc diéu ché day tryc tiép di duoc thuong mai hoa trong cac hé thong
thu GPS va Ommi-Tracs. Ciing theo cach nhu vdy, CDMA di ndi 1én nhu
mot hé théng thong tin di dong d6i kénh tir cudi nhitng nim 80.

Trong bdi canh nay trude hét, nguyén 1y co ban, dugc xuit phat tir 1y
thuyét cua Shannon, trong d6 dung lugng thong tin c6 thé dat rat 16n theo
cong thuc sau; mac dau do rong cua bang tan st dung (w) 16n thay cho
viéc ty s tin hi€u trén tap am (S/N) nho hon 1.

C = Wlog, (1+S/N) [bps] (2.40)

= 1.44W n(1+S/N)

Trong d6 néu S/N néu 0,1 thi C sé& 1a
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C=1.44W (S/IN) (2/41)

Vi vay, khi W>S/N thi C ¢6 thé 16n v6 han, néu nhiéu ngudi sir dung phat
va thu dya nhau theo mgt ma khac nhau thi c6 thé truy nhép lua chon 1-1
gitra tan sO phat va thu.

Hinh 2.40 Nguyén ly ctia hé théng CDMA

O day, dé hiéu mot cach don gian qua trinh ma hoa pho khuéch tan gitra
phat va thu cta hé théng CDMA, nguyén 1y cia n6 duoc trinh bay trong
hinh 2.40. Cy thé 1a ¢ phia phat, thi ddi twong dé ma hoa va chén dir liu
am thanh di duogc s6 hoa (9,6 Kbps) dugc ghép kénh thanh tin hiéu diéu
ché nho ma gia tap am 1,2288Mbps (9,6kbps x 128) vai tan sd sdng mang
Fo. N6 dugc blic xa qua dngten rang cach dugc ghim trong bo loc bing
thong c6 dong bang 1a 1,25MHz. Mit khac, & phia thu thi tin hiéu thu tir
angten di qua b loc bang thong co do dai thong la 1,25MHz va duoc
diéu ché véi song mang gidng nhu ¢ phan phat bang b ma hoa gia tap
am 1,2288 Mbps, cong voi bo tuong quan va sau do so ligu am thanh
nguyén thuy va gia tap am dugc loc bang bd loc sd. Va s liéu 4m thanh
c6 thé duoc tai tao bang cach giai chén va giai ma.

DPong thoi sb liéu am thanh cuia cac kénh khéac ciing nhu tap 4m va nhiéu
vi s liéu Am thanh géc ¢ thé duoc phan chia va nhan dugc nhu trong
hinh 2.40. Piéu d6 c6 nghia 1a sé liéu 4m thanh giéng nhu (a) dugc bic
xa cing véi (¢) voi va mdi tin hiéu bang da duoc khuéch tan tir bo ghép
kénh giong nhu (b) dugc birc xa tir dnten ra khong trung véi cuong do chi
khuyéch tan trong do rong bang 1,25 MHz. ¢ dnten thu c6 thé thu duoc
tap 4m nén (g), nhiéu bén ngoai (h), nhidu cia té bao khac (i), tap 4m tir
ngudi st dung khac (j) ma né duogc phat & chd khac, cling nhu séng thu
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mong doi. Nhém song vo tuyén nay dugc loc trong bd loc cd do rong
bang la fo+(1,25/x) MHz va duogc cOng vao voi by tuong quan co
f0=91,2288/x) Mbps ctia dugc tao ra ¢ phia thu.

Khi di qua bo loc, (g), (h), (1), (j) s& tro thanh bang khuéch tan trong
pham vi 1,25MHz. Tin hiéu khuéch tin mong muén (b) bi co lai trong
pham vi dai 10KHz, nhung no chia sé véi tin hiéu mong muén & (d) va
tin hiéu khuéch tan khong can thiét sy phan b6 cudng d6 ciia chung (ning
luong dién) van gilt nguyén nhu 1a cudng do tap am & do rong bing
10KHz giéng nhu (d), vi vay (C/I) cta tin hiéu mong doi (c) tré nén tot
nhu 13 hiéu qua khuéch tan (128 lan).

Dé hiéu duoc thu tué khuéch tan ndy mot cach dé dang, cong thirc don
gian duogc trinh bay nhu sau. Pau tién néu s6 liéu 4m thanh 9,6kbps duogc
diéu ché 1an thir nhat ¢ phan phat 13 a(t), hé théng PN 1a C(t), song duoc
phat 13 y(t) thi khi d6 chung ta c6 thé nhan dugc cong thire lién quan nhu
sau:

Y(t) = a(t) x c(t) (2.42)

Néu tin hiéu khong giam va khéng cé can nhidu hay tap am thi y(t) thé
hién tin hiéu thu nhu nd von cé. Trong trudng hop khuéch tan nguoc do
n6 duogc nhan véi cing mot trong cta phan phat nén dau ra khuéch tan
nguoc z(t) la:

Z(t) = Y(t) x c(t) = a(t) x {c(t)}* (2.43)

Trong d6, mic du c(t) 1a sé ngdu nhién thi gia tri cia né chi gidi han
trong 1 vo1 binh phuong cua c¢(t) bao gio cling = 1. Cho nén J(t) giong
nhu duogc trinh bay dudi day:

2(t) = a(t) (2.44)

Tuong tu nhu vay ta ¢ thé biét rang song hoan toan giéng nhu vay co thé
duoc tao ra tai cung mot thoi diém & phia thu. & day néu hé théng PN Ial
s6 ngau nhién bén trong thi d6 13 mot truong hop tot. Nhung néu 1a nhu
vay thi khong thé tao ra dugc mét cach déng tho1 mot hé théng hoan toan
gidng nhu vay. Vi vay phai st dung sb gia dinh.

2.5.4. Cau hinh té bao
1/ Khdi niém vé hé thong té bao.

Do ngudn tan sb giéi han cta théng tin vo tuyén diéu quan trong 13 can
phai tan dung tan s6 mot cach tét nhét Vi vay khi chiing ta thiét lap mot
hé théng vién thong di dong, van dé cot 161 1a phai str dung lai cung 1 tan
s6 ¢ dia diém cach xa noi sir dung cliing tan sd nay.



HE THONG THONG TIN QUANG — VO TUYEN 74

) :'-.-‘;:_L\.' di dfing

). CEu don hinh (ciu hinh ving réng) (b, Céu da hink {cdw hinh vung h

Hinh 2.41 C4u hinh ving

Trong sb cac dang truyén thong cia thong tin di dong thi c¢6 nhiing dang
ma cac may di dong lién lac véi nhau khong can tram goc gidng nhu thiét
bi thu phat va c6 nhimg dang ma cac may di dong lién lac v61 nhau thong
qua tram gbc nhu dién thoai trén tic xi va trén xe cd. Dbi véi loai thir I thi
ban than nguoi str dung kiém tra xem c6 nhifu khong, sau d6 méi lién
lac. C6 thé st dung lai tan sd nhung hiu qua thi thép Mat khac déi voi
dang thong tin thong qua tram goc co thé su dung ké hoach tan so6 lap lai
mot cach rat hidu qua bang cach phan bd tan s6 & tram goc Tuy nhién
trong trudng hop hé théng vién thong di dong c6 tram gbc thi nd cb 2
loai: loai thir I' la tram bao phu khu vuce phuc vu gidng nhu 1a lién lac vo
tuyen tac xi, loai thi IT 13 da tram gbc bao phu khu vuc phuc vu nhu 1a hé
théng dién thoai xe ¢g. Vung la mot mién ma séng vo tuyén co thé dén
duoc tram goc va loai thir nhat 13 loai vung don, loai thtr II 1a loai da
vung.

Ving don duoc goi 1a ving 16n bdi vi 1 tram gbc bao phu mot khu vuc
phuc vu 16n. C6 thong tin vo tuyén tac xi, hé théng nhan tin va MCA
(TRS). Dang nay co cau hinh don gian duoc nbi véi may di dong, cac
thiét bj phat/thu ¢ tram gdc, tong dai hay hé thong chuyén mach. Nhung
dé duy tri dugc vung phuc vu 16n thi cong suat phat ctia may di dong cta
tram goc cAn phai 16n. Vi vay, néu cy ly khong di 16n thi khong thé sir
dung ang ten mot tan so Va néu so sanh voi dang da vung thi don vung
khong sur dung lai tan sd theo dia 1y vi vay hé s sir dung tan so thip hon
d6i v6i da ving. SO di goi 14 ving nho bai vi ving ctia tram gdc nho hon
so v6i ving cua tram goc ctia don ving trong d6 ving phuc vu tuong (mg
v6i ving ndy. Ving nho cé cac dic tinh sau néu so sanh véi ving 16n.

1/ Hidu qua st dung tan s6 t6t hon boi vi mot tin s6 c6 thé sir dung &
nhiéu ving khac nhau ¢ cu ly twong d6i xa nhau don dé tranh nhidu
trong khu vuc phuc vyu. Trong cang nho thi ty 1& st dung lai tan sb
cang 16n.

2/ Chat luong tét hon béi vi ving phuc vu bao gdm nhiéu ving nho
lién tuc. Tuong doi1 dé dap ung duoc yéu cau vé cu ly khu vuc phuc
vu, cau hinh v.v...
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3/ Cong suat phat co thé thdp hon. Can phai giam sat trang thai va
dleu khién trung nhép bang cach trao d6i thong tin gitra nhiéu tram
gbc dé dam bao hiéu qua va tinh lién tuc ctia mot géc. Cau hinh cua
hé thong thi phirc tap. Mic du cau hinh cua ving nho phire tap nhung
n6 c6 thé bao phu 1 khu vuc phuc vu rong 16n va thyc hién duge mot
hé thong 16n ¢6 hiéu qua tan sé cao.

Vi vay n6 dugce suir dung trong hé théng dién thoai, xe cd va hé thong dién
thoai di dong. Trong cau hinh cua vung nho thi khu vyc phuc vu glong
nhiéu ving va mdi vung trong nhu mot té bao va néu tram goc 1a 16i thi
n6 dugc goi la hé¢ thong t6 ong (collular). Mobi vung dugc goi 1a mot te
bao. Trong hé thong t6 ong can phai xac dinh s6 luong va do 1on cua té
bao bang xem xét dia hinh, su lan truyén song vo tuyen luu lugng v.v..

Dic biét chiing ta can phai nghién ciru nén bb tri tram goc nhu thé nao de
loai trir nhitng 16 hong ctia khu vuc phuc vu va can nang cao hiéu qua st
dung tan sd nhu thé nao. Viéc nghién ctru nay duoc goi 1a phan bé té bao.

2/ Phén b6 té bao.

1/ Phan bd té bao theo kiéu tuyén tinh da theo kiéu dia hinh khi phan b
té bao dugc bd tri theo kiéu tuyén tinh do khu vuc phuc vu nam trén bo,
doc theo bo bién hay doc theo duong truc giita cac thanh phd 16n cach
nhau vai chuc kilomét thi t& bao duogc bd tri theo hang doc va stir dung lai
tan sd sau mdi vong. Chang han, 3 té bao sir dung lai cudc goi trén tau &
cang, cudc goi trén tau hoa va cudc goi trén may bay. <Hinh 2.42> miéu
ta sy 1ap lai ctia 3 té bao trén sy phan bo té bao kiéu tuyén tinh.

Khi khu vyc phuc vu c¢6 kiéu dia hinh (mat phang) gidng nhu cic cude
gol cua cac xe cd thi rat nhiéu té bao dugc phan bé mot cach phuc tap
theo md hinh té bao l3p lai trén khu vuc phuc vu khong c6 chd hé.

Phan bo té bao theo dja hinh nhu sau:

Mic du hinh dang té bao thyuc té phic tap do su lan truyén vo tuyén chiu
anh hudng cua cac yéu to tu nhién va dia 1y, t€ bao sé dugc mo hinh hoa
va cac vi tri t&€ bao dugc phan bo déu dan trén viung phuc vu ¢ do.
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Mach dign thoai mal dai

Hinh 2.42 Vi du kidu tuyén tinh 13p lai ba t& bao
2/ Hé dang té bao

Néu angten da hudng phat soéng vo tuyén trén khu vue mit bang thi ving
bao phu c6 dang hinh tron. Khu vuc té bao duoc xac dinh bﬁng cac diém
c¢6 cung vi tri mirc thu trung binh gitra cac vi tri té bao trong khu vuc lan
truyén song vo tuyén va co dang hinh da gidc. C6 3 phuong phap dé bao
phu kin khu vuc bang cac té bao hinh dang da giac c6 kich thudc nhu
nhau (hinh 2.43).
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Hinh 2.43 Hinh dang té bao

Bang 2.3 Khoang cach tam gitra cac té bao

Kiéu té bao don vi Khoang cach tim gitta cac té bao ké nhau
Tam giac déu (a) R
Hinh vudng (b) 2R
Luc giac déu (c) PR
Hinh vé

(a) Trwong hop té bao hinh tam giac déu
(b) Trwong hop té bao hinh vuéng

(c) Trweng hop té bao hinh luc giac
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Puong ndi tdm cta khu vuce gde 18n nhau s& ¢ hinh tam giac déu, hinh
vudng hay hinh lyc gidc déu. Khong co6 bat ky hinh dang té bao da giac
phan bd déu nao khac ngoai cac hinh trén. Chung dugc goi 1a kiéu té bao
tam giac déu kiéu té bao hinh vudng va kiéu té bao luc giac déu. Mdi kiéu
té bao c6 nhirng dic tinh riéng ciia minh.

a. Cu ly té bao: Khi bao phu khu vuc véi mdi dang té bao thi khoang cach
tam s€ nhu & trong <bang 2.3>. Khoang cach tam cua dang luc giac déu
1a 16n nhat.

Bang 2.4 Khu vuc té bao don vi la khu virc gbc 1én nhau

Kiéu té bao donvi  |Khu vuc té bao don vi Khu vuc chong lan
3 I(2-3
4 2
Hinh vuong 2R2 [((2-4)R20.73R2
3
Luc giac déu V3R20.26R2 (2-3v3)R20.35R2
2

R: D0 rdng cua t€ bao chong lan
Hinh vé

Bang 2.5 Do rong cua té bao chdng 1an

Kiéu té bao don vi D0 rong cua té bao chéng lan
Tam giac déu R
Hinh vuong (2- 2 )R 0.59R
Luc giac déu |(2 -3 )R 0.27R
R : Ban kinh
Hinh vé

b. Khu vuc té bao va khu vuc chdng 1an: Khi cac té bao phan chia khu
vuc thanh céc té bao don vi ¢6 cung kich thudc va khu vuc chéng lan s&
khac nhau tuy theo timg kiéu té bao nhu <Bang 2.4>. Khu vuc té bao don
vi 12 mot khu vuc dugce bao pha bai tam gidc déu tdi thiéu hoa sb luong té
bao dé bao phu mét khu vuc. P9 rong cua té bao chéng lan duoc trinh
bay trong <bang 2.5>.
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c. SO luong tan so can thiét t6i thiéu: Do khong thé sur dung cung mot tan
s6 vi nhiéu véi cac té bao bén canh, cho nén sé lugng tan sb can thiét tdi

thiéu dugc trinh bay trong <bang 2.6>.

Bang 2.6 S6 lwong tan sbé can thiét téi thiéu.

Dang té bao don vi

SO luwgng tan so can thiét toi thieu

Tam giac déu

|6

Hinh vudng

4

Luc gidc déu

3

Mdi dang c6 nhiing dic tinh riéng ctia nd. Dang tam gidc déu 1a khong
thich hop trur truong hop ddc biét va dang t€ bao luc giac déu la hiéu qua

nhét.
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LOI CAM ON

HAm nay chling em 1a nhitng sinh vién sip phai xa truong, xa thay cd, xa ban bé
v6i nhitng ky niém vui budn trong ki trc. Pé duoc nhu ngay hom nay, phai ton biét bao
cong strc tién ciia cta cha me véi biét bao nhiéu cong lao day dd cia thay co va bén
canh d6 1a sy chia sé , dong vién caa ban be. Vi thé trude lac ra truong dé di tim cudc
séng riéng cho mdi nguoi, ching em mudn gdi dén cha me, thay co va ban bé ddi 10i
cam on.

Loi dau tién ching em xin cam on gia dinh, cha me va cé&c anh chi em 10i cam
on chan thanh vi d4 tao diéu kién cho ching em hoc tip va gitp d& em nhiéu mat vé
vat chat ciing nhu tinh than. D6 12 101 cam on sdu ddm ma ching ta phai nhé va tri an
sudt doi.

Bén canh d6 chung em xin chéan thanh cam on Ban Giam Hi¢u Truong : Cao
Pang K§ Thuat Cao Thiang d4 tao cho chung em c6 mot co s¢ hoc tdp voi nhing diéu
kién vat chat tot dep.

Tiép theo chung em xin chan thanh cam on quy thdy cb giang vién da dan dat va
day do chung em trong 3 nim qua. Thay c¢6 khong nhiing 12 ngudi gieo mam kién thirc
ma con 1a ngudn dong vién giup d& ching em vai su nhiét tinh va vui vé ma ching em
kho6 quén duoc.

Dic biét ching em xin chan thanh cam on Thay Th.s Tong Thanh Nhan da tan
tinh huéng din ching em hoan thanh dé tai tot nghiép va Thay Th.s Nguyén Phu Quéi
da tan tinh day do va quan tdm chlng em véi cuong vi 1a gido vién chi nhiém.

Pong thoi chiing em ciing goi 151 cam on dén tat ca cac ban bé d4 cung nhau
gan bo chia sé nhitng vui budn trong 3 nim qua.

Cubi cling chiing em xin chdc quy thay c6 va cac ban stc khoé dbi dao va ngay
cang thanh cong trong cudc song.

SVTH
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LOT NOI PAU
Ngay nay clng véi su phat trién khong ngimg vé thong tin vién thong, hé théng
truyén din quang — truyén tin hiéu trén sgi quang d& va dang phat trién & nhiéu nudc
trén thé gigi. Thong tin quang chiém giit vai trd chinh trong viéc truyén tin hiéu & cac
tuyén dudng truc va cac tuyén xuyén luc dia, xuyén dai duong.
O nuéc ta thong tin tuyén cap quang dang ngdy cang chiém vi tri quan trong
.C4c tuyén cap quang dugc hinh thanh, dic biét 1a hé théng cap quang Ha Noi — HO
Chi Minh chiém mét vi tri quan trong trong thong tin toan qudc.
Hiéu duoc tim quan trong cua van dé nay, ching em d4 chon “Hé thong thong
tin quang “ 1am dé tai cho do an tot nghiép. Dé tai gom 2 phan:
& Phan I: Ly thuyét chung
» CHUONG 1:TONG QUAN VE HE THONG THONG TIN QUANG
> CHUONG 2: SOI QUANG VA CAP QUANG
» CHUONG 3: THIET BI PHAT VA THU QUANG

» CHUONG 4: KY THUAT GHEP KENH PHAN CHIA THEO THOI
GIAN

& Phan II: Tinh toan va thiét ké

> CHUONG:TINH TOAN VA THIET KE TUYEN CAP QUANG
THEO QUY CONG SUAT VA THOT GIAN LEN.
Trong qué trinh hoan thanh quyén d6 4n nay do thoi gian va kién thirc cOn han
ché nén vin c6 nhiéu thiéu sét can bod sung va phét trién mong quy thay c6 va cac ban

dong gbép thém.

Tp.HG6 Chi Minh, thang 7 nam 2009.
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PHAN LY THUYET
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CHUONG 1

TONG QUAN VE HE THONG THONG TIN SOI
QUANG

1.1. Giéi thi¢u chwong
Trong chuong nay nham trinh by mét cach chung nhat vé hé théng thong tin

soi quang. Ngudn phéat quang & thiét bi phat c6 thé 12 LD hay LED, ci hai nguon nay
déu phi hop v6i hé théng thong tin quang. Bén canh do, tin hiéu anh sang sau khi duoc
diéu ché tai ngudn phat thi s& lan truyén doc theo soi din quang dé dén phan thu. Soi
quang c6 thé 1a sgi don mode hay soi da mode. Khi truyén 4nh sang trong soi quang
anh sang thudng bi suy hao v méo do cac yéu té hap thy, tan xa, tan sic gay nén. Phia
thu, b tach soéng quang s& thuc hién viéc tiép nhan anh sang va tach ly tin hiéu tir bén
phat dén va thuong dung cac photodiode PIN hay APD. D6 nhay thu quang ¢ bén thu
dong mot vai trd quan trong. Khi khoang cach truyén din kha dai téi mot cu ly nao d6
thi tin hiéu quang trong soi quang sé& bi suy hao nhiéu liic d6 nhat thiét phai c6 tram lip

quang lip dat doc theo tuyén.

1.2. Tong quan
CUng Véi sy phat trién ciia x4 hoi thi nhu cau cia con ngudi dbi véi thong tin

ngay cang cao. Pé dap tmg dugc nhitng nhu cau d6, doi hoi mang vién thong phai co
dung lugng 16n, toc do cao... Cac mang ludi dang dan dan boc 16 ra nhitng yéu diém vé
tdc do, dung lugng, bang thong... Mat khac, méy nam gén day do dich vu thong tin
phét trién nhanh chong, dé thich img vé&i su phat trién khong ngimg cua dung luong
truyén dan thong tin, thi hé thong thong tin quang ra doi d tu khang dinh dugc chinh
minh.

Nhu vy, voi viéc phat minh ra Laser dé 1am ngudn phat quang ¢4 mo ra mot
thoi ky méi c6 ¥ nghia rat to 16n vao nim 1960 va bang khuyén nghi ciia Kao va

Hockham niam 1966 vé viéc ché tao ra soi quang co6 do ton that thdp. 4 nim sau,
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Kapron da ché tao ra duoc soi quang trong subt co6 do suy hao truyén din khoang
20dB/km. Cho t&i dau nhimg nim 1980, cic hé thong thong tin sgi quang da dugce phd
bién kha rong rdi v6i ving budc song 1am viéc 1300nm va 1500nm da cho thay su phat
trién manh mé cua thong tin soi quang trong hon 2 thap nién qua. Ngay nay, cép soi
quang d4 tao ra nhitng trién vong méi cho cong nghé truyén thong téc do cao cling nhur
viéc hién dai héa mang thong tin va nhu cau két ndi thong tin. Sy két hop soi quang
vao bén trong day chdng sét cling nhu diy din da dem lai nhimg giai phap toi uu cho
nha thiét ké. Véi sy gia ting ctia day chdng sét va day dan dién két hop véi soi quang
khéng nhing chi truyén din va phan phéi dién ma con dem lai nhing loi ich to 16n vé
thong tin. Dicu d6 lam giam gia thanh cua hé thong va ciing chinh vi nhimg 1y do trén
ma cap quang dang dugc Gng dung rong rai trén thé gidi. Véi gia tri suy hao nay da
gan dat duoc gia tri suy hao 0.14dB/km cua soi don mode, tir d6 d& cho ta thiy hé
thdng thong tin quang c6 cac dic diém noi bat hon hé théng cap kim loai 1a:

= Suy hao truyén dan rat nho.

= Bing tan truyén dan rat 16n.

= Khoéng bi anh huéng ctia nhiéu dién ti.

= CO tinh bao mat tot.

= (¢ kich thudc va trong tai nho.

»  Soi co tinh cach dién t6t va dugc ché tao tir vat liéu ¢6 san.

V6i cac uu diém trén ma cac hé thong thong tin quang duoc ap dung rong réi
trén mang ludi. Chung c6 thé duoc xay dung 1am céc tuyén duong truc, trung ké, lién
tinh, thué bao kéo dai cho tdi ca viéc truy nhdp vao mang thué bao linh hoat va dap
mg duoc moi mdi trudng lp dat tir trong nha, trong cac cau hinh thiét bi cho t&i cac
hé thong truyén dan xuyén luc dia, vuot dai duong...Céc hé thong thong tin quang ciing
rat phll hop cho cac hé thong truyén dan sd khong loai trir tin hi¢u dudi dang ghép
kénh nao, cac tiéu chuan Biac My, Chau Au hay Nhat Ban.
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HE THONG THONG TIN QUANG

1.3. H¢ théng truyén din quang

Tin hiéu dién tir cac thiét bi dau cudi nhu: dién thoai, dién bao, fax so liéu... sau

khi dugc ma hda s& dua dén thiét bi phat quang. Tai ddy, tin hiéu dién s& dugc chuyén

d6i sang tin hiéu quang. Tin higu trong sudt qua trinh truyén di trong soi quang thi s&

bi suy hao do d6 trén duong truyén nguoi ta dat cac tram 1ap nham khoi phuc lai tin

hiéu

he théng (Ghys ko)

cla

Hign sudt

1000

100

12

1,0

o,1

He théng 5Gbfs, 233km
¥éi 5 b khugch dai quang

Scri dom mode

1 200n0m Tédch sdng

ket hop
- 5ol da mode domn mode
8000 1550nm

Téch séng
trre tiEp aoi
don moede
1550nm

Mim

1974 1974 1978 19&0 1982 1954 1958 1958 1990

Hinh 1.1: Sy phat trién cta cac hé thong thong tin quang

tin hiéu quang ban dau dé tiép tuc truyén di. Khi dén thiét bi thu quang thi tin higu

quang s& dugc chuyén d6i thanh tin hiéu dién, khoi phuc lai tin hiéu ban dau dé dua

dén thiéet bi dau cuoi.

Ma Thiét @D B @ Thiét Giai
—— hoa » bi phat Lap » bi thu » Ma |—»
Phat quang Soi Soi | quang Thu
quang quang

Hinh 1.2: Cau hinh cua hé théng thong tin quang.
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Hién nay, cac hé thong thong tin quang d4 dugc ung dung rong réi trén thé gioi,
chung dap ung dugc ca cac tin hiéu twong tu cling nhu tin hiéu sb, chung cho phép
truyén dan tat ca cac tin hiéu dich vu bang hep va bang rong, dap ung day di moi yéu
cau cta mang s6 hoa da dich vu (ISDN). S lugng cap quang duoc lap dit trén thé gisi
Vi s6 lugng ngdy cang 16n, & moi téc d6 truyén dan va & moi cy ly. Nhidu nudc ldy
mdi truong truyén dan cap quang 1a moi trudng truyén dan chinh trong mang ludi vién

thong cua ho.

1.4. Tong két chwong

Qua chuong 1 ta thay hé thong thong tin quang ngay cang duogc sir dung rong réi Vi
nhitng wu thé ndi bat ma cac hé thong khac khong co duge vé dic tinh k¥ thuat va hiéu
qué kinh té. Tuy nhién, ¢ danh gia sy thanh c6ng cia mot hé thong khong thé khong
n6i dén vai trd cla soi quang va cap quang, vin dé ndy s& duoc trinh bay cu thé o

chuong sau.
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CHUONG 2
SOI QUANG VA CAP QUANG

2.1. Gidi thi¢u chwong

Cuing voi sy phat trién ctia khoa hoc ki thuat thi cap quang va sgi quang cang
ngdy cang dugc phat trién nham phl hop v6i cac méi truong khiac nhau nhu dudi
nuéc, trén dat lién, treo trén khong, va dic biét gan day nhat 1a cap quang treo trén
duong day dién cao thé, & bat ky dau thi cap quang va soi quang ciing thé hién dugc su

tin cay tuyét doi.

2.2. Dac tinh cta anh sang
Pé hiéu duoc su lan truyén ctia anh sang trong soi quang thi trude hét ta phai

tim hiéu dic tinh cta anh sang. Su truyén théng, khuc xa, phan xa la cac dac tinh co
ban cua anh sang (dugc trinh by & hinh 2.1). Nhu ta d biét, 4nh sang truyén thang
trong moi trudng chiét suat khiic xa ddng nhat. COn hién tuong phan xa va khic xa anh
séng c6 thé xem xét trong truong hop c6 hai moi trudng khac nhau vé chi s chiét suét,
cac tia sang duoc truyén tir moi truong c6 chi sb chiét suit 16n vao moi truong co chi
s6 chiét suat nho thi s& thay doi hudng truyén ctia ching tai ranh gidi phan cach giita
hai méi truong. Cac tia sang khi qua ving ranh gigi nay bj doi huéng nhung vén tiép
tuc di vao mdi truong chiét sudt mdi thi d6 goi 1a tia khic xa con nguogc lai, néu tia
sang nao di trd vé lai moi trudng ban dau thi goi 12 tia phan xa.

2.2.1. Chiét suit ciia moi truong

>
I
<|o

(2.1)

Trong do:
n: chiét suat ciia moi truong
c: van tdc anh sang trong chan khong  ¢=3.10° m/s

V: van tdc 4nh sédng trong méi truong.
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2.2.2. Hién twong khiic xa va phan xa toan phan

Dinh luat Snell: Ny Sina. = N, SinB (2.2)
Tia khic xa
p
Moi trudong 2: n2 2’
Moi truong 1: nl \
3 oT a 3’
2
1 1”
Tia toi Tia phan xa

Hinh 2.1: Su khuc xa va phan xa anh sang

Néun,>n, thi «>p néuting athi B ciing ting theo va B ludn lubn Ién hon
a .Khi =90° tuc la song song voi mit tiép giap thi o duoc goi 12 goc t6i han a; néu
tiép tuc ting sao cho « >q, thi khdng con tia khic xa ma chi con tia phan xa, hién
tuong ndy goi 1a su phan xa toan phan.

Dua vao cong thirc Snell ta c6 thé tinh goc téi han:

sina, = 2., (2.3)

n

2.3. S¢i quang va cap soi quang:
2.3.1. Sur truyén din anh sang trong soi quang:

Ung dung hién tuong phan xa toan phan, soi quang dugc ché tao gom 1 13i
(core) bang thuy tinh c6 chiét sut nl va 1 16p boc (cladding) bang thuy tinh c6 chiét

Suit n2 v6i n1> n2. Anh sang truyén trong 16i soi quang s& phan xa nhiéu lan (phan xa
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toan phan) trén mit tiép giap gitra 18i va Iop vo boc. Do d6 anh sang co thé truyén

trong soi cu ly dai ngay ca khi soi bi udn cong trong gi6i han cho phép.

Lép boc (cladding)n2
L
> LGi (core) n
I/
Lép boce (cladding) n2

Hinh 2.2: Nguyén ly truyén dan anh sang trong soi quang

\

2.3.2. Ciu tao Ciia s¢i quang
Thanh phan chinh cua sgi quang gom 16i va 16p boc. Lai dé dan anh sang con
Vo boc dé gitt 4anh sang tap trung trong 16i nho su phan xa toan phan giira 16i va 16p

boc.

Ldi soi
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Hinh anh soi quang thyc té:

Pé bao vé soi quang tranh nhiéu tac dung do diéu kién bén ngoai soi quang con duoc
boc thém vai 6p nita:
% Lép phii hay 16p vé thir nhat: 16p phii co tic dung bao vé sgi quang
° Chéng lai sy xam nhép cua hoi nudc
o Tranh sy triy sudt gdy nén nhimg vét nit.

e Giam anh hudng vi uon cong

Lép pha duge boc ngay trong qua trinh kéo sgi. Chiét suat cia 16p phii 16n hon
chiét suat ctia 16p boc dé loai bo cac tia sang truyén trong 16p boc vi khi d6 sy phan xa

toan phan khong thé xay ra tai phan cac giita 16p pha va lép boc.
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% Lép vé:
Lép vo ¢o tac dung tang cudng suc chiu dung cua soi quang trudce cac tac dung co hoc
va sy thay doi nhiét do.

250um 125um

<Lérp vo (Cmp ph <&Lop boc &[ i ()
|

Cau tric sgi quang

2.3.3. Cap quang
Thuc té, dé dua cap quang vao sir dung thi cic Sgi can phai duoc két hop lai
thanh cép véi céac cau tric phll hop véi timg moéi trudng lap dat. Do phu thudc vao moi
truong 1ap dat nén cap quang co rat nhiéu loai: cap chon truc tiép dudi dat, cap treo
trong cong, cap treo ngodi troi, cap dit trong nha, cap tha bién...
< Thanh phan ciia cap quang: 16i chira soi din quang, cic phan tir gia cudng,
Vo boc, vat liéu don.

e L&i cap: Cac soi cap dd duoc boc chit nam trong ciu triic 10ng, ca soi va cau
tric long hodc rdnh két hop véi nhau tao thanh 16i cap. L8i cap duoc bao
quanh phén tir gia cudng cia cap. Cac thanh phan tao rdnh hoic cac éng boc
thudng duge 1am bang chat déo.

e Thanh phan gia cudng: Thanh phan gia cudng lam ting sirc chiu dung cua
cap, dic biét 1a 6n dinh nhiét cho cap. N6 c6 thé 1a kim loai, phi kim, tuy
nhién phai nhe va c6 46 mém déo cao.

e Vo cap: Vo cap bao vé cho cap va thuong duge boc dém dé bao vé 16i cap
khoi bi tac dong ciia (g suat co hoc va méi truong bén ngoai. Vo chat déo
dugc boc bén ngoai cap con vo boc bang kim loai dugc dung cho cap chdn

truc tiép.
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1.S¢1 quang

2.Chatlam day

3.0ng 16ng rdng

4.Chat tron khe hé

5.thép gia cudng
v boc PE

6.Pai thép

7.V6 bao vé€ PE

8.Phin ti gia cudng

oo O w W

Sqi quang

Thanh phdin gia curmg thung tam
Drry theép mea ciling

(Ging 150g

g Hhm
ing tra &80 13m bing nhus
chiu niigt thay che Smg iBng

S bl
Béo w8 W cap
Bing FD

Li chifng §m

Bing nhdsm

i bdn rng
Fohyedhyisda mau dem

Bio vg cahgo
Biing thég riqdin

W nepodi cing
Pohyetdtwisne meadu ten

Hinh anh cap quang loai chon tryc tiép dudi dét.
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2.3.4. Phan loai s¢i quang
2.3.4.1. Dya vao phan bé chiét suat trong s¢i quang
% Soi quang c6 chiét suat nhay bac ( step-index: Sl )
Pay 1a loai soi ¢ cdu tao don gian nhat v6i chiét suat cta 18i va 16p vo boc
khéc nhau 1 cach rd rét nhu hinh bac thang. CAc tia sang tir ngudn quang phong vao

dau soi vdi goc tdi khac nhau sé€ truyén theo cac duong khac nhau.

n;
n T~
n
< e,

n;

Hinh 2.3 Su truyén anh sang trong soi quang c6 chiét sudt nhay béac (SI)
C4c tia sang truyén trong 16i véi ciing 1 van tdc:

v=C
nl
O day n; khong thay d6i ma chiéu dai duong di lai khac nhau nén thoi gian
truyén s& khac nhau trén cing mot chiéu dai soi. Piéu ndy dan t6i hién tuong khi dua
Mot xung anh sang hep vao dau soi lai nhan dugc mot xung anh sang rong hon & cudi
soi. Pay 1 hién tugng tan sic, do do tan sic 1on nén sgi SI khong thé truyén tin hiéu
téc d6 cao qua cy ly dai dugc. Nhuoge diém ndy c6 thé khic phuc dugc trong loai soi co
chiét suat giam dan.
% Soi quang cé chiét suat giam din: (Graded — index: Gl )
Soi GI ¢6 dang phan b chiét suat 16i hinh parabol, vi chiét suat 16i thay doi mot

cach lién tuc nén tia sang truyén trong 18i uén cong dan.



LUAN VAN TOT NGHIEP HE THONG THONG TIN QUANG

n;
LI e ——
n() D AN AN S AN

n;

Hinh 2.4:Su truyén 4nh sang trong soi GI
Puong truyén cia cic tia trong soi GI ciing khong biang nhau nhung van tbc

truyén ciling thay do6i theo. Cac tia truyén xa truc c6 dudng truyén dai hon nhung lai co
van tdc truyén 16n hon va nguoc lai, cac tia truyén gén truc c6 duong truyén ngén
nhung lai ¢ van toc truyén nho hon. Tia truyén doc theo truc c6 dudng truyén ngan
nhat vi chiét suat ¢ truc 12 16n nhat. Néu ché tao chinh xac su phan bd chiét suat theo
hinh parabol thi dudng di ctia cac tia sang c6 dang hinh sin va thoi gian truyén céc tia
nay bﬁng nhau. D tan sic cta sgi GI bé hon nhiéu so véi sgi SI.
2.3.4.2. Phan loai dwa vao mode truyén din
% So¢i da mode (Multi Mode: MM):

Céc thdng s cua soi da mode thong dung (50/125 um) Ia:

e Duong kinh 16i: d =2a=50 um

e Duong kinh 16p boc: D =2b =125 um

o Do chénh léch chiét sudt: A =0.01=1%

e Chiét suét 16n nhét cta 16i: n; = 1.46

Soi da mode c6 chiét sudt nhay bac hoic chiét suat giam dan.

— 125um _,

|
=
>
Il
»—\3
|
>
N
Il
s
>
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% So¢i don mode (Single Mode: SM)
Khi giam kich thuéc cua 16i Sgi dé chi c6 mot mode song co ban truyén duge
trong soi thi soi duoc goi 1a don mode. Trong sgi chi truyén mot mode séng co ban
nén do tan sic do nhiéu duong truyén bang khong va soi don mode c6 dang phan bd

chiét suat nhay bac.

—> —
n

)

125 ym

N1

| A=03%

N2

Céc thong sb ciia soi don mode thong dung 12:

e Duong kinh 101 : d =2a=9um + 10um
e Duong kinh 16p boc: D =2b=125um

o Do léch chiét suat: A =0,003 =0,3%

e Chiét suit 16i: : n, = 1,46

D0 tan sic cua soi don mode rat nho, dic biét & bude song 1300nm do tan
sac cua soi don mode rat thap. Do d6 dai thong ciia soi don mode rat rong song vi kich
thude cua 161 Sgi don mode qua nho nén doi hoi kich thude cua cac linh kién quang
cling phai tuong duong va cac thiét bi han ndi soi quang phai co6 do chinh xac rat cao.
C4c yéu cau ndy ngay nay déu co thé dap ung duoc do dé soi don mode dang duoc st
dung rat pho bién.
2.3.4.3. Phéan loai theo vat li¢u dién mai:

% Soi quang thach anh
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% Soi quang thuy tinh da vat li¢u
% Soi quang bang nhya li¢u
2.3.5. Suy hao trong s¢i quang
Suy hao tin hiéu trong soi quang 1a mot trong cac dic tinh quan trong nhat ctia
soi quang vi nd quyét dinh khoang cach lip toi da giita may phat va may thu. Mat
khéc, do viéc kho lap dat, ché tao va bao dudng cac bo 1ip nén suy hao tin hiéu trong
soi quang ¢ anh hudng rat 16n trong viéc quyét dinh gia thanh cua hé thong,
Suy hao tin hiéu trong soi quang c6 thé do ghép ndi giita ngudén phat quang
Vi soi quang, gilta soi quang voi soi quang va gitra soi quang véi dau thu quang, bén
canh d6 qua trinh soi bi uén cong qua giéi han cho phép ciing tao ra suy hao. Cac suy
hao nay la suy hao ngoai ban chat cia soi, do d6 c6 thé 1am giam ching bang nhiéu
bién phap khic nhau. Tuy nhién, van dé chinh & ddy ta xét dén suy hao do ban chat bén
trong cua sg¢i quang.
2.3.5.1. Suy hao tin hi¢u
Suy hao tin hiéu dugc dinh nghia 1a ty sé cong suat quang 16i ra P, cla soi c6
chiéu dai L va cong suat quang dau vao P, . Ty s cong suat ndy la mot ham cua budc
song. Nguoi ta thudng st dung o dé biéu thi suy hao tinh theo dB/km.

a= %Iog(%} (2.4)

out
Céc soi dan quang thudng c6 suy hao nho va khi ¢ dai quéa ngan thi gan nhu
khong co6 suy hao, khido P, =P, .
2.3.5.2. C4c nguyén nhan gay ra suy hao trén s¢i quang
% Suy hao do hap thu:
Hap thu anh sang trong soi din quang 12 yéu td quan trong trong viéc tao nén
ban chat suy hao ctia soi din quang. Hap thu ndy sinh do ba co ché khac nhau gay ra.

e Hap thu vat liéu:
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Nhan t6 hap thy ndi troi trong soi quang 1a Sy ¢6 trong vat liéu soi. Trong thily
tinh, céc tap chat nhu nudc va cac ion kim loai chuyén tiép da lam tang dic tinh suy
hao, d6 1a cac ion sit, crom, dong va cac ion OH. Sy c6 mit cua cac tap chat nay lam
cho suy hao dat téi gia tri rt 16n. Cac soi dan quang trudc day cé suy hao trong
khoang tir 1 dén 10dB/km. Su c6 mit cua cac phan tir nude d4 1am cho suy hao ting
han 1&n. Lién két OH d& hap thu 4nh sang ¢ budc song khoang 2700nm va cling tac
dong qua lai cong hudng vaéi Silic, nd tao ra cac khoang hép thu & 1400nm, 950nm va
750nm. Giira cac dinh ndy c6 cac viing suy hao thap, dé goi 12 cac cira s truyén dan
850nm, 1300nm, 1550nm ma cac hé thong thong tin da s dung dé truyén 4nh sang

nhu trong hinh vé duéi day:

Suy hao FHp thy do
[ dB o)
1
1 —
0,1 Hip thy
g - vt lign
HﬁPﬂlﬂ\ . Ténx:;t — _
dien tir ™ F:a}rlealgh - _
0,01 - =
1T 17T 1T 1T 1T 1T T
Budc song

04 06 08 1 1214 16 18 00 -

Hinh 2.5 Pic tinh suy hao theo budc song ciia soi din quang ddi
VGi cac quy ché suy hao.
e Hap thu vat liéu:
Ta thdy rang & budc song dai thi s& suy hao nhoé nhung cac lién két nguyén tur
lai c6 lién quan toi vat liéu va s& hip thu anh sang c6 budc song dai, trudng hop nay

goi 1& hap thy vat liéu. Mic du cac budc song co ban cua cac lién két hap thu nam bén
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ngoai viing budc song sir dung, nhung n6 van cé anh huéng va & day n6 kéo dai tsi
ving budc song 1550nm lam cho viing nay khong giam suy hao mot cach dang ké.
e Hap thu dién ti:
Trong vung cuc tim, anh sang bi hép thu 1a do cac photon kich thich cac dién tu
trong nguyén tu 1én mat trang thai nang luwong cao hon.

% Suy hao do tan xa:

Suy hao do tan xa trong s¢i dan quang la do tinh khong dong déu rat nho cua
16i soi gay ra. Do 1a do nhimng thay do6i rat nho trong vat liéu, tinh khong dong déu veé
c4u triic hodc cac khuyét diém trong qua trinh ché tao soi.

Pbi voi thity tinh thudn khiét, suy hao tan xa tai budc song A do su bat 6n dinh

vé mat do gay ra c6 thé duoc dién giai nhu cong thirc dudi day:

ascat = o (n2 _1)2 kBTf ﬁT (25)

32t
n: chi s6 chiét suét.
K, : hang s6 Boltzman.
B hé s6 nén déng nhiét cua vat liu.
T, : nhiét 6 hu ciu (1 nhiét d6 ma tai d6 tinh bat 6n dinh veé
mat do bi dong lai thanh thuy tinh).
e Tan xa Raylegh:

C4c tia sang truyén qua chd khong dong nhat s& toa di nhidu hudng, chi mot
phan ning lugng anh sang truyén theo hudng cii phan con lai s& truyén theo hudng
khéc tham chi truyén ngugc vé phia ngudn quang.

e Tan xa do mat phan cach gitra 16p vo va 16i khdng hoan hao:

Khi tia sang truyén dén nhitng chd khong hoan hao giita 18i va l16p boc tia sang
s& bi tan xa. Luc d6 mot tia t6i s& co nhiéu tia phan xa voi cac goc phan xa khac nhau,
nhitng tia nao ¢6 goc phan xa nho hon goc toi han s€ khic xa ra 16p vo boc va bi suy

hao dan.
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% Suy hao do udn cong soi:

Suy hao do udn cong soi 1a suy hao ngoai ban chat ciia soi. Khi bat ky mot soi
dan quang nao d6 bi ubn cong c6 ban kinh xac dinh thi s& c6 hién tuong phat xa anh
séng ra ngoai vo soi va nhu vy anh sang lan truyén trong 18i soi da bi suy hao. C6 hai
loai ubn cong soi:

e Ubn cong vi mo: 12 udn cong c6 ban kinh udn cong 1én twong duong
hoac I6n hon duong kinh soi.

e Ubn cong vi md: 1a soi bi cong nhé mdt cach ngau nhién va thuong bi
xay ra trong luc soi duoc boc thanh céap.

Hién tuong ubn cong c6 thé thiy duoc khi goc ti 16n hon goc toi han & cac vi
tri soi bi uén cong. i véi loai uén cong vi md (thuong goi 1a uén cong) thi hién
tugng suy hao ndy thay rat rd khi phan tich trén khau do s NA nho nhu (hinh 2.6)

Péi voi truong hop soi bi udn cong it thi gia tri suy hao xay ra 1a rat it va kho
c6 thé ma thay duoc. Khi ban kinh uén cong giam dan thi suy hao s& tang theo quy luat
ham mii cho t6i khi ban kinh dat t&i mot gia tri t6i han nao d6 thi suy hao udn cong thé
hién rat 6. Néu ban kinh uén cong ndy nho hon gia tri diém ngudng thi suy hao s& dot

ngot ting 1én rat 16n.

TEao TE1 TEZ
Vo n2

I1L3i nl

o T v

Hinh2.6 : Su phan bd trudng dién ddi voi vai mode bac thip hon trong soi din quang.
C6 thé giai thich cac hiéu tng suy hao udn cong ndy bang cach khao sat phan

b dién truong mode. Trudng mode 16i ¢6 dudi md dan sang vo, giam theo khoang
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cach tir 16i t6i vo theo quy tic ham mi. Vi dudi truong ndy di chuyén clng véi trudng
trong 16i nén mot phan ning luong cua mode lan truyén s& di vao vo. Khi soi bi uén
cong, dudi trudng ¢ phia xa tdm diém udn phai dich chuyén nhanh hon dé duy tri
truong trong 16i con dbi voi mode soi bac thip nhat. Tai khoang cach téi han x, tir tim
soi, dudi truong phai dich chuyén nhanh hon téc do anh sang dé theo kip truong & 13i
(2.7).

Mot phuong phap dé giam thiéu suy hao do ubn cong la 16ng 16p vo chiu ap
suit bén ngoai soi. Khi lyc bén ngoai tic dong vao, I16p vo sé bi bién dang nhung soi

van c6 thé duy tri ¢ trang thai twong dbi thang nhu hinh (2.8)

cing sudt
suy hao

Hinh 2.7: Truong mode co ban trong doan sgi bi uén cong.

MEoa LT

541 quang

*

Vo chju &p sust

Hinh 2.8: V6 chiu nén giam vi uén cong do céc luc bén ngoai.
2.3.6. Tan siic
Khi lan truyén trong soi, tin hiéu quang bi méo do cac taic dong cua tan sac
mode Va tré gitta cac mode. CO thé giai thich cac hiéu img méo ndy bang cach khao sat
cac thudc tinh van tdc nhém cac mode duge truyén, trong d6 van téc nhom 13 toe do

truyén nang luong ctia mode trong soi.
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Tén sac mode 12 sy gifin xung xuat hién trong mot mode do van tbc nhom la
ham cua budc song 4. Vi tan sic mode phu thudc vao budc song nén tac dong cia nd
tang theo do rong pho ciia ngudn quang. Co6 hai nguyén nhan chinh gay nén tan sic
mode la:

Tén sic vat liéu: Tan sac vat liéu do chi s6 khuc xa cta vat liéu ché tao 18i thay
d6i theo ham cuia budc song gy ra. Tan sac vat liéu tao ra su phy thudc van téc nhom
vao budc séng ciia mot mode bat ky.

Téan sic 6ng dan séng: Téan sic 6ng dan song do soi don mode chi giéi han
khoang 80% cong suit quang trong 16i nén 20% con lai s& lan truyén trong 16p vo
nhanh hon phan 4nh sang téi han trong 16i gay ra tan sac.

< Tré& nhém

Gia sur tin hiéu quang dugc diéu ché kich thich tat ca cac mode ngang nhau tai
dau vao cua soi. Mdi mdt mode mang mot nang luong tuong thong sudt doc soi va
tirng mode s& chtra toan b cac thanh phan pho trong dai song ma ngudn quang phat di.
Vi tin hiéu truyén doc theo soi cho nén méi mét thanh phan dugc gia dinh 13 doc 1ap
khi truyén va chiu sy tré thoi gian hay con goi 1a tré nhom trén mot don vi d6 dai theo

huéng truyén nhu sau:

T_n_i_dﬁ__lzdﬁ 26
L V. cdk  2mdA (26)
B 1a hing s6 lan truyén doc theo truc soi
L: 1a cu ly xung truyén di, va k = 2%
Khi d6, van toc nhom duge tinh béng
d -1
Vi, = C(d—fj (2.7)

Pay 14 van tdc ma tai d6 nang lugng ton tai trong xung truyén doc theo soi.
Vi tré nhém phu thude vao bude song cho nén timg thanh phan mode cta bat ky mot

mode riéng biét ndo ciing tao ra mot khoang thoi gian khac nhau dé truyén dugc mot
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cu ly ndo d6. Do tré nhom thoi gian khac nhau ma xung tin hiéu quang sé& trai rong ra
nén van dé ta quan tim & day 1a do gidn xung khi c6 sy bién thién tré nhom.
Néu d6 rong phd ctia ngudn phat khong qua 16n thi su 1éch tré trén mot don vi

budc séng doc theo phan lan truyén s& xap xi bang dz,

TR Néu do rong phd o, cua
nguon phat duge dic trung bang gia tri hidu dung (r.m.s) o, thi do gidn xung s& gan

bang do rong xung hiéu dung

dr Lo, dg ., d*pB
= - =— 20—+ A" —— 2.
on [d/l j‘” 27:0[ T TE (28)
A D==—"" |3 tan sdc va c6 don vi [ps/k
va L dA a tan sac va c6 don vi [ps/km.nm].

< Tan sic vat liéu

Nguyén nhan gay ra tan sic vat liéu 1a do chi sb chiét sut trong soi dan quang
thay doi theo budc séng. Do van téc nhém V. cia mode 1a mot ham sb cia chi sb chiét
suat nén cac thanh phan pho khac nhau s& truyén di v6i cac toc do khac nhau tuy thudce
vao budc soéng. Tan sdc vat liéu 12 mot yéu td quan trong ddi vé6i cac soi don mode va
c4c hé thong sir dung ngudn phét quang la didt phat quang LED.

Pé tinh toan tan sac vat lidu, ta xét mot song phang lan truyén trong mot moi
truong trong subt dai vo tan va co chi sb chiét suat n(1) ngang bang voi chi sb chiét
suat & 18i soi, khi d6 hang s6 lan truyén g duoc cho ¢ trudng hop nay Ia:

_2m(4)
p=" (2.9)

Thay thé phuong trinh nay vao (2.4) véi k = 2% s& thu duoc tré nhom 7, cho
tan sac vat lidu:

. =E[n—zﬂj (2.10)
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tir (2.12) thi s& c¢6 duge d6 gidn xung o, dbi voi d6 rong phd o, cia ngudn phat bang
cach vi phan do tré nhom nay.

dr, L, d%n
o, ZHU}L =—E1W61 = DV(A)LU}L (211)

voi D, () 1a tan sic vat liéu.

Db thi ctia phuong trinh (2.11) cho don vi @6 dai L va don vi d6 rong pho cua
nguon phat o, dugc cho nhu hinh vé dudi ddy, tir d6 cho ta thay dé giam tan sic vat
liéu thi phai chon ngudn phét c6 d6 rong phd hep hodc hoat dong ¢ budc song dai hon.

Chi 56 chigt sudt

1,34

132}

148 T

1 46

144 F

142

B sétg
14 [ I N T I (10001)

02 0406 10 30 40

Hinh 2.9: Chi s6 chiét suat thay do6i theo budc song.
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% Tan sac ong dan song:

=30

0,8 10 12 1.4 1.8
Erdc sdtg (1000111}

Hinh 2.11: T4n sic vat liéu 1a ham s6 cua bude song quang ddi véi soi quang.
Pé khao sat tan sic dan song ta gia thiét rang chi s6 chiét sudt cua vat lidu
khéng phu thudc vao budc séng. Vé tré nhom, do 1a thoi gian can thiét ¢& mot mode
truyén doc theo soi c6 do dai L. Pé dam bao tinh doc 1ap cua cAu hinh soi, ta cho su tré

nhom dudi dang hang s6 lan truyén chuan hoa b duoc viét:

(2.12)

b :1_(“6‘)2 _ P

n;-n,

\

, R s , n,—n R p
d6i v6i cac gia tri chénh léch chiét suat nho A -, 2% , phuong trinh (2.12) co
1

thé duoc viét lai nhu sau:

B/ _
b :@ (2.13)
n,—n,

tir do ta co B =n,k(bA+1) (2.14)
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Str dung hé thirc trén va gia st n, khéng phai 12 ham cua budc song, ta thay

I‘d—ﬂzk[n2 +n2AM} (2.15)

rang tré nhom 74 = —
& “Tcdk c dk

M3t khac, V = ka(n? —nZ )2 ~ kan,v2A thoa man déi véi cac gia tri A nho

nén (2.15) c6 thé viét lai

2j2(ua
- b{l‘ jHl(u?)(jv_l)(ua)} (2.16)

d(Vb)

trong do N, + nZAd—V biéu thi sw tré nhém phat sinh do tan sic din song.

%+ Anh huwéng ciia tan sic:

Tén sic gay ra méo tin hiéu va diéu ndy lam cho c4c xung &nh sang bj gidn
rong ra khi dugc truyén doc theo soi ddn quang. Khi xung bi gifin ra n6 s& phu 1én cac
xung bén canh. Khi sy pht nay vuot qua mot gia trj gidi han nao do thi thiét bi phia thu
s¢ khong phan biét dugc cac xung ké nhau nira, lac nay 10i bit xuét hién. Nhu vay, dac

tinh tan sic 1am gigi han dung luong truyén din cua soi quang.

2.4. Tong két chwong
Két thic chuong 2 gitp ta hiéu thém vé nhiing dic tinh k§ thuat cua soi quang

va cap quang. Pé tng dung quang trong hé thong thong tin thi soi quang phai duoc boc
thanh cép. Vi cac moi truong khac nhau thi cu trac cta cap quang ciing khac nhau dé
phU hop véi nhu cau thuc té. Tuy nhién, ¢ dam bao chat lugng t6t ctia hé thong thi cac
thiét bi phat quang ciing nhu cac thiét bi thu quang ciing gép mdt phan rat quan trong

va phan nay s& dugc nghién ctru & chuong sau.
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CHUONG 3
THIET BI THU VA PHAT QUANG.

3.1. Giéi thi¢u chwong
Trong chuong nay sé trinh bay mot cach kha chi tiét vé thiét bi phat quang nhu

LED, LD hay thiét bi thu PIN, APD ciing nhu nguyén tic hoat dong ctia n6 dé tir d6

ching ta cd thé lya chon dugc thiét bi phll hop v6i hé thdng va yéu cau thiét ké.

3.2. Thiét bi phat quang
3.2.1. Co ché phat xa anh sang

Gia thuyét c6 mot dién tir dang nam & muc ning luong thap ( E,), khong c6 dién
tir nd0 Nam & mirc nang lugng mirc cao hon (E,), thi & diéu kién d6 néu c6 mot ning
luong bang v6i mirc ning lwong chénh léch cap cho dién tir thi dién tir ndy s& nhay 1én
muc nang luong E, . Viéc cung cip ning luong tir bén ngoai dé truyén ning lugng can
t6i mot mirc cao hon duge goi 14 kich thich su dich chuyén cua dién tir téi mot mirc
nang lugng khac duoc goi 1a su chuyén doi.

Dién tir roi khoi mire nang lugng cao E, bi hat nhan nguyén tir hit va quay veé
trang thai ban dau. Khi quay vé trang thai E, thi mot niang luong dung bang E,-E,
duogc giai phong. D6 1a hién tugng phat xa ty phat va nang luong dugc giai phong ton
tai & dang anh sang goi 1a anh sang phéat xa tu phéat. Theo co hoc lugng tir, budc song
anh sang phat xa dugc tinh theo cong thirc:

h

A=C——
EZ_El

(3.1)

Trong d6, h=6,625.10* js (hang s6 Planck)

¢ =3.10° 12 véan tc 4nh sang
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Budc song ty 1¢ nghich voi d6 1éch ning luong ciia cac nguyén tir ciu tao nén

linh kién phat quang. Do d6 budc song anh sang phat xa phan anh ban chét cua vat

liéu.
Ez 2 E2 (P E2 (:)
: | hy L ohvy,
hv 8 E E \/\12/\m> E VA
NN E ERVAVivers
: : ' hy
Es | Es ' Es ' 12
5 é &
p Phat xa tu phat Phat xa kich thich
Hap thu
a b c

Hinh 3.1 Mirc ning lwong va qué trinh chuyén dich

Khi anh sang c6 nang luong twong bang E, — E, dap vao mot dién tir & trang
thai kich thich, dién tir & trang thai kich thich E, theo xu hudng s& chuyén doi vé trang
thai E, nay bi kich thich chuyén vé trang thai E,. Sau khi hap thu ning luong 4nh sang
dap vao (hinh 3.1c). D6 1a hién tugng phat xa kich thich. Nang luong anh sang phat ra
tai thoi diém ndy 16n hon ning lugng anh sang phat ra ty nhién. Con dbi véi co ché
phat xa ctia ban dan: 12 nhe kha ning tai hop buc xa phat quang cua cac hat dan o trang
thai kich thich. Tir diéu kién can bang nhiét, dién tir tap trung hau hét & ving hoa tri co
muc nang luong thap va mot sb it & ving dan 6 muc nang lugng cao. Gia st rang trong
ban dan c6 N dién tir trong d6 c6 N, dién tir & ving hod tri n, dién tir & vung dan. Khi
anh sang chiéu tir bén ngoai vao ban din & trang thai ndy, ty 1é giira birc xa cudng birc
va hap thu ty 1¢ thuan véi ty s6 n,va n,. Viéc hap thy chiém da s6 va anh sang phat ra

giam di.



LUAN VAN TOT NGHIEP HE THONG THONG TIN QUANG

3.2.2. Diode phéat quang (LED: Light Emitting Diode)
3.2.2.1.Pic diém chung:

Didt phat quang LED 1a ngudn phat quang rat phll hop cho céc hé thong thong
tin quang téc do khong qua 200Mbit/s st dung soi dan quang da mode.

Pé sir dung tot cho hé thdng thong tin quang, LED phai c6 cbng suét bic xa
cao, thoi gian dap tmg nhanh va hiéu sudt lugng tir cao. Sy buc xa cta nd 13 cong suat
quang phat xa theo goc trén mot don vi dién tich ciia bé miat phat va duge tinh bang
Watt. Chinh céng suat birc xa cao sé& tao diéu kién cho viéc ghép giita cac soi din
quang va LED dé& dang va cho cong suit phat ra tir dau soi 16n.

Thoi gian dau, khi cong nghé thong tin quang chua dugc phd bién, didt phat
quang thudng dung cho cac soi quang da mode. Nhung chi sau d6 mot thoi gian ngan,
khi ma céc hé thong thong tin quang phat trién kha rong ri, cac soi dan quang don
mode duoc dua vao s dung trong cac hé thong théng tin quang thi LED ciing da c6
dudi dang san pham 1a cac modul c6 soi dan ra 1a soi dan quang don mode. Cong suét
quang ddu ra cta nd it phy thudc vao nhiét do va thuong chung c6 mach diéu khién
don gian.

Thuc nghiém d3 dat duge d6 dai tuyén 18n téi 9,6Km véi tée do 2Gbit/s va
100Km véi toe dd 16Mbit/s. LED ¢6 uu diém 1a gia thanh thap va do tin ciy cao, tuy
nhién ching phi hgp véi mang ndi hat, cac tuyén thong tin quang ngan véi toc do bit
trung binh thap.
3.2.2.2. Cau tao ciia cac loai LED:

< LED tiép xtic miit GaAs:

Pay 1a loai c¢6 cau trac don gian nhat, ding ban din GaAs véi nong d6 khac
nhau dé 1am 16p nén loai N va 16p phat quang loai P. Lop P day khoang 200 x m, & mit
ngoai 16p P c6 phit 1 16p chéng phan xa dé ghép anh sang vao soi quang. Budc song
phat caa LED GaAs trong khoang tir 880 dén 950 nm.
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L6p chéng phan xa

Tiép xuc P
zz7 4 Lép cach dién

Lép P —GaAs (khuéch tan)

—— L6p N -GaAs (nén)

/ Tiép xuc N

AN NN

Céu trac LED tiép xtic mat

% LED Burrus
LED duoc ché tao theo cdu tric nhiéu 16p bao gdm céc 16p ban dan loai N va P
VGi bé day va nong do khac nhau. Véi ciu tric nhiéu 16p va vach tiép xac P c6 kich
thudc nho, viing phat sang cua LED burrus twong ddi hep. Ngoai ra trén bé mit cua
LED c6 khoét moyj 16 dé dwa soi quang vao gan ving phat sang. Budc song ctia LED
Burrus dung ban dan AlGaAs/ GaAs trong khoang tir 800 dén 850 nm. Néu dung ban
dan loai InGaAsP/ InP thi buéc séng phat ra dai hon.

__ TiépxucN
Lop N — GaAs (nén)

] ; Ving phat sang
Lop N - -AlGaAs
TR — Lop P - AlGaAs (16p tich cuc)
et Lo P+ = AIGaAS
NN et dien ALO:
Tiép xtc P (duong kinh nho)

Céu trac LED Burrus
% LED phat buwdéc séng dai

Mot loai LED phat budc song dai (1300nm va 1550nm ) ding ban dan
AlGaAsP/InP. Tuong ty nhu LED Burrus, loai ndy ¢ ciu trac nhiéu 16p va c6 duong

kinh vach tiép xtic P nho (25 dén 30 z m) nén c6 ving phét sang hep. Piém khéac biét
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so v6i LED Burrus 1 thay vi khoét 16 dé ghép anh sang vao soi quang thi & day dung

|6p nén InP c6 dang 1 thau kinh dé ghép anh sang vao soi quang.

Lép chong phan xa
Lép P - InGaAsP  — Tiép xtic N

Lép N - InP (16p nén)

Lé’p cach dién Aleg _ vV N h , ,
ung phat sang
L&p tod nhiét \ Lép P - InGaAsP

Tlép Xﬁc P :\2:5:5:5 o [ ;:-::f:x , .
(25 +30um) \ / Lap - InP

LED phat budc song dai

% LED phat xa ria (ELED :Edge Light Emitting Diode)

Led phat xa ria c6 ciu tao khac LED thong thuong céc dién cuc tiép xuc bang
kim loai phu kin mat trén va ddy cua ELED. Do d6 anh sang khong thé phat ra hai phia
mat duoc ma bi gitr trong vlng tich cuc c6 dang vach hep. Lép tich cuc rit mong bang
vt liéu co chiét suat 1on kep giira hai 16p P va N ¢6 chiét suat nho hon.Cau tric nhu
vy tuong tu cau trac soi quang hay noi cach khac twong duong 1 6ng dan song. Anh
sang phét ra ¢ ca hai dau 6ng din song ndy, mot trong 2 cuc dugc ndi véi ngudn
quang. Cau triic nay c6 uu diém 1a ving phét sang hep va goc phat sang nho nén hiéu
suit ghép quang vao soi quang cao. Tuy nhién no ciing c6 han ché 1a khi hoat dong

nhiét d6 cua ELED tang kha cao nén doi hoi phai dugc giai nhiét.
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Tiép xtic P
Lép P - AlGaAs
s Vung phéat sang
Lép P - AlGaAs |~ T (Lép tich cuc)
Lép N-AlGaAs _ | Cach dién SIO,
Lép P-AlGaAs | | TiépxtcN

LED phat xa ria (ELED)

3.2.2.3. Pac tinh ky thuat ’
Cac dac tinh cua LED phu thudc rat nhiéu vao cau tao cua ching. Ngoai ra theo

da phat trién cua cong nghé ban dan chat lugng cua LED ngay cang nang cao hon.
< Thong s6 dién
e DONg dién hoat dong tiéu biéu: tir 50mA dén 300mA
e Dién ap sut trén LED tir 1,5V - 2,5V
% Cong suat phat
L& cong suat tong do ngudn quang phat ra, cong suat phat cia LED tir 1 dén
3mW. Péi v6i loai phat sang cao cong suat ciia LED c6 thé 1én t6i 10mW.Cac LED
phat xa mit co cong sudt phat cao hon LED phgats xa ria Vi cling dong kich thich.
Nhung diéu d6 khong c6 nghia 13 sgi quang nhan duoc cong suat quang tir LED phét

Xa mdt cao hon LED phat xa ria.

(phéat xa mat)
10
5 ELED
(phét xa ria)
0

100 200 300 400 500 I(mA)

Cong suét phat cia LED va ELED
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% GoOc phat quang
Cong suat anh sang do ngudn quang phat ra cuc dai 6 truc phat va giam dan
theo goc hop véi truc. Goc phat quang dugce xac dinh & mirc cong suit phat quang
giam di mot nira (3dB) so véi mirc cuc dai. LED phat xa mat c6 goc phat quang 16n

hon so véi LED phat xa ria.

Cong suat
tuong doi
1 ,
<« Phét xa mat
05 Phéat xa ria

0 90°(45° | 0° [45°| 90°
30°

120
Géc phét quang cua LED va ELED

0 (g6c phat)

% Hiéu suét ghép quang ’ ,
Hiéu suat ghép quang dugc tinh bdi ty so cong suat quang ghép vao Sgi quang

VGi cong sudt phat quang tong cong cta ngudn quang. Hiéu suat ghép quang phu thudc
vao kich thudc cua vlng phat quang, géc phat quang cua ngudn, goc thu nhan (NA)
Clia soi quang va Vi tri dat ngudn quang va soi quang. Hiéu suat ghép ciia Led phat xa
mit khoang 1 dén 5% va LED phat xa ria trong khoang tir 5 dén 15%. Tir d6, tuy cong
suit phat ciia LED phat xa mit 16n hon nhung cong suat dua vao s¢i quang ciia LED
phat xa ria lai 16n hon.
< Do rong pho
Nguodn quang phat ra cong suit cuc dai & budc song trung tim va giam dan vé

hai phia. Do rong phd 1a khoang budc song ma trong d6 cong suit quang khong nho
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hon nita muc coéng suat dinh. Thong thuong LED c6 do rong pho trong khoang 35 dén
100nm.

Cong suat
tuong doi
1

/
0,5
/ 40nm

0 800 850 900 Budc song (nm)

Do rong phd cua LED
% Thoi gian chuyén 1&n ’ ’ o
La khoang thoi gian ma cong suat ra tang tir 10 dén 90% muirc ccong suat on
dinh khi c6 xung dién kich thich ngudn quang. Thoi gian chuyén 1én cua ngudn quang
c6 anh huong dén téc d6 bit cua tin hiéu diéu ché, mudn didu ché o téc do cang cao thi
nguon quang phai co thoi gian chuyén cang nhanh. Giai thong téi da cia tin hiéu diéu
ché phu thudc vao thoi gian chuyén.
< Anh huéng cua nhiét do
Khi nhiét do tang thi cong suat paths giam, tuy nhién mic d6 anh huéng boi nhiét do
cua LED khong cao.
e O budc song 850nm: do anh hudng 14 -1% /°C
e O budc song 1300nm va 1550nm: do anh hudng tir 2 dén 4 % /°C
3.2.3. Diode Laser (LD)
NGi chung, Laser ¢ rat nhiéu dang va du cac kich ¢&. Ching ton tai ¢ dang
khi, chat 1ong, tinh thé hodc ban dan. Pbi v6i cac hé théng thong tin quang, cic ngudn
phat Laser 1a cac Laser ban dan va thudng goi chung 1 LD. Céc loai Laser co thé 1a

khac nhau nhung nguyén ly hoat dong co ban cua ching la nhu nhau. Hoat dong cta
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Laser 14 két qua ctia ba qué trinh méau chét 1a: hap thu photon, phét xa tu phat va phat
Xa kich thich.

Céc hé thong thong tin quang thuong 1a ¢6 téc do rat cao, hién nay nhiéu hé
thdng thong tin quang co toc do 2.5Gbit/s dén 5Gbit/s dd duoc dua vao khai thac. Bing
tan ctia hé thong thong tin quang doi hoi kha 16n, nhu vy cac LD phun s& phll hop hon
1a cac didt phat quang LED. Céac LD thong thuong c6 thoi gian dap tmg nho hon 1ns,
d6 rong pho trung binh tir Inm dén 2 nm va nho hon, cong suat ghép vao soi quang dat
vai miliwatt.
3.2.3.1. Ciu tao ciia Laser:

Céu tao ciia né gan gidng véi ELED, diém khac biét co ban 1 trong Laser c¢6 2
mat phan xa ¢ hai dau 16p tich cuc tao nén hdc cong hudng quang. Phan 4nh sang phat
ra theo chiéu doc cua hoc cong hudng s& bi phan xa qua lai giita hai mat phan xa.
Trong quéa trinh di chuyén theo chiéu doc cta hc anh sang kich thich cac dién tir két
hop 15 trong dé phong ra cac photon méi. Phan anh sang thoat ra theo phuong khac bi
that thoat dan. Nhu vy chi c6 phan anh sang phét ra theo chiéu doc méi dugc khuéch
dai.

Mat sau cua Laser dugc phu mot 16p phan xa con mat trudc dugce cit nhin dé mot

phan anh sang phan xa cOn Mot phan chiéu ra ngoai.

Mat phan xa

- Ban dan loai P
N RANTANT —  Lop tich cuc

Ban dan loai N

Anh sang
Nuyén Iy ciu tao Laser ban din
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Nhim tang hi¢u qua phat xa, cac Laser thuc té c6 clu tric phuc tap hon chéng
han nhu loai Laser c¢6 ciu trGc nhiéu 16p chon dugc goi 1a Laser BH (Buried

Heterostructure) c6 viing phat sang rat hep nén hiéu suat ghép quang vao soi rat cao.

Tiép xuc P - Lop P + (InGaAsP

Cach dién( SiO; ) o

Lép N ( InP ) — Lop P (InP)

L(’)»p P ( InP ) L(’)»p tich cuc
Lé’pN ( InP ) ] e e ( InGaASP )

LépN (InP) —

Tiép xac N

o R R

3.2.3.2. Pac tinh ky thuat
% Thong so dién

e Dong dién ngudng:
Khi dong dién kich thich cho Laser co tri s6 nho, Laser hoat dong & ché d6 phat xa tu
phat nén cong suat phat ra rat thap. Khi duoc kich thich v6i dong dién 16n Laser hoat
dong & ché do khich thich cong suat quang tang nhanh theo dong kich thich.

P (mW)

10

100 200  I(mA)

Dong ngudng
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Dong ngudng thay d6i theo nhiét d6. Di véi Laser cii thi dong ngudng cé gia tri tir 50
dén 100mA con ddi v6i Laser doi méi thi dong ngudng tir 10 dén 20 mA.
e  Dong dién kich thich: tir vai chuc dén vai traim tuy theo loai
e  Dién ap sut trén Laser tir 1,5 dén 2,5V
% Cong suat phat
Cong suat phat ctia Laser tir 1 dén 10mW, d6i voi nhitng Laser doi méi thi ¢6 thé 1én
toi 5S0mW hay hon nira.
% GOc phat sang
G6c phat sang cua Laser theo phuong ngang cua 16p tich cyc chi trong khoang 5 + 10%
con theo phuong vudng goc 16p tich cuc goc phat co thé 18n téi 40°. Nhu vay mét bao
cua goc phat khong phai 1a mat non tron xoay ma la mat nén hinh elip.
< Hiéu suat ghép
Laser ¢6 ving phat sang nho, goc phét sang hep nén hiéu suat ghép anh sang
VA0 Soi quang rat cao.
Trung binh hiéu suat ghép quang ctia Laser trong khoang:
30% dén 50% doi véi soi don mode
60% dén 90% ddi véi soi da mode
Pé tang hiéu sudt ghép quang nguoi ta 6 thé thém cac chi tiét phu giira ngudn
quang va Soi quang nhu dit thém thau kinh giita nguén quang va soi quang, tao dau
soi quang c6 dang mat cau. ...
< Do rong pho
Dang phd cua phét xa ctia Laser 14 tong hop dic tuyén khuéch dai (do bé rong
khe ning luong thay d6i) va dic tuyén ghdc cong hudng quang (phu thudc vao chiéu
dai hdc). So v6i LED thi phd phat xa cau Laser rat hep trong khoang tir 1 dén 4nm.
Dang phé gdom nhiéu vach rdi rac nén goi 1a phé ciia Laser da mode. Nguoi ta ¢

khuynh huéng ché tao Laser c¢6 phd ngay cang hep dé giam tan sic chat liéukhi sir
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dung budc song 1550nm. Va trong tuong lai c6 thé ap dung rong k¥ thuat ghép kénh

theo budc song.

Ao A

. Phé phdt xa ciia Laser thuc té
% Thoi gian chuyén 1én
Thoi gian dé cong suat quang tang 1én tir 10% dén 90% mirc cong suat xac lap,

thong thuong khong qua 1ns.
< Anh huwéng cia nhiét do

Khi nhiét d6 thay doi thi dong ngudng cua Laser ciing thay doi do d6 cong suat phat ra
ciing thay doi néu gitr nguyén dong kich thich, Khi nhiét do ting thi dong ngudng ciing
tang theo dang ham mi cua su gia tang nhiét d6. Trung binh d6 gia tang dong ngudng
vao khoang +1%/°C. Ngoai ra khi nhiét 6 thay d6i thi cong suat phat ciing thay doi
nhung muic d6 anh hudng thap.
3.2.3.3.Nhiéu trong ngudn phit Laser

Khi cac LD dugce sir dung trong cac hé thong thong tin quang c6 toc do cao, thi
mot sd hoat dong cua Laser bat ddu xuét hién va toc do bién dbi cang cao thi ching
cang thé hién rd va co thé gy ra nhiu & du ra cta bo thu. Cac hién tuong nay dugc
goi 12 nhiéu mode, nhiu canh tranh mode va nhidu phan xa. Vi anh séng lan truyén
doc theo soi dan quang nén su két hop cua cac suy hao mode phu thudc, thay d6i pha
giita cac mode va su bat 6n dinh vé phan bb niang lugng trong cac mode khac nhau sé&

lam thay d6i nhiéu mode. Nhiéu mode xuat hién khi co su suy hao bat ky nao do6 trong



LUAN VAN TOT NGHIEP HE THONG THONG TIN QUANG

tuyén. Cac ngudn phat quang bang hep c6 tinh két hop cao nhu cac Laser don mode s&
gay ra nhidu mode 16n hon cac ngudn phat bang rong.

Ngoai ra, hién tuong phan xa nho trd lai Laser do cac mat phan xa tir ngoai c0O
thé gy ra su thay doi dang ké nhiéu mode va vi thé ciing lam thay d6i dic tinh cta hé
thdng. Nhidu phan xa c6 lién quan téi méo tuyén tinh dau ra LD giy ra do mot lugng
anh sang phan xa tro lai va di vao hdc cong huong Laser tir cac diém ndi soi. Co thé
giam duoc nhiéu phan xa khi dung cic bo cach ly quang gitta LD va soi dan quang.

Két luan: Nguon phat quang dong mot vai trd rat quan trong dbi voi hé thong
thdng tin quang, & phan ndy ta quan tam cha yéu dén LD, Laser don mode. Tir do, ta

c6 thé Iya chon ngudn phat sao cho phil hop v6i hé théng.

3.3. Thiét bi thu quang
3.3.1. Co ché thu quang

Co s6 cua hidu ing quang dién 12 qua trinh hip thy 4nh sang trong chat ban dan.
Khi 4nh sang dap vao mot vat thé ban dan, cac dién tir trong ving hoa tri dugc chuyén
doi téi viing dan nhung néu khong c6 mot su tac dong say ra thi s& khong thu duoc két
qua gi ma chi co cac dién tir chuyén dong ra xung quanh va tai hop trd lai voi cac 16
tréng ving hod tri. Do d6 dé bién doi nang luong quang thanh dién ta phai tan dung
trang thai khi ma I tréng va dién tir chua Kip tai hop. Trong linh kién thu quang, 16p
chuyén tiép p-n dugc st dung dé tach dién tir ra khoi 16 tréng. Khi anh sang dap vao
viing p sé bi hap thy trong qua trinh lan truyén dén ving n. Trong qué trinh do, cac
dién tir va 1 tréng da dugc tao ra va tai ving nghéo do hap thy photon s& chuyén dong
vé hai huéng d6i nguoc nhau dudi tic dong cua dién truong nén ching tach roi nhau.
Vi khong c6 dién truong ¢ bén ngoai ving nghéo nén cac dién tir va 16 tréng duogc tao
ra do hiéu ng quang dién va sé& tai hop trong qué trinh chuyén dong ciia chung. Tuy
nhién, s& c6 mot vai dién tir di chuyén vao dién truong trong qua trinh chuyén dong va

c6 kha nang thAm nhap vao mdi ving. Va do d6 c6 mot dién thé s& duogc tao ra gitra
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cac mién p va n. Néu hai dau cua mién d6 dugc ndi vi mach dién ngodi thi cac dién tur
va 15 trong s& duoc tai hop & mach ngodi va sé c¢6 dong dién chay qua.
3.3.2. Photodiode PIN
3.3.2.1. Ciu tao

Céu tao cta diode thu quang PIN gdm c6 3 16p ban dan P-I-N, trong d6 16p 114
I6p ban din khong pha tap chit hodc pha v6i nong do rat thip. Qua trinh hap thu
photon dé tach cac dién tir va I8 tréng xay ra trong 16p 1. Do d6 16p 1 cang day thi hiéu
suat luong tir s& cao nhung thoi gian troi cta dién tir s& cang cham. Pidu ndy 1am giam
kha niang hoat dong véi toc d6 cao cua PIN. Bé day cua 16p P phu thudc kha ning tham
nhap cua anh sang vao ban dan, anh sang co budc song cang cao thi kha ning tham

nhap vao ban dan cang I6n.

Anh sang
Lép chong phan xa
WAL —— e :
[ P ] loai

| \_  Céch dién ( SiO,)

N P Tiép xtic kim loai

Cau tao cua diode thu quang PIN

3.3.2.2. Nguyén ly hoat dong

Photodiot PIN 12 bo tach song dung dé bién dbi tin hidu quang thanh tin hiéu
dién. Cau tric co ban cua Photodiét PIN gdm céc vung p va n dit cach nhau bang mot
16p tu din i rit mong. Dé thiét bi hoat dong thi can phai cdp mot thién ap nguoc dé
viing bén trong rdt hét cac loai hat mang. Khi c6 nh sang di vao Photodidt PIN thi s&
Xay ra qua trinh nhu sau. Néu mot photon trong chim anh sang téi mang mot ning

luong hv Ion hon hodc ngang bang voi ning lugng dai cam cua 16p vat lidu ban din
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trong Photodidt thi photon c6 thé kich thich dién tir tir viing hoa tri sang ving din.Qué
trinh ndy s& phat ra cac cap dién tir, 15 trong. Thong thudng, bd tach song quang duoc
thiét ké sao cho cac hat mang nay chu yéu duoc phét ra tai ving nghéo 1a noi ma hau
hét cac anh sang téi bi hip thu (hinh 3.2). Sy c6 mit cta truong dién cao trong ving
nghéo l1am cho cac hat mang tach nhau ra va thu nhan qua tiép giap c6 thién ap nguoc.
Diéu nay lam tang ludng dong ¢ mach ngoai, vdi mot ludng dong dién s& tng véi

nhiéu cip mang duoc phat ra va dong nay goi 1a dong photon.

Thién ap
— o

Tro
tai Ip

P Lo tréng i bién tu n

Dién tu

N A
Vung
cam

Ving dan

Ld trong
l . X . e
«—— \Vung ngheo ——; Vung hoa tri

Hinh 3.2: So d0 viing ning lugng ciia Photodidt PIN.

Trong truong hop 1y tuéng, mdi photon chiéu vao phai sinh ra mot xung dién &
mach ngodi va gi4 tri trung binh ciia dong dién sinh ra phai ty 1é v4i cong suat ctia 4nh
sang chiéu vao nhung trong thuc té, khong dat dugc nhu vay ma mot phan anh sang bi

tén hao do phan xa.
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3.3.3. Photodiode thac APD:
3.3.3.1. Ciu tao

Ung dung hién tugng nhan dién tir trong ban din nguoi ta ché tao APD trong d6
P* va N* 14 hai 16p ban dan c6 nong d6 tap chit cao con P~ 13 16p c6 ndng do tap chat
rat thap(thay thé 16p I trong PIN).

Tiép xac N

N ( InGaAs)

N (InGaAs)
// ﬁ\ N (InP)

~~~___ P(InP)

& .

___ TiépxtcP*

Anh sang

Cau tao APD
3.3.3._2|_. Nguyén ly hoat dong
o—Iu

+

n

Truong dién

Vung thac

Truong t6i thiéu can

p
é T thiét dé tac dong ion hoa

i Vung nghéo
P+

Hlnh 3.3: Cau tric Photodidt thac va truong dién trong ving troi
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Khi c6 anh sang chiéu vao céc photon bi hap thu va sinh ra cac cap dién tir 16
tréng. L3 tréng di chuyén vé phia P* ndi voi cuc am cua ngudn con dién tir di chuyén
vé 16p tiép giap phia PN" dién truong cao trong ving nay sé tang tc cho dién tir. Pién
tr va cham véi céc tinh thé ban dan tao nén cac cap dién tir 16 tréng moi. Cac dién tur
thir cap moi lai c6 kha nang gay ra sy oxi hoa do va cham. Qua trinh cu tiép dién va s6
luong hat tai dién ting 18n rat 16n.

3.3.4. Thong so ciia thiét bi thu quang
< Hiéu suit lwong tir

L4 ti s6 dién tr duoc sinh ra trén tong s6 photon dugc hap thyu. Thong thuong
cac diode dat hiéu qua khoang 60 dén 90%.

n
n=gc-
ph
Trong do: n : Hiéu suat lugng tir

Nph - S photon hép thu
ne :S6 luong dién tir tch ra
% D¢ nhay quang
Do nhay quang cho biét kha ning bién d6i cong suat quang thanh dong dién.

Néu tai mot bude séng c6 s6 photon roi vao 1a N, va ning lugng mdi photon 1a:m

hc
E=— 3.2
: (32)
N A Je N C dNO
thi cong suat quang thu dugc la: P, = h; ” (3.3)
va luong dién tich sinh ra la: d, = N,ne (3.4)
voi e=16.10"c
Tur d6 ta tinh dugc dong dién sinh ra tir cac photon la:
i =% _ 0N (3.5)

° 7 dt dt
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n.A.eP.
= The R
goi S d6 nhay quang c6 thir nguyén [A/W] vas = 77-h_};-9 (3.6)

% Tap am cua tach séng quang
Pbi v6i cac bd tach song quang, bo thu quang can phai c6 d6 nhay thu rat cao,
diéu d6 doi hoi cac photodiot phai tach duoc tin hiéu quang rat yéu tir phia duong
truyén t6i. Bé thuc hién thu duoc cac tin hiéu rat yéu ndy, can phai toi vu hod dugc bo
tach song quang va ca cac mach khuéch dai tin hiéu di kém theo do, diéu ndy cho phép
ta nhan dugc ty 1€ tin hi€u trén tap am S/N:

P
S__ % (37)
N P +Po

V6i P,: COng suat tin hi¢u do dong photo tao ra.
P, : COng suat tap 4m ctia bd tach song.
P, : CONg Suit tap 4m ctia bo khuéch dai.
Pé dat duoc ty 18 S/N cao thi phai hoi du cac diéu kién sau:

> Sur dung cic bd tach song quang cé hiéu suat luong tr cao nhim tao ra cong
suat tin hiéu 16n.

> Phai han ché duoc cac tap 4m ctia bo tach song quang va bo khuéch dai tin hiéu
trong bo thu quang cang nhiéu cang tét.

Tap 4m cua cac bd khuéch dai quang 12 tap am cta b tién khuyéch dai va cua
cac bo khuyéch dai phia sau. Nhung trong thuc té, phan 16n tap am 1a do cac bo tach
s6ng va cac bo tién khuyéch dai quyét dinh.

3.3.5. Bo thu quang trong truyén dén tin hiéu so

Hau hét cac hé thong thong tin quang hién nay thyc hién truyén dan tin hiéu sd.
Tin hiéu duoc phat ra tir phia phat 12 ludng s6 nhi phan voi cac gia tri 0 va 1 trong mot
khoang thoi gian. Trong mot b thu quang, anh sang nhan duoc tir phia dudng truyén

s& duogc tach va bién do6i thanh tin hiéu dién va duge khoi phuc & dau thu. Bo khuéch
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dai thyc hién viéc bién d6i dong nay thanh tin hiéu dién 4p véi mic phll hop véi céc
Mmach tiép theo sau. Nhiém vu cua bd loc nhim gidi han bang tan cua bo thu, 1am giam
t6i thiéu tap 4m phat ra tir bo tach song va khuéch dai. Xung clock duoc trich 13y ra tir

chim tin hiéu sé trong mach quyét dinh.

Béng hd
Trich theérd N
gian
o [t lign ra
- I Mach gt ’
Khnech dai |- B¢ can bing |-=1Bg loc | : dﬁilhu}'
//| Fhotodetector

(T

()
Tién khuéch

dai
Tin higu vio G

Hinh 3.4: so d6 khoi ctia b thu quang dién hinh trong truyén dan so. in duoc

quan tim nhu qu¥ cong suat ctia hé thong, dai thong theo yéu cau, tinh phirc tap phan

ctmg, hiéu qua kinh té.

3.4. Két luan chwong

Viéc xem xét cac dac tinh ky thuat cia thiét bi thu quang la mot yéu td rat
quan trong. Chat luong cta hé thong phu thudc rat nhidu vao cac thiét bi thu quang ma
& day ta xét chu yéu dén LD. Néu mét soi quang chi truyén tin hi¢u trong mot soi din
quang thi hé théng khong dap tng duoc nhu cau trao doi thong tin ngdy cang cao vi thé
cac phuong phap ghép kénh quang ra doi, trong d6 phuong phap ghép kénh theo thoi
gian dang cang ngdy cang thé hién rd tinh vu viét ciia né va van dé nay sé duoc trinh

bay chi tiét & chuong sau.
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CHUONG 4

KY THUAT GHEP KENH QUANG PHAN CHIA
THEO THOI GIAN

4.1. Gioi thiéu chwong
Trong nhirng nam gan ddy, cong nghé thong tin quang d4 dat dugc nhimng thanh

tuu rat 16n trong d6 phai ké dén ky thuat ghép kénh quang, n6 thuc hién viéc ghép cac
tin hiéu anh sang dé truyén trén soi dan quang va viéc ghép kénh s& khong c6 mot qua
trinh bién d6i vé dién ndo. Muc tiéu cua viéc ghép kénh ciing nham ting dung lugng
kénh truyén din va tao ra cac tuyén thong tin quang c6 dung lugng cao. Khi téc do dat
td1 mot mirc d6 nao do thi nguoi ta théiy han ché cta cac mach dién tir trong vi¢c nang
cao toc do truyén dan, va ban than cac mach dién tir khong dam bao duoc dap tng
xung tin hiéu cuc ky hep cling véi no 1a chi phi cao. Bé khac phuc tinh trang trén thi ky
thuat ghép kénh quang da ra doi va ¢ nhiéu phuong phap ghép kénh khac nhau nhung
phuong phap ghép kénh quang phén chia theo thoi gian (OTDM-Optical Time
Division Multiplexing) 14 wu viét hon ca va duogc sitr dung phd bién trén toan thé gioi.
Déi voi OTDM, ki thuat ghép kénh & day co lién quan dén ludng tin hiéu ghép, dang
ma va téc d6 duong truyén.

Nhu ta d4 biét, cac hé thong thong tin quang thich hgp vdi cong nghé truyén dan
SDH. Ky thuat SDH sé& ghép cac kénh dé tao ra cac ludng tin hidu quang, con OTDM
s& thuc hién viéc ghép cic ludng quang nay dé tao ra cic tuyén truyén dan c6 dung

lugng cao.

4.2. Nguyén ly ghép kénh OTDM

Trong hé thong thong tin quang st dung ki thuat OTDM thi chudi xung hep
dugc phat ra tir ngudn phat thich hop. Cac tin hiéu nay dugc dwa vao khuéch dai nhim
nang mic tin hiéu da 16n dé dap ung duoc yéu cau. Sau khi duoc chia thanh N ludng,

moi luong s€ dugc dua vao diéu ché nho cac bd dicu ché ngodi véi tin hiéu nhanh ¢
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téc d6 B Gbit/s. Pé thuc hién ghép cac tin hiéu quang ndy vdi nhau, cac tin hiéu nhanh
phai dugc dua qua cac bo tré quang. Tuy theo vi tri ctia timg kénh theo thoi gian trong
khung ma cac bo tré ndy sé& thyuc hién tré dé dich cac khe thoi gian quang mot cach
tuong tmg. Thoi gian tré 14 mot chu ky cua tin hiéu clock va nhu vy tin hiéu sau khi
dugc ghép s& c6 tin hiéu 1a B Gbit/s. Bén phia thu, thiét bi tich kénh s& tach kénh va
khoi phuc xung clock khi d6 s€ dua ra dugc tirng kénh quang riéng biét tuong ung voi
cac kénh quang & dau vao cia b ghép phia phat.

So d6 khoi dudi diy mo ta hoat dong ciia hé thong truyén dan quang sir dung ky thuat

OTDM.
Tin higu
Khéi phat block

Bo é

Nguén | |EDFA|  [Bé chia [ Boghep | |BDFA| (7 | |tdch —
phat quang quarig Sei [Kenh | 4
din 4

—
quang Kénh

HiRinin
1000nMng e

Hinh 4.1: So d6 tuyén thong tin quang dung ki thuat OTDM ghép 4 kénh quang.

Céc hé théng ghép kénh OTDM thuong hoat dong ¢ ving budc song 1550nm,
tai budc song nay c6 suy hao quang nho va lai phi hop véi bd khuéch dai quang sgi co
mit trong hé thdng. Cac bo khuéch dai quang sgi c¢6 chirc nang duy tri quy cong suat

ctia hé théng nham dam bao ty 1& S/N & phia thu quang.

4.3. Phéat tin hiéu trong h¢ théng OTDM
Hé thong thong tin quang st dung k¥ thuat ghép kénh OTDM &p dung hai k§
thuat phat tin hi¢u chu yéu sau:

= Tao ludng sé lidu quang s6 RZ théng qua viée st Iy quang ludng NRZ.
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= Duya vao Viéc diéu ché ngodi cua cac xung quang.

Trong k¥ thuat tao ludng sé liéu quang s RZ thong qua viéc st Iy quang ludng
NRZ, tir ludng NRZ ta thyc hién bién d6i chung dé dua vé dang tin hiéu RZ bang cach
cho ludng tin hiéu NRZ qua phan tir xir Iy quang c6 cac dic tinh chuyén do6i phl hop.
Qua trinh bién d6i anh sang lién tuc (CW) thanh cac xung dua vao bo khuéch dai dién-
quang. Dau vao CW Ia ludng tin hiéu quang NRZ va thuong thi mdi ludng NRZ yéu
cay mot phan tir xir Iy quang riéng. Nhung voi cac hé thong tién tién hon s& cho phép
d6ng thoi thyc hién ca bién doi va xen quang NRZ thanh NZ nhd mot thiét bi chuyén
mach tich cyc dién-quang 2x2. Vi vay, chim tin hiéu ban dau NRZ téc do B Gbit/s sé&
dugc lay miu nho bo diéu ché Mach-Zehnder, bo diéu ché nay dugc diéu khién véi
mot séng hinh sin voi tan s6 B GHz va dugc 1am bang bién do cho dén gia tri dién ap
chuyén mach. Tin hiéu quang sé ndy s& duoc bién doi thanh dang RZ ¢ téc d6 B Gbit/s
VGi d6 rong xung bang mot nira chu ky bit va viéc ndy nham muc dich tao ra mot
khoang dé xen vao mét ludng tin hiéu dang RZ thtr hai. Viéc xen kénh thir hai dugc
thuc hién nho bo ghép.

4, BOHz Vm _
! . 4B Gbitfs
@ ¢ dang RZ
B Gbitfs oy (oD e}
dang NRZ 2x2
cho mbi D [ 2
ddu vao
BRI P TP
4 BGHz Vr
BGHz Ve
Uz, Ve il 4B Cbitfs
O} dang R
B Chitfs ] p—
dang NRZ 22—+ 2x2 e 22 i/&
cho mbi D an
} Mo ]
déu vao Coupler 3dB
_{E)_-—" 2}{2 ] f 2};2 ]
BOHz, V}’ET BGHz Vm T

c6 thé phat xung rat hep & tbc do cao va dau ra ctia ngudn 1a cac bo chia quang thu
Hinh 4.2: So d6 sir dung hai phuong phap & phia phat xtr Iy NRZ cho OTDM. p sir

dung couple. Cac san pham ctia phia phat OTDM dugc phat hau nhu dya vao cac cong
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nghé t6 hop mach lai ghép va diéu nay da tao diéu kién thuan loi cho viéc tiép hanh
nghién cuu.

DPdi v6i hé théng su dung ky thuat OTDM, khi lya chon tuyén quang cho hé
thong ta can quan tam dén ty 1¢ “danh diém-khoang trong” va né tuy thudc vao mirc do
ghép kénh dit ra.Trong hé théng OTDM 4 kénh, ty 1¢ “danh diém-khoang trong” 16n
hon ddi véi ngudn phat xung quanh. Khi tuyén truyén dan rat xa thi ty 1é ndy sé yéu
cau cao hon. Cac ngudn phat xung phl hop v6i hé thong OTDM dang dugc st dung
rong rai:

= Céc Laser hoc cong huong ngoai gb mode 4x5Gbit/s

= C4c Laser DFB chuyén mach khuéch dai 8x6,25Gbit/s.

= Cac Laser vong soi khoa mode 4x10Gbit/s va 16x6,25Gbit/s.

= Céc ngudn phat lién tuc 16x6,25Gbit/s.

Nguf’)n phat lién tuc 16x6,25Gbit/s 1a mot cong cu thuc hién linh hoat dua
trén sy md rong quang pho bang cach truyén nhitng xung ning lugng cao trén day

cap quang.

4.4. Giai ghép va xen ré& kénh trong hé théng OTDM
4.4.1. Giai ghép

Khi xem sét cac hé thong thong tin quang sir dung cong nghé OTDM ngudi ta
quan tam dén viéc ghép va giai ghép trong ving thoi gian quang. Vé6i hé thong thong
tin quang cé cau hinh diém-diém thi cong viéc giai ghép & phia thu 1a viéc tich hoan
toan cac kénh quang twong ng d4 dugc phat ¢ dau phat. Nhung ddi voi mang thong
tin quang sir dung ky thuat OTDM thi viéc giai ghép & phia thu khong chi don thuan 1a
tach cac kénh quang ma con thuc hién viéc xen va ré kénh tir ludng truyén dan.

Pbi voi cac bd giai ghép kénh can phai xem xét cac thong sb co ban vé tach
kénh ké ca ty s6 phan biét quang, suy hao quang, suy hao xen va mit cit cira sd chuyén
mach c6 thé dat dugc. Ty sb phan bi¢t c6 anh hudng rat 1én dén mire d6 xuyén am.

EX =10log,, 4 (4.1)
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VGi A: Mirc cong suit quang trung binh & mirc logic 1.
B: Mic cong suat quang trung binh & murc logic 0 .

Ngoai ra, xuyén kénh ciing s€ bi tang do su phu chom gitta cac kénh lan can véi
nhau tao thanh cira s6 chuyén mach. Va két qua 1a d6 rong cta cira s6 chuyén mach sé
c6 anh hudng truc tiép dén toc 46 duong truyén do d6 ta phai dit ra cac yéu cau vé do
rong xung tin hiéu sau khi truyén dan dé giam nho xuyén kénh.

Béng tom tit cac phwong phap giai ghép kénh OTDM.

Loai chuyén mach Tin hiéu diéu Céc dic tinh va cira s6 chuyén mach
khién nhé nhat
-Bo diéu ché Niobate | Song dién hinh sin 40>10Gbit/s cira s6 19ps
ghép tang
- Bo diéu khién bang | Séng dién 2 tan sb 40>10Gbit/s cira s6 22ps.
rong Ré va xen kénh

- Bo diéu khién dién- | Song dién hinh sin | Khéng nhay cam phan cyc 40>10Gbit/s

hap thy ctra sO 10ps
- Quang Kerr: sgi Xung gquang 40Gbit/s 5Gbit/s
- Tron song: soi Xung gquang 100>6,25Ghit/s
- Guong vong: Soi Xung quang 40>20Ghit/s

100>6,25Gbit/s, cira s6 6ps
R& va xen kénh 40Gbit/s*10Gbit/s

- Tron séng: ban dan Xung quang 20>5Gbit/s

- Quang Kerr: ban dan Xung quang 20>10Gbit/s

-Guong vong: ban dan Xung quang 40>10Ghit/s
250>1Ghit/s cira s6 4ps

C6 hai loai so d6 giai ghép chinh 1a diéu khién dién va diéu khién quang

duogc trinh bay trong hinh 4.3. Trong thoi gian dau, co ban tap trung vao hudng sir
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dung céc b diéu ché Mach-Zehnder Lithium niobate, nd cho phép khai thac dap ung
hinh sin dé giai ghép bdn 1an tdc d6 tin hiéu co ban. Nhung gan ddy, nguoi ta lai quan
tam dén viéc ing dung cac cong nghé sir Iy quang hoan toan cho giai ghép voi cac dic
tinh ndi bat sau:
= Cho phép thoa mén vé cac mic do giai ghép kénh.
= Liy duoc kénh, truy cap dén cac kénh dang truyén dé thuc hién viéc xen
va rg¢ kénh.
= Céc cira s6 chuyén mach c6 cac vu diém ndi bat cho hé thong OTDM,
diéu nay cho phép sir dung cac xung tin hiéu rong hon trudce khi cac kénh

ké nhau giy ra xuyén kénh.

@, -®,=0

Trang thai phan are B# chia

AW AW A
MN\/\ Thiét bj Kerr quang
Xungtin hign 1
Xung digu khidn quang A, /Wm A, 2 :
AAWS <

Xung difu khign quang 1, hny (@l'v:l Xung tin higu 2
(2,0 '

oo . Xung diéu
Thay d6ihé =8 chi®t ' 14idn A,
 sudt (thay déi phase)

Trang thai phin oic

Hign ithg Kerr quang

Hinh 4.3: Nguyén ly cua bg giai ghép thoi gian (DEMUX) st dung
chuyén mach phan cyc quang.
Hiéu ung Kerr 1a hiéu tng ma trong d6 dac tinh phan cuc cta s¢i quang phu

thudc vao sy dong nhét theo hinh tru cta chi sb chiét suat. Sy anh hudng cua hiéu ung
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phi tuyén 1én sy dong nhat ndy va c4c hiéu tng truyén din say ra sau d6 thuong dugc

goi chung Ia hiéu ung Kerr.

Bé didu khidn
guong vong phi

107z clock tuyén clock
— e
Coupler W DIV
Coupler 3dB .
3x 100GBitfs+xen
40 GBitfs data 10GBitfs
Coupler 3dB Coupler 3dB .

& 10GBitfs Xen 10GBitfs

Hinh 4.4: So d6 ddng bo lira chon kénh quang bang guong vong phi tuyén
dé r& va xen kénh voi cac bo coupler 3dB.

4.4.2. Xen ré kénh

Tin hiéu dén bo chia 3dB chia ra giita cac nhanh cta guong vong. Sau khi lan
truyén vong quanh vai km soi trong vong thi hai chudi xung s& giao thoa, tai hop véi
nhau va dugc phan xa tir gwong vong dudi cac diéu kién twong thich. Chu trinh hoat
dong co ban nay 1a dong va tuyén tinh. Tuy nhién, néu c6 chudi xung clock cong suit
cao hon dugc dua vao vong ma tring hop voi tin hiéu s6 nhung chi lan truyén theo
mot hudng thi cac xung clock s& bién d6i chi s6 chiét suat cia 16i soi. Viéc diéu ché
ngang pha vira du da co thé co trong cac xung tin hiéu dé tao ra cac xung phll hop duoc
chuyén mach qua phia d6i dién cua guong vong. Két qua 1a tin hiéu can thiét lay ra ¢

nut duge thiét bi phan xa trong khi d6 cac kénh con lai s& di qua va tai hop tai chd véi
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tin hiéu duoc phat cho huéng truyén dan phia trudc cira sé6 chuyén mach cia thiét bi va
clra s0 nay duogc xac dinh khong chi bang dang cia cac xung diéu khién ma con bang
ca cac van toc twong ddi cta cac tin hiéu. Do @0, su sip xép cia cac xung tin hiéu va
xung diéu khién mot cach ddi xing ¢ hai phia cua tan sic sgi bang khong ma cira s6
chuyén mach s& thu dugc tir cac xung tin hiéu va diéu khién 13 twong hop vé van tc.
Céac guong vong phi tuyén (NOLM: Nonlinear Loop Mirror) ciing c6 thé duoc
cau tric tir thiét bi Laser ban dan thay cho s¢i trong mét s6 trudng hop. Nhuoe diém
chinh ctia NOLM 1a do d6 dai cua soi (khoang 10km), ma can phai lwa chon viéc tan
sic bang khong va budc song tin hiéu diéu khién dé dat duoc cira s6 chuyén mach hop

s

ly.

4.5. Pong bd quang trong hé thong OTDM

/\ Tin higu

Birére séng A, At A i clock ra
. AF
Tin higu F—LDA| . B lga Bé thu quang |2V [Bé so| |VCO E/D 5
quang téi | (o = quarg =1 va loc 7

Buére séng A,
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Fhiét tin
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Hinh 4.5: C4u hinh PLL quang dé trich lay clock

Ky thuat tach Iy tin hiéu clock 1a mot qua trinh khdng thé thiéu dugc dé tao ra

tin hiéu dinh thoi véi tée do cua tin higu thu duge 14 mot qua trinh khong thé thiéu khi
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thuc hién sir 1y tin hiéu PCM tbc d6 cao. Trong cac hé théng thong tin quang hién nay
dang khai thac, viéc trich léy thoi gian dugc thuc hién trén cac mach khoa pha PLL
dién (Phase-locked-loop) sau khi tin hiéu quang thu duoc d& duoc bién doi thanh tin
hiéu dién thi cac thiét bi truyén din nhu cac thiét bi dau cudi quang, thiét bi xen ré
kénh va ca cac tram lap déu c6 PLL. Viéc trich liy xung clock doi hoi phai thuc hién
Mot cach chinh xac.

Cé4c mach PLL dién chi dap tmg duoc cac hé thong truyén din voi toc do bit
nho, khi toc do truyén din tang 1&n thi ching khdng con phl hop nita. N6 sé& bi han ché
Vi bing tan ciia cac bd bién d6i quang-dién va mach dién tir khong dap tmg kip. Dbi
VGi cac hé thong OTDM tdc d6 1am viéc rt cao va tinh chat quang hoa cua cac hé
thdng ndy thé hién rat rd cho nén can phai st dung viéc tach tin hiéu clock duwa trén
cong nghé quang. Cac mach PLL quang d& dap tmg dugc tdc d6 cuc nhanh cua tin hiéu
trén hé théng OTDM ciing nhu cac hé thong thong tin toc d cao khéc.

Trong cdu hinh mach PLL quang, bo khuéch dai Laser LDA ¢6 chitc ning nhu
mot mach két hop ngang quang c6 téc dd cuc nhanh. Khi c6 ca tin hiéu quang va xung
tir clock di t6i, bd khuéch dai LDA s& két hop hai tin hiéu nay va cho ra tin hiéu két
hop tan s6 thap c6 chira thanh phan Af v&i Af 14 su 1éch tan sb cua hai tin hiéu nay,
sau d6 to hop tin hiéu nay dugc tach song va loc dé cho ra tin hiéu Af twong tGng voi
tin hiéu dao dong nodi so sanh. Dich pha nay duoc kiém tra nhd mach so pha, két qua so
pha s& dugc dua vao bd dao dong diéu khién dién ap VCO dé phat ra tan sd f,. Mach
phét tin hiéu quang s& bién doi tin hiu dién co tan sd f, +Af thanh tin hiéu quang
tuong tmg. Tin hiéu clock quang s& dugc 13y ra tir bo bién dbi dién-quang E/O va cap

vao thiét bi giai ghép quang trong hé théng OTDM.

4.6. Pic tinh truyén din ciia OTDM
Do &nh séng truyén trong soi quang bi gidn rong ra do sy tan sic cla soi quang,

trong khi d6 cac hé thong thong tin quang str dung k¥ thuat OTDM hoat dong vai toc

d6 rat cao, diéu d6 doi hoi cac xung phat ra phai rat ngan. Ta c6 thé dua truyén dan
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Soliton vao hé thong dé khac phuc van dé tan sic. Tuy vy, van phai quan tim dén van
dé tao ra xung cuc hep. Gia sur cac b khuéch dai quang thuong dugc sir dung dé tang
cac mirc tin hiéu doc theo tuyén thong tin quang khi can.

Trong truyén dan tuyén tinh tin hiéu RZ trén sgi c6 tan sic, van dé bd cho hé
thdng theo nghia bl trir tan sac chi thiét 1ap khi cic xung tin hiéu bi mat ning luong
vao cac khe thoi gian 1an can. Tuy vy, mot khi diéu ndy say ra thi hé thong bi suy
giam nhanh nén dé ting cuc dai khoang cach truyén dan thi phai dua cic hé thong
truyén ddn ODTM vA0 C4C tuyén ca tan sac tién tdi khong. Giai phap dau tién 1a nguon
phat phai 1am viéc tai budc song gan véi budce song ciia tan sic soi bang khong va diéu
nay rat khé thuc hién vi giam cong sut tin hiéu dé tranh gidn xung can thiét nhung
diéu nay c6 thé lam cho dic tinh ciia hé thong bi gidi han do ty 1¢ S/N. Giai phép thir
hai 1a cac k¥ thuat diéu tiét tan sic anh sang c6 thé dugc sir dung dé duy tri hinh thic
truyén dan tuyén tinh cta tuyén.

Hé thong sir dung cac bo phat OTDM trong truyén dan sb phi tuyén c¢6 uu diém
I6n. Cac dang xung ngin phl hop véi truyén dan Soliton dé khic phuc tan sic cua soi
din quang. Véi hé thong Soliton thi khoang lap ciia hé théng OTDM phi tuyén c6 thé
dugc tang 1én rat 16n bang cach thyuc hién k¥ thuat diéu khién Soliton, thong qua viéc
str dung cac bd loc dan hoic hoic dinh thdi tich cuc. Cac bd loc dan rat thuan loi khi
ap dung vao moi truong c6 hiéu ung Gordon-Haus gay ra Jitter, con lai viéc dinh lai
thoi gian tich cuc sé& loai bo Jitter ddi voi bat ky mot co ché hoat dong ndo. Nho céac
cong nghé nay nguoi ta co thé thuc hién mét tram 1ap bao gém khdi khoi phuc clock
dién dé diéu khién thiét bi dién-quang hodc quang hoan toan nham dua ra dich pha cho

tin hiéu quang.
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4.7. Két luan chwong
Qua nghién ctru vé k¥ thuat ghép kénh quang phan chia theo thoi gian (OTDM)

ching ta thay né thuc sy 12 mot ki thuat t6i vu trong c4c tuyén thong tin quang toc do
cao do no ¢ céac dic diém ndi bat sau:

= Dung luong kénh truyén dan 16n.

= Tdc d6 truyén dan cao.

= Van dung t6t pho hep cua Laser.

= Két hop duogc voi ki thuat diéu khién Soliton dé ting kha ning lap cua

hé thong phi tuyén 1én rat 1on.
Ghép kénh quang phan chia theo thoi gian phu hop véi cac loai Laser tao ra cac

xung c6 d6 dai it hon d6 dai khe thoi gian cua tin hiéu cho phép.
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TINH TOAN VA THIET KE TUYEN CAP QUANG
THEO QUY CONG SUAT VA THOI GIAN LEN.

5.1. Giéi thi¢u chwong
Céc hé théng thong tin quang dugc tng dung ¢ hiéu qua nhét trong linh vuc

truyén din sd. Do vay trong tinh toan, thiét ké ta xem xét hé théng truyén dan s6 IM-
DD (Intensity Modulation-Direct Detection) thi nhitng diéu kién bat budc vé ki thuat
va tinh kinh té dong mot vai trd quan trong trong tat ca cac tuyén thong tin soi quang.
Nguoi thiét ké phai chon can than ting cong doan dé dam bao sao cho ca hé thong

trong sudt thoi gian phuc vu déu hoat dong tot.

5.2. Céc khai niém
Nhu d4 biét, hé thong thong tin quang pho bién hién nay 1a hé théng IM-DD
diém-diém. Dé thiét ké tuyén ta cin quan tdam dén: Thiét bi phat quang, thiét bi thu

quang, soi dan quang va cac yéu té anh huong dén nd chang han nhu mdi han va cac

ol quang ——
Thit bj — - - - ——8——| Thiet by
phat I thu
Mai han

b6 connector nhu hinh vé dudi day:
Muc dich ctia viéc thiét ké tuyén 1a phai dat dugc cac yéu cau sau:
= Cuy ly truyén dan theo yéu cau.
= Tdc d6 truyén dan.

= Ty s 16i bit BER.
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Pé dam bao cho viéc thiét ké tuyén dat duogc cac yéu cau do6 can phai chon cac
thanh phan cua tuyén:

* Soi quang don mode hay da mode.

Kich thudc 10i soi.

Chi s6 chiét suat mat cit 18i.

Béng tan hoac tan sac.

Suy hao cua soi.

Khau d6 hay ban kinh truong mode.

Nguon phat 1a LD hay LED

*  Budc song phat.
= Po rong pho.
= COng suét phat.
= \VUng phat xa c6 hiéu qua.
Thiét bi thu quang sir dung PIN hay APD
= Hé sb chuyén doi.
»  Budc song lam viéc.
= Téc do lam viéc.
* PJ nhay thu.
Dé lya chon cac thanh phan sao cho dam bao k¥ thuat ta phai xét dén quy cong
Suit 1én va quy thoi gian 1&n cua tin hiéu trong hé thong.

Quy cong suat co cong sut phat, ¢ nhay thu, cong suat du phong, tir d6 ta thiét
lap ty sd BER. Cong suat du phong cho suy hao sgi, suy hao méi ndi...Khi Iya chon
c4c thanh phan cta tuyén ma khdng dam bao khoang cach duong truyén thi cd thé thay
d6i cac thanh phan d6 hay ghép tram lap vao tuyén dé thoa man yéu cau vé cong suat.
Khi quy cong suat da can bang ta kiém tra qu¥ thoi gian 1én cua tin hiéu.

Céc bude thiét ké:

1. Chon budc séng 1am viéc cua tuyén

2. Lua chon thanh phan thiét bi hoat dong & budc song nay
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3. Chon thiét bi thoa man yéu cau dit ra

5.3. Quy cong suit

Ta xét phuong trinh can bang cia quy cong suat. Po 1a didu kién vé cong sut
dé tuyén hoat dong binh thuong.

Gia sir bén phat va bén thu khdng c6 sy suy hao cong suat thi:

P-P =0 (5.1)
trong d6, P,: CONg suat phit.
P.: Cong suat thu.
Suy hao trén tuyén bao gém suy hao trén soi dan quang, trén cac bo ndi va cac

méi han. Suy hao timg phan dugc xac dinh theo cong thic:

A = -10log Pout (5.2)

Ngoai cac suy hao néi trén can phai c6 mot lugng cong suat du phong cho tudi
tho ctia c&c thanh phan, cho su thay d6i cua nhiét do. Gia tri cong suat dy phong nay co
gia tri khoang 6dB dén 8dB.

e  Phuong trinh cin bing qu§ cong suét (diém-diém) 1a:
10 Iog[PS .(hs)]— MDP = (a + 0Ly )L N, + Mg + 0y + A geyice (5.3)
Trong d6: P, la céng suat phat [mW]
hs: Hiéu suat ghép quang [%]
MDP: B¢ nhay may thu
MDP=-27,5dBm [7]
a, 0, Hé s6 suy hao cap va du phong cho cap [dB/km]
L: Khoang cach gitra phia phat va thu [km]
a,,a, : Suy hao connector va suy hao méi han [dB]
n, m: S6 connector va sé6 mdi han

a, . Suy hao ghép sgi quang-b¢ thu[dB]
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e - SUY hao du phong cho thiét bi [dB]
e  CONg suét quang toi P, [dB]:
P, =10log[P..(hs)] - (e¢ + crea )L + Nt + Mt +tg + i) (5.4)
Khi cong suat quang t&i nam trong khoang gitra [MDP dén (MDP+Over)] véi
Over la hé s6 qua tai may thu. Luc ndy ty sb 16i bit BER s& nho hon mong mubn va

khong bi qua tai may thu.

5.4. Quy thoi gian 1én

Trong mot hé théng thong tin quang, tin hiéu duoc truyén tir thiét bi phat dén
thiét bi thu thong qua moéi truong truyén dan 12 soi quang. Trong qua trinh d6, do rong
Xung cua tin hiéu bi gidn ra. Do do, ta c6 thé xem tin hiéu di qua hé thong nhu 1a di qua
mot bo loc thong thép. Khi d6, thoi gian 1én cta hé théng dugc dinh nghia 1a khoang
thoi gian t sao cho bién d¢ tin hi¢u xung tang tir 10% dén 90% bién d6 cuc dai cta nob.

Ta c0 thé tinh thoi gian 18n cia tin hiéu xung vudng khi di qua mach loc thong
thap RC:

R EP:i;re P:JHI
— 71
J/ Vi” o lﬁ’;u! IVD 0,9
. . 0,1
£ £, t

t

Hinh 5.1: Pap ung xung cua bo loc thong thap.
Tin hiéu vao la xung vuéng nén c6 dang:

Vin :Vol(t):\/ln(p):v% (55)

1

Hamtruyén: ~ H(p)= o
T

vGsi =RC (5.6)
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=V, (p)= H(p)%@ﬁﬁ (5.7)
:Vout(t):vo.b—exp(—%ﬂ (5.8)

con{ 4/ )-0s
it oo, ~v1-v0{ /| 59
oo ~1/) o1 510

t,—t, =In(9)r

Tu (5.9) va (5.10) ta co: 5.11
¥(3.9)va(5.10) o t=In(9)RC = 2,2RC (11)
Tir (5.6) ta cb: H(f)=— T (5.12)
1+ 2jRC
Do d6 bang thong ctiia mach: B= 1 (5.13)
27RC
Tu (5.11) va (5.13) ta duoc:
t :E:% (514)
2B B

Bing thong tdi thiéu cta bd loc phai bang bang thong cua tin hiéu thi ta moi c6
thé thu duoc tin hidu, didu nay twong tng voi thoi gian 18n t6i da:
0,35

t 5.15
=g (5.15)

VA : ) 0,7
V61 tin hi¢u loai NRZ: o) = A (5.16)
V6i loai tin hi¢u RZ: t - 0’%5 (5.17)

khi d6 thoi gian 18n cia tuyén:
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t, = th (5.18)

-Thoi gian 1&n cua thiét bi thu.
Goi B 1a bang tan dién 3dB tinh bang MHz thi thoi gian 1én cua thiét bi thu duoc tinh

t, =3507 (5.19)

-Thoi gian 18n tan sic mode cia soi quang
o =440.% [ns] (5.20)

0

Trong d6 q: tham s ¢6 gia trj tir 0,5 dén 1
B, : Bing tan 1 Km cap soi quang [MHz]
L: Chiéu dai caa cap

-Thoi gian 18n tan sac vat liéu dung 6ng din song

t, =D.Lo (5.21)
Trong d6 D: Hé s6 tan sic
o : Do rong ngudn phat
(5.17) c6 thé duoc viét lai:
2
q
t, = \/tti +(D.Lo)* + 44;" + (?J (5.22)
0 rx

5.5. Nhiéu trong hé thong thong tin quang

Nhiéu 12 khé&i niém dé moé ta cac thanh phan tin hiéu dién khong mong mudn
c6 chiéu hudng gay rdi qué trinh truyén dan va xir 1y tin hiéu trong hé théng ma ching
ta khong kiém soat day du. Trong hé thong tach song, d6 nhay cua hé thong phu thudc
rat nhiéu vao c4c loai nhiéu va hai ngudn nhiéu chinh & day 1a nhidu lugng tir va nhidu
nhiét.

5.5.1. Nhiéu lwgng tit.
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Nhiéu luong tir ctia photodiode sinh ra do sé lwong cac hat tai dién di qua mot
khe nang lugng hay vuot qua hang rao thé ning co tinh ngu nhién theo thoi gian gay
ra. DONg chay cua cac hat electron qua tiép giap p-n la riéng ré va ngau nhién. Cac hat
dén khong dong thoi nén phat sinh ra nhiéu nay.

Gia tri cua nhidu luong tir phu thudc vao cac tham so:

i2 =26iB (5.23)

Trong do: B 1a 6 rong bang cua bo thu

| 1a dong trung binh dén bo tach song
Gié tri cua dong nhiéu lugng tir 12 i, =+/2.i.B , tir biéu thirc ndy ta thay dong

nhidu luong tir ting theo /B .
5.5.2. Nhiéu nhiét

Nhiéu nhiét xuat phat tir dién tro tai bo tach song va cac linh kién dién tir trong
bo khuyéch dai, c6 xu hudng chi phdi trong qua trinh khuyéch dai khi st dung
photodiode PIN véi ty sb tin hiéu trén nhiéu thap, co thé dat dugc hé sé khuyéch dai
t6i uu bang thiét ké can bang giita nhidu nhiét va nhidu luong tir khong phu thudce vao
hé sb khuyéch dai.

Cong thirc tinh toan nhiéu nhiét: i = 4KTB/R, (5.24)

Tong d6: K 1a hang s6 Bozman, K=1,38.10%°

T 1a nhiét d6 & don vi kenvin, T = t(°c) + 273

R 1a dién tro tai

5.6. Ty 18 tin hi¢u trén nhiéu
5.6.1. Poi v6i photodiode PIN
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Trong hé thong tach song truc tiép, sir dung diode tach song PIN thi gié tri dong va
cdng suét téi quan hé nhu sau:

i, =—"
s =10 P (5.25)

Vé6i: 1 13 hiéu suit luong tir
h Ia hing s plank, h =6,626.10%* Js

Mt khéc ta c6 cong sut trén tai:

S=Zi’R,
s= (T p 2R, 5.26
hv

-Cong suat nhidu luong tr véi dong bao géom ca dong toi:
N, =i%motR_=2€l.BR = 2e(hf P.+i,)BR, 5.27
v

-Dong va thé ctia nhiéu nhiét:
2 ~4KTB 2 _4kTBR,

L

Cong suat nhidu nhiét:
N =%LTBRL —4KTB 5.28

Tir d6 ta c6 ty s tin hiéu trén nhidu & may thu sir dung photodiode PIN:

(E ps)2 RL
_ hv
e _ 5.29
2e(m. p, +i,)BR +4KBT

S
N

5.6.2. Poi véi photodiode APD
Nhu d4 biét APD bao gdm 16p chuyén ddi quang dién va 16p nhan dién, do vay

nhidu xuat hién & 16p chuyén ddi quang dién i%e = 2.€.1.B ciing nhan duoc 1&n Iép

nhan v&i hé sd nhan M.
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200 = (. p, +i, )M B 5.30
hv

N, =i%mo.R =2€l.BR = 2e(h—”f/ P +i,)M2*BR, 5.31

Trong biéu thirc trén tri s6 M* goi 1a nhidu qua muc. Pay 1a gi4 tri dugc sinh ra
trong hiéu tng thac.
Vé6i x 12 hé s6 tap am qua mirc. Gia tri ctia x phu thudc vao vat lidu ché tao
photodiode APD. Béi vé6i photodiode si = 0.3
photodiode INGAs x = 0.7
photodiode Ge x =1
Do d6 ty s tin hiéu trén nhiu ¢ may thu sir dung photodiode APD I1a:

7}8 2
M. R
(hV ps) L

s
== (5.32)
N 26(F p, +i,)M**BR_+4KBT
hv
2
X exp("%,)
Ty 18 13i bit: BER——— /2’ 5.33
y ¢ on (5.33)
Vi g=SN/2

Ty s6 BER cang nho thi chat lugng cua hé thdng cang cao va diéu ndy con tly thudc

Va0 timg hé théng. Thuong BER = 10°hay < 1072,

5.7. CAc gia tri ciia cac thanh phan
Thiét bi phat quang: [7]

Tham s Gia tri
Budc song lam viéc 1300nm hay 1550nm
Dai song lam viéc +50nm
Cong suat ra LED: -32 dén 15dBm
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LD: -12 dén 7dBm
Thoi gian 1én LED: 3ns(max)
LD: <1ns
Do rong phod LED: 30 dén 100nm
LD: 1 dén 2nm

Cap soi quang: [7]

Tham s Gia tri

Do rong bang thong 1km cép soi quang 100 dén 2500Mhz

Suy hao cua sgi(sh) MM<2dB/km
SM tai 1300nm:0.36dB/km
SM tai 1550nm:0.22dB/km

Hé s6 tan sac(D) MM<6ps/nm.km
SM tai 1300nm <3,5 ps/nm.km
SM tai 1550nm <18 ps/nm.km

Thiét bi thu:
Tham s Gia tri
Do nhay(S) PIN: -43 d¢én 27,1 dBm
APD: -41,5 dén 29,6 dBm
Higu suat 60%-90%
Dong i, i, ~1nA
Suy hao do han ndi va b nbi:
Tham s Gia tri
Suy hao méi han 0,3 db(max)
Suy hao bo noi 0,5 db(max)
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Khi tao t6 hop cac thanh phan trong tuyén phai tuan theo cac quy tac sau:
» LED khong dugc str dung véi soi quang don mode
= LED khéng duoc st dung véi didt quang APD
» LD khong duoc st dung véi soi da mode
* LD don mode dung v6i APD

LDDM: Laser don mode

DAMO: Soi quang da mode

DMTT: S¢i quang don mode thong thuong
DMDC: Soi quang don mode dich chuyén

Do d6 cac td hop co thé co 1a:

LED-DAMO-PIN

LD-DMTT-APD

LD-DMDC-PIN

LD-DMTT-PIN

LD-DMDC-APD

LDDM-DMTT-APD

LDDM-DMDC-APD

N o a B~ w b -

5.8. Bai toan tinh toan va thiét ké theo quy cong suit va thoi gian 1&n
Trong bai todn, hé thong str dung lan luot 2 thiét bi thu quang 1a photodiode

PIN va photodiode APD, tinh toan cong suat phat ti wu.
Viéc tinh toan dya trén nhitng thong sb cu thé cua cac thiét bi co trong tuyén ,
cac thdng sb nay duoc cho bdi nha san xuat.
Yéu cau cy thé cua tuyén nhu sau:
- Tuyén A-B Véi cu ly truyén din: L = 100 km
- Toc d bit : B;=2,5 Gh/s
- Masu dung la md RZ

- S6 conector(mbi ndi) : 2
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- S6 Slice(mbi han) : 20
- BER cho phép 10™ va khong sir dung bo khuyéch dai quang

5.8.1. Chon buéc séng 1am viéc ciia tuyén.
Chon budc séng 1am viée ciia tuyén co lién quan dén rat nhiéu tham sé khac cua
tuyén. C6 ba ving ctra s6 dé c6 thé lya chon khi thét ké 12 850nm, 1300nm, 1550nm.
Nghién ciru vé cap quang da cho thiy rang, cap quang c6 dic tinh tot hon &
ving bude séng dai. Khi tén hao truyén dan va tan sic 1a cac nhan t quyét dinh dé xéac
dinh duoc chiéu dai cua tuyén.
Budc song ngan thuong dung dé sir dung & nhiing hé théng thong tin hoat dong
Vv6i toc do thap. Trong ving budc séng dai, cac hé théng hoat dong & budc song
1550nm cho mic suy hao thap nhung lai ¢c6 muc tan xa 16n hon 1300nm, & tuyén trén,
do chiéu dai cua tuyén 13 100km nén ta cho budc song 1am viéc cua tuyén 1a 1550nm
dé c6 mirc suy hao thap.
5.8.2. Chon loai s¢i quang
Theo su trinh bay ¢ phan 1y thuyét soi quang duoc phan thanh 3 loai: don mode,
da mode chi sb budc, da mode chi sb 16p. Loai s¢i don mode c6 dac tinh ton hao va tan
s6 rat tot cho nén loai ndy duoc sir dung phd bién cho duong dai, dung lugng truyén
dan cao doi hoi bang thong rong va ton hao thap.
Loai soi quang cta tuyén duoc chon 13: sgi quang don mode vdi chi s6 suy hao
12 0,25dB/km va hé s6 tan sac D=17ps/nm.km.
5.8.3. Thiét bi thu quang
Chon thiét bi thu quang thda man cac yéu ciu sau:
- Do nhay cao vdi bude soéng 1am viée cua tuyén.
- Hiéu suit luong tir 16n
- Dic tinh nhidu phai thap

- Hoat dong 6n dinh véi su thay ddi cuia moi truong
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Viéc chon thiét bi thu tng véi mot ty 18 16i bit BER cho trudc 1amot cong doan quang
trong, boi 18 do nhay tinh duogc ta s& co cong sudt phat t6i wu va nhu vay s& 1am cho
tuyén hoat dong 6n dinh.

Véi BER cho trudc thi ta s& c6 ty 1& tin hiéu trén nhiéu tir bang dudi day:

S/N (dB

: I

6 1L

5 0 20

4 L

3 ':-15

2 ol
5—10

1 TE S

| | | | | | | | | |

10 102 10° 10® 10° 10° 107 10® 10° 10%° 10"t 10?2

Hinh 5.2 Ty sb bit BER

V6i BER=10"" thi tir hinh v& ta s& c6 S/N = 22,6dB hay S/N = 182 lan

5.9. Tinh toan ton hao trén dwong truyén

Loai ton hao Pon vi S6 luong Tong
Ton hao soi 0,25dB/km 100km 25dB
Ton hao moi | 0,1dB 20 2dB
han

Ton hao mbi ndi | 1dB 2 2dB
Du phong 5dB 5dB

P, =34dB
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5.10. Py nhay ciia may thu trong trwong hop sir dung PIN
Ta s& c6 cong thire S/N ddi véi thiét bi thu PIN nhu sau:

’
Ez (R/ ps) RL
N 26(® p, +i,)BR +4KBT
hv
S (P
—~ > = \'/
N 4K BT

- -
2e—; P+ ) B+———
(hV ps d) R

L
Véi B =B =2,5Gb/s (do mé sir dung la RZ)
Cho thiét bi thu 1a photodiode PIN G6742-003 ctia Hamamatsu Photonic (co
thong s6 kém theo)

Céc thong s cua PIN:

R =€ -0 950w
hv

R.= 50Q

ls =0,3.10° A
Céc hang s6 :

K =1,38.10% J/K, h=6,626.10""Js, c=3.10° m/s
Thay cac gia tri vao ta dugc phuong trinh:

182 = (0,95x P, )’

4x%1,38.10 % x 300 x 2,5.10°

3,2.10™(0,95x P, +0,3.10 °)x 2,5.10° + 50

Ta dugc phuong trinh theo Ps :
0,9025.P5 -138,3.10°Ps -15,1.10™"" = 0
Giai phuong trinh bac hai ta dugc: Ps = 13.10° W
Ps=-12,8.10°W (loai)
Vay d6 nhay cua may thu 1a: Ps = 13.10° W hay Pg =-18.7dBm
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Tir d6 ta c6 cong suat phat tdi wu cho laser trong truwong hop sir dung PIN:
PT :PA +P5 =34+ ('18,7) = 15,34dbm
Nhu vay chon thiét bi phat voi cong suat danh dinh 1&: P = 15,12mW

5.11. Py nhay may thu trong truwong hgp sir dung APD
Ta c6 cong thirc S/N ddi véi thiét bi thu APD nhu sau:

7}9 2
=M. R
(hV ps) L

S
N Ze(ze.ps i, )M**BR_+4K.BT
Vv
LIV
Ly}
iz (hV ps)
hay N KBT

2e("F p, +i,)M>*B.+ 4
hv

L

Chon thiét bi thu 1a photodiode APD loai Suo020 cua sensor Ulimited Inc (co
thong s6 kém theo)
Céc thong s cua APD:

R =" =0,8aW
hv

RL.=500Q

X =07

M =10

l4=30nA

Céc hang so:
K =1,38.10%° J/K, h=6,626.10"Js, c=3.10° m/s
Thay céc gia tri vao ta dugc phuong trinh:

182 = (8P, )

4x1,38.10 % x300 x 2,5.10°
50

3,2.10™(0,8x P, +0,3.10 ) x.10***".2,5.10° +
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Ta dugc phuong trinh theo Ps:
64.P2 - 29,189.10°Ps - 7,717.10™ =0
Giai phuong trinh bac hai ta dugc: Ps = 1,35.10° W
Ps=-8,93.10°W (loai)

Vay d6 nhay cua mdy thu 1a: Ps = 1,35.10° W hay Pg = - 28,7dBm

Tir d6 ta c6 cong suat phat tdi wu cho laser trong truwong hop sir dung PIN:
Pt =P+ Pg=34+ (-28,7) = 5,3dBm
Nhu vay chon thiét bi phéat véi cong suét danh dinh 1a; P = 5,34mW

5.12. Tinh toan thoi gian 1én
-Thoi gian 1én toi da cua h¢ thong
t,=0,7/B,=0,7/2,5.10° = 2.8.10™" s
-Thoi gian 1&n cua thiét bi thu:
t, = 350/B = 350/2,5.10° = 14.10™"% s
-Thoi gian 1én tan sic mode cia soi quang:
t, = 440.LYB, = 440.100°°/2,5.10" = 176.10° s
Trong dé: q 1a tham s6 c6 gia tri tir 0,5 dén 1
B, : bang tan mot km cap soi quang (MHz)
L : chiéu dai cua cap
- Thoi gian 18n tan sic vat liéu 6ng dan séng:
ty-D.L.o =17.0.04.100 = 68ps = 68.10™"
- Khi d6 thoi gian 1én coa tuyén :

2
q
t, = \/té +(D.L.o)? +—44|§L +{—?|)350}

rx

0

t, =2,65.1070 °
Nhu vay thoi gian én cua tuyén 1a: t, = 2,65.10™s
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5.13. Két luan chwong

Két qua viéc tinh toan dua vao cac thdng sb cho trudc cua tuyén da cho thiy
rang, & APD c6 hé s nhan M nén ty 18 tin hiéu trén nhidu S/N c6 gia tri 16n hon nén
ddé nhay may thu dugc nang cao hon so véi PIN.

Do d6, viéc Iya chon APD 1am thiét bi thu quang s& kéo theo thuan loi 1a chi
can str dung diode Laser v&i cong suat phat nho hon rat nhiéu so véi khi dung PIN 1am

thiét bi thu quang.
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KET LUAN VA HUONG
PHAT TRIEN DE TAI

Pé tai “hé thong thong tin quang” d& thyc su dem lai cho em nhiéu hiéu biét vé
thdng tin soi quang. Khi tim hiéu vé hé thong thong tin soi quang & chuong 1 d4 trinh
bay mot cach khai quat vé hé thong va da gilp cho em c6 tim nhin vé hé théng thong
tin soi quang mot cach tong quat. Cac chuong tiép theo sé& tap trung vao trinh bay mot
cach then chét cac van dé nhu cac dac diém, ciu tao chiic nang ciia hé thong, va ting
bo phan cau thanh nén hé thong.

Pbi voi hé thong thiét ké, tuy cOn nhiéu han ché nhung hé thong IM-DD véi
dac tinh don gian da duoc ing dung rong rdi va cho nhiing lgi ich to 16n trong thoi ky
mGi phat trién thong tin quang.

Vi nhimng uvu diém ké trén viéc s dung soi quang 1am phuong tién truyén dan
|a can thiét. Thé nhung khi sir dung soi quang trong thuc té khong phai 1a diéu don gian
co ché anh sang lan truyén trong sgi quang ciing nhu do t6n hao 1a nhiing yéu t6 can
phai tinh dén trude tién khi chon sgi quang lam phuong tién truyén dan tin hiéu.

Tuy nhién, dé tang téc d6 truyén dan, biang thong, dung luong ...thi vin dé ghép
kénh quang 14 mot tat yéu. C6 ba loai ghép kénh quang Ia ghép kénh quang phan chia
theo thoi gian (OTDM), ghép kénh phan chia theo tan s6(ODFM), ghép kénh quang
phéan chia theo budc song (WDM). Trong ca ba phuong phap trén thi ghép kénh phan
chia theo thoi gian 1a don gian va pho bién nhét véi cac tinh nang wu viéc ctia né. Viée
tinh toan, thiét ké tuyén thong tin quang theo quy cong suat va thoi gian 1én doi hoi cac
thong sé phai phil hop, cong thirc chinh xac va trén co s¢ 6 chuong trinh s& kiém tra
cac diéu kién vé thoi gian 18n va quy cong suat va BER cua hé théng dé dua ra duogc
tuyén phil hop véi nhu cau thiét ké.

Trong nhung nim gan day, cic nudc phat trién trén thé gidi nhu My, Nhat

Trung qubc, Puc...dang ngién ctru dé dua ra cong nghé méi WDM la cdng nghé
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truyén dan téc d6 cao vai traim Gbit dén Tbit. DUng céng nghé WDM dé mo rong dung
luong 1a cong nghé truyén dan siéu I6n nhat hién nay. N6 khong nhitng mé rong dung
luong, tiét kiém dugc sd luong 16n diém bo lap, bo tai sinh, giam gia thanh cua hé
thdng. N6 14 nén moéng cho su phat trién lau dai trong tuong lai.

Tuy nhién, khi hoan thanh db 4n ndy khdng thé tranh nhitng sai s6t ndi dung
cling nhu trong thiét ké.
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HE THONG THONG TIN QUANG

PHU LUC

CHUONG TRINH TINH TOAN:

Thiét ké tuyén thong tin s¢i quang theo quy cong suit va thoi gian 1én

Két qua khi chay chuong trinh

. Thiét ké tuyén thiing tin sgi quang theo qui cdng sudt va thai gian 1én

Buéc séng
+ 1300nm
€ 1550nm

Ttic do bit R
S8 méihan n
S8 b ket néfim

Chifu dai tuyen L

Cong sudt ngudn LED
Cong sudt ngudn LD

Cong sudt nguéin LDOM

[ b
-
-

| [
[ pem

| [d8rr]
| (5]

TINHTOAN

LEL-DAMOC-PIN
LD-DMTT-APD
LD-DMDCFIN
LID-DMTT-FIN
LD-DMDC-APD
LDDM-DMTT-AFD
LDDM-DMDC-APD

~Chi phi cho tuyén dirge chon-

T w

Bang gia vat liéu cap
guang ¥i phy kien
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. Thiét ké tuyén thing tin sgi quang theo qui cdng sudt ¥a thii gian Ién — |Elli|
Femcooomoesas Nhip tham 56 cla tuysn-------------- S| [ e=eesomsenesesmmososammas K&t qua------meemei e —
[ Mé truyen dan Bude séng Khong c6 té hop nio thod min yéu céu thiét ké.
O RZ & 1300nm
& NRZ ' 1550nm

Téic dg bit R [ 400 pupiys]
56 mgi han n [ 15
S6 bo ket ndim [ 25
Chién dai tuyen L [ 30 [km - Chon tuysn------ [ Chi phf cho tuyén duga chon -
Cong sudt nguén LED |—8 [dBrn] LED-DAMO-PIN

P
i LD-DMTT-AFD USD
Cang sudt ngudn LD I 5 [dBm] ? EBSMDC;’II}]\II
9
e
8

Cong suft ngudn LDDM I 3 [dBm] LD-DMDC-APD

LDDM-DMTT-APD
THOAT |

LDDM-DMDC-APD

Bang gia vat liéu cap
guang va phy kién

. Thiét ké tuyén thing tin s¢i quang theo qui cang suat ¥a thati gian lén

rMatruyén din Bl mi Té hop LED-DAMO-PIN :Thoa min
" RZ i+ 1300nm
* NRZ £ 1550nm

Téc do bit R I 150 ubitys]
88 méihan n I 15
S8 bé ket ndim I 2b
Chign daityen L I 20 [Km] M------- Chon tuysn------ 1 1 Chi phi cho tuyén duge chon
{ Ol _ _
Cang sudt ngudn LED I 8 [dBm] s =LE]E)DDAM_OA PE)M;
| 5 ' LD-DMDC-PIN | 50805 usp
Chng sudt ngudn LD [dBm] DD e
. - 5
Cong sudt ngudn LDDM I 3 [ciBm] . LD-DMDCAPD - ————
 LDDM-DMDC-APD e LT @iy

LDDM-DMTT-AFD
guang ¥a phy kien
THOAT | TINH TOAN
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i, Thiét ké tupén thiing tin soi quang theo qui cdng suat va thiti gian lén

~ M truyén din
" RZ
fs NRZ

Burdie séng
= 1300nm
& 1550nm

HE THONG THONG TIN QUANG

Teic d6 bit R

36 méihan n

36 bo ket ndim

Chifn daituyén L
Chng sudt ngudn LED

Cong sudt ngudn LD

Cong sudt ngudn LDOM

[ 400 pasiye)
[ 15

[ 25

[ 30
[ 8pem
[ 5pem

Té hop LDDM-DMTT-APD :Thod min
Té hop LDDM-DMDC-APD :Thoa min

| 3 [dBm]

TiNH TOAN

ROEEEEES Chon tuy&n------ < Chi phi che tuyén dirge chon

LED-DAMO-PIN

-
 LD-DMTT-AFD

" LD-DMDC-PIN | 76085 UsD
" LD-DMTT-PIN

-

e

-

Bing gia vat liéu cap
guang vi phy kien

CODE:
Option Explicit

Public Cpl As Variant
Public Cp2 As Variant
Public Cp3 As Variant
Public Cp4 As Variant
Public Cp5 As Variant
Public Cp6 As Variant
Public Cp7 As Variant
'Gia thanh cua he thong [USD]

Consta =40
Constb =15

'‘Gia mot connector

'‘Gia mot moi han
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HE THONG THONG TIN QUANG

Constc_LD =15450
Const c_LED = 12000
Const da = 1200
Const dmtt = 1390
Const dmdc = 1410
Const rack = 1600
Const G_ODF =120
Const M_8FO =110
Conste =2.71814
Constg=0.5

Const MPIN =1
Const MAPD =40
'He so tan sac

Const D1_DAMO =6
Const D2_DMDC =0
Const D2_DMTT =18

‘Thoi gian len cua may phat
Const T_LED =2

Const T_LD=1

Const T_LDDM = 0.7

'Do rong pho nguon

Const PH_LED =3/1000
Const PH_LD =1.5/1000
Const PH_LDDM =1/1000
'Bang tan soi quang

Const Bo_DAMO = 1400
Const Bo_DMTT = 1700

'Gia mot bo FLX-600
'Gia mot bo FLX-600
'Gia mot Km soi da mode
'Gia mot Km soi don mode thong thuong

‘Gia mot Km soi don mode tan sac dich chuyen

‘Mang song noi thang cap

'He so tan sac cua soi DAMO
'He so tan sac cua soi DAMO

'He so tan sac cua soi DAMO

‘Thoi gian len cua LED
‘Thoi gian len cua LD
‘Thoi gian len cua LDDM

'Do rong pho cua LED
'Do rong pho cua LD
'Do rong pho cua LDDM

'‘Bang tan soi DAMO
'‘Bang tan soi DMTT
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Const Bo_DMDC = 1700 '‘Bang tan soi DMDC
Const hs = 0.8 'Hieu suat ghep quang
Const Lc = 0.7 'Suy hao connector
ConstLs=0.4 'Suy hao moi han
Const Pd =8 'Cong suat du phong
Const MDP = -27.5 'Do nhay may thu
Const T = 300 ‘Nhiet do

Const RL =50 'Dien tro tai

Dim Bmt '‘Bang thong may thu

'He so tap am troi
Const M_PIN =1
Const M_APD =40
Const KB = 1.38E-23 'Hang so Bonzman
Const BERo = 0.0000000001 'BER danh dinh
Public TH1 As Boolean
Public TH2 As Boolean
Public TH3 As Boolean
Public TH4 As Boolean
Public TH5 As Boolean
Public TH6 As Boolean
Public TH7 As Boolean
Public Brx As Double '‘Bang thong cua thiet bi thu
Public bNz As Boolean
Public bLamdal As Boolean
‘Tinh thoi gian len cua to hop
Public Function Calc_Tth(ByVal dTmp As Double, ByVal dD As Double, ByVal dBo
As Double,
ByVal dBmt As Double, dP As Double, ByVal dL As Double,
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ByVal dg As Double) As Double
'‘dTmp thoi gian len cua may may phat
'dD he so tan xa
'dBo bang tan 1km cap soi soi quang
‘dBmt bang tan may thu
'dPH do rong pho nguon phat
'dL chieu dai tuyen
'dg Tham so co gia tri 0.5->1
Dim dTth As Double

HE THONG THONG TIN QUANG

dTth = Sqr(sqrt(dTmp) + sqrt(dD * dL * dP) + sqrt(440 * Exp(dg * In(dL)) / dBo) _

+sqrt(350 / dBmt))
Calc_Tth = Format(dTth, "scientific")

End Function

Public Function Calc_Ts(ByVal dR As Double) As Double

'dR toc do bit
Dim Ts As Double
Dim R As Double
R=dR
If bNz Then
Ts =(0.35/R) * 1000
Else
Ts=(0.7/R) * 1000
End If
Calc Ts=Ts
End Function
Private Sub cmdCalc_Click()
'On Error GoTo ErrorHandle

Const MDP = -27.5 'Do nhay may thu
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Const KB = 1.38E-23 'Hang so Bonzman
Const T = 300 ‘Nhiet do

Const RL =50 ‘Tro tai

Const BERo = 0.000000000001

Dim R As Double ‘Toc do bit

Dim dL As Double 'dL chieu dai tuyen
Dim n As Integer 'So connector

Dim m As Integer 'So moi han

'‘Cong suat nguon phat
Dim Ps_LED As Double
Dim Ps_LD As Double
Dim Ps_LDDM As Double

Dim Ts As Double ‘Thoi gian len cua he thong

Dim Tthl As Double ‘Thoi gian len cua to hop 1

Dim Tth2 As Double ‘Thoi gian len cua to hop 2

Dim Tth3 As Double ‘Thoi gian len cua to hop 3

Dim Tth4 As Double ‘Thoi gian len cua to hop 4

Dim Tth5 As Double ‘Thoi gian len cua to hop 5

Dim Tth6é As Double ‘Thoi gian len cua to hop 6

Dim Tth7 As Double ‘Thoi gian len cua to hop 7

Dim dPr_LED As Double '‘Cong suat quang toi cua to hop 1
Dim dPr_LD As Double ‘Cong suat quang toi cua to hop 2
Dim dPr_LDDM As Double ‘Cong suat quang toi cua to hop 3

Dim BER1 As Double
Dim BER2 As Double
Dim BER3 As Double
Dim BER4 As Double
Dim Ip_LED As Double



LUAN VAN TOT NGHIEP

Dim Ip_LD As Double
Dim Ip_LDDM As Double
Dim SN1 As Double

Dim SN2 As Double

Dim SN3 As Double

Dim SN4 As Double

Dim gl As Double 'q1=SN1/2
Dim g2 As Double '02=SN2/2
Dim g3 As Double '03=SN3/2

Dim g4 As Double
OptTH1.Value = False
OptTH2.Value = False
OptTH3.Value = False
OptTH4.Value = False
OptTH5.Value = False
OptTH6.Value = False
OptTH7.Value = False

txtResult. Text =""

txtResultl. Text = "

Ps_LED = CDbl(txtPSLED.Text)
Ps_LD = CDDbI(txtPSLD.Text)
Ps_LDDM = CDbl(txtPSLDDM.Text)
dL = CDbl(txtL.Text)

R = CDbl(txtR.Text)

m = Clnt(txtm.Text)

n = CInt(txtn. Text)

‘Tinh thoi gian len cua he thong
Ts = Calc_Ts(R)

HE THONG THONG TIN QUANG
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If bLamdal Then
‘Tinh thoi gian len cua to hop
Tth1 = Calc_Tth(T_LED, D1_DAMO, Bo_ DAMO, 2 * R, PH_LED, dL, q)
‘Tinh cong suat quang toi
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
Ip_LED = Calc_Ip(dPr_LED)
SN1 = ((sqrt(Ip_LED) / 2) * sqrt(MPIN) * RL / (4 * KB * T * 2 * R)) / 1E+18
ql=SN1/2
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
Cp2=0
Cp3=0
Cpd=0
Cp5=0
Cp6=0
Cp7=0
If (Tthl <=Ts) Then
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
If (dPr_LED >= MDP) Then
BER1 = Exp(-sqrt(ql) / 2) / (2 * g1 * Sqr(2 * 3.14))
If (BER1 <= BERO0) Then
txtResult. Text = "T6 hgp LED-DAMO-PIN  :Thoa mén"
Cpl=a*n+b*m+2*c LED +dL *da+ M_8FO + rack + _ODF
Else
txtResult. Text = "Khong cd t6 hop nao thoa man yéu cau thiét ké." +
Chr(13) & Chr(10) & "Tang cong suat ciia ngudn phat"
Cpl=0
Cp2=0
Cp3=0
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Cpd=0
Cp5=0
Cp6=0
Cp7=0
txtResultl. Text = "
Exit Sub Thoat khoi thu tuc tinh toan
End If
Else
txtResult. Text = "Khong cd t6 hop nao thoa man yéu cau thiét ké." +
Chr(13) & Chr(10) & "Ting cong suat ctia ngudn phat."
txtResultl. Text = "
Cpl=0
Cp2=0
Cp3=0
Cpd=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub Thoat khoi thu tuc tinh toan
End If
Else
txtResult. Text = "Khong c6 t6 hop nao thoa man yéu cau thiét ké." '+
Chr(13) & Chr(10) & "Tang cong suat cia ngudén phat"
txtResultl. Text = "
Cpl=0
Cp2=0
Cp3=0
Cpd=0
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Cp5=0
Cp6=0
Cp7=0
Exit Sub Thoat khoi thu tuc tinh toan
End If
Else
Cpl=0
Tth2 = Calc_Tth(T_LD, D2_DMTT, Bo_ DMTT, 2* R, PH_LD, dL, q)
Tth4 = Calc_Tth(T_LD, D2_DMTT, Bo_ DMTT, 2* R, PH_LD, dL, q)
Tth3 = Calc_Tth(T_LD, D2_DMDC, Bo_DMDC, 2 * R, PH_LD, dL, q)
Tth5 = Calc_Tth(T_LD, D2_DMDC, Bo_DMDC, 2 * R, PH_LD, dL, q)
Tth6 = Calc_Tth(T_LDDM, D2_DMTT, Bo_ DMTT, 2 * R, PH_LDDM, dL, q)
Tth7 = Calc_Tth(T_LDDM, D2_DMDC, Bo_DMDC, 2 * R, PH_LDDM, dL, q)
dPr_LD = Calc_Power(hs, Ps_LD, Pd, m, n, Lc, Ls)
dPr_LDDM = Calc_Power(hs, Ps_LDDM, Pd, m, n, Lc, Ls)
Ip_LD = Calc_lp(dPr_LD)
Ip_LDDM = Calc_Ip(dPr_LDDM)
SN2 = ((sqrt(lp_LD) / 2) * sqrt(MPIN) *RL / (4 * KB * T * 2 * R)) / 1E+18
SN3 = ((sqrt(lp_LD) / 2) * sqrt(MAPD) *RL /(4 * KB * T * 2 *R)) / 1E+18
SN4 = ((sqrt(lp_LDDM) / 2) * sqrt(MAPD) *RL/ (4 * KB * T * 2 * R)) / 1E+18
q2=SN2/2
g3 =SN3/2
q4 =SN4 /2
BER2 = Exp(-sqrt(g2) / 2) / (g2 * Sqr(2 * 3.14))
BER3 = Exp(-sqrt(g3) / 2) / (93 * Sqr(2 * 3.14))
BER4 = Exp(-sqrt(g4) / 2) / (g4 * Sqr(2 * 3.14))
'Khong co to hop nao thoa man dieu kien Tth<Ts
If (Tth2 >=Ts) And (Tth3 >=Ts) And (Tth6 >=Ts) And (Tth7 >=Ts) Then
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txtResult. Text = "Khéng co t6 hop nao thoa mén yéu cau thiét ké."
txtResultl. Text = "
Cpl=0
Cp2=0
Cp3=0
Cpd=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
'Khong co to hop nao thoa man dieu kien P>MDP
If (dPr_LD <= MDP) And (dPr_LDDM <= MDP) Then
txtResult. Text = "Khong c6 t6 hop nao thoa man yéu cau." +
Chr(13) & Chr(10) & "Y&u cau ting cong suat phat."
txtResultl. Text = "
Cpl=0
Cp2=0
Cp3=0
Cpd=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
'Khong co to hop nao thoa man dieu kien BER<BERO
If (BER2 >= BER0) And (BER3 >= BER0) And (BER4 >= BERO0) Then

txtResult. Text = "Khong c6 t6 hop nao thoa man yéu cau ." +
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Chr(13) & Chr(10) & "Y&u cau ting cong suat phat."
txtResultl. Text = "
Cpl=0
Cp2=0
Cp3=0
Cpd=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
If (Tth2 <=Ts) And (dPr_LD >= MDP) And (BER2 <= BER0) Then
txtResult. Text = "To6 hgp LD-DMTT-APD :Thoa mén "
Cp2=a*n+b*m+2*c LD +dL*dmtt+ M_8FO + 2 *rack + G_ODF
Else
Cp2=0
End If
If (Tth5 <= Ts) And (dPr_LD >= MDP) And (BER2 <= BERO0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LD-DMDC-APD
:Thoa mén"
CpS5=a*n+b*m+2*c LD +dL*dmdc+ M_8FO + rack + G_ODF
Else
Cp5=0
End If
If (Tth3 <= Ts) And (dPr_LD >= MDP) And (BER3 <= BERO0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LD-DMDC-PIN
:Thoa mén"
Cp3=a*n+b*m+2*c LD +dL*dmdc+ M_8FO +rack +3* G_ODF



LUAN VAN TOT NGHIEP HE THONG THONG TIN QUANG

Else
Cp3=0
End If
If (Tth4 <=Ts) And (dPr_LD >= MDP) And (BER3 <= BER0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LD-DMTT-PIN
:Thoa mén"
Cpd=a*n+b*m+2*c LD +dL*dmtt+ M_8FO +rack + 2 * G_ODF
Else
Cpd=0
End If
If (Tthé <=Ts) And (dPr_LDDM >= MDP) And (BER4 <= BERO0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LDDM-DMTT-
APD :Thoa man"
Cp6=a*n+b*m+2*c LD+dL*dmtt+5* M_8FO +rack + 3* G_ODF
Else
Cp6=0
End If
If (Tth7 <=Ts) And (dPr_LDDM >= MDP) And (BER4 <= BERO0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LDDM-DMDC-
APD :Thoa man"
Cp7=a*n+b*m+2*c LD+dL*dmdc+4*M_8FO +rack + 2* G_ODF
Else
Cp7=0
End If
End If
'ErrorHandle:
' Resume Next
End Sub
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Private Sub cmdExit_Click()
Unload Me

End Sub

Private Sub Form_Load()
OptNZ.Value = True
OptLamdal.Value = True

End Sub

Private Sub OptLamdal_Click()
bLamdal = True

End Sub

Private Sub OptLamda2_Click()
bLamdal = False

End Sub

Private Sub OptNRZ_Click()
bNz = False

End Sub

Private Sub OptNZ_Click()
bNz = True

End Sub

Public Sub Input_Enable(KeyAscii As Integer)

'Khong cho phep nhap ky tu

Select Case KeyAscii
Case Asc("0™) To Asc("9"), vbKeyBack, vbKeyDelete
KeyAscii = KeyAscii
Case Else
KeyAscii =0
End Select
End Sub
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Public Function Calc_Power(ByVal factor As Double, ByVal Ps As Double,
ByVal Pd As Double, ByVal m As Integer, _
ByVal n As Integer, ByVal Lc As Double, ByVal Ls As Double) As
Double
‘factor he so
'Ps cong suat nguon phat
'Pd cong suat du phong
'm so moi han, n so connector
'Ls suy hao moi han
'Lc suy hao connector
Dim po As Double
po = factor * Ps - (Pd + n * Lc + m * Ls)
Calc_Power =po
End Function
Private Sub OptTH1_Click()
txtResultl. Text = Cpl
If Cp1 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH2_Click()
txtResultl. Text = Cp2
If Cp2 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH3_Click()
txtResultl. Text = Cp3
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If Cp3 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH4_Click()
txtResultl. Text = Cp4
If Cp4 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH5_Click()
txtResultl. Text = Cp5
If Cp5 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH6_Click()
txtResultl. Text = Cp6
If Cp6 =0 Then
txtResultl. Text = "
End If
End Sub
Private Sub OptTH7_Click()
txtResultl. Text = Cp7
If Cp7 =0 Then
txtResultl. Text = "
End If
End Sub
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Private Sub txtL_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtm_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtn_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtPSLD_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtPSLDDM_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtPSLED_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Private Sub txtR_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)

End Sub

Public Function sqrt(ByVal a As Double) As Double

Dim result As Double
result=a*a
sgrt = result

End Function

Public Function In(ByVal da As Double) As Double

Dim result As Double
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result = Log(da) / Log(e)
In = result
End Function
Public Function Calc_Ip(ByVal dpol As Double) As Double
'dpl la cong suat toi
Const gol = 1.6E-19 'dien tich
Const ¢ = 300000000#  'Van toc anh sang
Const h = 6.625E-34  'Hang so blang
Const hs =0.8 'Hieu suat
Dim Ip As Double
If bLamdal Then
Ip = (gol * Exp(dpol * 0.23) * hs * 0.0013) / (c * h)
Else
Ip = (gol * Exp(dpol * 0.23) * hs * 0.00155) / (¢ * h)
End If
Calc_Ip=1Ip
End Function
Private Sub txtResultl KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
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CAC LOAI CAP QUANG VA CAC THIET BI

TRUYEN DAN QUANG THUC TE HIEN NAY
1. CAC LOAI CAP QUANG

1.1. Céap s¢i quang chén true tiép kim loai

Kha nang chiu cac tac dong co hoc cao, chong moi mot, chong gam nham

CAu tao cap quang:

Soi quang

Thanh phan gia cuong trung tim bang diy thép
Ong long nhya chiu nhiét

Ong dém
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Bao vé 16i cap bang bang PD

L6p chéng 4m bang nhom

Vo bén trong

Lép bao vé co hoc bang thép

V6 bén ngoai

1.2. Cap quang chon true tiép phi kim loai

HE THONG THONG TIN QUANG



LUAN VAN TOT NGHIEP HE THONG THONG TIN QUANG

Cép soi quang chon truc tiép khong c6 thanh phan kim loai trong vo céap, thiét ké cho
nhitng viing hay c6 sét hodc chiu anh hudng cia dién cao thé.
Céu tao soi quang:

e Soi quang

e Thanh phan gia cuong

o Ong long bang nhya chiu nhiét

e Ong dém hinh try trdn bang nhya chiu nhiét

e Soibén

e L&p bao vé 10i

e Vo bén trong

e Gia cuong bén ngoai cd tac dung bao vé va chiu luc

e Vo ngoai cung
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1.3. Cap tha song
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Kha nang chiu tac dung co hoc cao, di ngam dudi nudc.
Cau tao cép quang:

e Soi quang

Thanh phan gia cuong trung tim bang ddy thép ma cing

Ong long nhya chiu nhiét

Ong dém hinh try trdn bang nhya chiu nhiét

So1 bén

e Bio vé soi cap bang PS

L6p chéng thim bang nhom

Vo bén trong

g 15ng

e LOi thép bén bao vé

e Vo bén ngoai

1.4. Cép treo kim loai
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Kha nang chiu tac dung co hoc cao, chong moi mot.

Cau tao cua cap:

Soi quang

Thanh phan gia cuong bang day thép ma cimg
Ong long nhya chiu nhiét

Ong dém bang nhya li¢u thay cho dng long
Soi bén bao vé 16i cap bang PS

L6p chéng tham bang nhom

V6 ngodi cung

Mang do

Day treo bang thép
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1.5. Cép treo phi kim loai

L&i phi kim loai dugc thiét ké cho viing hay c6 sét hay ving c6 dién thé cao

Cau tao cua cap:

Soi quang

Thanh phan gia cuong trung tim

Ong long nhya chiu nhiét

Ong dém hinh try trdn bang nhya chiu nhiét thay cho 6ng long
So1 bén

Bao vé 18i cap bang PS

Lop gia cuong

Day treo, day thép bén

Mang do

V6 ngodi cung
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1.6. Cap di cong kim loai
Kha nang chiu tac dung co hoc cao, chéng mbi mot
Céu tao cua cap:
e Soi quang
e Thanh phan gia cudng trung tim bang day thép cing
° Ong long nhya chiu nhiét
e Ong dém hinh try bang nhwa chiu nhiét thay dng long
e Soibén
e Bao vé 16i cap bang PS
o Lop chongd tham bang nhom

e V0 ngoai.
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1.7. Cap di cong phi kim loai

L&i phi kim loai duoc thiét ké cho ving hay c6 sét hay ving c6 dién thé cao

Cau tao cua cap:

Soi quang

Thanh phan gia cuong trung tim

Ong long

Ong dém bang nhya thay cho ong long
So1 bén

Bao vé 18i cap bang PS

Lop gia cuong

V6 ngoai
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1.8. C4p truy nhap

Thich hop véi tuyén khong yéu cau dung luong 16n

Cau tao cua cap:

Soi quang
Thanh phan gia cuong bang day thép cimg
Ong long nhya chiu nhiét

V6 ngoali

2. Day nhay quang

HE THONG THONG TIN QUANG

- La phan day nbi gitra hop ODF va thiét bi, day gdm 2 dau ndi quang ¢ hai dau, két

noi béi mot soi quang.

- Phén loai: c6 hai loai chinh 1a Day don (Simplex) va Day d6i (Duplex), trong hai loai

chinh nay lai dugc phéan ra nhiéu loai tuy thudc vao loai dau ndi giira hai dau: ST, SC,
FC, LC, MTRJ, E2000,...

- Vi du mét sé loai thong dung:
* SC/PC to SC/PC, Simplex, 5 m, Singlemode
* FC/PC to FC/PC, duplex, 5 m, Multimode
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3. Ming x6ng quang
- LA thiét bi nbi giita hai doan cap bi dit hodc gitta hai cudn cap khi dang thi cong dé
tang chiéu dai doan cap.
- Phan loai: ¢ 2 loai chinh ( ngoai ra con c6 mot sb loai khong chinh thirc khéc)
+ Loai in-line: 14 loai 1am ngang theo phuong cua cap.

+ Loai dtmg: 12 loai khi str dung 1am vudng goc véi phuong cia cap

LS

4. Hop ODF
- LA thiét bj dung dé bao vé dau ndi cua cac sgi quang cua cap.
- Phan loai: c6 hai loai chinh

+ Loai gan tuong

+ Loai gan ti rack
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5. Tt phan phdi quang
T phan phéi quang trung tim hodc chi nhanh

- Phan loai: c0 hai loai chinh 1a tu trong nha va tu ngoai troi.

6. May han quang
Dung dé ndi hai doan cap quang, ndi ddu ndi quang, thi cong han gan soi quang voi
cac phu kién quang khac.
e T4t nhét cho viéc han ndi cac loai soi don mdt, da mét, soi thuy tinh silic, cac
loai soi dic biét ( Soi boc Titanium, LS, CS, va NZDS TrueWave™, LEAF™)
e Cho cic mang vién thong yéu cau suy hao méi han rat thap: suy hao méi han
dién hinh nho hon 0,015dB véi cung mot loai sgi don mét déng nhét va nhé hon
0.01dB cho cung mot loai soi da mbt tiéu chuan.
e Cung cép cac két qua mdi han co do tin cdy cao, khong phu thudc vao loai soi

hoic tay nghé nguoi st dung.
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7. Dao cit sgi quang
e Do 1éch goc cit tiéu biéu < 1° v4i d6 tin cdy cao va tan xa thip dudi diéu kién
lam vi¢c tai cong truong
e D& dang v4i mot budc thao tac cit : Kep gitr, bé cong, 1am khia, cat chi véi mot
dong tac.
e Ludi cat kim cuong hinh tron c6 thé quay dugc ¢ 12 vi tri khac nhau, cho chat
luong mdi cat tét, tudi tho cao (Thoéng thudng dién hinh > 6.000 1an cho mdi ludi
cat khi cat soi bang det 12 sgi don)
e D6i v6i soi don 18, ciing nhu bang 12 soi va cac soi ghép thanh bang déu co thé
ding bd ghép soi bang tay.
e Chiéu dai cit cla soi toi thiéu :3.5 mm
v6i soi don c6 duong kinh 16p vé boc bao v¢ 250um, 10mm véi sgi don c6 duong

kinh 16p boc bao vé tir 250 - 900pm

e Duong kinh cta sgi : 125pm danh dinh

e C6 thé diéu chinh dé cit duoc nhitng s¢i c6 strc chiu cang dugce tang cuong, vi
du so1 boc titanium.

¢ Thay ludi dao cat dé dang tai noi lam viéc

e Chét lugng mbi han it bi anh hudng do bui va cac tic dong bén ngoai
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8. May do quang OTDR
L4 thiét bj dung dé kiém tra tit ca cac thong sb ctia cap nhu, d6 suy hao, diém dut cap,
d06 tan xa clia cap. day 1a thiét bi khong thé thiéu trong qua trinh bao hanh hé thong

cap.

9. Bd chuyén d6i quang dién

Thiét bi MCW3924LC dang standalone, ti¢én loi, cho phép dé ban, gén tuong hodc
rack, chiu duoc nhiét d6 va do am cao.

- H3 tro nang cip phan mém tir xa (remote firmware upgrade).

Ho trg chire ning VLAN and VLAN Tagging Q in Q

- Tuong thich v&i Switch Cisco 4924, 7609. Cung cap thiét bi dé Test tinh tuwong thich
Cisco.

- Thiét bi MCW3924LC cung cap tinh ning biao mat USER NAME & PASSWORD d¢
kiém soat ngudi truy cap tranh tinh trang ngudi ding truy cap thay do6i thong sb cdu
hinh gay ra su cé.

Giao dién dién:

- C6 1 cong 10/100/1000 Base —T, dau ndi RJ45

- Hd trg Auto MDI/MDI-X
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Giao dién quang:

- C6 1 port SFP, dau ndi LC, 1000Base —FX, Singlemode, budc soéng 1310nm, khoang
cach két ndéi 10Km (SFP cling hang san xuat v6i Converter-VILINK)

- Hot swappable

10. B§ dung cu dung trong thi cong
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CAC THUAT NGU VIET TAT

APD : Avalanche Photo Diode

BER : Bit Error Ratio

ELED : Edge Light Emitting Diode

IM - DD : Intensity Modulation-Direct Detection
LD : Laser Diode

LED : Light Emitting Diode

ISDN : Integrated Services Digital Network
LDA : Laser Diode Amplifier

MM : Multi Mode

NRZ : Non Return to Zero

NOLM : Nonlinear Loop Mirror

OTDM : Optical Time Division Multiplexing
PLL : Phase Locked Loop

PCM : Pulse-code modulation

Sl : Step Index

Gl: Graded Index

SM : Single Mode

SDH : Synchronous Digital Hierachy

S/N : Signal /Noise

RZ : Return to Zero



Chuong 5. Gidi thiéu vé hé thong
thong tin quang



NO1 dung

G161 thiéu

So1 quang

Thiét bi phat quang
Thiét bi thu quang

Hé thong WDM
Khuéch dai quang
Mang truyén tai quang



gi¢i thiéu

» H¢ thong truyén thong dién

Data

Source

..011010..[Electrical

signal source

» H¢ thong truyén thong quang

Data

..011010..

Electrical signal
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Electrical signal

Source

Electrical
signal source

JUL

Light
source

!

JU L

Optical signal
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Tinh chat Anh sang

» Anh sang c6 tinh chat song
o Anh sang c6 tinh chat hat : anh sang bao gom
nhi€u proton co nang luong E = hv

« Hién tuong: phan xa, khuc xa, tan xa,...
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Dai tan thong tin quang

= Anh sdng thia'y dudc chi€m dai pho tir 380nm
(tim) d€n 780nm (dd)

= Anh siang dung trong thong tin quang ndm trong
vling can hong ngoai (near-infrared) (800nm-
1600nm) = khong thdy duoc

= 3 viing budc séng (ctta s6 budc séng) dugc sir
dung trong thOng tin quang:
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hé thong thong tin quang

e Uu diém:

— Suy hao truyén dan thap (0.2 - 0.5dB/km)

f

|
Staﬁdard
fibers

Absorption by residue
Hydroxyl (OH-) ions
"'\.\\‘

S

Zero water-peak
fibers

1 1
800 1000

1 T T
1200 1400 1600 1800 * (nm)



hé thong thong tin quang

 Uu diem
— Dung luong truyén dan 1én
— It bi 4nh huong boi nhiéu dién tur.
— P06 an toan truyén dan cao
— Kich thudce va trong lwong nho.

— So1 quang dugc ché tao tur vat 11i€u co san



hé thong thong tin quang

 Ung dung:
— hé thong truyen tai duong truc, trung ké , lién tinh
— Xay dung cac duong truyén xuyén dai duong
— Xu thé dudng quang kéo dén nguoi dung.



SO1 quang

Cau tao

Phan loai

Co ché truyén anh sang
Suy hao so1 quang

Tén sac soi quang



Cau tao so1 quang

» Lop 15i: chiét suat nl
* Lop va(boc): chiét suat n2<nl
* 16p dém: bang nhua, dé bao vé soi quang

Core (doped
glass)

Cladding
(glass)

Buffer
(plastic)

cyahame”

Transverse section

Perspective view ™



cau tao sQ1 quang

» chiét suat 16p 18i co thé

déu
» chiét suat 16p 15i co thé
thay doi tur tur.




Chi€t suat cua moi trudng:
- C:vAn tOc 4nh sdng trong chan khong, ¢ = 3.108 m/s
- v: vin toc 4nh sdng trong modi trudng dang xét, V.

Su phan xa va khic xa:

Tia téi Tia phan xa
n, mo1 trudng 1
n, moi trudng 2

Tia khic xa



Bria 161, tia phdn xa va tia khiic xa cing nim trén mot
mit phing
BG6c phan xa bing goc t6i: [E B

'}60 khuc xa dudc xac dinh tu cong thic Snell:

n,sinll n, sin[j

Tia tGi  Tia phdn xa Tia 01 /Tia phan xa
n, moi truong 1 n; /‘/mf)i truong 1
Ny \\. moi trudng 2 n; ‘- mdi trudng 2

N

Tia khtc xa Tia khiic xa



Su phan xa toan phan:
Tia phan xa
Tia t61 han\

A
\\\\/_ /,,’
W, EFORER
n, /
Tia khuc xa
Br-usng hop , khi géc t6i

thi khong ¢4 tia khiic xa, tia t6i phdn xa hoan toan vé
mo1 truéng try€n




Co s¢ lan truyén anh sang trong

SQ1 quang
* Dua vao hién tugng phan xa toan phan anh sang
kh1 di qua mat phan cach gitra 16p 101 va vo.
» Picu kién n1>n2 va goc tdi 16n hon goc gidi han




Co soO lan truyén anh sang

o Khi goc t6i khong thoa man diéu kién phan xa
toan phan: ta1 bé mat tiép giap ton tai ca tia phan
xa va khuc xa




Cac thong so soi quang

* Suy hao
e Tén sac

» Pic tinh phi tuyén



Suy hao sg1 quang

Cong sudt quang truyén tai trong soi cling giam
dan theo cu ly véi quy luat ham s6 mii tuong Ging
nhu tin hiéu dién. Bi€u thic cua ham so truyén
cong suat c6 dang:

e Trong d6: P(0): cong suat 6 dau soi (z=0)

e P(z): cong suat ¢ cu ly z tinh tir dau soi

: hé so suy hao.



Suy hao sg1 quang

* hé s6 suy hao tinh boi:

» Trong d6 P1, P2 tuong tGng 1a cong suat vao, ra
» H¢ s6 suy hao trung binh:




Suy hao sg1 quang

« Cac nguyén nhan:

— Do hap thu: sgi quang c6 18i dugc ché tao tir thuy tinh
thuong pha thém cac tap chat nhu Fe, Cu,.. Cac tap
chat nay 1a ngudn hap thu anh sang.

— Do tan xa: noi chung khi séng dién tir truyén qua moi
troeong khong dong nhat s€é gay nén tan xa, anh sang
s€ b1 toa ra cac hudng va chi c6 mot phan truyén theo
hudng xac dinh

— Do udn cong so1



Suy hao sg1 quang

c First window Second window  Third window
< 10k - 850-nm" "1300-nm”  “1550-nm"
D50k
=R ‘
—
5 2.0 |
2 1.0 F .
o || |
= L
c 09 Standard i
Soat
E ' Band Descriptor Wavelength range (nm)
0.1 O-band Original 1260 to 1360
600 8 E pand Extended 1360 to 1460
Opticé S-band Short 1460 to 1530
C-band Conventional 1530 to 1565
L-band Long 1565 to 1625
U-band Ultra-long 1625 to 1675



Suy hao sg1 quang

Ving ctra s6 1: ¢6 bude séng 850nm, miic suy
hao 1 dB/km

Ving ctra s6 2: tng v6i bude séng 1310nm, ¢6 hé
sO suy hao 0.5 dB/km,

Ving ctra sO 3: tng v6i bude séng 1550nm, ¢6 hé
sO suy hao nho nhat 0.154 dB/km.

Suy hao tai ba ving cta s6 nay 1a thdp nhat. O
Viéet Nam thudong dung viung cta sO thd ba
(1550nm).



Tan sac so1 quang

o Tan sdc 1a hién tuong cac thanh phan khac nhau
ctia tin hiéu chuyén dong véi toc do khac nhau.
Tan sac giy nén:

— Xung bi trai dai trén mién thoi gian

— Céc xung chong chap 1én nhau gay 16i ISI

— Lam anh hudng tdi toc d6 va khoang cach truyén
thong



Tan sac so1 quang

Dispersion

AT,

As a pulse travels down a fiber, dispersion
causes pulse spreading. This limits the
distance and the bit rate of data on an
oplical fiber.

MA

Symbols become
unrecognizable



Tan sac so1 quang

* Nguyén nhan:
— Téan sac mode : ning luong anh sang phan tan thanh
nhiéu mode, mdi mode truyén véi van toc khac nhau.

— Tén sic thé: tin hiéu quang truyén khong phai 1a don
sac ma 1a khoang budc song xac dinh.

— Téan sdc vat liéu: chiét suat vat liéu thay doi theo budc
song vay nén van toc truyén ciing thay doi theo budc
séng.



Phan loa1 so1 quang

* Phan loai theo chiét suat 16p 16i:
— Soi co chiét suat nhay bac
— Soi 6 chiét suat bién doi déu
» Phan loai theo mode lan truyén:
— Soi don mode (SM): chi c6 mdt mode truyén dan trén soi
— Soi da mode (MM): ton tai nhiéu mode lan truyén trén soi
« Phan loai theo vat liéu ché tao:
Sgi thiy tinh (All-glass fiber): 16i va 16p boc bang thuy tinh
Soi plastic (All-plastic fiber): 161 va 16p boc déu bing plastic

Sgi PCS (Plastic-Cladded Silica): 161 bang thuy tinh, 16p boc  1am
bing nhua



SO1 quang va cac mode lan truyén

so1 da n
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bién do1 r
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chiét suat
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thiét bi phat quang

* o0m hai phan: mach di€u khién va nguon quang
e chtrc nang:
— chuyén doi tin hiéu dién sang quang vdi cong suat
quang ty 1¢ vo1 dong dién.

— Ghep no1 vao so1 quang



nguon phat quang

» Cac yéu cau véi nguon quang:
— budc song anh sang phat ra: phai co dai phu hop

— Tho1 gilan chuyen toc do chuyen clia ngudn quang
phai cao thi méi dat toc do truyen dan cao.

— B0 rong pho: cang hep cang tot
» Céc ngudn quang:

— LED(Diot phat quang)

— Laser



LED

Nguyén tac phat quang: dua vao
hién twong buc xa tu phat hoac
kich thich cua dién tir khi chuyén
tu trang thai nang lugng cao vé
trang thai nang lugng thap hon.
Puoc ché tao tir vat liéu ban dan
Do rong pho rong

Chi phu hop khi truyén véi toc do
cham cu ly ngan dung so1 da
mode




LASER

Laser: Light Amplication by
Stimulate Emission of Radiation

C6 @6 rong pho hep

Budc song phat on dinh

Puogc st dung d6i voi sgi don
mode

C}lo phép str dung véi hé truyén
dan vo1 toc d6 cao va cu ly dai

Cau trc phurc tap



Nguyén 1y hoat dOng Laser

» La két qua cua 3 qua trinh:
— hap thu proton
— btrc xa tu phat
— birc xa kich thich.



Nguyén 1y hoat dOng Laser

» Hap thu: khi proton c6 ning luong 16n hon E2-E1
cO thé b1 hap thu bo1 cac dién tur ta1 mirc nén va
chuyén to1 muc kich thich.

@ 3

photon absorbed

Ground state
O .:..0.‘. p.. ........ E,




Nguyén 1y hoat dOng Laser

* Burc xa tu phat:

— DPién tir 6 trang thai kich thich c6 thé bi chuyén veé
trang thai nén va phat ra proton c6 nang luong hv=E2-

El

~nnn photon

¢ 035000 o0 000 920,0%

Ground state
E}.'



Nguyéen ly hoat dong Laser
» Anh sang phat ra boi birc xa tu phat 1a dang

hudng va co6 pha ngau nhién
* Chung co thé dugc co1 nhu nhiéu

O .:Q)... e CL Jor .%..o.o

) g

AV AUAVE ’ 5
Ground state

0 ®. ¢ & E,




Nguyén 1y hoat dOng Laser

* buc xa kich thich:

— néu proton c6 ning luong hv tac dong vao hé
thong trong khi dién tir dang & trang thai kich thich
thi dién tr s& bi roi xuong trang thai nén va phat ra
proton c6 hudng cung vo1 hudng cua proton toi.

0 o O e o

photon | A

Identical photon |~/

O o= 0 %% 0 oo oo .0...00.

Ground state
EI



thiét bi thu quang

o chuyén d6i tin hiéu anh sang thu dugc thanh tin
hiéu dién

e La thiét bi & cudi tuyén
truyén dan, noi thu nhan
mo1 tac dong trén toan
dua to1 nén hoat dong

Photodetector

Decision

data
circuit Dutput

cua no lién quan to1

n ; . A ﬂ \f\ Clck clock
hoat dong cua toan bd v e M
hé théng. pulses

Optical Receiver



Yéu cau véi thiét bi thu quang

Co ty so SNR 16n

C6 d6 nhay thu cao

Hoat dong vai bang tan 16n
Tho1t gian dap ing nhanh
P6 6n dinh cao

Gia thanh r¢



thiét bi thu quang

* B0 tach song photo diot PIN
« Didt quang kiéu thac (APD




Hé thong quang WDM

 Thwc chat, WDM la mot co ché trong do

nhiéu kénh song quang tai cac bwédc séng

khac nhau dwoc diéuché b&i cac chudi bit
dién doc lap dwoc phat di tréncung mot soi
quang sau khi da dwoc ghép kénhbang ky
thuat TDM hoac FDM.

» Tin hiéu quang tai dau thu dwoc giai ghép
kénh thanh cac kénh rieng ré nho ky thuat
quang.

« Ky thuat WDM khai thac bang tan rdng cua
sqi quang. Vi du: hang tram kénh 10 Gb/s co




TANG DUNG LUONG MANG

X Cuing toc dé bit, nhieu sgi hon
NHIEU SOI QUANG 2D  Kho dwa vao thyc té
Ky thuat dat

Cung soi va téc do, nhiéu [}

Z0<

HE THONG PIEN TOC PO CAO

(TDM) » Toéc dd bit cao hon trén clung soi

Cac thiét bj dién & toc doé cao dat



SO PO CHUC NANG HE THONG

WDM
k() HZ...F ()
() 7 i {)

.......... Sci quang

Amp

() ()




Hé thong WDM

e Phat tin hicu:

— nguén phat: cac laser c6 d0 rOng phé hep, budc song
phat on dinh. Hién ta1 co6 cac loai laser diéu chinh
budc song va laser da budc song.

e Ghep tin higu:

— Cac tin hiéu quang duoc phat ra & cac budc
song khac nhau nay sé dwoc ghép vao cung mot
sQi quang nho bo ghép kénh quang. B6 ghéep
nay phai co suy hao suy hao nhé

« Truyén tin hiéu: tin hiéu sau khi dwoc ghép
sé dwgc phong vao s¢i quang va truyén dan
to1 dau thu.




Hé thong WDM

o Thu tin hiéu: Tai dau thu céc tin hiéu quang tong
hop duogc tach ra thanh tung kénh riéng ré nho bo
gia1 ghép WDM.



Hé thong WDM

* Phan loai:
— hé thong WDM don hudng

— hé thong WDM song huéng

Kanh 1 " Kenh 1
—] T, _ =] Fx -
) Mot soi )
Fanh = . w3 Kenh 2
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Cac loa1 ghep WDM

» Dung cho truyén dan don huéng:
— bo ghép (MUX) va gia1 ghép (DEMUX)
» Dung cho truyén dan song hudng
— bo ghép va giai ghép hon hop (MUX-DEMUX)

’{ Cac tin higu dugc ghep

e hon
- ~- 7_-_1_-‘-/}/_:--—_:.:__ o o (())

il I
= =)

\ Cac tin higu dwgc giai ghep



Uu diém WDM

Dung lugng truyén dan 16n

Loai bo yéu cau khat khe v6i h¢ thong don kénh
toc do cao.

LiI}h hoat cao khi mudn ting dung luong hé
thong.

Quan 1y bang tan hiéu qua, tai cau hinh mém déo
Giam chi phi dau tu méi



Han ché WDM

* Dung l‘u’(.)’ng hé thong van con qua nho bé so voi
bang tan sg1 quang

* Hién nay DWDM

» Chi phi van hanh bio dudng cao do ¢6 nhiéu h¢
thong cung hoat dong



Khuéch dai quang

Trén tuyén truyén dan thong tin quang cac bd khuéch dai
quang dung dé bu suy hao, bu tan sic.
C6 thé thyc hién theo 2 cach:

— Chuyen doi tin hi¢u quang thanh dién, khuech dai tin higu dién

ro1 lai chuyén thanh tin hi€éu quang

— Khuéch dai tin hiéu quang truc tiép (khuéch dai quang soi)
Hién tai khuéch dai quang déu duoc thuc hién truc tiép.
Hién nay hau hét st dung EDFA (Erbium-Dopped Fiber
Amplifier ): khuéch dai quang sgi pha tap nguyén t6
Ebrium.



Cau trac EDFA

Isolator Coupler 1 1 va Isolator

Erblum -Doped
Fiber (10-50m)

M6t doan so1 quang pha tap Er (10-50m)

Coupler: dung dé ghép nguoén laser bom va tin hiéu
quang to1.

Isolator: b‘(f) cachly, chéng phan xa tin hi€u chi cho
phép truyén don hudng

Laser bom: hoat dong budc song 980nm hoac 1480nr



Nguyéen tac hoat dong EDFA

» Nguyén 1y khuéch dai duoc thuc hién nho co ché
burc xa trong 3 hay 4 muc.

'y
E
2 7y E2

E, ¢




Nguyéen tac hoat dong EDFA

e Khi mot ngudén bom photon budc séng 980nm
hoac 1480nm duoc bom vao 101 so1 dac biét nay,
cac ion Er’* s€ hap thu cac photon d6 mot dién tur
ciia n6 chuyén mic nang lugng tir mic co ban E,
lén miuc kich thich E,; do ton tai mdt mic nang
luong siéu bén E, & gilta nén cic dién tu nay
chuyén xu6éng mic nang luong E, theo co ché
phan ra khong bic xa (tha khong bic xa xudng
E,), sau mot khoang thai gian 10ns, dién tir dugc
kich thich nay roi tro lai muc E,, va phat xa ra
photon.



Nguyéen tac hoat dong EDFA

 Hién tuong bic xa binh thuong c¢6 thé 12 bic xa tu
phat (1a co ch€ binh thuong khi dién tir nhay muc
nang luong) hoac bic xa s€ xay ra manh theo co
ché buc xa kich thich; tic 1a do su c6 mat cua cac
photon mang nang luong bang véi nang luong
dich chuyén muc cua cdc dién ti (trong EDFA thi
dé la photon cua tin hiéu duoc khuéch dai) s€
kich thich su phat xa va tao ra thém nhiéu photon
ty 1& véi s6 photon cua chum sang. Nho tap
Erbium, bic xa nay ¢ vung budc séong 1550nm.
Nho vay, tin hiéu duoc khuéch dai khi di qua soi
pha tap Erbium.



Ung dung EDFA trong WDM

» Lam b9 tién khuéch dai
(PA: Pre - amplifier)

e Lam bd khuéch dai
cong suat (BA: Booster
Amplifier)

» Khuéch dai duong
truyén (LA: Line
Amplifier)

« Ca3

@ PA
A ()

@ )
TN OINORN=




