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Khi doc qua tai ligu nay, néu phét hién sai s6t hoic noi dung kem chat luong
xin hdy thong bdo de chding toi stra chira hoac thay thé bang mot tai liéu clng
chu dé cua tac gla khac. Tai li¢u ndy bao gom nh1eu tai liéu nho co cung chu
dé bén trong nd. Phan ndi dung ban can c0 thé nam 6 giira hodc & cuoi tai lidu
nay, hiy st dung chirc nang Search dé tim ching.

Ban c6 thé tham khao nguon tai liéu duoc dich tir tiéng Anh tai day:
http://mientayvn.com/Tai_lieu da_dich.html

Thong tin lién hé:
Yahoo mail: thanhlam1910 2006 @yahoo.com

Gmail: frowrthes@gmail.com

Theo yéu ciu cia khich hing, trong mdt nim
qua, ching t6i di dijch qua 16 mén hoc, 34
cubn séch, 43 bai bio, 5 sb tay (chua tinh céic
tai liéu tir nim 2010 tré vé truéc) Xem & diy

DJCH VU Chi sau moét lan hién lac, viéce

DICH dich duoc tién hanh
TIENG

ANH
CHUYRN Gia ca: cé thé giam dén 10
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NHAT VA Chat lu'(_)'ng:Te}.o dung niém tin cho

CHINH kh’éch hang bang c6ng nghé 1.Ban

XAC thay duoc tog‘tn bé ban dich: 2.Ba’n

NHAT danh gia chat luong. 3.Ban quyét
dinh thanh toan.




So lvoc

Hé thong Théng tin Quang

r Sinh vién: D6 Qubc Khanh
 L&p: Bién tkr Vién Thong 2A




So luge HE thdng thong tin Quang

Su phat trién cda théng tin Quang



So luge HE thdng thong tin Quang

Tty khi ra doi dén nay hé thong thong tin quang dé trai qua 5 thé hé:

Thé hé thir nhat: Puoc trién khai str dung tlr ndm 1978, lam viéc & budc séng A = 850nm, tdc dd
truyén tin khoang (50 +100)Mb/s, khoang cach lap dat 10 Km.

Thé hé thir hai: Puoc trién khai vao dau nhivng nam 1980, lam viéc & budc séng A = 1300nm,
tbc d6 truyén tin Khoang 100 Mb/s, khodng cach lap dat 50 Km.

Thé hé thir ba: Dau nam 1990 hé thong thong tin quang thé hé thir ba dwoc dwa vao hoat dong
hé théng, 1am viéc & bwdc séng 1550nm, téc dd truyén tin 1én dén 2,5 Gbit/s, khoang céach lap c6
thé dat ftr (50 + 70) Km.

Thé hé thwr tw. Puoc ra doi lién quan dén viéc tang toc dé truyén dan nh& ghép kénh theo tan so
va tdng khoang I&p nhe dung cac bo khuéch dai quang. Hé thdng théng tin quang két hop ra doi
va phat trién, hé thdng lam viéc & bwédc séng 1550nm, téc do truyén tin 2,5 Gb/s, ty 1& I6i bit c&
10-9, cv ly khoang lap [én t&i hang tram km

Thé hé thir nam: Hién nay thé hé thir nam (thé hé truyén dan quang Soliton) dang dugc the
nghiém trong phong thi nghiém téc dd truyén tin co thé dat 10Gb/s va cao hon niva, khodng cach
tuyén co6 thé 1én t&i hang nghin km.



So luge HE thdng thong tin Quang

« Khéc véi thdng tin hiru tuyén va vé tuyén véi méi trwong truyén dan 1a day
dan va khéng gian.Véi Thdng tin Quang thi théng tin dwoc chuyén thanh
anh sang va sau dé anh sang dwoc truyén qua sgi quang va bién déi thanh
tin hiéu ban dau

[ — ] . . !
VAN ,  Tramlap | &5
o~ j :
N | s
; Tin ! “TNgudn 1| Bo Bé |! B
11| Phat | thu Phét | Thu
T s s L (e RS e Rl e b
—— (E/O) 1| (O/E) (E/0) [ (O/E)
|Dlén: 1 1 3
—1 + ! !
1
1 1 1
1
‘\ ,' : 1
¥ : :
7
TV | - : :
00 : |
' |
1
1

Hé théng truyén dan



So luge HE thdng thong tin Quang

Pac tinh cua théng tin Quang

*C0 bang théongdon

-Suy hao truyén'dan thap

Kich thwéc trong lwong nho nhe

Xuy&n am nho,céch dién tot

*Khéng chju anh hwdng béi can nhiéu dién tir
*Tinh bao méat cao

‘Nguyén liéu ché tao san c6 va ré(silic)



So luge HE thdng thong tin Quang

Cau tao/clia soi Quang va cap Quang



So luge HE thdng thong tin Quang

S¢i Quang

« Co6 thé xem'don gidn soi quang bao gom mét soi day thay tinh
Silic bao boi moét I¢p ao coé chi so chiét suat thap hon cua l6i.

Core
Cladding

Coating
Céu tao soi Quang




So luge HE thong thong tin Quang

. Tuy theo su thay dbi chiét suat tai méat phan cach gitra 16i va 4o cua
sQi quang,chia ra lam 2 loai soi

+ Sgi chi s6 bac Sl:Step-Index
+Soi chi s6 biénithién Gl-Graded-Index

a) Soi S b) Se¢i Gl



So luge He thong thong tin
Quang

Phan loai s¢i quang

Mode cla soi guang cé thé hiéu la phuong thire lan truyén séng cla
SOl.

+S0i don mode SM(Single Mode)

+S0oi da mode MM(Multi Mode)

Trong thuc té céc soi don mode déu Ia SI

Phan bé chiét suat cta sgi don mode



So lugc Hé thong thong tin Quang

Cap Quang

- Cap quang c6,nhiéu loai khai niém khac nhau vé cau trdc nhung
noi chung c3 ‘auang c6 cac thanh phan chu yéu sau:

i Vé cap(Nhwa PE)
I I ~ S
+S0i gia cuong ol quang s
Gia cwdng trung tam op vo kimloai
A = A g g , > .,
+Chéat lam day L&p vo nhwa ther 2

Chat dém day Ong I8ng chtra sgi quang

+S0i quang
+Vo boc

Ong dém day




So luge HE thdng thong tin Quang

Yéu cau doi v&i cap quang

+Chiju dwoc lwc kéo,udn

+Khéng bi anh hwéng cdia nhiéu dién tir
+Khong tham nwéce

+Lam viéc 6n dinh v&i nhiét do,it bi bdo hoa

+Trong lwong kich thwéc nhé



So luge HE thdng thong tin Quang

Truyén dan tia sang trong soi quang



So luge HE thdng thong tin Quang

Nguyén ly truyén dan anh sang trong s¢i Quang

« Nguyén ly truyén dan anh sang dwa vao hién twong khic xa va
phan xa toan phan cua tia sang gitra hai méi tred'ng co chi s chiéet
suat khac nhau

1’
Tia khuc xa
p
Mai treong 2: n, 2 Snelious :nlsino = n2sinf
Mai trwdng 1: n,
3 ar /> 3
2
1

Tia t&i Tia phan xa



So luge HE thdng thong tin Quang

Nguyén ly truyén dan anh sang trong s¢i Quang

S truyén dan anh sang trong soi quang

Lép ao (cladding) n,

Lép ao (cladding) n,

0

Hinh 1.3. Nguyén ly truyén dan anh sang trong soi quang



So luge HE thdng thong tin Quang

Nguyén ly truyén dan anh sang trong s¢i Quang

S truyén dan anh sang trong soi quang
* V@isoi Sl (Step — index)

n,
n, - hy e
n \
N n, >n,

n,

Hinh 1.4. Su truyén dnh sdng trong soi quang co chiét sudt nhdy bdc (SI)



So luge HE thdng thong tin Quang

Nguyén ly truyén dan anh sang trong s¢i Quang

S truyén dan anh sang trong soi quang

* V¢&isoi Gl(Graded-index)

n('r) N

Hinh 1.5. Su truyén dnh sdng trong soi GI



So lugc Hé thong thong tin Quang

Nhwoc diém cla théng tin Quang

« Kho dau ndi(thang,lang bong)

« L&i khi chuyén dbi tin hiéu quang<=>dién
- Dat do (thiét bi thu,phat)

« Thiéu sw tiéu chuan héa trong cac nghanh



So lugc Hé thong thong tin Quang

Caé nguon thu va phat Quang



CO SO THONG TIN QUANG
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PHAN I



CO SO THONG TIN QUANG

GIOI THIEU TONG QUAN :
1. Lich sir phat trién

Trong tién trinh lich st phat trién cta nhan loai viéc trao doi1 thong tin gitta con
ngudi voi con ngudi da tré thanh mgt nhu cau quan trong ,mdt yéu té quyét dinh gop
phan thic day sy 16n manh tién bd cia moi quoc gia ,cling nhu nén van minh ctia nhan
loai .

Cung véi su phat trién ctia hé théng thong tin hitu tuyén va vo tuyén sir dung moi
truong truyén dan 13 day dan kim loai c¢6 dién (cap dong ) va khong gian.Thi viéc st
dung anh sang nhu mot phuong tién trao d6i thong tin ciing duoc khai thac c6 hiéu qua .
Cung voéi thoi gian thong tin quang di phét trién va ngdy cang hoan thién véi nhiing
méc lich st nhu sau:

-1790 : Clau de Chappe , ki su nguoi Phap ,d3 xdy dung mot hé thong dién bao
gdm mot chudi cac thap véi cac dén bao hiéu trén d6 . Tin tic vuot qua ching duong
200km trong vong 15 phut .

-1870 : John Tyndall nha vat Iy ngudi Anh da chimg to 4nh sang co thé dan duoc
theo voi nudc ubn cong voi nguyén 1y phan xa toan phin . Piéu vin dugc ap dung trong

thong tin quang hién nay .

-1880 : Alexander Graham Bell , ngudi My gi6i thiéu hé théng théng tin
Photophone . Tiéng noéi duoc truyén di bang anh sang trong moi trudng khong khi .
Nhung chua duogc ap dung trong thuc té vi qua nhiéu ngudn nhiéu.

- 1934: Norman R.French, nguoi My , nhan bang sang ché hé théng thong tin
quang. St dung cac thanh thuy tinh dé truyén dan.

- 1958: Arthur Schawlour va Charles H Tounes, xy dung va phat trién.
- 1960: Theodor H Maiman dua laser vao hoat dong .
- 1962: Laser ban dan va Photodiode ban dan duoc thira nhén .

- 1966: Charles H Kao va Georce A Hoc kham, hai ki su phong thi nghiém
Stanrdard Telecommunications ctia Anh , dé xuat dung soi thuy tinh din anh sang .

- 1970: Hang Corning Glass Work ché ttoa thanh cong soi quang loai SI ¢ suy
hao nhé hon 20 [dB/km] & budc song 1310nm.



- 1972: Loai soi GI duogc ché tao véi dd suy hao 4 [dB/km].
- 1983: Soi don mode(SM) dugc xuat xudng tai My.

Ngay nay loai so1 don mode dugc s dung rong rai vdi do suy hao chi con
khoang 0,2 [dB/km] & budc song 1550nm.

2. Ciu triic mt hé thong thong tin quang don gian:
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- Theo so dd hé thong ta co:

- Ngué)n tin hiéu la hinh anh , tiéng noi , fax...

- Phan tir dién xir Iy ngudn tin tao ra tin hiéu dua vao hé thong truyén dan.

- B¢ bién d6i E/O ¢6 nhiém vu bién doi tin hiéu tir tin hiéu dién thanh tin hiéu
quang v&i cac mure tin hiéu dién duoc bién doi thanh cuong do quang , cac tin hi€u di¢n
‘0’va “1’duoc bién d6i ra anh sang tuwong tmg dang ‘khéng’ va ‘co’.

Sau d6 tin hiéu quang duoc dua vio sgi quang truyén di. Bo bién ddi dién quang
thuc chét 1a céc linh kién phat quang nhu LED, Laser diode...

- Tram lap : Khi truyén dan trén tuyén truyén dan, cong suat bi giam di, dang
song (46 rong xung) bi gidn ra do nhiéu nguyén nhin khac nhau. Vi viy, dé truyén
duoc di xa can c6 tram lap. Tram lip nay c6 nhiém vu khoi phuc lai nguyén dang tin
hiéu cua ngudn phat va khuyéch dai tin hiéu. Sau d6 dwa vao tuyén truyén dan tiép
theo. Tram lap 14 can thiét khi khoang cach truyén dan 1on.

3. Uu diém ciia thong tin quang.

So v6i hé thong thong tin dién tir thi hé thdng thong tin quang c6 nhitng vu diém

hon han d6 13 nhitng wu diém co ban nhu sau:



+ Suy hao truyén dan thip dan t6i giam duoc tram lap , kéo dai dugc cu ly truyén
dan .

+ Bang tan truyén dan 16n , dap ung duoc thué bao dich vu dai rong .

+ Soi quang duogc ché tao tir nhitng nguyén liéu chinh 14 thach anh hay nhuya tong
hop nén nguén nguyén li¢u rat doi dao ré tién. Soi co duong kinh nhd, trong luong nhd,
khong c6 xuyén am rat dé lip dat va udn cong .

+ Dung cap soi quang rat kinh té trong ca viéc san xuat ciing nhu lap dat va bao
dudng. Khong bi 4nh huéng cta nhiéu dién tir, khong dan dién, khong giy chap, chay.
Khong chiu anh hudng cua nhidu tir trudng bén ngoai (nhu séng vo tuyén dién, truyén
hinh, anh hudng cua cép dién cao thé ...) dan dén tinh bao mat thong tin cao, khong bi

nghe trom.

+ Mot cap soi quang c6 cung kich ¢& véi cap kim loai thi c6 thé chita duoc mot

sO luong 16n 161 so1 quang 16m hon s6 lugng kim loai .

Chinh vi ¢6 nhitng wu diém trén ma cac hé théng théng tin quang dugc st dung
rong rdi trén mang ludi vién thong cua nhidu qudc gia. Ching duoc xay dung 1am céc
tuyén duong truc, trung ké, lién tinh. Tai Viét Nam cap quang da va dang lap dit voi
tuyén truyén din duong dai lién tinh dung cap ngdm .téc do Cac hé thong thong tin
quang s¢& 1a miii dot pha vé , cu ly truyén dan va ciu hinh linh hoat cho céc dich vu vién

thong cap cao trong mang ludi vién thong.

SOT QUANG



UNG DUNG VA UU PIEM CUA SOI QUANG

1. Nhirng @rng dung cua s¢i quang.
* Soi quang duoc ing dung trong thong tin va mot sé muc dich khéc.
* V1 tri ciia so1 quang trong mang thong tin giai doan hién nay:

- Mang dudng truc xuyén quoc gia

Puong trung ké

Puong cap tha bién lién quoc gia

Duong truyén so li¢u

Mang truyén hinh

2.U'u diém ciia thong tin s¢i quang.
So vé6i diy kim loai soi quang c6 nhiéu vu diém dang cha y 1a:

- Suy hao thip: cho phép kéo dai khoang cach tiép van do d6 giam duogc sb

tram tiép van
- Dai thong rat rong: c6 thé thiét 1ap hé thdng truyén dan sd toe do cao
- Trong luong nhe, kich thudc nhé
- Hoan toan cach dién khong chiu anh hudng ctia sim sét
- Khéng bi can nhiéu béi trudng dién tir
- Xuyén am giit cac soi day khong dang ké
- Vat liéu ché tao c6 rat nhiéu trong thién nhién

- Dung hé thong thong tin sgi quang kinh té hon so v&i soi kim loai cing dung

luong va cu ly.

LY THUYET CHUNG VE SQI DAN QUANG

1.1. Co so quang hoc:



Anh sang dung trong théng tin quang ndm & ving can hong ngoai vdi budc song
tir 800 nm dén 1600 nm. Pic biét co 3 bude song thong dung 1a 850 nm, 1300 nm, 1550
nm.

e Chiét suét cia méi trueong:
C
n—=—
\V4

Trong do :
n: chiét suat cia méi truong.
C: van tbc 4anh sang trong chan khong(C = 3. 10°m/s)
V: van téc anh sang trong mdi truong
VivV<Cnénn>1

e S phin xa toan phan:

Dinh luat Snell : n; Sina = N, sinf3
tia khyc xa
Vi LA
n, 2
n, ln\il‘itﬂ ngan
3 G 3
’ * tia phan
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N> N, thi o < B néu ting o thi B ciing tang theo va B ludn ludn 1én hon a.

Khi B = 90° tirc 1a song song v6i mit tiép giap, thi o duge goi 1a gbc t&i han o
néu tiép tuc tang sao cho a > o thi khong con tia khic xa ma chi con tia phan xa hién
tugng ndy goi 1 sy phan xa toan phan.

+ Dua vao cong thuc Snell ~4 tha tinh e oAc thi han o
n,
n,

SN o, =



1.2. Sw truyén din dnh sding trong soi quang:
e Nguyén Iy truyén din chung:

Ung dung hién tuong phan xa toan phan, soi quang dugc ché tao gdm mot 16i
(core) bang thuy tinh c6 chiét suat n; va mot 16p boc (cladding) bang thuy tinh c6 chiét
suat n, vGi n; > N, 4nh sang truyén trong 15i sgi quang s& phan xa nhiéu lan (phan xa
toan phan) trén mat tiép giap gitta 16i va 16p vo boc. Do d6 anh sang c6 thé truyén dugc

trong soi1 c6 cu ly dai ngay ca khi s¢1 bi uén cong véi mot do cong c6 gio1 han.

1.3. Cdc dang phén bé chiét suit trong soi quang:
e Soi quang c6 chiét suat nhay bac (soi SI: Step- Index):

bay 1a loai soi co ciu tao don gian nhét voi chiét suit cua 16i va 16p vé boc khac
nhau mot cach rd rét nhu hinh bac thang. Cac tia sang tir ngudn quang phéng vao dau soi
v6i goc t6i khac nhau s& truyén theo cac duong khac nhau

S

Céc tia sang truyen trong 161 voi cung van toc:

O day n; khéng d6i ma chiéu dai duong truyén khac nhau nén thoi gian truyén sé
khac nhau trén cung mdgt chi€u dai soi. Pi€u nay dan téi mot hién tuong khi dua mot
xung anh sang hep vao dau so1 lai nhan dugc mdt xung anh sang rong hon & cudi soi.



Day 1a hién tuong tan sic,do do tan sic 16n nén sgi SI khong thé truyén tin hiéu sb toc
dd cao qua cy ly dai dugc. Nhuoc diém nay co thé khic phuc dugc trong loai sgi co
chiét suat giam dan

e Soi quang c6 chiét sudt giam dan (s¢i GI: Graded- Index):

Soi GI ¢6 dang phin b chiét suat 161 hinh parabol, vi chiét suét 15i thay d6i mot

cach lién tyuc nén tia sang truyén trong 161 b1 udén cong dan.

Puong truyén cua céc tia sang trong soi GI ciing khong bang nhau nhung van tdc
truyén ciing thay d6i theo. Céc tia truyén xa truc c¢6 dudng truyén dai hon nhung lai cd
van toc truyén 16n hon va nguoc lai, cac tia truyén gﬁn truc c6 duong truyén ngén hon
nhung lai ¢6 van toc truyén nho hon. Tia truyén doc theo truc co6 dudng truyén ngan
nhét vi chiét suit & truc 1a 16n nhat. Néu ché tao chinh xac su phan bd chiét suat theo
duong parabol thi dudng di cua cac tia sing ¢ dang hinh sin va thoi gian truyén ctia cac
tia nay bang nhau. Do tan sac cta soi GI nhé hon nhiéu so véi sgi SI.

e Cac dang chiét suat khac:

Hai dang chiét suat SI va GI duoc dung phd bién , ngoai ra con cdé mot sd dang
chiét suat khac nham dp tng céc yéu cau dic biét:

a. Dang giam chiét sudt l6p boc:

Trong k¥ thuat ché tao soi quang, mudn thuy tinh co chiét sut 16n phai tiém
nhiéu tap chat vao, diéu ndy 1am ting suy hao. Dang giam chiét suit 16p boc nhim dam
bao d6 chénh 1éch chiét suat A nhung c6 chiét suat 15i n, khdng cao.

b. Dang dich dj tin sdic:

Do tan sic tong cong cua soi quang triét tiéu & bude song gan 1300nm. Ngudi ta co
thé dich diém do tan sic triét tiéu dén budc séng 1550nm bang cich dung soi quang cd
dang chiét suat nhu hinh vé:

¢) Dang san bang tan sac:



Vé6i muc dich giam d6 tan sic cua soi quang trong mot khoang buéc song. Ching
han dap ung cho k¥ thuat ghép kénh theo budc song nguoi ta dung soi quang c6 dang
chiét suat nhu hinh vé:

il

Dang chiét suat nay qué, phtric tap nén mdéi chi dugc nghién ctu trong phong thi

nghiém chr chua dua ra thyc té.
1.4. Soi da mode va don mode:

e S¢i da mode (MM: Multi Mode):

Céc thong s6 ctia soi da mode théng dung (50/125um) la:

buong kinh 161: d =2a=50um
buong kinh 16p boc: D =2b = 125um
Do chénh léch chiét suat: A= 0,01 = 1%

Chiét suat 16n nhét cua 16i: n; 1,46

Soi da mode c6 thé c6 chiét suat nhdy bac hodc chiét suat gidam dan.

—125um — —125um—

— n, | A= =1%
I I N N n
Soi SI - MM Soi GI - MM

e S¢i don mode ( SM: SingleMode ):

Khi giam kich thuéc 161 soi dé chi c6 mot mode song co ban truyén dugc trong
so1 thi sg1 dugc goi 1a don mode. Trong so1 chi truyén mot mode song nén do tan sic do
nhiéu dudng truyén bang khong va soi don mode c6 dang phan bd chiét suat nhay bac.



Fwm 1
<125pum—
n;
| A=0,3%
n,

Céc thong s6 ciia soi don mode thong dung 1a:

Puong kinh 16i: d = 2a =9um + 10um
Puong kinh 16p boc: D =2b=125um

Do léch chiét suat: A =0,003 = 0,3%
Chiét suat 15i: n, = 1,46

Do tan sic cia sgi don mode rat nho, dic biét & budc song A = 1300 nm d¢ tan
sdc ctia soi don mode rat thap ( ~ 0). Do d6 dai thong cta soi don mode rat rong. Song
vi kich thudc 161 so1 don mode qua nhd nén doi hoi kich thudc cua céc linh kién quang
cling phai tvong duong va cac thiét bi han ndi soi don mode phai c6 dd chinh xac rét
cao. Cac yéu ciu ndy ngay nay déu cé thé dap tmg duoc do d6 soi don mode dang duoc

str dung rat pho bién.

CHUONG 11
CAC THONG SO CUA SOI QUANG

2.1 Suy hao cua s¢i quang:



Cong suat trén sgi quang gidm dan theo ham s6 mi tuong tu nhu tin hi¢u dién.
Bi€u thuc tong quat cia ham so6 truyén cong suat cd dang:

P(z) =P, x10 1

Trong do:
Po : cong suat & dau soi (z = 0)
P(z): cong suat & cu ly z tinh tir dau soi
o hé 86 suy hao

P,=P, P,=P(L)
Q ) ) ——

D9 suy hao duogc tinh béi o
A(dB) =10lg -

2
Trong do :
P, = Py : cong suit dua vao dau soi
P, =P(L) : cong suit & cudi soi
Hé s6 suy hao trung binh:

A(dB)

a(dB/Km) = L(Km)

Trong do:
A: suy hao cua soi
L: chiéu dai soi
2.2. Cac nguyén nhan giy suy hao trén s¢i quang:

Cong suat truyén trong soi1 bi that thoat do sy hap thu cua vat li¢u, sy tdn xa anh
sang va su khiic xa qua chd sgi bi uén cong.

o Suy hao do hd'p thu:



- Su hép thu cta cac chit kim loai: Cac tap chét trong thuy tinh la mot trong
nhitng ngudn hip thu anh sang. Céac tap chit thudng gip 1a St (Fe), Pong (Cu),
Mangan (Mn), Chromium (Cr), Cobal (Co), Nikel (ni).v.v.. Mtic 6 hap thu cta tap chat
phu thudc vao ndng do tap chat va budc séng anh sang truyén qua nd. Dé cé soi quang
c6 d6 suy hao dudi 1dB/Km can phai c6 thuy tinh that tinh khiét v6i ndong d6 tap chat
khong qua mot phan ty (10°%)

- Su hép thu cua OH: Sy c¢6 mat cua cac ion OH trong soi quang cling tao ra mat
do suy hao hép thu dang ké. Bic biét d6 hép thu tdng vot & cac budc song gén 950nm,
1240nm, 1400nm. Nhu vay do 4m ciing 1a mot trong nhung nguyén nhan gay suy hao
clia soi quang. Trong qua trinh ché tao ndong do cta cac ion OH trong 15i soi duoc gitt &
murc dudi mot phan ty (10°) dé giam d6 hip thu cua no.

- Su hép thu bang cuc tim va hong ngoai: Ngay ca khi soi quang dugc tir thuy
tinh c6 d6 tinh khiét cao su hép thu van say ra. Ban than cua thuy tinh tinh khiét cling
hap thy anh sang trong viing cuc tim va ving hong ngoai. do hip thu thay doi theo bude
séng

e Suy hao do tan xa:
- Téan xa Raylegh:

Noi chung khi song dién tir truyén trong méi trudng dién moi gip nhitng chd
khong dong nhit s& xay ra hién tuong tan xa. Cac tia sang truyén qua chd khong dong
nhit nay s& toa di nhiéu hudng, chi mdt phan ning lugng anh sang tiép tuc truyén theo
huéng cii phan con lai truyén theo cac hudng khac thim chi truyén nguoc vé phia ngudn
quang.

- Tan xa do mat phan cach gitra 161 va 16p vo boc khong hoan hao:

Khi tia sang truyén dén nhitng chd khong hoan hao gitra 161 va 16p boc tia sang s&
bi tan xa. Luc d6 mot tia téi s& c6 nhidu tia phan xa vdi cac goc phan xa khac nhau,
nhitng tia c6 goc phan xa nhé hon goc td1 han s€ khuc xa ra 16p vo boc va bi suy hao
dan.

o Ddc tuyén suy hao:

A(um) ﬂ
I\ [




Trén dic tuyén suy hao cia sgi quang c6 3 ving budc séng cé suy hao thap, con
goi 14 3 cira s6 suy hao:

- Cira so thir nhat ¢ budc song 850nm: duoc xem 1a budc soéng cd suy hao thap
nhat d6i voi nhiing soi quang dugc ché tao giai doan dau. Suy hao trung binh ¢ budc
song nay tuor 2 + 3 dB/km. Ngay nay budc séng nay it dugc dung vi suy hao d6 chua
phai 1a thap nhat.

- Cira s0 thir hai & budc séng 1300nm: suy hao & budc soéng nay tuong ddi thap,
khoang tir 0,4 + 0,5 dB/Km. Pac bi¢t & budc song nay do tan sdc rat thép nén duogc su
dung rong rai hién nay.

- Cira 80 tht ba & budc song 1550nm: cho dén nay suy hao & budc séng nay 1a

thip nhat, c6 thé dudi 0,2dB/Km.
2.3. Tan sic:

Tuong ty nhu tin hiéu dién tin hiéu quang truyén qua soi quang ciing bi bién dang
hién tuong nay goi 1a sy tan sdc. Su tan sic 1am méo dang tin hiéu analog va lam xung
bi chong lap trong tin hiéu digital. Sy tan sic 1am han ché dai thong va cu ly cua duong
truyén din quang.

Cac nguyén nhin giy ra tan sic:

e Tdn sic mode ( modal dispersion):

Do ning luong 4nh sang phan tan thanh nhiéu mode. Mdi mode lai truyén véi van
toc nhém khac nhau nén thoi gian truyén khac nhau.

Tan sic thé mode (dmog) thay doi theo dang chiét sut:

dmod

(ns/Km)
1,0 \ /



o Tan sac sdc thé (chromatic dispersion):

Do tin hiéu quang truyén trén soi khong phai 1a don sic ma géom mot khoang
budc song nhit dinh. Mdi budc song lai cd van tdc truyén khac nhau nén thoi gian
truyén ciing khac nhau

o Tdn sdc chit liéu:

Chiét suét cta thuy tinh thay ddi theo budc séng nén van tdc truyén cta anh sang
c6 bude song khac nhau ciing khac nhau. P6 1a nguyén nhan giy nén tan sic chat liéu.
V& mit vat 1y, tan sic chat liéu cho biét mic d6 nGi rong xung ctia moi nm bé rong phé)
ngudn quang qua mdi km soi quang, don vi ctia do tan sic do chat liéu M 13 ps/nm.Km.

O bude song 850nm do tan sic do chit lidu khoang 90 + 120 ps/nm.Km. Néu str
dung ngudn quang 13 LED c¢6 bé rong phd AA = 50nm thi d6 ndi rong xung khi truyén
qua moi Km la:

Dmat = M X A}L
Dmat = 100ps/nm.Km x 50nm = 5ns/Km

Con néu ngudn quang 13 Laser Diode ¢6 AA = 3nm thi d6 ndi rong xung chi
khoang 0,3 ns/Km.

O bude song 1300nm tan sic do chat liéu bang tan sic 6ng dan song nhung
nguoc diu nén tan sic thé bang khong. Do d6 bude séng 1300nm thudng duoc chon
cho cac dudng truyén tée do cao.

O budc song 1550nm d6 tan sac do chat liéu khoang20ps/nm.Km

e Tan sac do tac dung cua ong ddin song:



Su phan b6 ndng lugng anh sdng trong sgi quang phu thudc vao budc séng, su
phan b6 nay giy nén hién tugng tan sac ong dan song. Tan sac ong dan song rat nhd chi
dang chl ¥ v61 sgi don mode.

o Tan sac sdc thé cua cac logi sgi:

dchr

(ps/nm.Km) 1 5
12

8

4 1300

0 A(Km)
4 1200 /00 1500\ 1600
-8

-12

1: S¢i binh thuong (G652)
2: Soi dich tan sic (G653)

3: Soi san bang tan sac.



CHUONG III

CAU TRUC SQI QUANG

Thanh phan chinh cta sgi quang gom 15i (core) va 16p boc (cladding). Trong vién
thong dung loai soi ¢6 ca hai 10p trén bing thuy tinh. L5i dé din anh sang va 16p boc dé
giit 4nh sang tip trung trong 151 nho su phan xa toan phan gitta 15 va 16p boc.

D¢ bao v¢ soi quang, tranh nhiéu tac dung do di€u ki¢n bén ngoai sgi quang con
duoc boc thém mot vai 16p nira:

- Lép pht hay 16p v6 thtr nhat (primary coating)
- L&p vo tht hai (Secondary coating)
1. Lép phu.
L&p phu c6 tac dung bdo v¢ sgi quang:
- Chéng lai sy xdm nhap cua hoi nudc.
- Tranh su trdy su6t gy nén nhirng vét nit
- Giam anh hudng vi uén cong

L&p phit duoc boc ngay trong qué trinh kéo sgi. Chiét suit cua 16p phu 16n
hon chiét sut cta 16p boc dé loai bo céc tia sang truyén trong 16p boc vi khi d6 su
phan xa toan phan khéng thé xay ra phan cach giita 16p boc va 16p phu. Lép pht c6
thé duoc nhudém mau hodc co thém vong danh diu, khi han ndi soi hoic ghép anh
sang vao soi nhat thiét phai tay sach 16p phu. Do dong nhat, bé day va do dong tam
ctia 16p phit c6 anh huong dén chat luong cia soi quang.

2. Lép vo.

Lop vo co6 tac dung tang cudong stc chiu dung cua soi quang trudc cac tac dung
co hoc va su thay doi nhiét do, cho dén nay lop vo ¢é cac dang chinh sau:

- Dang 6ng dém 10ng (Loose buffer)

- Dang dém khit (tight buffer)

- Dang bang det (Ribbon)



Mdi dang c¢6 nhitng uu nhuge diém khic nhau do d6 dugc s dung trong ting
diéu kién khéc nhau.

0,9 ( 2mm)

250um

125um 10 (50) m

a) Dang ong dém long:

Soi quang (d3 boc 16p phil) duoc dit trong mot 6ng dém co duong kinh 16n hon
duong kich thude sgi quang.

sQ'1 quang

1&p pht
1,2 + 2mm

dngdém

chét

- Ong dém long thudng gdm hai 16p, 16p trong c6 hé sb ma sat nho dé soi quang
di chuyén ty do khi cap bi kéo cing hodc co lai, 16p ngoai bao vé soi quang trude anh
huong cua lyc co hoc. Pdi véi cap trong nha thi bén trong dng dém 16ng khong can chat

nhdi nhung v&i cap ngoai troi thi phai bom thém chéat nhdi c¢6 cac tinh chat sau:
- C6 tac dung ngin am
- C6 tinh nhét khong tac dung hoa hoc véi cac thanh phan khéc cia cap
- D2 tay sach khi can han ndi
- Khé chay.

Cau tric ong dém long c¢6 nhiéu vu diém nén dugc dung trong cac duong
truyén dan can chat luong cao, trong diéu kién mdi trudng thay doi nhiéu.

b) Dang dém khit:



Mot cach don gian dé bao vé sgi quang dudi tac dung ciia nhiéu diéu kién bén
ngoai la boc mot 16p vé 6m sat 16p phu. Phuong phap nay lam giam duong kinh cua 16p
v6 do do6 giam kich thude va trong luong cua céap, song sgi quang lai chiu anh hudéng
tryc tiép khi cap bi kéo cing dé giam anh hudng nay ngudi ta chén thém mét 16p dém
mém & gitra 16p phu va 16p vo. Hinh thire nay duoc goi 1a cdu trac dém tong
hop. Soi quang c¢6 vo dém khit va dém tong hop thudng duoc dung lam céap dit trong
nha, lam day nhay dé dau ndi cac tram dau cubi...

Soi Soi quang
16 . >
0.9m ] p A 0,9m L&p phu
1&p dém
1én L&p dém mém

C) Dang bang det:

CAu trac bang det cung la mét dang vo dém khit nhung boc nhiéu soi quang
thay vi mot soi. Sb soi trong bang c6 thé 1én dén 12, bé rong ctia mdi bing tuy thude
vao sb soi trong bang. Nhuoc diém cua cdu tric ndy giéng nhu cdu tric dém khit, tirc

1a soi quang chiu anh hudng truc tiép khi cap bi kéo cing.

bang 4 so’i . bang 8



CHUONG IV

LINH KIEN BIEN POI QUANG DIEN

4.1. TONG QUAT.

Linh kién bién doi quang dién dugc dat ¢ hai dau soi quang. C6 hai linh kién
quang di¢n:

- Linh kién bién dbi tir tin hiéu dién sang tin hiéu quang, duoc goi 1a ngudn
quang. Linh kién ndy c6 nhiém vu phét ra anh sang c6 cong suét ty 1& v6i dong dién
chay qua no.

- Linh kién bién d6i tin hiéu quang sang tin hi¢u di€n, con goi la linh ki¢n tach
song quang (hay linh kién thu quang). Linh ki¢n nay cé nhi¢ém vu nguoc lai so voi
ngudn quang , tirc 13 tao ra dong dién ty 1¢ véi cong suit quang chiéu vao né.

Chat luong cua linh kién bién doi quang dién va chat lugng soi quang quyét dinh
cu ly, dung luong va chét luong ctia tuyén truyén din quang.

e Yéu ciu k¥ thuit ciia linh kién quang dién:
a) Doi vdi nguon quang:

- Buoc song cua anh sang phat ra:

Muc d6 suy hao ctia anh sang truyén trén soi quang phy thudc vao budc séngeua
anh sang. Co6 ba budc song thong dung 1a 850nm, 1300nm, 1550nm. Do dé 4nh sang do
ngudn quang phat ra cling phai c6 budc séong phi hop.

- Céng sudt phat:

Cuy ly thong tin phu thudc vao nhiéu yéu té trong d6 cong suat phat cia ngudn
quang 1a mot trong nhirng yéu t chinh. Cong suat phat cang 16n thi cy ly thong tin cang
Xa.

- Do réngphé.'

Anh sang ma ngudn quang thyc té phat ra khong phai 13 chi c6 mot bude song
duy nhit ma gdm mot khoang budc song. Khoang song nay cang rong thi do tan sic
chat liéu cang 16n do d6 1am han ché dai thong cua tuyén truyén din quang. Nhu vay do
rong phd ctia ngudn quang cang hep cang tot.

- Goc phong anh sang:



Nhu ta di biét dudong kinh 15i cta sgi quang rat nho néu kich thude cua ngudn
quang 16n va goc phong anh sang rong va cong sudt phat quang vao duoc 15i s& rat thap.
Do d6 ngudn quang cd ving phat sang va goc phat sang cang hep cang tot.

- Thoi gian chuyén:

DPé ¢6 thé truyén duoc tin hiéu sb co toc do bit cang cao thi thoi gian chuyén
trang thai ctia ngudn quang phai cang nhanh.

- D6 on dinh:

Cong suat quang ma cic ngudn quang thuc té phat ra it nhiéu phu thudc vao nhiét
dd moi truong, thoi gian st dung va doi khi con phu thudc vao cuong do sang xung
quanh. Vi vay cong suat do ngudn quang phat ra cang on dinh cang tot.

- Thoi gian st dung lau, gia thanh ha.

b) Péi véi linh ki¢n tich séng quang:

- Buéc song:

Nhay d6i voi bude song hoat dong cta hé thong
- Do nhay:

C6 d6 nhay cang cao cang tot. Tt 13 kha ning tach duoc céc tin hiéu quang that
nho véi s6 161 (BER) trong pham vi cho phép. Linh kién tach séng quang cang nhay thi
cang c6 kha nang no1 rong cu ly thong tin.

- Dap vng nhanh:
Dé c¢6 thé lam viéc trong hé thé)ng 6 tde dd bit cao.
- Dong ti nho:

Khi chua c6 4nh sang chiéu vao nhung linh kién tach song quang van c6 dong
dién tach song nhiu chay qua. Dong dién nay cang nho cang tot.

- Tap am:
C6 tap 4m cang thap cang t6t dé dam bao ty sd tin hiéu trén tap am (S/N).
- D¢ tin cdy cao, gid thanh ha.

4.2. NGUON QUANG:

4.2.1 Nguyén ly chung:



Céc linh kién bién d6i quang dién - dién quang dung trong thong tin quang hién

nay 1a cac linh kién ban dan. Theo 1y thuyét vat chat, ban dan c6 hai mtrc ning lugng:

Mirc hoa tri.

Muc dan dién.

Do dé nang lugng cua dién tir chia thanh 3vung:
Vung dan dién(Condution band ).

Ving cAm.(Energy gap).

Vung hoa tri.(Valence band).

Trong do:
E E: ndng lugng di¢n tu.
Ec: Muc ning lugng dan.
Ee Ev: Mtic nang lugng hoa ‘gri.
7y X: Khoang cach vat chat.
Eg
A 4

W/

Photon btic xa vao chat ban dan, cung cip ning luong (E = hv) cho mot dién tir dang

¢ vung hoa tri thi dién tir s€ chuyén 1én ving dan, photon bién mAt dién tir sé dé lai
mot 16 trong trong ving hoa tri. Nhu vy mot photon ¢é nang luong thich hop chiéu
vao chat ban din sé& tao ra cip dién tir - 16 trong con photon thi bién mét. D6 goi 1a
hién tuong hap thu, dugc ing dung trong photon diode lam linh kién thu quang.

Néu trong ving dan c6 sé dién tir nhiéu hon mtc cin bang thi dién tir thira s& roi
xudng ving hod tri mot cach ty phat dé két hop véi 16 tréng. Trong khi dich chuyén
tir mirc ning luong cao xuéng muic ning lugng thip, ning luong chénh léch dugc
buc xa dudi dang photon. Nhu vay khi mot dién tir két hop véi mot 18 tréng co thé
lam birc xa ra mot photon, d6 1a hién tuong phat xa tu phat dugc ng dung trong
diode phat quang (LED) ding 1am ngudn quang.

Hién tuong thir ba goi la sy phat xa kich thich duoc ing dung trong cac Laser Diode
dung lam ngudn quang. Hién tugng nay xay ra khi cac photon phat xa ra do qué trinh



tai hop cua dién tir va 18 trng lai kich thich cac dién tir dang c6 muc niang luong cao
xudng mirc ning luong thap va phat ra nhitng photon qué trinh cir tiép dién va sb
luong photon phat ra rat 16n. Anh sang phat ra & qua trinh ndy c6 cung pha cung
budc song.

Béng dan
[ ] [ ] [ ]

h h
Khe néng hv M{ K\TW v ,I/f\\//:’ M
luwong

O O O
DR~ hAk i ;
Hap thu Phot xa tw phot phot xa kéeh
théch
o @)
liare Dhatan DAL e T A A

C6 hai loai linh kién dugc ding lam ngudn quang hién nay 1a:
- Diode phat quang hay LED (Light Emitting Diode)
- Diode Laser hay LD ( Laser Diode)

Ca hai linh kién trén déu phat trién tir diode ban dan, Tic 13 tir tiép gidp ctia ban din
loai P va loai N. Cac dac tinh k¥ thuit cta nguén quang phﬁn 16n phu thude vao cAu tao
ciia ching, riéng budc song do ngudn quang phat ra phu thudc vao vat liéu ché tao
ngudn quang. Mdi chat ban din cé bé rong khe ning lugng Eq khac nhau. Ma E4 quyét
dinh tan sb va do d6 quyét dinh budc séng cua ning luong anh sang phat ra theo cong
thire sau:

C
Eg - hV - hz
Hay:
~hC 124
E, E,(eV)
Trong do:

h=6,625.10%j.s :Hingsb Planck
C =300.000 Km/s  : Vén tdc anh sang trong chan khong

Eq: bé rong khe ning luong, don vi (eV)



v : tdn sO anh sang phat ra, don vi Hz

Tir cong thire trén ta thdy budc song cua anh sang phat ra ty 16 nghich voi bé rong
khe ning lugng cua chit ban dan ché tao ngudn quang. Do d6 mudn ngudn quang phat
ra anh sang c6 budc song dai thi phai dung chat ban dan c6 bé rong khe ning luong hep.
4.2.2 LED:

a) Cau tao va phan loai:

Mic du nguyén 1y phat quang trong moi ndi P N kha don gian song cau tric cua
cac dén LED phtec tap hon mot diode ban dan binh thudng vi phai dap ung dong thoi
cac yéu cau k¥ thuat cia mot ngudn quang.

e LED tiép xiic mit GaAs:

Pay 13 loai c6 cdu tric don gian nhat, ding ban din GaAs vdi ndng d6 khac nhau
dé 1am 16p nén loai N va 16p phat quang loai P. Lop P day khoang 200 pum, & mit ngoai
ctia 16p P c6 pht mot 16p chdéng phan xa dé ghép anh sang vao soi quang. Budc song
phat cia LED GaAs trong khoang tir 880 dén 950nm.

I L&p chdng phan xa

Tiép xyc P
—— L&p coch dién

———  L&p P-GaAs (khuéch ton)
—T——— L&p N-GaAs (nén)

/— Tiép xyc N

e LED Burrus:

LED Burrus duoc ché tao theo cau tric nhiéu 16p (Heterostructure) bao gdm cic
16p ban dan loai N va P voi bé day va nong d6 khac nhau. Véi ciu trac nhiéu 16p va
vach tiép xuc P ¢ kich thudc nho, Ving phat sang cia LED Burrus tuong ddi hep.
Ngoai ra trén bé mit cua LED c6 khoét mot 16 dé dua soi quang vao gén vung phat
sang. Budc song ciia LED Burrus dung ban dan AlGaAs / gaAs trong khoang tir 800
dén 850nm. Néu dung ban din InGaAsP / InP thi budc séng phat ra dai hon



Tién x¥c

L&p N - GaAs (16p nén

vung phot song

L&p N - AlGaAs

L&p P - AlGaAS (16p téeh cue )

/;/C
| —
| —
L&p P - AlGaAs
L&p coch dién

Tiép xyc P ( dwdng kénh nhd

4.2.3 LED phat xa ria:

Mot loai LED phat budc séng dai (1300nm va 1550nm) dung ban dan InGaAsP /
InP. Tuong tu nhu LED Burrus, loai nay ciing ¢6 cdu tric nhiéu 16p va c6 dudng kinh
vach tiép xtc P nho (25 dén 30pum) nén c6 ving phat sang hep. Diém khac biét so véi
LED Burrus 14 thay vi khoét 156 dé ghép anh sang vio soi quang, ¢ diy dung 16p nén InP
c6 dang mot thau kinh dé ghép anh sang vao soi quang.

Tiép xyc N

L&p P - InGaAsP  —\
——— L&pN-InP(16pnén
L&p coch dién .
3 . N\ Vung phot song
O’p toa nhiet L&p P - InGaAsP

Tiép x3 \;y—l ’

p xyc P \ Lép P - InP
($25+30um) b

o LED phat xa ria: (ELED: Edge Light Emitting Diode)

LED phat xa ria c6 cu tao khac v&i LED thong thuong, cac di€n cuc tiép xuc
(bang kim loai) phu kin mat trén va day cia ELED. Do d6 anh sang khong thé phat ra
phia hai mat dugc ma bi giit trong ving tich cuc c6 dang vach hep. Lép tich cuc rat
mong, bang vat liéu co chiét suat 1on kep gitta hai 16p P va N ¢6 ciét suat nho hon. Cau
tric nhu vy tuong ty ciu tric soi quang. Hay noi cach khéc, tuong duong vi mot éng
dan séng. Anh sang phat ra ¢ ca hai dau 6ng dan song nay, mot trong hai duoc ndi voi
sQ1 quang.

CAu trac ndy c6 wu diém 1a ving phat sang hep va géc phat sang nho nén hiéu
sudt ghép anh sang vao soi quang cao. Tuy nhi€n né cling c6 mot han ché 13 khi hoat
dong nhi¢t d¢ cua ELED tang kha cao nén doi hoi phai dugc giai nhiét.

- Tiép xyc P
Lép P - AlGaAs — Vung phot song
Lop P - AlGaAs —1— [— (1op tch cure )
L&p N - — \— Coch dién SIO,
LOpP - AlGaAs —]— __—+— TiépxjcN




Cubi cung phai ghi nhin rang ciu trac cua LED cang phirc tap thi cong suit phat
cang cao, goc phat sang cang hep, thoi gian chuyén cang nhanh. Tt nhién, ciing nhu
moi linh kién khéc, cu tric cang phirc tap thi gia thanh s& cang cao.

Pac tinh ky thuat:

Cac dac tinh k¥ thuat cua LED phu thudc rat nhiéu vao cu tao cua ching. Ngoai
ra theo da phat trién ctia cong nghé ban dan, chat luong cua LED ngay cang ning cao
hon.

Théng sé dign:

Dong dién hoat dong ti€u biéu: tir S0mA dén 300mA

bién ap sut trén LED: tir 1,5V + 2,5V

Céng sudt phat:

La cong suit tong céng do ngudn quang phat ra. Cong sudt phat ctia LED tir 1 +
3mW. Déi v6i loai phat sang cao (High - Radinnce) cong suit phat cé thé 1én dén
10mW. Cac LED phat xa mit cong suat phat cao hon LED phat xa ria voi cing dong
dién kich thich. Nhung diéu d6 khong c6 nghia 13 soi quang nhan dugc cong sut quang
tir LED phat xa mat cao hon LED phat xa ria.

P(mW) LED
(phot xa
mat)

10 ELED
: g
0

© 7100 300 500 I(mA)
Géc phat quang:

Cong suat anh sang do ngudn quang phat ra cuc dai & truc phat quang va giam

dan theo goc hop véi truc. Goc phat quang duoc xac dinh & mic cong sudt phat quang



giam mdt nura (3dB) so v&1 mutre cuc dai. LED phat xa mdt c6 goc phat quang 16n hon so

v6i LED phat xa ria.
Cung suét
twong
1 ) -
S phot xa mat
0,5 phot xa roa
0 >
0 0
90° | 43 o B9’ 0 (gdc phot)
120°

Hiéu sudt ghép quang:

Hiéu s6 ghép quang duoc tinh bdi ty s6 cong suat quang ghép vao soi quang voi
cong suit phat quang tong cong cta ngudn quang. Hiéu sd ghép quang phu thudc vao
kich thuéc ving phat quang, goc phat quang cua ngudn, goc thu nhan (NA) cua soi
quang va vi tri dit ngudn quang va soi quang. Hiéu suat ghép cua LED phat xa mit
khoang 1 + 5% va LED phat xa ria trong khoang 5 + 15%. Tir d6, tuy cong suat phat
ctia LED phat xa mit 16n hon nhung cong suit dua vao soi quang ciia LED phat xa ria

lai 16n hon (thuong 16n hon khoang hai lan ).
Dé rong phé:

Ngudn quang phat ra cong suat cuc dai & budc song trung tim va giam dan vé hai
phia. P9 rong phd 1a khoang budc song ma trong d6 cong suat quang khong nho hon
phan nira mic cone suat dinh. Thong thuong LED c6 do rong phd trong khoang 35 +

100 nm  Cung suat
+ twong doi

1

0’5 /A?\,
/ 40nm

Ne e 2 Bud ,
Thoi gian chuyén E.O.O‘u,w 350 . 900 woc sing (nm)

0



La khoang thoi gian dé cong suit ra ting tir 10% dén 90% mirc cong sudt 6n dinh
khi c6 xung dong dién kich thich ngudn quang. Thoi gian chuyén ctia ngudn quang co
anh hudng dén tdc d6 bit cua tin hicu diéu ché, mudn diéu ché & tde do cang cao thi
ngudn quang phai ¢ thoi gian chuyén cang nhanh. Giai thong t6i da cia tin hiéu diéu
ché phu thudc vao thoi gian chuyén.

Anh hwéng ciia nhigt do:

Khi nhiét 46 moi truong ting thi cong suat phat giam, tuy nhién mac do anh
huong boi nhiét do cia LED khong cao:

O bude séng 850nm: d6 anh hudng 1a -1% / °C

O bude séng 1300nm va 1550nm: d6 anh hudng tir -2% dén -4% / °C.
4.2.4. LASER:

Ciu tao va nguyén tic hoat dpng:

Laser ban dan hoat ddng theo nguyén 1y phat xa kich thich. C4u tao cia nd gan
giii v6i ciu tao cia LED phat xa ria (ELED). Diém khac biét co ban 13 trong Laser c6
hai mitphan xa ¢ hai ddu 16p tich cuc tao nén mot hdc cong hudng quang. Phan anh
sang phat ra theo chiéu doc ctia hdc cong hudng sé& bi 10 phan xa qua lai giita hai mat
phan xa. Trong qua trinh di chuyén theo chiéu doc ctia hc anh sang kich thich cac
dién ttr két hop véi cac 16 tréng dé phong ra cac photon méi. Phan anh sang thoat ra
theo cac phuong khac bi that thoat dan. nhu vay chi ¢6 phin anh sang phat ra theo
chiéu doc méi duge khuéch dai.

Mit sau ctia Laser duogc phit mot 16p phan xa con mit trude dugce cat nhan dé mot
phéan anh sang phan xa con mdt phan chiu ra ngoai.

Mat phan xa

—+

Bon dan loai P

LO&p téch

Bon dan loai N

onh song



Nhim ting hiéu qua phat xa, cac Laser thuc té co cdu triic phirc tap hon ching
han loai Laser c6 cdu triic nhiéu 16p chon con goi 1a Laser BH (Buried Heterostructure)
6 vung phat sang rat hep (2pum x 0,2um) nén hiéu suat ghép anh sang vao 18i sgi quang
rat cao.

Tiép xyc P L Lop P+ (InGaAsP)
Coch dién ( SiO,
, r— Lop P (InP
Lé&p P (InP) — —  L&p téch cye
(InGaAsP)
Lép N (InP) —
LopN(InP) —
Tiép xyc

Pac tinh ky thuat:
Théng sé dign:
Dong dién ngudng:

Khi dong dién kich thich cho Laser c¢o tri s6 nho, Laser hoat dong & ché do phat
xa tu phat nén cong sut phat rat thap. Khi duoc kich thich véi dong dién 1on, Laser
hoat dong & ché d¢ kich thich céng suit quang ting nhanh theo dong kich thich.

P (mW)

10

100 200 I(mA)
Diing ng&ng

Dong ngudng cua Laser thay d6i theo nhiét d6. D61 v6i nhitnh Laser doi cfi, dong
ngudng co gia tri tr S0mA + 100mA. Nhitng Laser do1 mé1 dong ngudng chi trong
khoang 10mA + 20mA.



Dong dién kich thich: tir vai chuc dén vai trim mA tuy theo loai.
Di¢n &p sut trén Laser: tur 1,5V + 2,5V
Cong sudt phit:

Cong suat phat cua Laser tir 1 + 10mW, ddi voi nhirng Laser doi méi co thé 1én
dén 50mW hay hon nira.

Goc phat sang:

Goc phat sang cua Laser theo phuong ngang cua 16p tich cuc chi trong khoang 5
+10°, con theo phuong vudng goc véi 16p tich cuc goc phat c6 thé 1én dén 40° . Nhu
vay madt bao cua goc phat khong phai la mat ndn tron xoay ma 1a mat non hinh elip

Hiéu sudt ghép:

Laser c6 vung phat sang nhod, goc phat sang hep nén c6 hiéu suat ghép anh sadng
Vao sQi quang cao.

Trung binh hiéu suit ghép cua Laser trong khoang: 30% + 50%: d6i véi soi don
mode (SM) 60% + 90%: ddi véi soi da mode (MM).

Pé tang hiéu suat ghép, nguoi ta ¢ thé tao thém cac chi tiét phu giita ngudn
quang va soi quang nhu dat thém thau kinh giita ngudn quang va soi quang, tao dau soi
quang c6 dang mit cau,...

Dé rong phé:

Dang phd phét xa ctia Laser 13 tong hop dic tuyén khuéch dai (do bé rong khe
ning luong thay ddi) va dic tuyén chon loc cua hdc cong hudng quang (phu thude vao
chiéu dai héc). So v6i LED thi phd phat xa cta Laser rat hep, trong khoang tir 1 dén
4nm. Dang phd gém nhiéu vach rdi rac nén duoc goi 1a phd cua Laser da mode. Ngudi
ta ¢6 khuynh hudng ché tao Laser ¢ pho ngiy cang hep dé giam tan sac chat liéu khi sir
dung budc song 1550nm. Va trong twong lai c6 thé st dung rong rai ky thuat ghép kénh
theo budc song.

hé phat xa cua Laser dang thuc té:

P [dB]




Laser hoi tiép phan bé DFB: thay thé cho cac mit phan xa ¢ hai dau 13 mot chudi
gon song trén 16p ban din 1am nén chi phan xa nhirng budc séng nhat dinh do dé gan
nhu chi c6 mot budc song duge cong huong va khuéch dai. Phéd cua Laser DFB rat hep
chi vao khoang 0,1nm dén 0,2nm. Phé cua Laser DFB ¢6 dang:

Popt [dB]

0

-3
— |— < 0,1nm

-20

<~ Inm

-25

Ao A

Laser hoc ghép C_cubed: hai chip Laser roi dugc ghép quang véi nhau nhung céch ly
vé dién dé dat duoc su gidi han budc song phat Laser hdc ngoai (external Cavity): 1a
loai Laser c6 mat phan xa bén ngoai thay vi trang mat phan xa trong Laser thong
thuong.

Thoi gian chuyén lén:

Thoi gian dé cong suat quang ting tir 10% + 90% mic cong suit xac 1ap cua

Laser rat nhanh, thong thuong khong qué 1ns.

Anh hwéng nhigt dj:



Khi nhiét d6 thay d6i dong ngudng ctia Laser thay ddi do d6 cong suét phat ra
cling thay d6i néu gitr nguyén dong dién kich thich. Khi nhiét d6 ting thi dong ngudng
cling tdng theo dang ham mil cda sy gia tdng nhiét d0. Trung binh, d0 gia ting dong
ngudng vao khoang +1%/°C. Ngoai ra khi nhiét d6 thay ddi thi cong sudt phat ra ciing

thay doi, nhung mtrc d6 anh hudng rat thap.
4.3. Tach séng quang:

4.3.1. Nguyén ly chung:

Céc linh kién tach song quang hién nay ciing 1a loai linh kién ban din. Cau tao
ctia ching ciing phat trién tir tiép giap PN. C6 hai loai linh kién tich séng quang duoc
str dung hién nay 1a: PIN: loai diode thu quang gom ba 16p ban dan P,I va N. Trong d6 P

va N 13 hai 16p ban din c6 pha tap chat con I (intrinsic) khong pha tap chat hoic pha véi

nong do rat thap.
APD (Avalanche Photo Diode): Diode thu quang c6 d6 nhay va téc d6 cao.

Ngoai ra con ¢6 transistor quang (Phototransistor) c6 kha ning bién d6i tin
hiéu quang sang tin hi€u di¢n nhung co6 thoi gian dap tng cham nén it dugc st dung.

Neéu c6 cling chi xuat hién trong cac h¢ thong c¢6 cu ly ngan va toc do cham.

Bon dan P Vung hiém Bon dan N

. | | | |

| | | |
Ec T @%

hv h—/\* hv @

; e hv

T [
) D[hm]

Vung khuyéch ton dién t&¢  Vung trui Vung khuyéch ton 16

Céc linh kién tach song quang hoat dong theo nguyén tic cia mot tiép giap PN
phan cyc nguoc.



4.3.2 Nhirng thong sb co ban:
Hiéu sudt luong tir:

Hiéu suit luong tir duge tinh boi ty sb lwong dién tir tach ra va s6 photon duoc
hap thu.

L
Trong do: n - Hiéu suét lugng tr

Noh - S6 luong photon hap thu
Ne - S luong dién tr tach ra

Gia tri 16n nhit cua n 1a 1, tc 1a mdt photon dugc hép thyu s& 1am birc xa nhiéu
nhat mot cip dién tir va 18 trong. Thong thuong m nho hon 1 va duoc tinh theo phan
tram (%). Trong nhiing truong hop dic biét (c6 hiéu ung nhan) mdt photon dugc hap

thu c6 thé 1am phat sinh nhiéu dién tir.
Dap vng:

Dép tng ctia linh kién tach song quang 1a ty s6 cia dong dién sinh ra va cong suat

quang dua vao.

R—_c¢
opt
Trong do:
R : Bap ung
le : Dong quang di¢n
Popt :cong suit quang
Do nhay:

Do nhay cua linh kién thu quang 13 mirc cong sut quang thip nhat ma linh kién
c6 thé thu duoc voi mot ty s6 161 (BER) nhit dinh. Theo tiéu chuan G956 cia CCITT,
BER=10". Do nhay cua linh kién thu quang phu thudc loai linh kién tach song quang
va mirc nhiéu cta bo khuéch dai dién. Ngoai ra tbc do bit truyén dan cang cao thi do
nhay cua thiét bi thu cang kém.



Dai dong:

Dai dong cua linh kién thu quang 13 khoang chénh léch giira mirc cong suit cao
nhét va mirc cong suét thép nhét (trc d0 nhay) ma linh kién c6 thé thu duoc trong mot
gi6i han ty s6 18i (BER) nhat dinh.

Tap am:

Tap am trong cac linh kién thu quang dugc thé hién duéi dang dong dién tap am.

Céac ngudn tap Aam dang ké cua linh kién thu quang 1a:
Tap am nhiét:

La tap am gay ra do dién tr¢ tai cua diode thu quang ciling nhu tré khang vao cua
b khuéch dai dau. Tap am nhié¢t I; phu thuoc nhiét dg, bang tap am, dién trd tai theo
cong thirc:

12 = % B

Trong do:
K : hang s6 Boltzman; 1,38 x 10 J°K
T :nhiét d6 tuyét dbi, do K
B - bé rong bang, don vi Hz

R : dién tro tai, don vi Ohm

Tap Am nhiét cua may thu quang con phu thudc hé sd tap am ciia bd khuéch
dai.Tap am luong tu:

Do bién dong ngau nhién ning lugng cta cac photon dap vao diode thu quang.

Dong tap am luong tur I duoc tinh boi:

I; =2eRP

opt

B=2el,B

Tap 4m dong toi:

Dong dién nhiu do cac diode thu quang phat ra khi khong c6 anh sang chiéu vao
cling gdy nén tap am thing giang. Tap am do dong t6i duoc tinh boi cong thic:

12 =2e.i,.B



Trong d6 ip 13 dong t6i cua diode phat quang.
4.3.4 Diode thu quang PIN:

CAu tao cua diode thu quang PIN gdm ba 16p ban din P-I-N, trong d6 16p I
(intrinsic) 1 16p ban din khong pha tap chat hoic pha véi ndng d6 rat thip. Qua trinh
hap thu photon dé tach ra cac dién tir va 18 trong xay ra trong 16p I. Do d6 16p I cang
day thi hiéu suat luong tir cang cao nhung dong thoi thoi gian troi cta dién tir s& cang
cham. Piéu nay lam giam kha ning hoat dong vdi téc dd cao ctia PIN. Bé day 16p P phu
thudc kha niang thAm nhap cta anh sang vao ban dan. 4nh sang c6 budc song cang dai

thi kha ning thAm nhap vao ban din cang 16n.

onh song
l L&p chdng phan xa
o | N P gp
~ Viing tiép xyc
( kim loai )

I N Coch dién ( SiO,)
N P

—  Tiép xyc ( kim loai )

L

4.3.5 Diode thu quang APD:

Ung dung hiéu tng nhan dién tir trong ban din, ngudi ta ché tao APD, trong d6
P* va N " 1 hai 16p ban din c6 nong d6 tap chit cao con P ~ 13 10p c6 ndng do tap chat
rat thap (thay thé vi tri 16p I trong PIN).

Dudi tac dung ctia ngudn phin cyc nguoc, sy phan bd cudng do dién truong
trong cac 16p ban din khéng déu nhau, dién truong trong ving tiép giap PN cao nhit ,
qua trinh nhan di¢n tir x4y ra trong vung nay. Vung nay con dugc goi 1a vung “ thac 14”.

Khi ¢6 anh sang chiéu vao, cac photon bi hap thu trong 16p P ~va tao ra céc cip
dién tir - 16 trong. L tréng di chuyén vé phia 16p P* ndi v6i cuc 4m ciia ngudn; con dién
tir di chuyén vé phia tiép giap PN”, dién truong cao trong ving ndy s& ting tbc cho dién
tir. Pién tir va cham vao cac nguyén tir cia tinh thé ban din tao ra cac cap dién tir - 15
tréng maoi (goi 1a sy ion hoa do va cham). Céc dién tir thir cép mo1 dugc tao ra lai c6 kha



nang gay ra sy ion hoa do va cham. Qua trinh ti€p dién va so lugng cac hat tai dién tang
1€n rat 16n.

ﬁ: Tiép xyc N
N (InGaAs)
/ —\

/ ﬁ N (InGaAs)

N (InP)
P (InP)
P(InP)

| Tiép xyc P

onh song

Nhu vay trong APD dong quang dién di dugc nhan 1én M lan véi M 1a sb dién tir
thir cAp phat sinh tng véi mot dién tir so cap.

Dong quang dién do APD tao ra s€ 1a:
Iph = R.M.Popt

R : dap tng (A/W)
M - hé sb nhan
Popt  :coOng suat quang(W)

Hé s6 nhan M thay ddi theo dién ap phan cuc nguoc va ciing phu thudc nhiét do
nén viéc gilr cho h¢ s6 nhan M 0n dinh rat kho khan.

Ngoai ra, néu vung thac i cang rong thi hé sé M ciing cang 16n. Nhung lac dé
thoi gian tréi cua dién tr cang cham nén toc d6 hoat dong cua APD giam.

Gia trj cua hé sd nhan M tr 10 = 1000 14n. trén thyc té chi chon diém phan cuc
cho APD sao cho M = 50 = 200 1an vi M cang 16n thi dong nhiéu cta APD ciing cang
Ccao.

4.3.6 Dac tinh ky thuit cia PIN va APD:

A

30 PIN |,

30 D |




*  Po nhay(dBm): APD nhay hon PIN. P nhay ctia APD 16n hon PIN tir 5 dén
15 dB, tuy nhién néu dung PIN két hop v&i FET thi d6 nhay cua PIN-FET gan bang do
nhay cuia APD.

* Dai dong: Dai dong ctia APD rong hon PIN vi ¢6 thé diéu chinh duoc bang
cac thay doi dién ap phan cuc dé thay dbi hé s6 nhan M.

* Dong toi: Dong t6i cua APD 16n hon so véi PIN.

* P on dinh: Do 6n dinh cta PIN tot hon so v6i APD vi hé s6 nhan M ctia APD
vira phu thude dién ap phan cuc vira thay doi theo nhiét do.

* Pién ap phan cwe: APD cin dién ap phan cuc nguoc cao hon PIN. Pién ap
phan cuc cta APD c6 thé 1én dén hang tram volt trong khi dién ap phan cuc cho PIN
thuong dudi 20 volt.

4.3.7 PIN-FET

Uu nhuoc diém cua hai loai tich song quang PIN va APD trai nguoc nhau khong
gidng nhu hai loai nguon quang LED va LASER.

Pic tinh k¥ thuat cia LASER t6t hon LED vé nhiéu mit trong khi APD chi hon
PIN vé d6 nhdy va tdc d6 lam viéc. Cac mat han ché cua APD la:

Ché d6 1am viéc kém 6n dinh nén can mach dién phtrc tap.
Dong nhiéu 16n

bién &p phan cuc cao va yéu ciu do 6n dinh cao

Gia thanh cao

Do nhitng dic tinh ky thut trén ma ca APD va PIN déu ton tai song song.



Co thé gilt dugc cac uu diém cua PIN va khic phuc cac nhugc diém cta nod bé‘mg
cach dung két hop PIN véi mot Transistor truong (FET) trong mach tién khuéch dai.
Hai linh kién két hop nay dwoc goi 1a PIN - FET, chung dugc st dung kha phd bién
trong cac hé thdng thong tin quang hién nay, d6 nhay ctia PIN - FET c6 thé so sanh
duoc vo1 APD.



CHUONG V
HAN NOI SOI QUANG

5.1 Tong quat:
5.1.1.Cdc yéu cdu ciia moi noi :

Do nhu’ng han ché Ve k¥ thuat ché tao, phuong tién chuyen cling nhu trong qua trinh
ldp dit va van hanh hé thong thong tin quan, vi¢c han ndi gilra cac doan s¢i quang voi nhau
hodc gilra cac s¢i quang véi linh kién thu-phat quang dong mét vai tro quan trong. Han nbi
t6t cling lam glam suy hao du:0'ng truyén.

Han ndi soi quang gom nhitng phuong phap sau:
- Dung keo dinh.
- Han néi bang hd quang.
- Dung bo ndi thao roiva bo ndi khong théo roi.

Nhung phuong phap chinh hién nay 1a han ndi bang ho quang gom cac budc nhu

sau:
— P
— e — s — e — .. - —_— e — . — . — . . '_ ........ 1_ ........... —_— . — . — s — e — e — .. - —
a) | —
B P N e === = = = —|—
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N
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Dung ho4 chat dé tay va tach sach 16p vo bao vé cua hai soi quang can ndi kep
hai dau Ién bo gia do .
Diéu chinh cho hai dau soi gan nhau ( bang 10% dudng kinh 15 soi).

DPong mach tia lra di¢n. Qua trinh nay xay ra tu dong thoi gian phong dién dugc
tinh todn sao cho phu hop véi tung loai sgi va kich thudce cua sgi. N6i song néu khuyét
tat phai cho han lai.

Gia ¢6 co hoc dé bao vé moi noi.

Ngay nay cac may han da duogc thiét ké hién dai, viéc han ndi d3 duoc may han ty
dong 1am hét cac khau quan trong. Con ngudi chi thuc hién cac dong tac don gian nhu:
tach soi, tay bo 16p bao vé, boc mbi ndi, han ndi vo gia cong chiu luc bao vé cac tai mbi
n6i. Do d6 tiéu hao méi han nbi rat thap.

May han cii san xuit nim 1992 tiéu hao tai méi han: o =0,2 + 0,6 dB.
Mdéy mdi san xuit nim 1995: Cirungbinh = 0,038dB
Trong thuc té thudng chap nhan o = 0,1dB.

Sau day 12 mot vi du suy hao do mdi han ctia may Furukawa-S5147S cta Nhat

S6 méi han (n)

40

30

20

10

0 E— Suy hao [dB ]
0,02 004 006 008 0,1 0,12

S6 mdi han: n= 100
Suy hao trung binh: AVG =0,038

Suy hao trén mot mdi han o =0,021



CHUONG VI

HE THONG THONG TIN QUANG

6.1. Khai ni¢m:
Mot hé théng thong tin quang .
- Linh kién phat quang & phan phat.
- Cap quang .
- Céc bd noi.
- Cac thiét bi tiép van va cac thiét bi ghép kénh.
- Chd han néi.
- Linh kién thu quang ¢ phan thu.

Céc hé théng dang duoc sir dung hién nay thudc loai diéu ché va tach song quang
tryc tiép , khong thong qua mét giai doan bién d6i tin sd quang nao . Va déu truyén tin
hiéu sb ( Digital ) Xay dung tir tin hiéu diéu xung ma PCM qua cac budc ghép kénh sb

cap cao dé tin dung kha ning truyén din bing rong cua soi quang.

Dbé moé rong dai thong tin truyén dan va kéo dai cu ly ti€p van cac phan tu sau

duoc chon.

- So1 quang : Loai sgi don mode SM hoat dong ¢ budc song 1300nm hoac 1550
nm.

- Nguodn quang : St dung Laser don mode .
- Tach song quang: St dung diode quang APD hodc PIN-FET.

6.2. Céu tric hé thong.



6.2.1 So do tuyén :

Ghop - Cop quang

- Nguod -

Stra .| Poi mo . n .| M6 hod | koch Nguo
dan | B/U | ngau > CODER » théch > n —>
x nhion DRIVE quang :
7y E
v |
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Xung Diéu |
__________________________ khién !
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i sot vu :
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! Toi [ i
| tao !
4_ : v i
Péi |, Gidi | Giai | Phuc hdi | K/ Thu :
mé | ngdu | ]r)régODER < REGENE [* Pai [¢ quang [ !

U/B nhion AMP OE

A

AG
C

Chirc nang :

Hudng phat : Tiép nhan tin higu tir thiét bi ghép kénh dua dén , d6 tin hidu dién
sang dang ma thich hop véi duong day quang va cho tin hi¢u di€n kich thich ludng
quang phat ra tin hi¢u quang.

Huodng thu : Tin hi¢u quang dugc chuyen thanh tin hiéu dién . Sau khi duoc khuyéch dai
, phuc hoi , tin hiéu dién dugc chuyén sang dang ma thich hop véi thiét bi ghép kénh.

6.2.2 Huwéng phit :

e Sir dyng: Tir du vao (ghep kénh) c6 mot chudi xung tin hiéu dién dua dén. Bi qua
bo st 1y xung , san bang sau khi da duoc khuyéch dai . Pong thoi dugce dong bo (
xac dinh xung dock).

e Bién d6i mi : B/ U ( Bipalar Uinpolor ).

Ma truyén dan cua tin hiéu dién thuong 13 ma nhij cuc c6 3 trang thai +v, o,-v .
Khéng phu hop véi duong truyén din quang. La loai chi truyén hai trang thai sang va



tdi . Do d6 khdi ddi ma chuyén tin hi¢u & ma nhi cuc sang ma don cyc . M3 nhi cyc
thuong dung 1a ma HDB3 con ma don cuc thuong dung 1a ma NRZ,

e Ngau nhién hoa : ( SCR : Scramhler ) C6 tac dung chon chudi xung mot cach ngau
nhién theo mot quy luat nhat dinh dé tranh su 1ap lai mot chudi dai cc bit giéng
nhau . Sy trdo tron ndy nham 1am cho sy phan b cua tin hiéu can truyén déng déu
hon.

e Mai hoa : Lai mdt lan nira chudi xung dugc d6i sang dang ma thich hop hon véi
duong truyén din quang. Loai ma nay tac dung tranh tinh trang xuét hién cac nhoém
bit “1” hoac “0” lién tiép dau thu khong nhan dugc , chira mot s6 nhom bit dé phat
hién 18i .Loai ma thudng dung 12 ma 5B. 6B. Mdi nhém 5bit dbi thanh 6bit.

e 5B :gdm 32 nhom t6 hop . 6B : Gom 64 t6 hop.
00000 000000
00001 000001
11111 111111

Trong 64 hang ctia mi 6B ngudi ta chon 1y 32 hang khong chira 5 s6 0 lién tiép
va 5 s6 1 lién tiép . Do d6 32 truong hop 5B cho twong Gng véi 32 hang cta 6B dugc
chon .

S6 bit 5B d6i thanh 6B ting thém 20% .Ttc 1a téc do bit ting 1én 6/5 lan khi dung
ma S5B6B.
Néu truyén téc do 34Mb/s , thi tbc d6 trén dudng diy quang 1a 42Mb/s , 140
Mb/s trd thanh 168 Mb/s. Ngudi ta c¢6 thé dung 32 t6 hop thira dé phat hién 15i.
e Mach kich thich : Tong hop dong dién phan cuc va chuyén xung tin hiéu dé kich
thich nguén quang. Chuyén ttr Uxung—> lxung-
e Ngudn quang : Linh kién thuong 1a laser. Cong suat phat laser ludn duoc mach diéu
khién cong suit APC , tham do dé diéu chinh dong phan cuc nhim giit cho cong
suat quang dugc 6n dinh .

6.2.3 Hwong thu:

e Mach thu quang : Bién ddi tin hiéu quang sang tin hiéu dién st dung diode thu
quang c6 thé 1a PIN hoic APD. Trong d6 c¢6 mach tién khuyéch dai.

e Khoi khuyéch dai : Tin hidu thu, diéu chinh dugc d6 khuyéch dai dé giit muc tin
hi€¢u ra dong déu khi tin hi€u vao thay doéi . Mach di€u chinh khuyéch dai AGC lam
nhiém vu nay.



e Mach phuc hdi : Qua duong truyén ngoai viéc bién d6 tin hiéu bi xuy giam do suy
hao sg1 quang , dang tin hi¢u con bi méo do tan sdc cua sgi quang, mach phuc hoi co
tac dung khoi phuc lai dang xung va dinh lai thoi gian nhip ctia quang.

e Giai ma : Chuyén tir 6B sang 5B theo quy tic mi hoa & dau phat va phat hién canh
bao trong bd gidm sat .

e Gidi ngiu nhién : Tron tin hiéu theo quy luat ngugc lai quéd trinh ngiu nhién hod &
dau phat .

e Doi mi : Chuyén tir md don cuc sang mi nhi cuc sau d6 truyén dén thiét bi ghép
kénh.

e Tin hi¢u nghi€p vu : Pugc chuyen dang s , dua vao mach kich thich dé diéu ché
bién do tin hiéu quang cua ludng tin hié¢u chmh O huéng thu tin hi¢u nghiép vu
dugc tach ra tir khéi khuyéch dai.

6.2.4 Thiét bi ghép kénh:

Thiét bi ghép kénh trong h¢ thong thong tin quang hién nay la thiét bi ghép kénh sb.
Tin hiéu ,dién dugc bién doi thanh tin hi¢u diéu ché xung ma (PCM) va ghép kénh trén
nguyén tac phan kénh thoi gian(TDM).

_ Cac tiéu chuan PCM duoc dung hién nay: Tiéu chuénNChﬁu Au: ( REPT) tbc dd
ludng s6 tin hi€u co ban 1a 2,048Mh/s gom 30 kénh toc dd moi kénh 1a 64 kB/s.
~ Tiéu ~chuém Baf}c My¥ va Nhat Ban: Toc do ludng co ban 13 1,54 Mh/s gdm 24 kénh
toc do , mo1 kénh toc do la 64 kB/s.

THU BAC GHEP CUA CAC TIEU CHUAN TREN CUNG KHAC NHAU.

Tiéu chuén | Dac trung CAP1 | CAP2 C?&I;I;BAC CAP4 CAPS
Toc d bit 2,048 | 8,448 | 34,368 | 139,264 |564,992
Chau Au | Hé sb nhan o 4 4 4 4
S6 kénh thoai | 30 120 | 480 | 1920 7680
Tbc db bit 1,544 | 6,312 | 44,736 | 274,176 | 565
Bic My Hé sé nhan _ 4 7 6 2
S6 kénh thoai | 24 96 672 | 4032 8064
Tbc d6 bit 1,544 | 6,312 |32,728 | 97,728 |397,2
Nhatban | Hé s6 nhan o 4 5 3 4
S6 kénh thoai | 24 96 480 1440 | 5760

O Viét Nam xiy dung hé thong ghép kénh theo tiéu chuan Chau Au. Mot kénh
thoai tiéu chuan c6 phd giéi han 0,3 + 3,4 Khz. Puoc chuyén sang dang s6 c6 toc do 64
Khz . M6t kénh truyén thanh dugc truyén vai toe do 384 kb/s tuong duong 6 kénh thoai.

6.2.5 Thiét bi tiép vin:



Khac v6i thiét bi tram dau cudi , thiét bi tram tiép van giao tiép voi duong day
quang & ca hai phia. Trong thiét bi tiép van khong c6 cac khdi ma B/U ngiu nhién hoa
ma hoa cac bo bién d6i nguoc lai. Vi mang ma trén dudng day quang duge giit nguyén
chirc ning ciia cac khdi con lai twong tu chirc nang ctia cac khéi twong tng trong thiét bi
tram dau cudi .

6.3 . Ma trong hé thong thong tin quang.

Chudi tin hiéu dién PCM c6 dang phu hop trong méi trudng truyén din dién.
Thong dung hién nay thuong 1a ma HDB-3 1a ma nhi phan mat do cao c6 cuc dai 3 sb
“0” lién tiép va co trang thai -1, 0 ,+1 . Ma nay khong thé truyén trén soi quang , do tin
hiéu quang chi c6 hai trang thdi sang va toi . Pé phu hop véi trang thai sang , t6i thi
khong dung don cuc ma dung 1a md NRZ . Nguoi ta thudng thuc hién d6i ma theo xu
hudng sau.

e Ddi v6i hé thong c6 dung luong nho , toec d6 2 hoic 8 Mb/s , thi ap dung phuong
phap d6i ma don gian c6 thé bing tan truyén dan bi rong ra nhung ciing chua anh
hudng , thudng dung 12 ma 1B/2B tic 1a truyén 1bit thanh 2bit ( 01 hodc 10).

e Dbi véi hé théng c6 dung lugng 16n , tdc do bit tir 34 Mb/s trd 1én thi can thuc hién
d6i ma phtc tap tranh lam ting d6 rong bang truyén. Mot phuong phap don gian 1a
d6i ma HDB-3 sang ma dao cuc CMI ,quy tic 1a mot dau hiéu HDB-3 dugc doi
thanh mot diu hiéu CIM sau:

DAu hiéu nhi phan 0 1
Dau hiéu md HDB-3 0 +1 hodc -1
Dau hiéu ma CMI 01 11 hodc 00

M3 CMI 13 ma NRZ ( Nhi phan don cuc Not Return to Zero ) khong tré vé mirc
khong. Bit 0 duoc ky hiéu 01 bit mot ky hiéu bang 11 hodc 00 trong khoang khe thoi
gian.

Bo ngau nhién hoa : SCN di lam x40 tron chudi tin hiéu dé tranh xuat hién chudi
“0” “1” khong lam tang do rong bang truyén dan . Song khong loai trir hét cac chudi “0”
“1” do tinh ngau nhién ctia n6 . Do vy phai sir dung thém hé ma hoa dé bién d6i lai mot
lan nita. Hién nay nhiéu hé théng dang st dung loai ma khdi 5B6B dé lam ting toc do
truyén do s bit ting 1én sau khi dwoc mi hoa ma khong lam ting 1én nhiéu do rong
bang truyén dan.

Sau day la bang d6i ma 5SB6B cua Marconi:

T mad 5B + 6B -
00000 110010+ 110010-
00001 110011- 100001+




00010 110110- 100010+
00011 100011+ 100011-
00100 110101- 100100+
00101 100101+ 100101-
00110 100110+ 100110-
00111 100111- 000111-
01000 101011- 101000+
01001 101001+ 101001-
01010 101010+ 101010-
01011 001011+ 001011-
01100 101100+ 101100-
01101 101101- 000101+
01110 101110- 000110+
01111 001110+ 001110-
10000 110001+ 110001-
10001 111001- 010001+
10010 111010- 010010+
10011 010011+ 010011-
10100 110100+ 110100-
10101 010101+ 010101-
10110 010110+ 010110-
10111 010111- 010100+
11000 111000+ 011000+
11001 011001+ 011001-
11010 011010+ 011010-
11011 011011- 001010+
11100 011100+ 011100-
11101 011101- 001001+
11110 011110- 001100+
11111 001101+ 001101-

Bang gém cot 5B va hai cot 6B. Céc to hop 6 bit duoc ding c6 sd bit <17 va 0’
chénh 1éch khong qua 2 bao gém t6 hop chira 3 bit ‘0’ va 3 bit *1” hodc 4 bit ‘0 va 2 bit
‘1’ hodc 2 bit ‘0’ va 4 bit 1 . Khi do chénh léch bang hai nhém bit ké tiép duoc tra &
cOt khac.



PHAN II
CONG NGHE SDH

CHUONG I
GIOI THIEU VE KY THUAT SDH.

1. CAC YEU CAU PHAT TRIEN CUA MANGSDH.

Song song bén canh cac dich vu vé thoai, ngdy nay ngudi ta phat trién thém
nhiéu dich vu mdi quan trong nhu la telefax, truyén dan data, truyén dan
video...trong d6 chat lugng va kha ning dap Gng cic yéu cau d6 vé bing tan hodc céac
giao tiép twong thich ... ludn ludn dong mdt vai trdo quan trong hang dau .

Pé thoa min cac yéu cau trén, nganh vién théng phai c6 nhirng thay ddi can thiét
dé dap tmg kip thoi .

Thoi gian thiét 1ap ludng truyén din ngan dung luong thoa min theo moi yéu cau.

Tang cudng kha ning san sang phuc vu cho cac mang vién thong .

Gi4 thanh thiét 1ap mang vién thong thap, chi phi danh cho cac khoan khai thac,,
bao tri, bao dudng ...phai giam.

C6 kha ning qubc té hoa dich vu.
2. KHAI NIEM VE SDH : (Synchoronous Digital Hierachy).

Cac hé théng PDH phat trién khong dap ung duoc nhu cau trén do d6 phai c6
mot hé théng truyén din méi trén thé gigi. K§ thuat SDH ra doi tao ra mot cudc cach
mang trong nghanh vién thong, thé hién mot k¥ thuat tién tién co6 thé dap tng rong rai
cic yéu cau cua cac thué bao, ngudi khai thac cling nhu cac nha san xuat... thod mén
cac yéu cau doi hoi dat ra cho nganh vién thong, khic phuc cac nhuoc diém cua thé
hé PDH ma chung ta dang sir dung hi¢n nay.

Trong tuong lai thé hé dong bo SDH sé& ngay cang phat trién manh nhd cac uu
diém vuot troi hon so véi PDH va mot diém quan trong 1a SDH ¢6 kha ning két hop véi
PDH trong mang ludi hién tai, nd6 cho phép thuc hién viéc hi€én dai hod mang ludi dan
dan theo ting giai doan phat trién.

PDH

HENH 17- S\ DHAT TRIEN CUA




Céc tiéu chuan cia SDH duoc bat dau tir nim 1985 tai M§. Bit dau 1a cac nd luc
dé tao ra mot mang giao tiép quang co thé hoat dong dugc voi tat ca cac hé théng truyén
dan khac nhau ctia cac san pham khac nhau (theo tiéu chudn ciia Chau A u & Chdau Myp).
Dan dan sau d6 céac tiéu chuan nay duoc mé rong dan 1én dé co thé st 1y cho mang hién
tai va ca cho cac loai tin hi¢u trong tuong lai cling nhu cho ca phuong ti€n van hanh va
bao dudng.

Nam 1985 cong ty Bellcore 13 cong ty con clia cong ty Bell tai My d3 dé xuat mot
k¥ thuét truyén ddn méi nham khac phuc nhitng nhugc diém cua hé thong cin dong bo
PDH va duoc dit tén 1a SONET (Synchoronous Optical Network) mang quang dong bo
dua trén nguyén 1y ghép dong b va tat ca cac tin hiéu dong bo duoc ghép ddng bod véi
nhau, trong d6 cap quang duoc sir dung lam méi truong truyén dan. Sau dé céc tiéu
chuan vé giao tiép thiét bi ciing duoc ngién ciru dé c6 thé két ndi cac thiét bi voi nhau
v6i nhitng tiéu chudn khac nhau ma khong gay tré ngai. Khi tng dung k¥ thuat méi nay
vao mang ludi hién hitu. Dé dap Gmg cac tiéu chuan d6 ngudi ta phai cha ¥ dén sy tiéu
chuan hod céc tin hiéu bao dudng, gidm sat, chuyén mach bao vé va ca van dé quan ly

mang ludi cua cac loai thiét khac nhau do.

Nam 1988 mot tiéu chuan quéc gia ctia My da duoc thong qua dong thoi vai
SONET ciing d3 giy duoc sy chil ¥ va ciing dugc phat trién tai Chau Au boi cac nha san
xuit dya trén mot tiéu chuan riéng dé phu hop véi cac mang PDH theo tiéu chuan Chau
Au dang hién hanh. CCITT da dé xuat cac tiéu chuan cua hé théng SDH.

SDH dugc xay dung dé tao ra mot mang tiéu chuan qudc té, né cho phép tiép nhan
dugc tit ca cac tin hiéu PDH trudc day.

Tiéu chuan phan cap so dong bo SDH xay dung theo cac ti€u chuan do ITU-T
dé xuat dya trén co mot hé thong cac khuyen nghi sau:

- G.707 Céc muc phan cip sb dong bd



-G.708 Giao dién tai nut mang cho phan cap sé dong bo .

-G.709 Céu tric ghép kénh SDH.

-G.780 Céac dinh nghia va thuat ngir trong 1y thuyét SDH.

-G.781 Céu tric cua cac khuyén nghi d6i véi thiét bi ghép kénh SDH.
-G.782 Céac loai va cac ddc tinh chung cua thiét bi ghép kénh SDH.

-G.783 Cac dic tinh ciia cac khdi chirc nang thiét bi ghép kénh SDH.

- G.784 Quan ly SDH.

- G.957 Giao dién quang cho cac thiét bi va cac hé théng lién quan dén SDH.
-G.958 Céac hé thong truyén dan SDH str dung cép soi quang.

US CEPT

Mbit/s
S

1,5 45
Mbit/s
6,3

Container ﬂ

STM-1
155,520Mb/s

Honh 1.2: Khoi niém SDH

3. CAC PAC TiNH CUA PDH & SDH:
3-1. Nhwoc diém ciia hé thong PDH:



- Mang PDH chu yéu dap ung cac dich vu dién thoai, ddi véi cac dich vu méi nhu:
mang ISDN, truyén data, dich vu dién thoai truyén hinh... thi mang PDH kho c6 thé dap
ung dugc.

- Mang PDH khong linh hoat trong viéc két ndi cac ludng lién tuc. Khi ¢6 nhu cau
rot ludng tir mot ludng c6 dung luong 16n thi phai qua cac cip do trung gian dé ha tdc do
tir cao xudng thap tuong tng, ciing nhu viéc ghép ludng ciing phai trai qua day du céac
cap tir tbe do thap 1én tdc d6 cao. Piéu nay rd rang thé hién tinh khong mém déo, khong
thuan tién cho viéc két ndi, can phai co6 du cac cip thiét bi dé giai ghép ludng do d6
khong tiét kiém va lkhé thyc hién dong thoi doi hoi nhiéu thiét bi phic tap.

- Céc thong tin vé bao tri khong dugc lién két trén toan tuyén thong tin ma chi déi
v6i ting doan truyén dan riéng 1é. Thii tuc bao tri cho toan tuyén phtc tap.

- Chua c6 tiéu chuan chung cho thiét bi dudng diy, cic nha san xuit chi cé tiéu
chuan dic trungriéng cho ting thiét bi riéng cua ho.

- C6 nhiéu thiét bi ghép ludng. Mot ludng 2mb/s c6 thé s& di qua nhiéu hudng
khac nhau trudc khi di dén dich do d6 van dé quan 1y ludng tai mdi tram phai dong bo va
chit ch&. Trong thuc té nhiéu khi sinh ra 15i lam trong quan 1y hodc d4u ndi khong chi
anh huong dén ludng dang két néi ma c6 thé gay ra mat lién lac cho nhiing ludng dang
khai thac.

Hé thong PDH thiéu cac phuong tién giam sat, do thir tir xa ma chi tién hanh ngay
tai chd.

3-2. Pic diém ciia SDH .
3-2-1. Uu diém ciia SDH.

Trong PDHviéc ghép kénh duoc tién hanh tai mdi cap, qué trinh ghép phai qua lan
luot cac muc trung gian tir 2 4 140 Mb/s.Viéc truy nhap tryc tiép tdi mot ludng 2Mb/s
trong mot luéng 140 Mb/s 1a khong thé thuc hién dugc chéng han nhu khi can ndi chéo
cac ludng 2Mb/sthi phai thyc hién ha kénh tir ludng 140 Mb/s qua nhiéu cap xudng dén
2Mb/sr6i méi dung cap nhay dé ndi chéo. Mang ludi nay rat cong kénh phirc tap va
khong linh hoat dong thdi chi phi van hanh rat 16n do doi hoi nhiéu stc lao dong trong
cac khau lip dit chuyén cap...

Pbi voi SDH thi uu diém ndi bat 1a don gian hod mang ludi, linh hoat trong sir dung khai
thac. Khac vé1 PDH,trong mang SDH qua trinh ghep kénh ci thuc hién qua mét giai
doan, do do viéc tach mot kénh 2 Mb/s trong mot luong téc do cao la don gian. Hon nia,
viéc str dung phadn mém trong quan 1y bao dudng ludng 2Mb/s da lam cho viéc ddu chéo
cac ludng s6 2Mb/s trd nén thuc su don gian va nhanh chong. Chinh vi thé viéc van hanh
va quan Iy mang ludi don gian hon nhiéu so véi cung cong viée nay ¢ mang PDH.



- Trong SDH tbc d6 bit 16n hon 140 Mb/s lan dau tién duoc tiéu chuan hoa trén
pham vi toan thé gioi.

- Ma truyén dan cua tin hi¢u quang dugc ti€éu chuan hod tuong thich véi cac thiét
bi ctia cac nha san xuat.

- C6 céu trac khdi: Tdc do bit va ciu tric khung ctia cdp cao hon duoc tao thianh
tor toc do bit va cau tric khung cua ludng co ban cip thap hon do do vi¢c tdch ghép
ludng thong tin dé dang.

- C6 cac kénh riéng cho giam sat, quan 1y, do thir hodc diéu khién trong phan
mang quan ly.

- T4t ca cac tin hiéu PDH c6 toc do thap hon 140 Mb/s déu c6 thé ghép duoc vao
cap SDH thap nhit 1a STM-1 ¢6 toc 6 155Mbys.

3-2-2. Nhwoc diém ciia hé thong SDH:

- K§ thuét phtc tap hon do phai ghi lai su tvong quan vé phase giita céc tin hiéu
ludng va overhead.

- Viéc nhoi byte-byte ting do jitter hon kiéu bit-bit ctia PDH.
- Pong hd phai cung cip tir ngoai.
- Truyén du thira va thiéu mac 8Mb/s.

- Ta c6 thé tom tit sy tuong quan khic nhau giita k¥ thuat PDH & SDH nhu sau:

PDH SDH
B6 dao dong ndi dao dong tu do Dao dong noi dugc déng bo voi
d6ng hod ngoai

Ghép kénh khong dong bo Ghép kénh dong bo
CAu tric khung dic trung Céu tric khung ddng nhat
Ghép ludng theo nguyén Iy ghép Ghép ludng theo nguyén Iy

xen bit xen byte
Truy nhap ludng riéng 1¢ sau khi Truy nhap tryc tiép ti ludng

sau khi gai ghép dén tbc do cao hon

cap tuong duong

4. PHAN CAP HE THONG SDH



Ngay nay c6 ba cap cta tin hiéu SDH dugc dinh nghia. Cip va mic bit dugc chi

ra trong bang sau:

MU'C SDH TOC DO BIT
STM-1 155,52 Mb/s
STM-4 622,08 Mb/s
STM-16 2488,32 Mb/s

Thiét bi dau cudi Thiét bj dau
cuOi
dwOng doy Tram xen ré Tram xen ré
OLUT OLUT OLUT OLUT OLUT OLUT
{ { { { { {
34-140 34-140 34-140 34-140 34-140 34-140
{ { { { { {
8-34 8-34 8-34 8-34 8-34 8-34
{ { { { { {
2-8 2-8 2-8 2-8 2-8 2-8
1 L L R
------- 2Mb/s CAN 72%\/7Ib/7$ N 2Mb/s 0O (PDH) 2Mb/s e
\ il | | [l
Giao dién thiét bi quan
2Mb/s

ly mang bang phan

SDH DPon gian hoo mang lwéi
CAU I'KUC GHEP KENH
1. Céu tric ghép kénh co ban:
STM (Synchoronous Transport Module)- Modul truyén dong bé.
Céc cap STM-n dugc ghép tir STM-1



~ Cac tin hiéu PDH co thé dugc ghép vao SDH va dugc truyén c,15n thong qua hé
thong nay, dieu nay giai thich tai sao CCITT dé xuat ra STM-1 Vi tat ca cac tin hiéu
PDH 1,5 Mb/s dén 140 Mb/s c6 thé ghép vao tr¢ thanh tin hi€u SDH theo kién nghi

G.707
Trong do :
Cy: Container (cap n) Pon vi chira thong tin
VC,: Vitualy Container (cap n) Container 40 cap n
TU, : Tribuatary Unit Don vi luong cap n, st Iy con tré khi nhan3
dudng
TUG, : Tribuatary Unit Group Nhoém don vi luong
AU : Administrative Unit Pon vi quan ly
AUG : Administrative Unit Group Nhom don vi quan ly
POH : Path OerHead Thong tin giam sat, tir mao dau ctia doan
SOH : Section OverHead thong tin quan 1y, ttrmao dau ctia duong
1
STM-n VC4 |« C4
139 264
x 3 Kb/s
x3
TUG3 L VC3
x 7 \
VC3 [« C3
44736
34368Kb/s
r VC2 «q C2
6 312 Kb/s
VCI12 €| C12
2 048 Kb/s
VCll [+ Cl1
I
Gan/toch Str 1y Gén/toch Str Iy Gan/toch
SOH con trd POH con trd POH 1544 Kb/s

<= Ghop kdnh St 1y con trd

il

h
Sap xép, hiéuchinh Lura chon clla ETSI



Ghop konh SDH

C12
VC12-
TU-12 >
| ]
[ v L4
v [ (o | [ .
TUG-3 TUG-3
VC-4POH| TUG-3 TUG-3
SOH AUG AUG
Sor d6 ghop konh ttr C-12 qua AU-4
| Cc4
VC-4
AUG
| SOH | ATIG | | ATIG

So’ dé ghop konh ttr C-4 qua AU-4

VC-12

TU-12

TUG-2

TUG-3

VC-4

AU-4

AUG

STM-n



2. Chu truc cac khoi:
2.1. Container C:

La don vi truyén dan nho nhét trong khung truyén dan, 13 noi ta b tri vao d6 cac
ludng tin hiéu truyén dan cap thap nhat nhu 14 cac ludong PDH, ludnghinh, ludng sb lidu.

Cé cac loai Container dugc str dung dé tuong thich véi cac tbc do truyén dan khac
nhau cho hai hé SONET va SDH.

Ki HIEU Ti N HIEU DPUONGTRUYEN Mb/s
C-11 1,544
C-12 2,048
C-2 6,312
C-3 44,736 &34,368
C4 139,264

Bang 2.1: Coc loai container

Céc dir liéuduoc ghép vao container theo mguyén ly ghép theo bit hodc theo byte.
Déi v6i tin hidu can dong bo tin hiéu container gdm c6:

- Céc ludng dit liéu (nhuw la tin hiéu PDH)

- Céac bit hodc byte nhoi cod dinh trong khung khong mang ndi dung thong tin ma
chi st dung dé tuong thich tdc dd bit cua tin hiéu PDH duoc ghép véi tdc do bit cua
container cip cao hon.

- Ngoai ra con c6 cac byte nhdi khong cb dinh dé dat duoc su déng chinh mot
cach chinh xac. Khi cin thiét cac byte nhdi nay c6 thé duoc s dung vao cac byte dit
liéu (Data Byte). Trong trudng hop nay trong khung con c¢6 bit diéu khién nhdi dé thong
bao cho dau thu biét ci byte nhdi khéng ¢d dinh nay co thé 1a byte dit liéu hodc 13 byte
nhdi thun tuy.

Tuy theo kich thudc ctia ludng Data dau vao ma ta gan cho no container C tuong
ung phu hop

2.2. Container do VC ( Virtual Container).

Mot VC 1a su két hop cua container C voi POH (VC =C +POH) dé tao thanh mot

khung hoan chinh truyén dén dau thu. Chirc ning cia POH 14 mang thong tin b tro,
gidm sat va bao tri duong truyén dong thoi thong béo vi tri ma container s& dugce chuyén



dén. Trong VC thi POH dugc gin & dau khung va tai dau thu s& duoc dich ra trude khi
container dugc gidi ma.

VC ciing co tuy loai twong tng voi kich thudc cua container C. Mot VC ¢6 thé
dugc truyén riéng ré trong mot khung STM-1 hodc 14 truyén xen r& nhau trong mot

VC 16n hon rdi méi duoc truyén toi STM-1. Ta c6 thé phan biét hai cip VC tuy
theo container C nhu sau:

- Tét, ca container khi dugc ghép trong mot container 16n hon thi dugc goi la
container cap thap LOC (Low Order Container) tuong irng vdi container ao cap thap
LOVC (Low Order Virtual Container) do 1a VC-11, VC-12, VC-2 & VC-3.

- Tat ca cac container duoc truyén truc tiép trong khung STM-1 thi duoc goi la
container cdp cao HOC (Hight Order Container) tuong tmg ta c¢6 container 4o cip cao
HOVC (High OrderVirtual Container) dé 1aVC-4 va trong trudng hop VC-3 duoc
truyén tryc tiép vao khung STM-1 thi VC-3 ciing dugc coi 1a HOVC.

+ Céu triic ciia cac VC:

VC-11: GOm 25 byte dir li¢u cong vvc'wi II‘I('_S'[ bNyte POH duoc sép Xép trén 3 héu}g
doc 9byte. Pugc str dung dé truyén dan tin hi¢u 1,5 Mb/s theo ti€u chuan
chau My.

VC-12: GOm 34 bytf: dir li€u cong véi mot byte POH duogc st dung dé tuong
thich vo1 ludng 2 Mb/s theo tiéu chuan chau Au va dugce sap xeép theo
4hang doc 9 byte. C6 3 loai tin hi€éu 2Mb/s sau c6 thé dugc bo tri trong
VC-12:

Tin hiéu 2 Mb/s khéng dong bé: Cho phép mang tin hiéu 2Mb/s nhung khong ¢

kha nang giam sat trén tirng bit.

Tin hiéu 2 Mb/s dong bé bit (bit Synchronous): Cho phép giam sat trén ting bit

nhung khong nhan dang duogc khung.

Tin hiéu 2 Mb/s dong bg byte: Chi phép giam sat va nhan dang tt ca cac bit dir

liéu
«— 3 —> < >
A ) B R :POH
9 C-11 q4 [C12
\
CAu tryc VC-11 CAu tryc VC-12

Cau tryc VC



VC-2: GoOm 160 byte dir liéu va mot byte POH dung dé twong thich voi ludng
6,312 Mb/s theo ti€u chuan cua M¥y. Cau triic gom 12 cot 9 byte (Icot =

Obyte).

< 12 >
T 2 :POH
9 C-2

Cau tryc VC-2

VCIx/VC-12: C6 thé duoc truyén di theo phuong thirc xen bytevao trong VC-3
hoac VC-4.

VCIx/VC-2: Pugc truyén di theo tirng da khung 500 ms gom c6 4 khung 125
ms va dugc gin vao trong mdt TU, cac con chd gin vio céc
VC1x/VC-2 theo tung 125 ms mét.

VC-3: Gom 756 byte dir liéu cong véi 9 byte POH sap xép trén mot
hang doc trong d6 mdi byte POH
Thuc hién mot chirc nang ri€ng ctia minh. Chu tric gém 85 cot mdi cdt chira 9
byte.

VC-3 POH
< 85

Y

Céu tryc VC-3 9

2.3. Pon vi luong TU (Tribuari Unit):
Gdm VC cong v6i Pointer : TU = VC + Ptr.



Trude khi chuyén dén STM-1 dé duoc phat di cac cap, VC cap thap s& dugc ghép
vao mot VC cép cao hon. Dé tao ra mdi lién quan giita phase clia cac VC ngudi ta ding
Ptr (Pointer) ghép theo vao VC tai mot vi tri ¢d dinh trong VC d6 va thong bao sy bat
dau cta VC d6. Tuong tng v6i VC, TU ciing c6 nhiéu béc tir 1+3.

Viéc truyén dan cac byte pointer s& xay ra lan luot. Cir mot khung 125 ms s& ¢
mdt byte pointer. Byte pointer ghép theo vao VC tai mot vi tri ¢b dinh trong khung cip
cao hon (VC-3 hodc VC-4). Nhu vay tong cong s& c6 3 byte pointercho vao 3khung 125
ms cOn byte thr tu ciia da khung 500 ms ciling mang mot byte pointer nhung byte nay
chua dugc quy dinh rd chic ning hién nay n6 dang dugc dung dé du phong.

+ Céu triic ciia cic kKhung TU:

- Cac TU-11, TU-12, TU-2 déu duoc cau tao boi cac VC twong tng cong thém
mdt byte pointer:

TU-11=VC-11+Ptr.
TU-12=VC-12+Ptr.
TU-2 =VC-2+Ptr.

VC-11 T mase VC-12 T RRAAE

C-11 9 C-12

O

l \,

+ Pointer

+ Pointer

~
Y

TU-12

Sw hénh tha nh cau tryc TU-11& TU-12
|



Y

< 12
VC-2 A e L POH

+ Pointer

12

Y

C-2

Sw hénh tha nhcéu tryc TU-2 tte VC- 2

- TU-3:

TU-3 =VC-3 + Ptr.

3 XVC-3¢6 thé duoc ghép vao VC-4 theo nguyén tic xen ting byte sau d6 dugc
phat di trong khung AU-4. Trong qua trinh truyén dan d6 c6 2 cép pointer dugc ghép
Vao :

Pointer AU-4 trong SOH dé chi thi VC-4 trong khung STM-1.

3 pointer TU-3 (méi pointer 1 byte) dugce gan vao trong VC-4 dé thong bao vi tri
cua VC-3 trong khung VC-4.



V(-3 POH

< 85 >
A
vea 9 b C-3
v [
T
+ 3 hvte Pointer
N4
A
TUI-3 Ptr {
TU-3 9
Y
< 85 >

SwHONH 1rann TU-3 Ty VC-3
2.4. Nhém don vi luong TUG (Tribuatary Unit Group).

TUG 1a mdt nhom cac TU ghép lai theo phuong thirc xen byte. C6 2 loai TUG dé
la TUG-2 va TUG-3.

+ CAu triac cac TUG:

Mot TUG-2 ¢6 thé hinh thanh bai:
TUG-2 =3 x TU-13
TUG-2 =4 x TU-11
TUG-2=1x TU-2
Do vay TUG-2 c6 kich thudc 1a 108 byte véi toe do bit 1a 6912 Kb/s.



TU-11

TUG -2

122

Y

TUG-2 honh tha nh toe coc TU-11

TU -12 A f:':':

TUG -2

Y

TUG-2 honh tha nh tte coc TU-12



122

\4

0 TU -2

l 770 . Pointer

Honhl.12: TUG-2 honh tha nh t&r coc TU-2

Nhan xét:

Céc byte dau tién cua hang dau tién twong tng véi timg kiéu cau tric 13 céc byte
pointer cac byte sau do la cac byte data.

TU-2 ¢6 kich thudce tuong ting vé1 mot TUG-2 .

C6 hai cach d& bd tri VC-12 vao trongTUG-2: Chét(Locked mode) va ndi
(Floating mode).

Kiéu Floating cho phép cac VCduoc gan vao khung TUG tai mét vi tri nao d6 va
str dung pointer lién két vdi mdi VC dé chi thi diém bat dau cua VC trong TUG-2. Vi
tri con tro s& dugc gin cb dinh trong TUG tuong tng bat ké vi tri caa VC.

Kiéu Locked thi nguoc lai, VC duoc gén vao TUG-2 tai mot vi tri ¢d dinh va do
d6 khong can sir dung pointer nhu trong kiéu Floating.

Mot TUG-3 ¢6 thé dugc hinh thanh boi:
TUG-3=1 x TU-3.
TUG-3=7 x TUG-2
- Kich thudc TUG-3 gém 774 byte véi toc d6 1a 49536 Kb/s.



- Néu trong TUG-3 chita mot TU-3 thi cot dau tién chira 3 byte pointer TU-3va 6
byte con lai 1a byte nhdi ¢ dinh(Justification)

TU-3 Ptr {

A
Y

85

TU-3 9

TU-3 Ptr{ i

TUG-3 9

< 86
Cau tryc TUG-3 ttr TU-3

Y

- Néu TUG-3 dugc cdu thanh tir 7 TUG-2 thi nguyén tic ghép ciing 1a ghép ting
byte, cdt ddu tién cling chira 3 byte pointer va 6 byte nhdi ¢d dinh. Tuy nhién
trong trudong hop nady pointer trong TUG-3 khong c¢6 chic nang dinh vi dia chi
tram dén cta cac ludng tin hiéu ma lac ndy cac byte pointer riéng 1¢ dinh vi dia
chi cuia cac VC-1x hodc VC-2 s& la cac pointer nam trong TUG-2. C4c byte nay
duoc sap xép trong hang dau tién cua cot TUG tuong Gng.

- Cac TUG-2 dugce b tri theo kiéu cb dinh vao trong TUG-3, 3 byte pointer trong
cot dau tién ctia TUG-3 nay s& khong mang ¥ nghia ndo ma né chi mang nhiing
mau bit ¢d dinh goi 1a cic chi thi pointer khong gia tri NPI (Null Pointer
Indiccation).

- Nguodi ta stt dung cac byte NPI nay dé phén biét trudng hop TUG-3 dugc céu
thanh tir TU-3 ahy 1a tr cac TUG-2.

- 3 X TUG-3 dugc ghép vao VC-4 theo trinh ty cot thir nhat cia VC-4 chira VC-4
POH. Cot thir hai va cot thir ba chita cac byte nhdi ¢b dinh.



#1 #2 #3
< 1

a TU-12

TUG-2 #1 #)

NPI {

#7

<€«—o —>

>
>

Byte nhdi c6 dinh

1.1, TUGA 9 Pointer

86

A

Y

Céu tryc TUG-3 ttr TUG-2

2-5 Cac don vi qudin Iy AU (Adminis trative Unit).
Cac AU bao gdbm céc container clia cip cao cong v6i pointer.

AU = HOVC + Pointer.
Trong truong hop nay cac gid tri cta pointer AU-Ptr dugc gan trong khung STM

—1 dé ghi nhan mdi twong quanPhase giita khung truyén dn (?).

Cac byte AU-Ptr ndy duoc gin khong ¢ dinh vao trong 9 byte dau tién cta hang
thir tu trong khung STM-1 ¢6 chiic ning danh ddu cac AU. Tuy nhién can phai luu y
rang cac AU-Ptr cia AU-3 va AU-4 1a khéc nhau.

Céac AU c6 thé cau thanh tir :
AU-3=1x VC-3.
AU-4 =1 x VC-4.
AU-3:

Puoc ciu thanh tr 1 xVC-3: mot VC-3 duoc thiét ké dé truyén dan tin hiéu
45Mb/s hoac 34Mb/s PDH.



CAu trac AU-3 gdm 9 x 87 + 3 byte. Ngoai ra vi dung luong truyén dan cua AU-
3(87 cét) 16n hon dung luong truyén dan cua VC-3 (85 ¢4f) nén ngudi ta b tri cac byte
nhdi ¢b dinh vao trong cot thira(nhuw hinh vé).

AU-3 9
AU-3 i l
Pointer m

Cau tryc AU-3 ttr VC-3

3 X AU-3 duoc ghép xen byte trong khung STM-1. Méi Au-3 gém 3byte pointer
c6 chirc nang dinh vi tri cho VC-3 bang cach chi thi byte dau tiénctia POH trong VC-3
tuong ung.

AU-4:

Buoc tao thanh tu 1 x VC-4: ¢6 cAu tric gdm 9 X 261 + 9 byte pointer twong Ung
v6i khung STM-1 dugc cau thanh tir container C-4 gom 9 x 260 byte + 1 cot VC-4
POH(9 byte).

«— 2600 ———> —g—— 201 ——

VC-4 AU-4

AU-4
Pointer

e— ©

Céu tryc AU-4 tir VC-4



2.6. Nhdm don vi qudn ly AUG (Administrative Unit Group)

Nhiéu AU duoc ghép voi nhau theo phuong thirc xen byte tao thanh mot AUG.
CAu tric cia AUG gdbm 9 x 261 x 9 byte, gibng nhu cdu trac khung STM-1 khi chua
co SOH.

2.7. Céu triic khung STM-1.
STM-1 = AUG + SOH.

- Khung STM-1 gém 9 x 270 byte va dugc truyén theo nguyén tic tir trai sang phai
va tir trén xudng dudi.
- Trong d6 SOH la thong tin quan 1y duoc ding cho hé théng SDH. Théng tin

quan 1y nay duogc bd tri trong vi tri 9 ¢dt ddu tién tinh tir trai qua phai bao gdom:

+ Thong tin quan ly tram lap RSOH (Repeat Section Over Head) .gom 3 hang x 9
byte( 3 hang phia trén).

+ Cac byte & hang tht tu dung cho Pointer gdm 1 hang x 9 byte.

+ Thong tin quan 1y ghép kénh MSOH (Multiplex Section OverHaed) 5 hang x 9
byte (5 hang phia duai).

+ Con lai 9 x 261 byte dung dé tai tin.

&
<

Y

X 9>« 261 —
Thung tin quan { A

1y tram 1ap SOH
AU-4 Playload 9

Paointer
Thung tin quan 1y (YSOH
ghop konh

Cau trvc khung STM-1

Khung STM-1 dugc truyén dan 8000 lan/s 1a tin hiéu bit st dung cho PCM. M&i
khung STM-1 chiém 125ms do d6 c6 toe d6 1a: 8000 khung x 9 hang/ khung x 270 byte/
hang x 8 bit/ byte =155,520 Kb/s = 155 Mb/s.

Viéc bd tri VC-4 vao trong STM-1 ciing twong ty nhu bd tri VC-12 vao khung
TUG-2. VC-4 cho phép b tri khong ¢ dinh trong khung STM-1, vi tri ctia n6 dugc xac
dinh bé1 AU-4 pointer gé)m cac byte Hj, Hy, Hz . Binh thuong VC-4 chi can 2 byte dé



chi dinh vi tri d6 13 byte thtr nhat cua H; va byte thir nhat ctiia H,. Con byte Hs 1a byte
nhdi chi dung trong trudng hop can thiét.

< 270 >
< 9 > € 261
3T SOH 3xAU-3
i
1 AU-3 PTR /'7, — I I I | STM-1
v | / il L
T H1es
—{ |Gl
l —|_F2 3
—_H4 —
— | Zi VC-3
LI Z
2 %
V(-3 POH
- 55 )
8o dé B6 TRO 3 X AU-3 TRONG SIM-1 DifaN DOINTER
< 270 >
< g > € 261
?,T SOH 3x AU-3
* [ T T T T T T T T T 1
] AU-3 PTR [ T 1T T T T T T T T 1
¥ 1] 2 29 30 57 58 5
T :_ ](3:3 IF f STM-1
; SOH B e 5 5 /S
l LR 5 S VC-3
L [ |H4 T T With
L 173 E }:j Fixer
— 74 F F Justi-
LI75 fication

S0 do6 b6 tré 3 x AU-3 va o STM-1 phan di¥ liéu

2.8. Céu tricckhung STM-N (N= 4; 16).

- Cau traic STM-N gidng nhu cdu tric khung STM-1 chi khac 1a tc do dir liéu
duoc truyén trong 125 ms 1a: N x 9 270 byte.



- STM-N (Véi N= 4 hodc N=16) 1a muc truyén dan cp cao cua SDH, dat duoc
bang cach ghép N cip STM-1 theo phuong thirc ghép xen tirng byte tao thanh

cac miurc sau.
STM-4 ¢6 toc do truyén dan 155,52 x 4 = 622,08 Mb/s.
STM-16 ¢6 téc do truyén dan 16 x 155,52 = 2488 Gb/s.

STM—l#l

< 16 >
A1[R1 |;.1 nif P1 A’)I;’) o | e

1:16 STM-16

XCZ

STM-1#16 ﬂ

TaO KHIINC STM-16 Tip STM-1

- Ngoai ra dé c6 duoc STM-16 ta ciing c6 thé ghép 4 x STM-4 v&i nhau theo

phuong thirc ghép tirng 4 byte mot.
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Bang2: Toc dd bit va dd 1on cua cac loai Container

Container C-11 C-12 C-2 C-3 C-4
Do 16n (bytes) 25 34 106 756 2340
Tbc @6 (Kbs) 1600 2176 6784 48384 149760
Vitual Container VC-11 VC-12 VC-2 VC-3 VC-4
Do 16n (bytes) 26 35 107 765 2349
Tbc @6 (Kbs) 1664 2240 6848 48960 150336
Tributary Unit TU-11 TU-12 TU-2 TUG-3

Do 16n (bytes) 27 36 108 768

Tbc @6 (Kbs) 1728 1204 6912 49152

Tributary Unit Group TUG-2 TUG-3

Do 16n (bytes) 108 774

Tbc @6 (Kbls) 6912 495236
Administrative Unit AU-3 AU-4
Do 16n (bytes) 786 2358
Tbc @6 (Kbls) 50304 150912
Administrative Unit AUG
Group 2358
D6 lon (bytes) 150912
Toc d6 (Kb/s)
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270

\4

STM-
. 261 .
SOH VC-4
JI|/F |F |T |T|T
AT B3|1|I |U|U|U DS 140
PTR C2X X [Q|Q|Q < —
GIE |E|. |. |.
R|D|D|3|3]3
SOH H4S |S [a|b|c >
Z3| T|T 1
L «— 86
Z4 U |U '” __ TU-
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So’ db téng két qué tronh tao khung STM-1.



PHAN III
NGHIEN CUU MOQT SO THIET BI CUA HANG SIEMENS
CHUONG I

THIET BI SMA

I.GIOI THIEU THIET BI :

Thiét bi SMA ¢6 thé hoat dong & cac toc d 155 Mb/s (SMA-1); 622Mb/s (SMA-
4); 2,5Gb/s (SMA-16) .Cung v6i cac ludng 2Mb/s; 34Mb/s;140Mb/sva 155Mb/s. Mdi
thiét bi SMA bao gom sy két hop quang dap tng vdi cac mirc phan bac SDH va hoat
dong dudi cac cau hinh :

Thiét bi xen/ré kénh ADM (ADD/DROP Multiplexer):st: dung trong cac cau
hinh mang vong (Rlng) hozc chudi (Chain) cho viéc truy nhép tin hiéu cac ludng PDH
va SDH. Thiét bi nbi chéo ludng cuc bd (local Cross-Connect Multiplexer) dugc sir
dung khi van hanh don 1é hodc két néi nhidu nhit 1a 4 vong SDH (chuyén mach khong
khéi —Non Blocking).

Thiét bi ghép kénh dau cudi (Terminal Multiplexer): st dung cho cac diém t6i
dlem (Point to Point) hodc cho viéc truy nhdp tdi cac mang truyén dan SDH trong do
cAu hinh ADM duoc stir dung nhiéu nhét . Hinh v& du6i diy mé ta mot cach tong thé vé
thiét bi SMA:



Q-I/F  F-IfF T3+T4
(EMOS) (LCT) (SYNC-I/F)
EOW+AUX

AU-4, TU-3, TU-2, TU-12

STM-1/STM-4

STM-1/STM-4 itchi
— Switching levels > ine I/F

Linel/F
SMA-1/SMA-4

Tributary Interface(155/140/34/2Mb/s



Tt ca cac thiét bi SMA déu duoc quan ly, diéu khién giam sat boi hé théng quan
Iy tap trung EMOS ( Elememt Management Operation System). EMOS c¢6 thé két ndi
truc tiép t6i thiét bi SMA thong qua giao dién Q hodc két ndi tir xa thong qua thong tin
dir li¢u DCC ( Data Communication Channel).

Giao dién F danh cho viéc két ndi t6i dau khai thac cuc bo LCT (Local Craft
Terminal ) dé diéu khién do thir va giam sét thiét bi SMA. Viéc truy nhap vao dit liéu
co s& cua thiét bi SMA duoc chia lam nhiéu cép va duoc bao vé béng tén nguoi dung
(user name) cung voi tir khoa ( Password) tai cac thiét bi dau cudi cuc bd. Ngoai ra,
viéc truy nhép t6i cac mirc thip hon trong khi van hanh ciing bi han ché trir khi xay ra
su ¢O dbi voi thong tin tir BO quan 1y phan tr hodc d6i voi cac thiét bi dau cudi dam
duong nhiém vu quan 1y cac phan tir trong mang.

II. PAC PIEM THIET BI:

+ Cung cip kha ning ghép kénh va chuyén mach ludng mét cach linh hoat, hiéu
qua voi cac mirc chuyén mach TU-12; TU-2; TU-3; AU-4. Thiét bj SMA cho phép két
n6i mot giao dién dudng bat ky voi bat ky cong nhanh (Tributary port) hay giao dién
duong nao khac. cac giao dién duong day phuc vu ki thuat (EOW) cung cac kénh dir
liéu.

+ Giao dién Q dugc st dung nhu 1a Qx/B3 ( theo ti€u chuan cho Ethernet) hoac
Qx/B2 (theo tiéu chuin X25) dé két ndi thiét bi SMA voi hé thong van hanh , quan 1y
thiét bi EMOS.

+ Co thé lya chon t6i cac byte mao dau ( Over head) cua tin hiéu STM-1 va
STM-4 d¢€ dua ra ki thuat h¢ thong hay do Iudong, giam sat tir xa .

+ Quan ly, diéu khién mang dugc truy nhap tr xa hodc noi bd dé cung cép mot
cach bao quat vé canh bdo, tinh trang, cac thong s6 do luong, giam sat, cau hinh cac
ludng va cac tuyén bao vé / du phong. Viéc truy nhap va quan 1y an toan co thé duoc 1ap
trinh dé cung cip cac mirc truy nhap khac nhau do ngudi khai thac nham ngin chan viéc
su dung trai phép .

+ Ngit Laser ty dong cho muc dich an toan.
+ Tinh linh hoat, cdu trac Modul ciing v&i viéc diéu khién hoan toan bang

+ Bao vé toan dién mot cach c6 hé théng cho cac tuyén va ludng thong tin véi
cac két cau bao vé (1+1), (1:1) va (1:N).

+ C6 kha ning lua chon rong rii cac giao dién bao gdm cac Modul (cho cac toc
d6 STM-1,STM-4), cac ludng thong thuong (2/34/140/155Mb/s) va phan mém cho tat
ca cac don vi cia hé thong lam cho thiét bi SMA c6 kha ning nang cip dé dang theo
yéu cau ctia tuong lai.



III. UNG DUNG CUA THIET BI:
Thiét bi SMA c6 thé van hanh duéi 4 cAu hinh:
e B0 xen/r€ kénh ADM
e B0 ndi chéo ludng cuc bd ( bd ghép-phan kénh)
e B0 phdi ludng DXC
e BO ghép kénh dau cudi tuyén quang LTE.

Trong do6 chi co6 hai cau hinh thuong duoc st dung 1a: b xen/r€ kénh ADM va bd
ghép kénh dau cudi tuyén quang LTE.
I11.1C4u hinh b xen/ ré kénh ADM:

Pay 1 cdu hinh chinh cua thiét bi SMA , n6 cho phép thuc hién chitc ning xen/ré
kénh (Add- Drop-Multi plexer) va cac ludng tin hiéu & tit ca cac téc do 1,5-2-34-45-
140Mb/s va STM-1 cung voi mdt thiét bi cimg. Thiét bi SMA c6 thé nhan dang bat ky
nhdnh nao vd1 Payload thong tin (khung STM-n cua tin hi¢u quang).



Chte ning chinh cta cdu hinh ADM dugc chi ra trén hinh vé:

Q Bus
Through Connect \Z
< < <
Protected
STM-n STM-n
Trﬂautary to Tributary
S e
f A 4 A 4 R
/ \ Protected
Add-Drop \ Add-Drop
Tributary N _;7 7

Coc Tribury s



Trong hé théng SDH, ADM cé kha ning diéu khién tir xa va dat lai cdu hinh theo
yéu cau cua ludng. Tt ca nhitng diéu nay duoc thuc hién boi EMOS. Thiét bi ADM
thuong duoc sir dung trong cdu hinh mang vong va chudi.

Céu hinh ADM duogc sir dung theo hai kiéu:

e Néu SMA dung trong mang Ring thi n6 ¢é chirc ning nhu 1a bo ghép kénh vong
chu (Ring Master Multiplexer), tao ra kha ning déng bo hoa véi tit ca cac thiét
bi truyén dan khac trén mangRing,

e Néu khong ciu hinh 13 bo ghép kénh vong cha thi SMA sé dugc gin voi mot
Card thong tin, lic nay n6 thuc hién chirc ning nhu 1a bo ghép kénh tuyén cong
(Gateway Multiplexer) va cung cap kha ning truy nhip mang cho bo quan 1y.
Viéc truy nhip nay thong qua mot lién két dir liéu bén ngoai va ndi véi Card
thong tin trong SMA. Mot b ghép kénh tuyén cong cé thé thuc hién duoc chirc
ning cua bd xen/ré kénh hodc bd ghép kénh dau cudi

OHA
LINE LINE 33,88 SWITCH .
<> > v %8288Mb/§ LINE %
WEST CARD Mpbs y 4 bus CARD ast
A A A A
¢ A 4 A 4 ¢
Tributary Tributary Tributary Tributary
Card Card Card Card
COMMS CONTROLLE PSU
R

So doé khéi SMA khi cau hinh xen / ré kénh

Trong cu hinh ndy, cic ludng thong tin di vao ca hai phia West va East déu co
thé bi tach ra va dua t6i cac Card ludng trong cac VC-12. Tuong tu , cac ludng thong
tin khac cling c6 thé dugce chén vao trong dudi dang VC-12 va di téi dau ra . Cau hinh
nay ciing thyc hién xen /r& cac ludng 6Mbps (VC-2), 34 Mbps hoic 45 Mbps ( VC-3) ,
140 Mbps (VC-4 ) va ca tin hiéu 1,5 Mbps (VC-11).

I11.2 CAu hinh b) ghép kénh diu cudi. (Terminal Multiplexer)

Trong cu hinh nay, SMA chi dugc ghép mot Card tuyén . Nhu vay , cac ludng
thong tin di vao thiét bi chi theo mdt huéng East hoic West . Bo ghép kénh dau cudi



don thuan chi 1a noi dén cta cac ludng thong tin , nd khong thiét 1ap ché do dy phong
cho cho cac ludng di qua va tat ca cac ludng di vao déu bi tach ra khoi vi tri ctia né
trong ludng chinh. SMA ciing ¢ thé dugc gin cic Card thong tin dé thyc hién . Bo
ghép kénh tuyén cong . Cau hinh nay khong thuc hién chirc ning ddng bo chu.

So do khoi:

OHA
SWITCH LINE Line
38,88Mb/ CARD
Ey 4 Dus é East
) 3
I ] }
Tributary Tributary Tributary Tributary
Card Card Card Card
COMMS MUX PSU
CARD CONTROLER
(OPTIONAL ) CARD

Ciu hinh b ghép kénh diu cudi.
IV. KET NOI CHEO :

Viéc két ndi chéo cac ludng tin hiéu c6 thé thuc hién giira tuyén truyén dan nay
v6i tuyén truyén din khac, gitta tuyén truyén din voi ludng tin hiéu va giita cac ludng
tin hi€u vé1 nhau.

MJi Card ludng 2 Mbps c6 16 cong , cac Card ludbng 34Mbps ,va 45Mbps c6 3
cong , Card ludng 140 Mbps chi c6 mot cong , mot Card STM-1 (Quang hoic dién ) c6
thé cung cip 63 ludng 2 Mbps. Viéc ndi chéo ludng duoc thuc hién bang cach cho cac
tin hiéu di qua Card chuyén mach nho sy két hop gitta cac cong. Noi chéo ludng duge
thuc hién & miac VC, miuc VC dugc dung dé ndi chéo luéng phu thudc vao cac Card
ludng duge ndi chéo :

Céc Card ludng 2 Mbps thuc hién ndi chéo & mitc VC-12.

Céac Card ludng 34 Mbps hodc 45 Mbps ndi chéo ¢ mirc VC-3.
Céac Card ludng 140 Mbps ndi chéo & mitc VC-4.

Cac STM-1 ¢6 thé ndi chéo & cdc mitc VC-4, VC-3 va VC-12.



V. PONG BO:

Tin hiéu dong hd thyc hién ddng bo hoa cac chic ning bén trong véi tin hiéu
ddng bod ra STM-4. Tin hiéu ddng bd c6 thé duge cung cap tir bén ngoai thong qua cong
giao dién dong bd SIP (Syuchronisation Interface Port ) tir cac ngudn dao dong noi,
hodc co thé duoc tai tao tir tin hiéu STM-N, tin hiéu 2 Mbps va 140 Mbps nhan dugc.
Tat ca céc nguén déu duoc giam sat chat ché , néu xay ra truot tin hi¢u déng bo , nguén
dinh thoi bo ghép kénh MTS (Multiplexer Timing Source ) s& chuyén mach tu dong toi
cac nguén d@)ng bo khéc theo thtr tu wu tién dinh trude. Néu tin hiéu truot dugc khoi
phuc, MTS cé thé chuyén mach trd lai tuy theo cdu hinh hé théng. TAt ca cac chuyén

mach nay déu khong 1am sai léch phase cua tin hiéu.

Cac vung trong thiét bi SMA dugc dong bd bang viée st dung cac vong khoé
phase PLL ( Phase Locked Loop ) vdi cac ché do hoat dong .

Ché d6 van hanh binh thuong ( Normal Mode ).
Ché d6 luu gitt (Holdover Mode ).
Ché d6 van hanh tu do (Freerun Mode ).

V.1 Ché d6 van hanh binh thwong.

Ché d6 nay duoc thiét lap thong qua cac thiét bi dau cudi cuc bd (Local
Terminal). N6 cho phép lira chon céac ludng tin hiéu dong hdé dau vao khac nhau dé van
hanh vong khoa phase PLL :

Tin hiéu vao tuyén cong STM-1 (Line Port) theo huéng East va West.

Tin hiéu vao cac cong ludng (Tribs Port) : STM-1, 140 Mbps , 34 Mbps va 2
Mbps.
Hai cong tin hiéu ddng bd ngoai (Est Timing Sig Ports) 2 Mbps hodc 2 Mhz.

Tai cung moét thoi diém, chi c6 3 nguon dong hd duoc sir dung , bao gom 2 cong
tuyén va cong thir 3 1a cong ludong hodc tin hi€u dong ho ngoai. Qua trinh lya chon cac
ludng dong ho dugc mo ta nhu sau :

LineWest Line East
Source | | Source

« Trib.1
STM-1

SE | | Extl
— o || Source o




Lua chon nguén déng bo

Céac ngudn dong ho ludng (Tributary Timing Source) s& duoc chon trudc nhd cac
thiét bi dau cudi cuc bo cho phit hop véi cac Carrd ludng va cac cong trén Card.Sau do
,tin hiéu dong hd ludng dugc chon & trén va céc tin hiéu dong hd ngoai s& duoc chon lya
theo thtr tu wu tién cua chung rdi két hop v6i hai ngudn dong hd tuyén cong dé dua téi
cac bd lua chon (Selector),tod ra 3 nhanh déng hd :

Pdng ho tuyén huéng West.
Pong ho tuyén hudng East.
DPdng hd hé thdng (System Clock).

MJi nhanh ddng hd duge cu hinh riéng r& dé Iya chon ltrong 3 ngudn dong hod
thuc hién déng bd hoa mot cach doc 1ap véi hai nhanh déng ho kia. Cau hinh van hanh
doc 1ap nay cho phép SMA van hanh dugc trong cac mang co nhiéu loai tin hiéu déng
ho.



Qua trinh chon lua cac nguén dong hd dugc thue hién thong qua ,Thiét bi dau
cudi cuc bd. Mdi nhanh tin hiéu déng hd s& duoc dit mot mire wu tién khac nhau va gia
tri wu tién cao nhat s& dugc thiét 1ap cho tin hi¢u déng hd hay dugc str dung nhét.Khi
ché d6 Normal duoc thiét 1ap (thuong dung trong cau hinh ADM), cu trac dong bo sé
duoc thuc hién bé’mg cach uu tién cac nguén déng bo va c6 thé hoat dong & cac ché do :

Ché d6 ddng bo thang (Through Timing Mode )

Ché d6 dong bo vong (Loop Timing Mode )

Ché d6 dong bd ludng (Tributary Timing Mode )

Ché d6 dong bd ngoai (External Timing Mode )

Ché d6 dong bd hdn hop (Mixed Timing Mode )

Ché d6 ddng bo BIST/SSU (BIST/SSU Timing Mode )
V.2. Ché d lwu giir.

bay la ché do du phong, xuét hién khi tat ca cac dau ra cta cac ngué)n tin hiéu
déng ho bi sy cb. Ban dau, khi hé théng hoat dong binh thuong, mdt bd nhd chirc nang
s€ lién tuc cap nhat cac trang thai cua tin hiéu déng hd PLL.Khi X4y ra su ¢d, bd nhé
trén s tu dong thiét lap lai trang thai ma n6 da ghi duoc cho ngué)n 6 su ¢6 cho dén khi

co nguén ma&i hoat dong hoac khoi phuc duoc nguén ban dau.
V.3 Ché @9 van hanh tr do.

Ché d6 nay c6 duoc thiét 1ap khi mot thiét bi SMA dugc sir dung dé cung cap
tin hiéu ddng hd cho mang truyén din chira né. Trong ché d6 Freerunning khong c6
cac tin hiéu dong hd dau vao hay tin hiéu dong hd duoc tach ra tir cac ludng khac. Su
ddng bo dugce tao ra tir vong khoa phase PLL riéng 1é (trén Card chuyén mach ) cau
hinh nhu mét bd dao dong ndi rat 6n dinh. Ché d6 nay chi dung cho cac mang nhd,
dbi véi cac mang 16n hon cin phai c6 mot bo dao dong ngoai (External Oscillator) dé
cung cip cho SMA chi (Master) thong qua mot cong dong bd ngoai (external
Sync.Port). Ché d6 van hanh tu do con dugc goi la ché @6 van hanh mic dinh va néu
c6 mot thiét bi SMA khong dugc dit cau hinh dong bd thi nd s& hoat dong & ché do
mac dinh.

VI. CAC TINH NANG BAO VE.



Pé khic phuc 18i truyén dan trong SMA, chdng lai cac 16i do bén ngoai gay ra
thiét bj SMA dugc trang bi cac tinh nang bao v¢ - chu yéu tao ra cac tuyén truyén dan
dup — nham dam bao chit lugng thong tin tot nhat trén mang truyén dan. Trong thiét bi

SMA sir dung mot s6 cau truc bao vé.
VI.1 bao vé (1+1) cho dwong truyén doan ghép kénh.

Trong thiét bi SMA, bao vé duong (1+1) ¢6 hi¢u luc cho tat ca cac giao dién
tuyén va ludng. Cac chic ning cua giao dién vat ly dong bo, dau cudi doan lip, dau
cubi doan ghép kénh déu duoc sir Iy trén ca 2 dudng lam viée va bao vé. Tin hiéu trén
ca duong 13 giong hét nhau, dau thu s& xac dinh tir cic thong tin giam sat (dugc luu trir

trong phan SOH) dé lya chon duong truyén c6 chat lugng tét nhat.

Céu tric bao vé c6 thé dugce thiét lap & ché d6 Revert hodc Non-Revert mot chiéu
hoic hai chiéu.

MUX Working Line MUX —
—>
STM - N N’
| | Selector
. Fixed
Fl.xed Protection Line Brid
—> Bridge o o

( 1+1 ) Line Protection

Trong ché do Revert, qua trinh van hanh s€ thiét lap lai duong truyén trude do
mot cach tu dong, nghia 1a khi chat luong cua mot duong truyén dan 1a tot thi no duoc

chi dinh 1am dudng truyén dan hoat dong.
Con & ché @0 Non-Revert thi khong c6 sy tai thiét 1ap tu dong, cac dudng truyén
hoat dong va bao v¢ s€ chuyén ddi chuc nang cho nhau dé van hanh mot cich linh hoat.

VI.2. Bio vé duwong (1+1) cho sy két ndi cac mang con c6 giam sat dwong truyén .
(Subnetwork Conection Protection With Path Monitoring ).



Céu tric bao vé nay dat dugc thoi gian chuyén mach nhanh va dugc str dung
trong bt ki cu hinh mang nao c6 thé thiét 1ap duoc 2 duong vat 1y doc 1ap.

Thiét bi SMA cung cdp chuyén mach bao vé ¢ tit ca cac mic TU-12, TU-2, AU-
3, AU-4,

Su chuyén mach tu dong dugc thuc hi¢n khi xuét hién céc co.

Léi tin hiéu phuc vu SSF (Sever Signal Failure ) : co nay xuat hién khi phat hi¢n

ra mot trong cac diéu kién :
C6 canh bao mat thong tin con trdo TU/AU (LOP = Loss of Pointer ).
C0 tin hiéu canh bao AIS ( Alarm Indication Signal ).
Tat ca cac 10i tin hiéu & cac 16p cac hon lam xuat hién TU/AU — AlS.

Léi tin hiéu danh dau TSF ( Trail Signal Failure ) : cd nay xuat hién khi phat hién ra
1 trong céac diéu kién :

Khong thu dugc tin hiéu nhan dang duong truyén .
Sai 1€ch tin hi¢u nhan dang dudng truyén .
Sai léch nhan tin hiéu .

Vuot qua ti s6 16i bit cho phép .
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Léi suy giam tin hiéu danh ddu TSD ( Trail Siagnal Degraded ) : ¢& nay xuat hién khi ty
56 16 bit BER 16n hon 10® + 107 .

Khi x4y ra 16i tin hiéu & mot hudng , tin hiéu s& chuyén ngay lap tic sang hudng
nguoc lai . Thong tin dé diéu khién su chuyén mach ndy dugc truyén dan thong qua bit
6 cua byte G1 trong VC-3/VC-4.POH va bit 4 cua byte V5 trong VC-1/VC-2.POH.

VI.3 Bio vé doan ghép kénh trong ciu hinh mang vong . (MS-Ring Protection ):

Cau trac bao vé ndy cung cap kha ning ty chuyén dbi , phuc hoi trén ca hai
hudéng ciia mang Ring khi xdy ra su ¢6 . Thong tin diéu khién duoc trao doi gilta cac
SMA thong qua byte K1 va K2 cua phan MSOH.

V1.4 Bao vé CARD (Card Protection ) :

Bao vé Card duogc thuc hién chu yéu béng viéc nhan doi cac thanh phﬁn hoat
dong hiéu qua . Card ludng 2 Mbps c6 thé cung cap bao vé (1 : N ), khi d6, Card bao
vé dugc chi dinh sin trong gia may , viéc chuyén ddi Card duoc thuc hién bdi mot 1énh
diéu khién twong tng vé6i 16i d3 duoc nhan dang thong qua 1 bus bao vé . Card diéu
khién ghép kénh s& chuyén cac ludng thong tin dén Card ludng du phong va loai bod
Card c6 sy ¢ . Con céc ludng 34 Mbps , 140 Mbps dugc cung cap ché d6 bao vé ( 1+1
). Chuyén mach bao vé co thé duge thuc hién tir EMOS hodc tir thiét bi khai thac cuc bd
LCT.

VILLIEN LAC TRONG MANG :

Viéc lién lac trong mang dugc thuc hién thong qua mang LAN ( Local Area
Network ) khi can lién két thong tin giita B quan ly phan tir va bd ghép kénh tuyén
cong hoic thong qua kénh thong tin dit liéu DCC khi can lién lac gitra bo ghép kénh
tuyén cong va cac thiét bi SMA khac trong mang . Céc phan tir trong mang truyén dan
SDH s& duoc cung cip mot dia chi NSAP (Network Service Access Point ) duy nhat .
Cac dia chi NSAP duoc dua vao dir liéu cua EMOS va nhu vay ,EMOS c¢6 thé lién lac
duoc v6i bat ky phan tir ndo clia mang.



CHUONG II

THIET BI SXC 4/1

I. GIOI THIEU THIET BI:

Thiét bi phdi ludng SXC (Synchronous Cross Connecz) 1a phan tir linh hoat ciia
mang truyén din SDH, né thuc hién cac chirc ning ghép kénh va két nbi chéo cac ludng
tin hiéu s6 duéi sy didu khién cua phﬁn mém . SXC c¢6 thé 1am viéc trong cadc moi
truong PDH va SDH va ca trong méi trudng hon hop. N6 cho phép mang cé thé dap
mg duoc moi yéu cau van hanh mot cach nhanh chong dong thoi giam bét s lugng
cong viéc quan 1y cho diéu khién va giam sat mang.

CAC PAC PIEM CHINH CUA THIET BI SXC .

+ Cung cip kha ning két ndi va linh hoat cac ludng tin hiéu s6 c6 toc do dudi su
diéu khién ctia phan mém . Chuc ning nay ciing duoc goi 1a chuyén mach khong khoi
(Non-Blockinh) va ¢6 dung luong 16n hon nhiéu so v6i chuyén mach khong khdi cua
cac HDM. Chit luong cac két ndi duoc giam sat va danh gia mét cach lién tuc.

+ Sir dung dung luong cia cic tuyén truyén dan mot cach téi wu.

+ C6 chirc nang nhu mot cong truyén dan linh hoat giita cac mang PDH va SDH.

+ CAu hinh da dang v6i cac cong va ma tran két nbi c6 dung luong le véi 256
ludng STM -1 ( ddi véi SXC 4/1) va 1024 ludong STM-1 (d6i véi SXC 4/4 ). Sb cong va
dung luong ctia cac ma tran két ndi co6 kha ning md rong ma khong 1am gidm doan su
truyén din cua tin hiéu.

+ C6 kha ning du phong toan dién va chuyén mach ty dong mot cach nhanh
chong khi say ra su cb. SXC cling c6 thé duoc su dung Iam h¢ théng chuyén mach bao
vé theo kiéu tai tron huéng ( mang Ring).

+ Viéc nap va nang cAp phan mém duoc thuc hién dé dang.
+ La giao dién chuan cho hé thong quan 1y mang.

+ C6 kha ning thay thé cac ludng dang khai thac bang mot ludng khac co dung
luong hoan toan bang phdn mém ma khong phai ddu nbi bang nhin cong.

+ SXC ¢6 kha ning phan tuyén luu thoai , c6 thé phin chia luu thoai dén cac
mang khac nhau nhu mang cong cong , mang dit li¢u.



II. CAU HINH THIET BIL

CAU HINH SXC 4/1.

Chu yéu duogc sir dung trong viéc quan 1y mang va thiét 1ap cac ludng 2Mbps.
riéng r€ cho cac thué bao.

Thiét bi SXC 4/1 c6 so dd nhu sau:

Netword Management 48v/ 60v. OAMT Client
System TMN

e I T~ 71 I ‘I
| SXC 4/1 i
| Q; Adapter :
| yy |
: ) Ethernet i
i v i
1 i \ 4 1
| Node Igg‘;}ml Unit | »| OATM Server. |
T LC bus |
. CC i
i bus Reference. Clock 1 i
N ) N — > :
: Cross-Connect. 2048 Khz tandar Freqvency !
I CCMC p Derice NFR 2000 i

140 Mbit/s 2 Mbit/s. External Reference.Clock.

155 Mbit/s 34 Mbit/s 2048Khz.10Mhz.2048Kbit/s.

So do khéi chire néing ciia thiét bi SXC 4/1.



B két ndi chéo CCMC: (Cross Connecr Multiplexer C) bao gom cac giao dién cho
cong ludng PDH, cac b ghép / phan kénh, cac ma tran két ndi nhiéu ludng (Multi - Stage)
va cac mach giam sat can thiét. N6 c6 kha ning mé rong pham vi hoat dong dén 256 ludng

STM-1 hoac dung luong tuong duong.

Bo diéu khién niit mang NCU: ¢6 nhiém vu diéu khién va giam sat SXC 4/1. Tét
ca cac chirc ning cia NCU déu c6 thé dugc thyc hién tir hé théng quan 1y mang
.(Network Management System) thong qua bd thich tng Q3 hodc tir thiét bi dau cudi
van hanh quan ly va bao dudng OAMT(Operation Administration and Mantenace
Terminal ). NCU thudng duoc trang bi thém dia ctimg du phong dung dé luu giit cac
truong trinh va dir liéu van hanh. OAMT la mot thiét bi vao / ra dir liéu dong thoi kém
theo mot mang lién két nham dam bao truyén dan toc do cao gittaOAMT (khach hang )
(Client) va OAMT (phuc vu) (Service).

Thiét b tan s6 chuan NFR 2000 c6 nhiém vu xtr 1y va phan phdi tin hiéu dong ho
trong SXC 4/1. Pong thdi NFR 2000 ciing cung cdp tin hiéu dong hd cho cac phan tu

mang cip cao hon .
Nguyén ly hoat dong :

Thiét bi SXC 4/1 thuc hién chirc nang két ndi bang rong. TAt ca cac tin hiéu déng
bd dau vao déu dugc phan chia vao cac cap VC. (VC-4 :VC-3; VC-2; VC 12) va
duoc cung cép mot su sép xép mé&i & du ra . Diéu khién chuyén mach duoc thuc hién
bo1 su giam sat hé théng hoac bdi hé théng van hanh quan 1y mang SDH .Céc thuc hién
can dong bo dau vao (140/ 45/ 34/ 2/ 1,5/Mbps) déu dugc sip xép vao cic container
thich hop truéc khi chuyén mach. SXC 4/1 st dyng ciu truc ghép kénh cta ETSI
(khong c6 cap AU-3) su chuyén mach ctia ludng 1,5 Mbps va 45 Mbps dugc thuc hién
& cap TU- 1.2 va TU-3 gin trong khung STM-1. Su két ndi t6i moc VC-1.( VC-
11 va VC-12) ludn duoc thuc hién ¢ cap TU-12.

Thiét bi SXC 4/1 c6 thé dugc diéu khién tap trung boi hé thdng van hanh quan 1y
mang SDH két ndi v6i né qua giao dién Q3. Thiét bi OAMT danh cho viéc va gidm sat
cac SXC c6 thé dugc két ndi vai SXC 4/1 thong qua giao dién dau cudi khai thac cuc bd
LCTI (Local Craft Terminal Interface). Mot thiét bi OAMT cling co thé duoc ndi voi
nhiéu OAMT.

III. UNG DUNG CUA THIET BI :



II1.1. SXC 4/1trong nut mang (NETWORK NODE)

Thiét bi SXC c¢6 thé phuc vu cho nhiéu muc dich khi dugc két ndi trong nhiéu
mang truyén dan. Bén canh cac yéu cdu chirc ning, su két hop trong nhiéu kiéu mang
nhu mang SDH, PDH, mang ndi, mang hién cé...va su li€n két nhiéu kiéu thiét bi khac
nhau déu duge dap tng. SXC co thé két ndi ti hau hét cac kiéu thiétbi trong mang nhu
thiét bi tuyén hodc vo tuyén s, thiét bi tuyén quang, cac ADM, cac bd ghép/ phan kénh
PDH...

Thiét bi SXC cung cip cac chiic ning dic biét nhu truy nhapvao tir mao dau hay
cac giao dién quang. N6 cho phép SXC tap trung thuc hién chic ning chinh: “két ndi
cac ludng tin hiéu sb & cac téc d6 khiac nhau”. Su quan 1y cac tuyén truyén dan khong
phai duoc két hop bén trong SXC , diéu ndy cho phép viéc nang cap duogc thuc hién dé
trong khi chirc niang chinh ciia SXC khong thay doi .

Su déng bd cac nit mang dugc thuc hién bdi thong tin dinh thoi dugce tach ra tur
hé théng tuyén hodc tir cic ADM . Viéc quan ly cadc nit mang dugc thuc hién béng cach
két ndi truc tiép SXC toi hé théng quan 1y tap trung (Centralised Management System)
trong khi cac hé thong tuyén va cac ADM st dung thiét bi trung gian . Bang cach nay,
tat ca cac thong tin déu c6 thé dugc str dung trong hé théng quan 1y, yéu cAu mdi phan

tr mang déu duoc gidi han & mirc cin thiét va ciing tranh duoc cic chire nang du thira.
I11.2. Ung dung SXC trong mang truyén din.

Thiét bj SXC 4/1 thuc hién viéc két ndi tat ca cac VC cap thip va cap cao dong
thoi c6 thé ghép/ phan kénh bat ky ludng PDH, SDH nao véi nhau. Su két hop cac chic
ning naycho phép SXC 4/1 duoc st dung dé két ndi mang truy nhap( Access Transport
Network ). Thiét bi SXC 4/1 cung céap cac chic ning sip xép, két hop, tach riéng cac
luéng tin hiéu lam hoat dong cuiia mang dat dugc su tdi wu khi sir dung cac dung luong

tuyén truyén dan hién c6 ma khong anh hudng dén sy linh hoat ctia mang.

IV. CAC LUA CHON KET NOI CHEO .

Thiét bi SXC thuc hién cac chirc nang phéi luéng dudi su diéu khién cua hé
thong quan Iy mangTMN nhu sau

Hop nhit / tach riéng : ( Consolidation / Hubbing )



Thiét bi SXC c6 thé hop nhét cac ludng tin hiéu don 1é thanh mot ludng khac va
cling c6 thé tach mot ludng tin hiéu thanh nhiéu ludng riéng 1¢ , do d6 tao ra kha ning

str dung dung luong ctia cac tuyén truyén dan mot cach toi wu Sap xép : (Grooming ).

XY |Z
Z | X |Y

Y |7 |X 7. 7 |7

Dir liéu tai dau thu ctia SXC s& duoc phan loai (Sorting ) theo mot cach nhat dinh
da dugc dinh nghid tu trude. Dit liéu sau khi thuc hién chirc nang nhom s& duoc sép

xép theo timg loai dugc dinh nghia trudc ¢ dau ra cua SXC.

Tao tuyén linh hoat : ( Flexible Routing).

B|C |C
B [C [C
BT1C—TC
A
\4
AlA |A AlA A
AlA A |l «— A A A
BB B c1c—C
A
\4
BB A
BB A
b b A
CHUC NANG TAO TUYEN

C4c tin hiéu don 1¢ tir bat ct hudng ndo ciing ¢ thé duogc chuyén t6i huéng thich
hop . Do viy céc tuyén truyén dan don 1¢& dugc st dung mot cach tdi wu va co thé



chuyén cac tuyén nay tdi cac tuyen truyén dan nguyén ven khic trong truong hop duong
truy€n xay ra su c0 .

Tach / xen ludng (Drop- insert).

Thiét bi SXC cling co thé duoc thuc hién viéc xen 18 cic 1u6ng tin hiéu nhu
ADM.

A A A A A A
AR A | s |AAR
A X7 A TY 4%
I Drop / Insert
X Y
Chtrc ndng toch/ xen lubng.
V.DPONG BQ

Thiét bi tan s6 chuan NFR 2000 cung cdp tin hiéu dong hd 2048 Khz dé dong bod
cac SXC,ban than NFR 2000 cling duoc déng bo béi cac tin hiéu chuin ngoai .
Céc tin hiéu chuan d6 1a :

e Tin hiéu 10 Mhz duogc dua dén theo tiéu chuan tin s6 nguyén tir Cesium tuin
theo khuyén nghi G.811cta ITU-T.

e Tin hiéu dong hd chuin 2048 Khz .
e Tin hi€u 2 Mbps

Tat ca cac ngudn dong bo déu duoc giam sat lién tuc, trong truong hop cé su cb
thi NRF 2000 s¢ van hanh nhu mot by dao dong thach anh va tao ra tin hieeu déng hd
6n dinh phu hop véi tiéu chuan G 812 cua ITU-T, su thay d6i ngudn dong bd khong giy
ra 16i bit.

Tin hiéu ddng hd chuan v&i @6 chinh xac cao s& duoc dua t6i tdi da 1a 60 dau ra.
Nhu vdy, tin hiéu dong hd c6 thé cung cap cho nhiéu thiét bi truyén dan khac trong ciing
mot trung tAm vién thong.

V .1. Céc tinh nang bao vé.

Thiét bi SXC cung cap kha nang bao vé & mirc mang va muc thiét bi . Bdo vé &
muc mang dugc thuc hién ¢ cd duong cap cao va cap thap. Bao v€ & muc thiét bi duoc
thiét ké nham tang cuong cac kha nang ctia ban than thiét bi, né dugc thuc hi¢n bang



céc trang thiét bi thém cac phan hé ( Subsystem) hay cac khdi dit sin (Single Plug-in
Units).Thiét bi SXC cung cép cac lya chon bao vé sau:

V. 2. Bio v¢ su két noi :

Bao vé su két ndi duoc cung cép bé1 SXC 4/1 & cac mac VC-4 ,VC-3 , VC-
2,VC-12 va dugc ap dung cho bat ky cAu hinh mang nao . Su chuyén mach bao vé duoc
diéu khién bﬁng NCU ( chuyén mach béo vé dugc diéu khén hoan toan béng phén mém
). NCU dugc thong bao vé cac chuan chuyén mach cua ludng tin hiéu truyén qua SXC.
Trong khi do, ché d6 bao vé cac gia con giao di¢n SDH cua ma tran két ndi duge diéu
khién bang phan cing. Ché do bao vé nay duoc gidi han cho cac duong trong céc
Card giao dién duogc lip dat trong cting mot hang cua gia may kiéu bao vé su két ndi
nay ciling duoc sir dung choSXC 4/4 émuic VC-4 va céc muc tin hiéu PDH. Chuyén
mach bao vé duoc thuc hién & ché d6 Non- Revert .

V.3. Bdo v¢ card giao dién:
Kiéu bao vé nay duogc sir dung cho SXC 4/1 bao gdom :
e Bao vé (1: N ) Card 140 Mbps (N=1=7).
e Bao vé€ (1: N) Card 2Mbps ( N =1+15).

Chuyén mach bao v¢ dugc thuc hién boi ngudi van hanh khi mét trong sb céc
card c6 13i. Tét ca cac dir liéu cau hinh Card dugc dua dén ca Card 1am viée 1an Card du
phong va cé thé chuyén d6i cho nhau. Cac luu lugng tin hiéu & mirc wu tién thap khong
thé truyén qua cac Card du phong .

Ngoai cac tinh niang ké trén, thiét bi SXC con cung cip céc tinh ning bao vé:

Bao vé ( 1+1 ) mang chuyén mach

Bao vé ( 1+1 ) su phan phdi va tai tao tin hiéu dinh thoi.

Bao vé (1+1 ) cho don vi diéu khién va Bus diéu khién ndi bo.

Bao vé (1+1 ) cac giao dién diéu khién CC BUS trong NCU va trong CC BUS.

Dit liéu cia NCU déu dugc lou vao dia cung ,do d6 toan by hé théng s€ duoc
khéi dong lai mdt cach tu dong khi x4y ra su cd.

VI. QUA TRINH VAN HANH :

Thiét SXC c¢6 thé dugc van hanh truc tiép hay tir xa thong qua OAMT. Khi can
thiét nhiéu thiét bi SXC c6 thé duoc van hanh tir mét OAMT chua goi 1&a MOAMT (
Master OAMT ).



CAu hinh nay c6 chi phi thip va c6 thé truy nhap t6i da 1a 8 thiét bi SXC 4/1. Mt
khac nhiéu OAMT ciing ¢ thé duoc ndi véi mot SXC 4 /1. Do d6 c6 thé phan cong
chtrc ndng va nhi¢m vu ri€éng cho ting OAMT. Trong truong hop nay, OAMT cuc bd s&
diéu khién cac thu tuc truy nhap.

OAMT cung cép co cAu van hanh thuén tién, dugc thiét 1ap trudce béng cac Menu
va cac giao di¢n nguoi st dung. Cac dir li¢u dua vao thong qua man hinh hoi thoai,
duoc kiém tra dang chinh x4c va kha ning c6 thé thuc hién. Thong tin tro gitp c6 thé
dung duoc tat ca cac chirc ning van hanh. Viéc truy nhap t6i OAMT duoc bao vé bang
mot hé théng cac tu khoa riéng biét.

VII. CAC CHI TIEU KY THUAT CUA THIET BI SXC 4/1.
Cac chi ti€u k¥ thuat ( Technical Specification ).

Thiét bi ndi chéo déng bd SXC 4/1 c6 thé dap tmg moi yéu cau cia moi truong

truyén dan tiéu chuan ma nd duogc sir dung theo cac tng dung :
1. Cac phian mé rong ( expanxion Stage ).
S6 luong cong tuong tng cong 2Mbit/s...2048 , 4096, 8192, 16384 .
Sb cong twong g cong STM-1 ........ 32, 64, 128, 256 .
2. Ma tran dAu ndi (Connection Matrix) .
Cac cép chuyén mach bén trong ........ TU-12, TU-2, TU-3, AU-4 .
3. Cac giao dién sé ( Digiltal Interfaces ).

Céc giao dién 2Mbit/s (ITU-T G. 703).

TEC A0 Dt .o, 2048 Kbit/s + 59 pps .
Loalma ....oooovvvviiiiiiiiiiiiiiieeeeea HDB 3.

Khic phuc suy gidm cap ................. t6i da 6 dB tai 1024 Khz .
Tré khang ......cccoeeveviieeeiiiecieeee 75 Q asym hodc 120 asym.

Giao dién 34 Mbit/s (ITU-T G. 703 ).
TEC A0 DIt v 34368 Kbit/s +20 pps .

Loalma ....ooovvvviiiiiiiiie e ma HDB 3 .



Giao dién 140 Mbit/s (ITU-T G.703 ).

TEC A0 BIE v, 139264 Kbit/s £ 15 pps .
Loalma .....oooooviiiii e ma CMI .

Khic phuc suy giam .........cccccoeeeeeeeeeeeennnnn. t6i da 12 dB tai 70 Mhz .
Tro Khadng ...ooeeeeeveeeieeeeeeeeeeeeeee, 75 Q) asym .

Giao dién 155 Mbit/s (ITU-T G. 703 ).

TOC A0 DIt cvvvevereereeeneeeeie e 155520 Kbit/s .

| I Y: 1 1 1 o V- RS CMI

Khic phuc suy giam ........cccocoeeeeereeerennnse. t6i da 12 dB tai 78 Mhz .
Tré Khang ......ccoeveeviiieeiieeeeeeeeeeee e, 75Q asym .

4. Giao dién diéu khién Q3 ( Control Interface ).

G120 thUIC .....eevveciieeeeee e, giao thuc Q theo G. 733 ITU-T

5. Cac giao dién dong hd ( Clock Interface ).
Pbi voi tin hiéu 2048 Khz (ITU-T G.703/20 ).

Loai tin hi€u .....cccceevveeveennnee tin hiéu s6 hodc tuong ty ( G.703, ITU-T).

Khic phuc suy giam cép.......... t6i da 13 9 dB tai 2048 Khz .
Déi v6i tin hidu 2048 Kbit/s ( G.703/6 ctia ITU-T).

L0ai tin iU w.vvevviiiiiiiiieeeeee e HDB 3.

Khic phuc suy giam CAp ......cceevveveeereeeennnn. t6i da 6dB tai 1024 Khz dbi véi tin
hiéu 10 Mhz .

Loai tin hi€u ....vvvveeeeiiiiiiiiiiiie tin hi€u tuwong tu .

Khic phuc suy giam Cap .......cceeveeeenn.. t6i da 15 dB tai 10 Mhz .

6. B diéu khién nit NCU (Node Control Unit ).



Phan cirng ( Hardware ) .

e B) xur ly trung tam MPU ( Main Processor Unit ).

BO Vi XU LY o 80486 .
Dual Port Ram .......cccccccevvvvvviiiec, 8M byte .
SRAM ..o 512 K byte.
EPROM ..o 5/2 K byte.

e B nhd MU ( Memory Unit ). Bia cing HDU ( Hard Disk Unit ).

DRAM ..o 32 M byte
Bo dém ( Cache ).....cooovvvviiiieiiiiieinn, 64 K byte .
Hai O CUNE ..o mdi 6 105 M byte .

e Bo diéu khién dia DCU (Disk Control Unit ).
G120 dI€N ...oovveieiiiee e SCSI
e Bo xtr 1y vao ra I0OP (Input / out put Procssor ).
SO TUONE ... t6i da1a 5 bo .
Sb giao di¢n trén mdt IOP ..................... 4 giao dién RS 485 .
Phin mém : ( Soft Ware).
Hé théng van hanh RMOS .
Ngon ngir 1ap trinh ..o, C.
7. OAMT Client.

Tram 1am VI€C ......cooovvvvvreeieeiiiieien, Sun SPARCTT .

Bo xtr Iy trung tam ..........cccoeeennenene Micro SPARCTT — Rise .
Bé nhd chinh ... 32 M byte .

Pia cliing ....cccoovveviiieiiiciece 1 G byte

DI MEM e loai 3 =5 inch 1,4 M byte .



Man hinh MAU «..ooveveeeeeeeeeeeeeeee, 20

Tbc d6 lam sach (Refresh) 1a 76 Hz.

inch, 1152 x 900 pixel .

Cassette drive. . . ... . ..... .... ... 14 Gbyte, 8mm.

* OAMT. Server.

Tram [am Vi&C........cverrvrrreeereeeneeeonns SPARC CPU-5"

B0 xtr 1y trung tam .......ccocoeiiiiiiienn, Micro SPARC TT-Risc.
Bd nhé chinh......oooveeiiiei 64 M byte.

Pia cling.....cccovveeveieiiieeeeeeece 1 G byte

Giao dién nguoi dung...........ccoccvveeveeenee. X —windows va Motif.

Phan mém cho Clienr va Server.

Hé théngvan hanh.............cccooo Sun Solaris 2.3

Ngon ngtr 1ap chinh........cccooeeiiiinnnii. C.

8. Multible OAMT.
Phan cling

Operator Terminal Client.

Tram 1am VIEC ....uvvveviieeeeeeeeee e Sun SPARC Station
Bo xtr Iy trung tam.........cccoeeeeevieeennen, Super SPARC. RISC
Bo nhd chihh ... 128 Mbyte

Dia cliing.....ccocoeeveieiieeeeeeee 1 G byte.

9. Q3 Adapter.

Phén cirng:

Tram 1am VIE€C ....oocvvvrieiiiiicieeceee e, Super SPARC
RAM . ... 128M Dbyte.
Pia cling.....ccovveeeveiiiiiieeeeee, 1 or 2 Gbyte.



10. Ngudn cung cip (power Supply).

Phan mem

Hé théng v

Ngon ngir 1ap trinh

bién dp dau vao

Dong van hanh

an hanh.....................

phong cho tung gia va gia con.

——————————————————————————————————————————————————————————————————————————————

RKF

So d6 khéi cac giao dién chirc ning cia CCMC .

Procsso RHS

2 Mb/s SST 2
MUXIDEMUXIZKF
RKF
34 Mb/s SST 34
— MUXIDEMUXIZKF #
RKF
140 Mb/s SST 140 13
—| MUXIDEMUXIZKF ’
155 Mbit/s SST 155
MUX/DEMUX/IZKF
/RKF 1,3
CcC Group ICC ext.Cloc

RKF 2

Clock Clock

Supply




TRK]| SX [NFR

PIF | SX [NCU

PIF | SIF [O3A

32STM 1
XIF . Interface Subrack . PDH . SDH .
(SST2 — 140/SR 155)
SX Connection Matrix Subrack RFK.TRK .
Clock/ Controller / Connection .
Matrix Subrack .
NCU . Node Control Unit.

64 STM-1

TRK| TRK| SX [SX

NFR

PRF| PRF | SX [ SX

NCU

PIF | PIF

SIF [ SIF

QA Q3A Q3A Adapter and OAMT Server.

NFR . Standard
Frequen of Device.

TRK| TRK

SX [SX |SX |SX |TRK | NFR

PIF | PIF

SX | SX[SX | SX | PIF | PIF

PIF

TRK| TRK

SX | SX

SX

SX |TRK |NRK

PIF | PIF

SX | SX

SX

SX | PIF | PIF 256 STM-1

PIF| PIF

SIF [ SIF

SIF

SIF| PIF | PIF

Sdp sép gia con va giao dich.



I. Pic diém k¥ thuit : (Technical Specification ).

CHUONG III

THIET BI SL4

Buéc song nm | 1.280 toi | 1928 t6i 1510 t6i | 1530 tdi 1555
1335 1320 1560
Diode Laser FP.low |FP DFB Distributed Feedback
Power Standard Standard | High-Power-Version

Mtrc str dung Version | Version Version
(ITU-T G.957) | nm
Do rong phd dB [S-4.1 |L-4.1 L-4.2/L- |JE-42/JE-43
Nén mode canh <25 <17 4.3 <05
Heé s6 triét tiéu - - <05 >30
Mtec truyén dan | dB | <0.15 [<0.1 > 30 <0.1
tai Sourle. m -15+-8 |-3+0 <0.1 +3++6 12+15 ¢6 bd

-3+ +2 khuéch dai quang
Hudng thu Ge-APD | IngaAs IngaAs IngaAs- IngaAs
JngaAs-APD Standard APD APD APD APD
High- Version | Standard Standard | High- Standard
Sensytivity Version Version Sensytivity | Version
Version Version 45+ 15
Mitrc thu voi ti -34+-3 |-36+-8 -36 + -8 c6 bd tién
16 16ibit<10. |dB -39 + -17 K. dai.

m

Soi don mode. | ps/n | 90 130 130 3500 4000 | 5000 | 5000
Tan xa cho m <1 <1 <1 <1 <1 <2 <2
phép. dB | 0+18 |3+30 |8+32 10+32 | 23+41 | 32+49 | 30+50
Suy hao do tan
Xa dB

Suy gidm doan

cho phép.

Cac giao dién ( Interfces)

Giao dién vao ra tuyén quang ( G.707 + G.709 .G.957, G.958 ctia ITU-T).

Téc d6 bit
Ma st dung

..............................................

...........................................

622.080 Mb/s.
Ma nhi phan NRZ.

Giao dién vao ra ludng tin hiéu dién 140 Mb/s (G.703 caa ITU-T).

Tbc d6 bit

..............................................

139.246 Mb/s.




Dién ap thong thuongUp-p.....ccccvveienes 1v.

Suy gidm cap tai 70 MHz...................... 12dB.

Tré khang thong thuong........................ 75Q.

D0 di phase (Jitter)......cccoeevvveecveeennnnen. theo G.823 cua ITU-T.
Giao dién vao ra ludng tin hiéu dién 155Mb/s (G.703 cua ITU-T)
TOC 0 Ditueeueveereerrernrieererereesereereenanee 155.520 Mb/s.

ME NOA......ccoiiiiiiice e ma CMI

bi¢n &p thong thuong..........ceeeevveeenneee. lv.

Suy gidm cap tai 70 MHz....................... 12,7 dB.

Tré khang thong thuong ....................... 75Q) .

D0 di phase (Jitter)......ccccoeevveeeceeeennnen. theo G.958 cua ITU-T.
Giao dién vao ra ludng tin hiéu quang 155M bit/s (G.958 ctia ITU-T)
TOC A0 Ditueereeeereerrernieerrerereeeceseenanee 139.264 Mb/s.

ME hOA.......oooiieeiieeee e ma nhi phan NRZ.

MUC truyn dan .......oceeeeeeeeeeceeeennn. -8dB + -15dBm.

BUGC SONG....ccoooeiiiieieeeiiiiie e 1300nm.

Suy hao quang cho phép trén tuyén......12dB.

Giao dién cho dong bo dong hé mang ( G.703 cua ITU-T).

Giao dién dau vao T3 in.

Tan s0 dAU VAO......ouverereeerereeeeieeneene. 2048 KHz.

Dién ap daura Ug-P..cceceeeeeceeeeeeeenn, 0,5V + 1,9v ( cAn bang).

C6 thé chuyén doi thanh ...................... 0,357v + 1,5v (khong can bang).
Tré Khang dAu VAO w.veeeeeeeeeeeeeeeen. 120 Q (can bang).

C6 thé chuyén doi thanh....................... 75 Q ( khéng can bing).

Lién két DCCr.

Loai giao di¢n ................. gidng nhu giao diénV-11 cua ITU-T.

t0C d0 biteevvvvrerercirriraee, 192 Kbit/s.

Kénh thong tin dir li¢u DCCy,



Loai giao di¢n ................. gidng nhu giao diénV-11 cta ITU-T.

TOC 0 bite-eveeeerrereeenn. 567 Kbit/s.

Cac duong day phuc vu RS va MS.

DAi tAN..coooereeneee. 300Hz + 3400Hz.

Mode van hanh................ 4 day ( 4wire).

Thong qua giao dién PBX................. 2 day( 2 wire).

Kiéu diéu ché ..oovveeeeeeeeeeeeeeen, PCM (Pulse Code Modulation).
TOC A0 Dite.veeverrerreeieeiereeieeerinne 64 Kbit/s.

Giao di¢n cho cac kénh phu tro.

Cac kénh phu tro trong tin hi¢u STM-4 str dung t6i da 1a 5 kénh.

Loai giao dién.
Téc do bit theo Kbit/s.
Kénh phuy tro | ITU-T G.703 Giéng nhu V.11 ITU-T
64 64 192 576 512
AU x1 + + + +
AU x?2 + + + +
AU x 3 +
AU x4 +
AU x5 + + +
Kénh phu tro trong tin hi¢u STM-1 ¢6 tdi da 1a 3 kénh nhu sau:
Loai giao dién.
Tdc do bit theo Kbit/s.
Kénh phy tro | ITU-T G.703 Giong nhu V.11 ITU-T
64 64 192 576 512
AU x1 + + + +
AU x2 +
AU x3 + + +

Giao dién cho tin hiéu bao so 7.

Pau ra canh bao

.................................. ZA(A) , ZB(B).

Giao dién cho cac canh bao ndi bo.

Loai giao dién

...................

14 1
SO dau va 6
0 dau VAO.......cooiiiniiiiiiiii .




SO AU oo 4,

Giao dién cho dau cudivan hanh F (OT).

Loai 2120 di€n......ccocueiiiiiieiiiiiiiiceee e V.24 (RS232C).

TS A0 truyen dAn.........o.veeeeeeeeeeeeeeeeeeeeeeeean. 9.6 Kbit/s.

Giao dién cho mang quan 1y vién thong TMN.

Giao dién Qx.

Sap xép giao thuc....... theo khuyén nghi G.733.Q 811, Q 812.

Giao dién QD».

Sap xép giao thire trong 16p 1 va 2 ctia OSL........ theo G.733 cua ITU-T.

Giao dién Q3 theo khuyén nghi G.733 cua ITU-T va tiéu chuan cia Q 811 cua
ETSI.

Ngué)n cung cép.
Dien 4p AU V0., -36V + -75v.

Cong suat tiéu thu ¢ dién ap 60v va duoc trang bi diy du.

] I ST xap xi 100w.
SLRA ..ot Xap xi 85w.

TONG QUAN THIET BI
Thiét bi chi dinh. M s thiét bi.
Thiét bi SLA ..., S42022-1.3020-Al.
Gid cho SLA VA SL16.....cccccveieeeireeieiereneen, S42023-P331-Al.
Panel dAU CUOL.........ovevveeeereeeeeeeeeeee e, -P326-Al.
Gia con cho
o] SRS -L 3148-B12.
m ] N = SO -L 3149-B12.
Phan mém quan 1y hé théng..........ccccveeeeunc.. P42022-P3-A300.
Dau cubi vAn hanh.......o.ooooevveeeeeeeeeeeeeeeeeen, May tinh ¢4 nhan phu hopvdi tiéu

chuan cong nghiép.
Kich thuéc theo mm (W x Hx D).
Gia (RACK )i, 600 x 2200 x 300.



Panel AU CUOL.....vveeeeeeeeeeeeeeeeeeeeeeeeees 533 x 200 x 207.

] I IS 535 x 200 x 207.
] I 2 P 535 x 436 x 252.
II. Thiét bi SL4.

Thiét bi SL4 dugc str dung dé truyén dan 4 ludng STM-1 & tdc do 155 Mbps hoic
4 ludng tin hiéu can dong bd 140 Mbps. N6 ciing c6 thé truyén ké hop ca hai loai tin
hiéu nay. Tin hiéu dugc truyén dan trén sgi quang SM & khoang buédc séng 1310 nm
hodc 1550 nm. Tin hi¢u STM-1 quang hoac di¢n co thé duoc dua tGi cac dau vao SL4
cling duoc dung dé cau thanh thiét bj duong truyén SL16 (2.5 bit/s).

1. Pic diém ciia thiét bi SLA.

Thiét bi ghép kénh, thiét bi duong truyén va cac bo phan phuc vu dugc t6 hop
trén cung mot gia.

Hai hé théng STL4 duogc thiét 1ap doc lap trén mdt gid con, cbd thé lua chon
chuyén mach bao vé (1:1) cho thiét bi dudng truyén.

Céc giao dién ludng riéng r& c6 thé chuyén mach cho cac tin hiéu dién 155 Mbps
hoic 140 Mbps. Piéu nay cho phép truyén dan tin hiéu ctia ca hai hé phan cp va thich
g tot voi viée ting dung luong tin hiéu SDH trong tuong lai. Cac khéi gan san ( Plug-
in Unirs) cung véi cac giao dién ludng quang cling duoc thiét 1ap sin sang.

Céac khéi quang gan sin dung cho cac tuyén truyén din ngin , vira va dai. Pham
vi ctia truyén co thé duoc mo réng nhd cac bo tién khuyéch dai va khuyéch dai quang
(Optical Preamplifier & Optical Amplifier ).

Ngit laser ty dong trén ca hai huéng truyén dan trong trudng hop tuyén gip su cb
dé tranh nguy hiém do tia laser gay ra.

Céc canh bao va trang thai 15i thong qua giao dién V24/RS 232C dugc hién thi trén
cac panel diéu khién vad dau cudi van hanh (Operating Terminal).

Thiét bi két ndi voi mang quan 1y vién thong TMN thong qua giao dién Qx hoic
QD..

Cac phu trg k¥ thuat PCM, cac giao dién bd xung dung cho cac dich vu phu tro.

2. B tri thiét bj trén dwong truyén .

Khi hoat dong & cac budc song 1310nm, SLR c6 kha nang bu suy hao tdi da 1a
30dB va 41dB dbi véi khoang budc séng 1550nm. Murc truyén din 13dB co thé dit
dugc ¢ khoang budc song 1550nm bang viée st dung bd khuyéch dai quang, dong thoi



do nhay c6 thé dat duoc tGi -45 dBm, khoang cach gilra hai tram 1ap co thé 1én t&i 200
Km. Poan ghép kénh c6 thé bao gdm tdi 50 phan tir mang. Cac tuyén dai yéu cau téi
hon 50 NE c¢6 thé dat duge nho sy diéu chinh theo cép cac tram ghép kénh.

3. Ciu trisc dong bé.

Thiét bj SL4 c6 thé dugc dong b boi tan sé dong hd ngoai 2048 Hz thong qua
giao dién dong bo mang. Tin hiéu ddng bo ciing c6 thé dugc cung cap tir tin hiéu dudng
day STM-4 (F1 in) hodc tir tin hiéu nhanh STM-1 (STM-1 Tributary). C4c ngudn dinh
tho1 dugc lya chon theo cac muc vu ti€n khac nhau va c¢6 kha nang chuyén mach tu
dong sang nguodn khac khi ¢ su cb.

4. Chuyén mach bdo vé.

Thiét 1ap dudng ddng bo cung cdp su lua chon chuyén mach bao vé (1:1) song
hudng. Cac ludng tin hiéu sé véi cac mirc wu tién khac nhau duogc truyén trén 2 kénh riéng
biét. Trong truong hop xuét hién su ¢d ¢6 miic uu tién cao nhat (mat dong bd), mat tin hiéu
vao, ¢ tin hiéu AiS, va c6 BER>10°+10° d6i voi kénh truyén dan thi chuyén mach bao vé
s& 1am viéc v6i kénh du phong, cac két ndi qua kénh truyén din c6 muc wu tién thap hon s&
bi ngat.

5. Gidm sat canh bdo qudan ly:

Tat ca cac khdéi trong SL4 déu dugc giam sat boi mot bd vi xir Iy
(Microprocessor) nd cung cip cac chirc ning sau

Panh gia canh bao (nhu AIS , FERF )va dinh vi chi tiét 15i cua thiét bi trong
mang truyén dan .

Chuan doan 16i trong khdi co su ¢6 .

Diéu kién hoat dong cua cac khdi thiét bi, luu gilr va truyén dan cac thong s6 van
hanh thiét bi .

Thiét 1ap cac thong s6 chuan theo khuyén nghi G.821 va G.826 cua ITU-T.
Truyén dn va danh gia cac canh béo bd xung bén ngoai.

Céc tin hiéu canh bao va 15i trong SL4 duogc xur Iy ¢ khéi giam sét trung tdm co
trong mdi thiét bi va duogc truyén qua cac giao dién, quan Iy mang, quan Iy phan tir tuy
theo su thiét lap cta bo loc canh bao. Tat ca céc tinh trang 16i va canh bao déu duoc
hién thi ndi bd trén ban diéu khién va hién thi DCP (Display, Control , Panel ) ¢6 trong
mdi gia may. Céc tin hiéu 161 va canh bao nay déu duoc biéu thi bang dén LED.

Céc cdu hinh quan 1y khac nhau c6 thé st dung :

e Diéu khién bang phan mém hé théng SMSW(System Management Sofware)



Céc phan tir mang NE dugc két nbi véi PC tiéu chuan théng qua giao dién F.
Thong tin gifta cdc NE dugc thuc hién thong qua DCCt. Giao dién két ndi DCCt cho
phép két ndi DCC tir mot doan ghép kénh t6i mot doan ghép kénh khac SMSW dua ra
giao dién dd hoa thuén tién cho ngudi van hanh, n6 cé thé biéu thi rd rang tat ca cac dit
liéu canh bao,ciu hinh , giam sat. Mot dau cudi van hanh c6 thé diéu khién t6i 50 phan
tor mang .

e Dicu khién bang hé thong van hanh quan 1y thiét bi EMOS va két hop trong
TMN.

Cung véi Card thong tin ban tin MCF- Qx (Massage Communication Card).

Mot giao dién tdi EMOS duoc cung cip hoat dong véi giao thirc CNL S1 theo
khuyén nghi G.811 (ITU-T ). EMOS cho phép ngudi van hanh mang quéan 1y tap trung
cacSL cling nhu céc thiét bi SDH khac. EMOS cling dua ra giao di¢n Q3 duoc chuén
hod theo ( ITU-T) dé két ndi téi TMN cho cac phan tir md rdng cao hon .

e Diéu khién thong qua TMN cung véi giao dién QD2 .

CAu hinh nay str dung Card MCF — QD2 va hé théng TMN dic trung cho khach
hang. Giao dién truyén dan thich tng vé6i 16p 1va 16p 2 trong md hinh 7 16p va khuyén
nghi G.733 (ITU-T) st dung giao thitc Al. Tur 16p thtr 3 dén 16p thir 7.0SI, cac giao
thirc tudn theo tiéu chuan cua cong ty vién thong Pirc (German Telecom).

6. Truyén dén théng tin trong phin mao diu:

Thiét bi SL str dung phan mao dau STM dé truyén dan thong tin. Dung lugng céc
kénh truyén dan nay la 64 Kb/s, hodc 1a mot s6 nguyén lan dung lugng nay. Thiét bi SL
str dung cac kénh sau :

e Kénh thong tin dit liéu DCCr .

e Kénh thong tin dir liéu DCCm .

e Duong day phuc vu k¥ thuat RS .

e Duong day phuc vu k¥ thuat MS .

e Céac kénh phy tro tir AUX 1 +AUX 5 cho tuyén truyén dan .

e Céc kénh phu tro tir K1 + K3 ( cho ludng tin hiéu ).

e Céac dudng day phuc vu k¥ thuat RS, MS : ¢6 toc do 64 Kbps.

Puong diy phuc vu RS ( Regenerator Section ) dugc thiét ké dé phuc vu cho cac
cudc goi ¢ doan lap, duong day nay duoc tao bdi byte E1 trong phin RSOH theo
khuyén nghi G.708 va G. 781 cta ITU-T .



DPuong day phuc vu MS ( Multiplexing Section ) dung cho cac cudc goi & doan
ghép kénh, duong day ndy duoc tao boi byte E2 trong phin MSOH.

Céc duong diy phuc vu duoc van hanh nhd khdi duong diy phuc vu DTE panel
diéu khién duong day phuc vu TBF va mot bo dam hodc may dién thoai khdi gin sin
DTE duoc cung cdp mot giao dién VF 4 diy vdi bao hiéu E va M dé thiét 1ap cude goi
cho mdi duong diy phuc vu . Ngoai ra nd con cé giao dién 2 day dé ndi t6i PBX va
OTHN.

Cac kénh phu trg AUX:Thiét bi SL duoc thiét ké cho phép su dung nhiéu byte
mao dau . Thong qua viéc cai tién chuong trinh nay tuong thich cac khdi thiét 1ap sin
bang viéc str dung mao dau ma thiét bi c6 thé dap tmg duogc cac yéu cau cta khiach hang
cling nhu thoa méan cac khuyén nghi ciia ITU-T trong twong lai . Khdi gin san ZK 1-1
dugc thiét lap dé chén cac tin héu phu tro hoac tach ching ra khéi tin hi¢u duong day.
Cac kénh phu tro dugc sur dung la AUX-1 dén AUX-5 . Khbi gén san OPF2 duoc dung
dé chén cac tin hiéu phu tro vao hodc tach chung ra khoi 1u6ng tin héu . Luc nay su
dung 3 kénh phu trg to K1 dén K3. Dbi v6i kénh phu tro K3, néu dugc ciu hinh 1a
512 Kbps thi co thé chia 1am 8 kénh 64 Kbps thong qua 1 thiét bi dugc két ndi trude bén
trong .

PHAN IV

THIET KE TUYEN THONG TIN QUANG



|. TINH TOAN THIET KE TUYEN THONG TIN QUANG:

Dé viée chuyén dbi mang PDH sang SDH duoc hoan tat , ta phai thuc hién tinh
toan cac tuyén truyén din theo cac khoang cach va dung lugng cho trudc dé tron cac ma
sO thiét bi va kha ning van hanh cta chung.

Cu ly giita cac vong HOST trong cac vong Ring cép 1.

Number Tuyén truyén din Khoang cach(m)
1 Dinh Tién Hoang — Giap Bat 8352
2 Giap Bat — Thuong Dinh 11372
3 Thuong Dinh — Lang Trung 3349
4 Lang Trung — Ttr Liém 3297
5 Tu Liém — Hung Vuong 4566
6 Hung Vuong — B Hb 4550
7 Bo H6 — Gia Lam 6000

Bang IV-1: Khoang cach cac tuyén trén mang Ring 2.5 Gb/s

Sau day la cac bang thong sd thudng str dung dé tinh toan tuyén truyén dan SDH
dua theo tai li€u ctia hang Alcarel.

Ung dung Noi dai Lién dai
Budc song Tuyén ngan Tuyén dai
ngl(lén p)hét 1310 1310 |[1550 |1310 1550
nm
Loai soi REC REC |REC |REC EE% g-ggi REC
G.652 | G.652 | G.652 | G.652 ' G.653
Khoang cach(Km) | <2 ~15 ~ 40 ~ 80
1 1-1 S-1.1 |S-12 |L-11 |L-12 L-1.3
Mitc STM 4 |14 S-41 |S-42 |L-41 |L-42 L-4.3
16 | 1-16 S-16.1 | S-16.2 | L-16.1 | L-16.2 |L-16.3

Tinh toan thiét ké tuyén truyén din SDH.

Du6i day em xin trinh bay tuyén truyén din Bo Ho di Pic Giang (Gia Lam ) cu
ly 6 Km . Dung luong yéu cau 622 Mb/s.

Trong tuyén truyén din ndy thi ma s thiét bj dugc xac dinh 1 : SL-4.1 ¢6 budc
song la 1310 nm . Sg¢i quang theo khuyén nghi 1a G .625 1a loai s¢gi don mode cé suy
hao la o = 0,4 dB/Km.

e Cac thong sb ngudn phat ( Source ).



Vé6i dung luong 622Mb/s . Theo nhu bang chi tiéu ky thuat cta thiét bi SL4 thi ta
CO:
- Cong suat ngudn phat :
Ppmax = -8 dB.
Ppmin = -15 dB.
- Ludng quang gitra S va R :
Suy hao cho phép tir acp = 0 + 18 dB. Céc chi tiéu khac khong dang ké .
- Nhu vay véi suy hao soi la : o sgi = 0,4 dB.
- Trén khoang cach 1a 6 Km thi suy hao trén sgila: 0,4 x 6 =2,4 dB

Suy hao méi han . othan =0,1dB/méi . Mdi cudn cap dai 500m tuyén ngoai thanh
cho nén suy hao trén toan tuyén la : {( 6000 : 500) -1 }.0,1 =-1,1dB.

Tong suy hao 13 : o, = 2.4 + 1,1= 3,5 dB (t/m trong khoang ocp = 0 + 18 dB.
- Théng sb tai dau thu R (Receiver):

- Do nhay thip nhit duoc cho 14 : Ptmin = -28dB.

- Mc thu ti da ( an toan )la: Ptmax = -8dB.

Nhu vy ,v6i cong suat phat 1a : Ppmax = -8dB.

- Suy giam dau ndi : -2 dB.

Du trit gia hoa  :-1dB.

Téng suy hao trén soi : 3,5 dB.

Cong suat téi dau thu 14 : Pthu = -14,5 dBm.

Thoa méan Pthu < Ptmax [ -14,5 < -8dBm.].

Khi thiét bi méi lap dat chua cé hién tuong gia hoa thi cong suat téi dau thu 1a : -
8-2-3,5=-13,5dBm.

— Pau thu duoc an toan .

Sau 25 nam Pp = Pmin = -15 dBm, thi cong suat t6i dau thu la :-15-1-1-3,5=20,5
dBm > Ptmin ( -28 dBm) = dau thu van hoat dong tot .

Kétluan: Vi thiét bi SL4 d3 Iua chon thi tuyén truyén dan hoat dong tot.






o Bai nay nham cung cap cho hoc vién cdc kién thic
va ky ndng vé:
= khdi niém vé thong tin quang
= cau tric va thanh phan cau thanh mot hé thong théng
Tin quang
= lich str phdt trién cua thdng tin quang
= 1ru va nhugce diém cua thdng tin quang




Noi dung trinh bay

1.1, Dan nhap
1.2. M6 hinh hé thong thdng tin quang
1.3. Lich st phédt trién thang tin quang
1.4. Uu va nhuoc diém cua thdng tin quang




1.1. Din nhap

Luong Thong tin trao déi bén ’rr'ong cdc he hong
thong tin ngay cang tang lén nhanh chdng.

o Bén canh gia tdng vé s6 lwong, dang luu leong
truyén thong trén mang ciing thay doi.

o Chung ta dang hudng t6i mot xd hoi ma viéc truy
cap thong tin cé thé duoc ddp tthg moi noi, moi ldc.

o Tuy nhié€n, mang Internet ngay nay khdng con du

kha nang dé ddp ung cho nhu cau bdng théng dang
bling no.

I
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Su gia tang luu lwgng dir liéu (data) va

am thanh (voice) qua cac nam
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Relative Load
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1.1. Dan nhap

0 Thong tin quang ducrc xem la guau phap cuu u tinh
trong viéc giai quyét van dé bung no nhu cau bang
thong boi:

= tiém ndng bdng thdng khong 16 (gan 50Tbps),

= muc do suy giam tin hiéu thap (khoang 0.2dB/km),
= mic do méo tin hiéu thap,

= doi hoi ndng lugng cung cap thap,

= khong bi anh huong cua nhiéu dién tr,

= kha ndng bao mat cao




1.1. Dan nhip

0 Hon hita, cc he ’rhong ’rhong tin quang khong ch1 dac bne’r
phu hop véi cac kleu truyén Thong duong dai ma con cé thé
trién khai trong cdc mang noi hat, ddp ang voi moi loai hinh
dich vu hién tai, cling nhu tuong lai.

o Thong tin quang la gi?

= Théng tin quang la mjt dang truyén théng sic aung dnh sdng
(lazer) nhw la phuong tien truyén din (mang tin hicu).

o Nhu vay, mot hé thong thong tin quang (opftical
communication system) bao gom mot bo phat
(transmitter), co nhiém vu md hda cac ’rhong diép
(message) dusi dang tin hiéu quang, mot kénh Truyen
(channel), co nhlem vu mang tin hiéu dén dich, va mot bo
nhan (receiver), cé nhiém vu tdi tao lai théng dnep ban dau
tr tin hiéu quang nhan dugc.

I
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1.2. M3 hinh hé thong thong tin guang

=

T Thiet by EO B% [U Thitt bi Giat
3 hoh  |—p| Fh — | ap thu —»{ 1A —

That quang o o quang Thu
quang quang

o Phin phdt quang: gom nguon phdt tin higu quang va cdc
mach diéu khién lien két voi nhau.

o Cdp quang. gom cdc soi dan quang va cdc lop vo boc xung
quanh dé bao vé khoi tac dong co hai tir moi truong ben
ngoai.

o Phin thu quang. gom bo tdch séng quang va cdc mach
khuéch dai, tai tao tin hiéu hgp thanh.

]
: e
: o -.’il & —=



Phan phdt gquang

o Phan tir phdt xa dnh sdng
co thé la: Diod Laser (LD)
hay Diod phdt quang LED Insidea
(Light Emitting Diode). < e

o LED phu hop cho hé thong
thong tin quang c6 toc do
bit khdng qua 200Mbps va
su dung loai soi dan quang
da mode.

o LD c¢é nhiéu uu diém hon so
v6i LED nhu: pho phat xa
cua LD rat hep, goc phat
quang hep, hiéu suat ghép
anh sang vao sgi cao.




cap quang

0 Cac Ioan Soi quang da mode chne’r
suat nhay bac, da mode chiét suat
giam dan, don mode.

o Soi quang Ia nhiing day nho va déo | <o
truyen cac anh sang nhin ’rhay
duoc va cdc tia hong ngoai.

o Ching c6 16i thuy tinh (core) ¢
giita va phan bao vé (polymer
overcoat) bao boc xung quanh.

o B¢ dnh sdng cé thé phan
xa toan phan thi chiét o Cladding
xuat cua 16i phai I6n hon 1 ¢ : i
chiét suat do (cladding).

Polymer overcoat

Cladding

optical fiber

B

e el el -




Phan thu quang

o Trong hé thong thdong tin
quang, cdc bo tdch song
quang la cac diod quang
PIN va APD duoc ché tao
tr cdc chat bdn dan Si, Ge,
InP.

o Ngodi cdc thanh phan chu
yéu ndy, tuyén thdng tin
quang con cé cdc bo noi
quang, cdc moi han, céc bd
chia quang va cdc tram lap.
Tat ca tao nén mot hé
thong thdng tin hodn chinh

top metal contact ___

p diffusion

intrinsic region
(larger depletion
region)

n type

n+ contact region —

bottom metal contact

)
: _— —



1.3. Lich siv phdt tricn théng tin

quang

o Hinh thuc so khai cia thdng tin quang : lia, hai
ddng, den hiéu

o Cdc nghién cuu hién dai ve thong tin quang duoc
bat dau tu phat minh laser vao ham 1960 va dé
xuat ciia Kao va Hockham vdo ndm 1966 ve viéc
ché tao soi quang co do ton that Thap

o 1970, Kapron dd ché tao thanh cong cdc soi quang
trong sudt cé do suy hao khoang 20dB/km.

0 Ngay nay, véi su phat trién cua cong nghe Ccac
hguon phat va thu quang, cdc Ky thuat ve
’rach/ghep kénh quang trén cung soi dan quang

ngdy cang duoc hoan. thién-

)




1.4. Uu va nhuwgc diém ciia théong tin

0 Tuem nang bang Thong khong b

o Sg¢i quang kich thudéc nhé va nhe

o Cach li vé dién

o Khong bi anh huéng béi nhiéu va xuyén am
o Bio mat thong tin

o Suy hao thap

o Tinh linh hoat

o Do tin cay ciia hé thong va dé bio duing
0 Gia thanh thap diy tiém ndng




1.5. Két luj

o Bai nay da trinh bé bay cac kién thic va ky nang Vé:
= khdi niém vé thong tin quang
= cau tric va thanh phan cau thanh mot hé thong théng
Tin quang
= lich str phdt trién cua thdng tin quang
= 1ru va nhugce diém cua thdng tin quang







21 Quang

Q

Q
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Cau truc cua moét soi quang?
Qua trinh truyén séng anh
sang trong s¢i quang

Phan loai s¢i quang

Cac dac tinh s¢i quang

Han noi s¢i quang

Cap quang

Hanoi University of Technology



A ’ A o
Cau truc mot s¢i quang
Soi quang la 6ng dan séng dién mdi hinh tru hoat déng tai tan so
quang, dan anh sang theo hwéng song song v&i truc ctiia n
L&i c6 chiét suat I&én hon vé 0,1% - 0,3%
Soi quang c6 dwdng kinh rat nhé, nhe, dac tinh truyén dan cao

[\

\ [\ |
( ; Core ) ) Cladding Buffer coating
</ /

ZaI n,




CAu tric mot soi quang (tiép)

L6i sgi quang (core): ban kinh a, chiét suat n,
V6 (cladding): chiét suat n, < n,
Tac dung cua vo:
— Giam suy hao tan xa do sw khéng lién tuc ctia dién méi tai bé mat
|i
— Lam khoe soi
— Bao vé 16i khéi anh hwéng hap thu bé mat
Soi suy hao thap va trung binh: vat liéu 16i la thay tinh, vé thay tinh

hoac nhwa

Sc¢i suy hao cao: 16i nhwa va vé nhwa




Anh sang truyén trong soi quang

Non anh sang

Cladding

i,

phan xa toan phan trong 16i

e




Anh sang truyén trong soi quang

0 ‘theta’ @ ‘phi’

0,: goc téi

8, : géc khuc xa

®,: goc téi gay phan xa
toan phan

= Dinh luat Snell : n; sin 6, =n, sin 6,=n, cos ®, (1)
= Phan 16i va vo cé chiét suat n, va n, (n, > n,)
= Goc tdihancdalsi: N sing, =n, sin 90’
. n
sin g, = —=
nl
= Phan xa toan phan xay ra voi diéu kién: ¢ > ¢,

Hanoi University of Technology 5



P6 mé s6 NA — Number Aperture

<
N
S~

No optical system

= Phan xa toan phan chi xay ra déi v&i nhirng tia sang c6 goéc t&i di vao
s¢i quang nho hongéc me’ 0 :0,<06__

= 0__ =g6c mé I&n nhat = goc gi¢i han I&n nhat cua cap quang

= Dé dic trweng cho kha nang ghép luong birc xa quang vao soi, nguwdi ta
dinh nghia mét dai lwong dac treng cho s¢i la A0 mé NA:
NA=Sin0__

Hanoi University of Technology 6



Pé mé s6 NA & dwong kinh 16i 2a

s Y nghia NA: phai hoi tu
mét chum tia sang dé bom
vao sQ@i quang voi non anh
sang < 2NA. Néu khong hoi
tu t6t, ndn anh sang > 2NA
— mat théng tin.

NA I&n = PDwodng kinh 2a cua [0i
cang lon va NA cang Ion
sé cho lwvong anh sang di
NA nho vao soi quang cang lén.

Hanoi University of Technology 7



Po chénh 1éch chiét suat
hay vi1 sai chiét suat 161 — vo A
= Dinh nghia:

n—n,

A = :(n1_nz)(n1‘|'nz)z n—-n
2n’ 2n’ n
= Tathay rang
- n-n; NA’
2n’  2n’

= NA=sinf,__ =n+2A

Imax

A

Hanoi University of Technology



‘ Hé so6 phan xa giira thity tinh va khong khi

N, i -
| m=n
LMY R(%0) = - nz -100%
P _ i
n, P.—tbp P Y nghia cda R: khi anh sang di ti
' 2 méi trweng thiy tinh chiéu toi
HIMIIHITIIMMIIMY mat phan cach thi cé bao nhiéu %

nang lwong anh sang bi phan xa

o ) tro lai.
n,: chiét suat khong khi

n,: chiét sudt thiiy tinh
R: hé so phdn xa giiva thiy tinh va khong khi

Vi du: tinh R

voi

n,=1,5




Optical Loss (dB/km)

Vung suy hao thap ciia buéc song A

o Cwrasé 1:

xung quanh 850 nm

Band)

o Ctra sé 2:

=
-
—
o
=]
.
= |

xung quanh 1310 nm

o Ctrasé 3:
1530 nm + 1565 nm
(bang théng thwong hay
bang C)

o Ctrasb 4:
1565nm + 1625 nm

Ti1ir:! Window (The “C"-

Fourth Window (The

ol L L I | T = | | (bwéc séng dai hay bang L)
0.7 0.8 0.9 1.0 1.1 1,213 141516 1.71819 20 5 Cdoasd 5:
Wa\relenglh (pm) 1380 nm = 1525 nm

Hanoi University of Technology 10



Phan loai s¢i quang

Phan loai theo vat liéu

Soi quang thuy tinh da vat liéu
So¢i quang thach anh

S¢i quang nhya

Phan loai theo mode

Soi don mode

Soi da mode

Phan loai theo phan bb

chiét suat khuc xa

Soi quang chiét suat bac

Soi quang chiét suat bién dbi

11



Phan loai s¢i quang theo vat lieu

o Sgi quang thuy tinh da vat liéu
o Soi quang thach anh (SiO, + tap chat)

Soi quang thuy tinh két hop thach anh dwoc st dung nhiéu nhat
vi 6 do suy hao thap, cac dac tinh truyén dan én dinh trong thoi
gian dai

o S¢@i quang nhwa

St dung & nhirng noi can truyén dan & cw li ngan, kho di cap
bang may vi thuan tién cho viéc l1ap dat bang tay, dé& han ndi, co
kha nang chiu bé gap cao

Hanoi University of Technology 12



‘ Phan loai theo mode - S¢i da mode MMF

Multimode Fiber

LED
Trarnsmitter

Hanoi University of Technology 13



So1 don mode — SMF

SINGLEMODE FIBER

Laser
Tramnsrml tter

Hanoi University of Technology 14



Soi da mot chiét suat nhay bac SI (Step Index)

n = Index of Refraction

1,
n,

-

n, = 1000 n, =147 n, = 1.45

Hanoi University of Technology 15



Sgi da mét chiét suét bién déi GI (Graded Index)

Cladding

a@e d <n

Hanoi University of Technology 16




Mo ta chiét suat bien doi

17




Cac dang phan bo chiét suat trong s¢i quang

= Néu chiét suat cia bwdc song quang dwoc coi nhw mdt ham cua
ban kinh r, n6 mé ta sw bién thién chiét suat theo ban kinh (tinh theo
truc soi quang tir tam 16i thay tinh ra ngoai vo thay tinh): n = n(r)

Ta co:
_ r -
N“(r)=n’{1-2-A-| — V&ir < a trong 16i soi
a
nz(l‘) = nj = constant V&ir = a trong vo soi

= Trong d6:  n,: chiét suat khic xa tai truc 16i sgi
n,: chiét suat khuc xa cta vé
A : d6 chénh léch chiét suat

18



= r: khoang cach tinh ttr truc cua soi
quang (um)

= a: ban kinh I6i (um)

= g: s6 mi quyét dinh dang bién
thién (g =2 1)

Cac gia tri théng dung cua g:

g = 1: phan b6 dang tam giéac

g = 2: phan b6 dang parabol hay

dang chiét suat lién tuc

g =>: phén bé dang nhay bac —
phuong trinh quy vé soi nhay bac
n(r)=n,

Sv truyén cac mode phu t,hucf)c,
vao dang cua phan bo chiét suat

19



Tan s6 chuan héa V (V number)
a: ban kinh 106i soi
V=272 NA=k-a-NA  NA: khdu do sb
A A bwdc séng
k: s6 song
= Soi chiét suat bac c6 Tan sb chuan héa gi¢i han -V,
(c = cut-off value): V,, =2.405
= So¢i don mode chiét suat bac cé V nam trong dai gia tri:
0<V <V, =2.405
= Sc¢i chiét suat bién doi cé Tan s6 chuan héa giéi han — Vc:
g+2
g

g=2=V, ~2.405-4/2 =34

VC ~ VCoo )

20



SO mode N

= SO mode lan truyén trong soi quang:
2
Vi g

N~—.
2 g+2

= S0 mode trong soi SlI:
V2

= S0 mode trong soi Gl:
VZ
g = 2 — N ~ T

21



= Trong soi Sl:
N~V2 : céng suat di vao vé giam khi V
tang. Khi V I&n, céng suat quang trung
binh trong vo dwoc xac dinh:

I:)Iad 4

C ~
"~/

P 3JM

22



Buoc song cat A,
= TV, — A, =buwoc séng gi¢i han / nguwéng / cat
.2a.NA
A, =
V

C

= Y nghia:

o Ong dan song quang la don mode tai nhitng bwdc séng A, = A,

o Ong dan song quang la da mode tai nhirng bwdc song A, < A,

Vi du: s@i quang co6 théng sb6 n,=1,463; n,=1,46;
2a=10pm va A_=1,22um khong thé s dung nhw mét soi
don mode tai cac budc sdong ngan hon 1,22um.

23



Piéu kién truyén dan don mode trong soi quang

= Kich thwére dworng kinh 16i trong khoang mét vai buwéc séng
= Vi sai chiét suat 16i — vo nhé: 0,1- 0,2%
o Vidu: s¢i don mode tiéu chuan cé ban kinh 16i 3pm, khau do
s6 NA=0,1 tai bwéc séng 0,8um va V=2,356

24



‘ Piéu kién truyén dan don mode trong soi quang
(tiep)

= DPwong kinh trwroong mode 2w, (MDF: mode field diameter)

o Tham so6 co ban cta soi doon mode, dworc xac dinh tir phan
bo trwérng mode clia mode co’ ban
o Pinh nghia MDF theo phan b Gaussian: MDF = e2 dd rong

cla cdng suat quang

25



«—— Mode
field

diameter
2w,

Cho mét phan bo Gauss:

r2

E(r): EO cXp —W

r: ban kinh
E,: trrong tai ban kinh r=0
w,: ban kinh trweoong mode

MDF cua mode LP,,:

2jr3E2(r)dr

2w, =2

0
erz(r)dr
0

26



o Dinh nghia MDF theo Petermann:

Ban kinh triwoong mode w, la ban kinh ma tai dé bién do tia
sang giam dén gia tri 1/e (= 37% vi e = 2,71828) so v&i gia tri
bién dé I&n nhat tai r = 0.

27



DPinh nghia theo Petermann (tiép)

= Ban kinh trwéng mode w, cua soi quang SI-SMF ty |é thuan véi
bwéc séng A (= ty 1é nghich vé&i tham so V) va ban kinh 16i s¢i a

= Trong dai gia tri tham s6 V: 1,6 <V < 2,6 c6 cdng thirc sau md

ta kha chinh xac moi lién hé giira w,, a va V:

2,6
V

d

W, =

= Dai gia tri V trén twong trng vé&i dai bwéc song (1150nm —
1875nm), va dai bwéc séng nay hoan toan bao phu nhirng
bwéc séng hoat dong 1300nm va 1550nm.

28



So sanh cac cau truc s¢i khac nhau

Index Profile Fiber Cross Section and Ray Paths

ny|  |n,

125 um
I if } (cladding)
-t | A" ——————— 8-12 pm
j ()__ ___________ I (coref

Typical Dimensions

—7—-

T

ny|  |my
| 125-400 pm
| (cladding)
% Ccorey
4 _
ny,| |y _L
I 125-140 um
| r=a (cladding)
I -0 50-100 pm
- (core)

y
Multimode graded-index fiber I
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Kich thudce 101 so1 quang

i — = .__.- o = ._-' ~ -"-._\.
i N s . F h,
.-' ! .I I.. -_.- ._- .I
1 1 1
1 I 1 :
|I _I L) II '_ i
. " : -~

Multimode Multimode Multimode Multimode
50125 pm 625125 pym  100/140 pm  110/125 pm

__.-" "-._ T T
-'.-- ."'. ' M"‘-\.
II. % i .'.

|
» .

5 -. -I
h . -~
.__.-'

PM Single-mode Single-mode
9/125 pm 9125 pm
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Kich thudc so1 quang

Plastic Optical
Fiber (POF)
SE0 1000

O

Multimode
GOF
B62.5/125

O o

Hard Polymer Multimode

Clad Fiber GOF
(HFCF) 100/140
200/230

o L
Multimode  Singlemode
GOF GOF
50125 9125

GOF=Glass Optical Fiber
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Han nd1 s¢1 quang

= Han nhiét noéng chay vinh vién:
Han ndi bang cach phéng dién hd
quang (tia Itra dién phoéng dién)
trong khéng khi.

m Fusion Splicer: Thiét bi han ndi
vinh vién hai soi quang

Fibers Stripped of Coating, Cleaned,
and Cleaved, are Brought Together

During the Fusion Arc

[y -
| | |
il
g Sy S
Positioners Adjust in
the X, ¥, £ Direclions
Electrodes Create to Align Fibers

a High Voltage Arc

Fusion Splicer instrument
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y y A AC 1 w A

Cac budc han no1 bang hd quang
Tach I6p vé bdo vé & hai dau si can ndi.
Dung héa chat lam sach hai dau soi.
Kep hai dau sgi vao may han va diéu chinh cho ching sat nhau
(d6ng truc, dong tam).
bay nap va cho déng mach tia Itra dién. Hai dau soi nong chay va
sé dinh chat vao nhau. Qua trinh nay xay ra tw dong. Thoi gian
phong dién da dwoc tinh toan phu hop loai s¢i va kich thuwdc soi.
Kiém tra mbi ndi qua man hinh. May han sé tinh toan suy hao cua
mdi ndi. Mbi ndi tét coé suy hao < 0,05dB. Néu suy hao vwot gia tri
cho phép, may han hién thj thdng bao han lai. M6i han t6t nhin déu
dan nhuw doan s¢i thong thwong.
Gia ¢c6 co hoc bdo v& mdi ndi. Vi du ding mét éng boc nhwa co
nong, co dém doan vat liéu gia cwong.
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Cac thiét b1 dung han no1 s¢1 vinh vién

34



Han nd1 s¢1 quang
Co 4 kieu han 101

p

1.L6i canh (lateral) 2.L6i truc (axial)

4. L6i do mat tiép xuc khéng dong déu
3. LGi goc (angular) (poor end finish)
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" Bao v¢ moO1 no1 gitra hai cap quang
= Dé cac ché ndi 6n dinh va an toan, dung cac hép bao vé ché ndi

(loai trong nha, ngoai trdi, chén truc tiép).

= Quy trinh lap rap:

o Céc soi sau khi han dwoc xép vao trong hép chira soi. Déng hop
va ndi thém cac phan tl gia cwdng, dung bang quan chat co dinh
sQi trong hop.

o Dat toan bd doan cap vira dwoc ndi trong dng mang séng co cau
tao hai nlra 6ng, cac dai ham cd dinh va hai vong chét.

o D&t dng mang séng khoa cd dinh vao hdp bao vé bang nhua
cirng. D6 chat lam day vao trong hop dé I&én chat 6ng. Quan bang
bado vé & hai dau hdp, chd co cap di vao, chdng nwdce di vao.
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Connector — Thiét bi noi quang

= Dung cac dau noi connector
o Connector la thiét bi quang dung dau néi 2 soi quang
hoac s¢i quang v&i nguon phat quang / bo thu quang.
o Connector phai hwéng vao nguon sang va tap trung
anh sang; co thé gan vao / tach r¢i ra te cac thiet bi dé
dang.

Hanoi University of Technology 37



Adapter — Thiét bi tiép hop hay ong noi

= Cho phép két ndi cac connector v&i nhau
m Co6 3 loai:

o Mating sleeve adapter — dung ndi cac connector
cung loai

o Hybrid adapter — cho phép chuyén t connector
loai nay sang loai khac

o Bare fiber adapte,r — cho phép kiém tra nhanh va
dé dang thdong so soi quang

38



Cau tao chung ctiia Connector va Adapter

Body
Knurled Coupling Nut Coupler
Retaining Ring . —Sleeve

Crimp Ferrule

Connector ﬂ:—: E Adapter

Cable Outer Jacket Alignment
Bend Relief Boot Sleeve

Ceramic Ferrule

.Body: Phan than .Sleeve: 6ng boc ngoai
.Knurled Coupling nut: Khia tréon cta dai noi .Coupler: bd noi

-Retaining Ring: Vong gitr chat .Alignment Sleeve: Ong giir 2
.Crimp Ferrule: Vong sat dém, vong sat néi dau cap noi thang hang

-Cable Outer Jacket Bend Relief Boot:
V6 bao bén ngoai gitr chat s¢i cap
.Ceramic Ferrule: Dau gém
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‘ Phan loa1 dau no1 sg1 quang

=
—
==
—
=

FC Connector

4225:;;" [T

LC Connector

S

MT-RJ Connector

1]
Il | |l|:r“]

SC Connector

=

SC Duplex

o] =

ST Connector

Hanoi University of Technology

40



‘ FC connector

o FC Connector si¢ dung cho
so’i doon mode va da mode.

o FC connector c6 moét vong
dém kim loai n6i, khoang 500
vong dém bén trong bang
gom ghép v&i nhau, cé kha
nang cach ly co hoc tot.

o Suy hao moi noi:

0.50 — 1.00dB.
é ] o Ung dung trong truyen dir
. lidu, vién théng.

FC Connector
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‘ L.C connector

o LC swr dung cho s¢i don
mode va da mode.

o LC dwoc dat trong vo
nhwa, c6 dau chot, cho sw
lien ket chinh xac qua
khoang 500 vong dém gom.

o Suy hao moi néi: 0,15 dB
(SM) va 0.10 dB (MM).

o ng dung cho nhirng lién
két mat doé cao

S| O -

LC Connector

Hanoi University of Technology 42



‘ MT-RJ connector

o MT-RJ dung cho s¢i don
mode va da mode.

2 MT-RJ dat trong vo nhuwa,
cho moi lién két chinh xac
qua cac truc kim loai va
khoang 1000 vong dém

nhuwa.
o Suy hao moéi noi: 0.25 dB
<SS oo [ (SM) va 0.35 dB (MM).

MT-RJ Connector
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‘ SC connector

o Cac bd noi SC dung cho soi
don mode va da mode.

o Chung c6 gia thanh thap,
don gian va bén.

0 SC c6 mét dau chot, kha
nang lién két chinh xac qua
khoéng 1000 vong ghep
dém bang gom.

= <o o Suy hao moi noi 0.20 dB —
0.45 dB.

o Ung dung cho truyén dir
lieu.

SC Connector
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‘ ST connector

o B® noi ST ¢6 nganh khoa, str
dung cho soi do'n mode, soi
da mode.

a N6 c6 thé dwoc ghép vao hay
thao ra tir s¢i cap quang vwra
nhanh vira dé dang.

o Cac bd noéi ST ¢o6 hai kiéu: ST
va ST-II. Hai loai nay co khoa
va lo xo. Chung la loai an vao
va loai xoay.

o ST c¢6 vong kim loai ma niken
noéi va khoang 500 vong dém
) bang gom ghep v&i nhau.
o Suy hao moéi noi: 0.40 dB (SM)
va 0.50 dB (MM).

ST Connector
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= Optic Fiber Adapter - Hybrid-FC/ST Adapter

o Hybrid adapter — cho phép chuyén tlr connector loai nay
sang loai khac

n A
o ~O0
2 LN ', o AF
Q’\:;" ¥ Q\:\l\..-
A5 ~ 9
R \ "
PR =LY
! _ .
i o

= Fiber Optic Adapter-Mating Sleeve (ST/ST 3/8" D
Mounting Hole Type)

o . "
A ;gi
12 S el
T b T
i A’ .
o\ i

&
o
0
o
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Cau truc sg1 quang

Fiber optic cable construction.

L TT
Core Cladding Coating ‘Strengthening  Cable Jacket
Fibers

Jacket
400 um

Buffer

250 um

e

Cladding
125 pm

Core
8 um
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Phan loa1 cap quang

a Cap treo

o Cép kéo trong cong

o Cap chédn truc tiép

o Cap trong nha

o Cap ngap nuwdc va cap tha bién

o Ngoai ra con co mot sO loai cap dac biét chuyén
str dung cho cac muc dich riéng.
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17.5

mm

Phan ta gia cudng & ngoai

Day buoc

Phan tu gia cuong

12mr\n
Cap phan tu gia
cuong O trong

So1 quang

phan tr gia cuong
Loi co ranh

vO polyme thane
Soi gia cuong

-1 Vo polyethylene
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Cap dat trong nha

C6 sb soi quang it

Bac tinh chinh: kich thwéc bén ngoai nho, mém déo, dé udn cong,
dé han ndi, chbng gam nham tot.

Loai cap nay thwdng bam séat twdng nha va thiét bi nén chéng dan
I(ba. khéng phat ra khi déc.

Céu trac dang boc chat dé& dam bao kich thwéc nhé va chac.

Chot don

Soi quang Vé boc PVC

Vo6 kim loai chong 4m

Phan ta gia cudng

6ng nylon
c4p nhay
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Cap dat trong nha

Thanh phan gia cuong

Soi quang

Vo boc PVC

-2.5mm

Cap soi day

Thanh phan gia cuong

Soi quang hoc
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= Cap ngap nudc duoc s
dung dé tha qua séng, dam
lay — can dap rng cac yéu
cau khat khe:

o Tinh chéng am va chdng
thAm nudc tai cac vung
co ap suat dac biét Ion.

o Chdng sw dan nwéc doc
theo cap.

a Chiu duoc luvc kéo I&n
khi 1ap dat va stra chira
cap.

o Chiu duwoc ap lwe.

o CO6 khd nang han ndi
stra chira dé dang.

o Co cau truc twong thich
v&i cap dat trén dat lién.

Cap ngap nudc

— s0'1 quang
NS 161 c6 danh

thanh phén gia cuong & tam
s¢i tong hop

vo plyethy lene

16p nén

soi thép Ganvanize

vO ngaoi poilyethylene
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1 4 2 ° A
Cap tha bien
= Cap tha bién 1a loai cap dac chung, doi hdi yéu cau khat khe hon
loai cap ngap nwdc. Ngoadi cac yéu td trén, cap tha bién con chiu
tac dong dac biét khac nhw kha nang thAm nhap cla nwéc bién, sy
pha hoai cia cac dong vat bién, sw co sat cla tau thuyén... Bén
canh dé can tinh t&i kha nang stra chira cap bang tau.

sO1 quang

161 ¢6 danh

chat don

vo chat déo

thanh phan gia cuong & tam
soi tong hop

vo plyethy lene

09 7
TN
- Sev i
QoA WA
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Thinh philn gin cueng trung @m
Didry thiép ma aling

(g &g

Nhs chau kst

Gng dpm
Cing tns tton lam bling nhus
chiu nhigt Thay cha dng King

Bédo wa ko cap

Hanoi University of Technology
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\ Chuong6: THONG TIN QUANG

CUA HE THONG THONG TIN QUANG

GHEP KENH QUANG WDM

DAl QUANG




6.1 Sw phat trién cila thong tin quang

o Thoéng tin quang dugc bat dau bang sy phat minh thanh
cong cua Laser nam 1960

0 Niam 1966 ché tao soi quang co do ton that thép

o Phat trién thanh cong trong nhitng nim 70, do ton that
cua suy hao soi quang da duoc giam dén 0.18dB/km

o Hién nay cic hé thong thdng tin quang truyén dan tat
ca cac tin hiéu dich vu bang hep, bang rong dap ung
Yeu cau cua mang so lién két da dich vu ISDN



Uu diém cia théng tin quang

o Bing théng khong 10 day tiém ning

o Soi quang kich thudc nho va nhe

o Su céach li vé dién

o Khong bi anh hudng boi nhiéu va xuyén am

o Bao mat thong tin: anh sang tir soi quang bi birc xa mot
cach khong dang ké nén ching co tinh bao mat tin hiéu
cao



Suy hao thap Sur phat trién clia sgi quang qua nhiéu nim
da dat dugc ket qua trong viéc ché tao ra sgi quang c6 do
suy hao rat thap

Tinh linh hoat: mic di cic 16p bao vé la can thlet SO1
quang duoc ché tao véi suc cing cao, ban kinh rat nho.

D¢ tin cay cia hé thong va dé bao du’O’ng do dac tinh
suy hao thap cua soi quang nén co thé giam duoc yeu cau
sO bo lap trung gian hodc sO bo khuéch dai trén duong
truyen

Gia thanh thap day tlem nang: thuy tinh cung cap cho
thong tin quang duoc lay tir cat, khdng phai 1 nguon tai
nguyén khan hiém.



Cac thanh phﬁn co ban cua s¢i quang
dién hinh

0.9 ( 2mm
250um
125um 10 (50 .0n
Lop vo Lcrp phu I_o‘p boc ¢Lﬁl %D

Ciac thanh phan co ban ciia so1 quang dién hinh




Hién twrong phan xa toan phan
a) b

)

Phap tuyén ' Phéap tuyén

1n;=n
( i 2) Tia khuc xa

0 .
M, / ", i_l P, :E

1
|
|
|
|
¢ = o | -
Tiatéi 1 7€ Tia phan xa
i
|
|
|

o Tia phan xa
Tia to1

Hién tuong phan xa va khuc xa anh sang trong so1 quang;:

n, sing, = n,sing,
sin ¢.=n,/n,




Hi¢n tw¢gng phan xa toan phz}in (tt)

Nhw vay, diéu kién dé xay ra hién twong
phan xa toan phan nhv sau:

C4c tia sang phai di tir moi trwdng co chiét
suat I&n hon sang mdi trwdng cd chiét suat
nho hon.

Géc tdi cua tia sang phai lon hon goc toi
han.



Khau d0 so

Core index n; Guided ray

AT laddine inda

: : A I{
n,sin @, =n, s, sing =—%  ¢>¢
o

n,sin@. =n, cosp. = \/(nf —n; )



‘ Khau d¢ so (NA) ciia s¢i

n,sind, duoc goi la khau do s6 (NA) cua so1. No
dadc trung kha nang tap trung anh sang vao soi.
Vi n, =n, thi NAxap xibang:

NA = n~2A

n, —n,

Vo1

A =

n,




'Khiu d6 so (NA) ciia sgi

Vidu2.1:

Tinh khau d6 s6 cia soi quang;

(1) con; = 1,46 van; =1 (khong khi)
(11) (1)co n; = 1,465 va ny= 1,45,
Giai

Ap dung biéu thire (2.8) ta co:

(1) NA = \(n? —n? = /146 —=1* =1.07

(i) NA = \[n? — n® = |J1.465° —1.45% = 0,2091
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Anh hudng ciia NA va dudng kinh 16i dén hiéu suat ghép noi
gitra ngudn sang va sg1 quang

o /—: NA nhé

NA IGn

Buong kinh 101 IGn

Budng kinh 15i nhd

(b) Buong kinh 181 khac nhau nhung cé cung NA
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“Tan sic trong h€ thong sQ1 quang

P1

>

=)

- i
—_——— T ———
I
i

N\

—
[=h

4‘-‘:_

b

Minh hoa sy gidn rong xung do tan sac khi anh sang duoc truyén trong soi.

2 2
D—\/rﬂ — 7.
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Anh sang truy€n trong cac loai sgi

dnh sing muyén rong soi quang MM-GI

[ N\

dnh sing ruyén rong soi quang SM
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Cac thanh phan chinh cua mgt tuyén
thong tin quang

Thiét bi phat quang dugc cau tao tir nguon phat tin hiéu quang
va cac mach dién diéu khién lién két vdo1 nhau.

Cap soi quang gdm c6 cac soi dan quang va 16p vé boc xung
quanh d€ bao v¢ khoi tac dong c6 hai tir mo1 truong bén ngoai.
Thiét bi thu quang duoc cau tao tir bd tach sdng quang va cac
mach khuéch dai, tai tao tin hi¢u hop thanh.

Ngoai cac thanh phan chil yéu trén, tuyén thong tin quang con
cO cac bo ghép nod1 quang (connector), cac mo1 han, cac bd
chia quang va tram lap; ¢ cac tuyén thong tin quang hién dai
con co thé c¢d cac bo khuéch dai quang, thiét b1 bu tan sac va
cac tram xen ré kénh

14



SUY HAO TIN HIEU TREN SOI QUANG

10
b

Tan xa , ;
& Rayleigh Pmhhap thu do OF

0.5

Suy hao [dB/ k]
=

Hap thu

Hap thu tia hong ngom

cuc tim

0.6 0.8 1.0 1.2 [.4 1.6 1.8
Buoc gong [pun]

Suy hao tin hiéu trong so1 quang theo budce song



Pic diém chung cua LED va Laser

LED

“*hoat dong theo co ché phat xa
tu phat

<phat ra anh sang o két hop

“*c0O cau truc di thé kep dé giam
hat mang trong budng cong
huong

“*khong co6 guong phan xa

%*cO pho rong: vai chuc nm

Laser

“*hoat dong theo co ché phat xa
kich thich

phat ra anh sang két hop

**cO cau truc di thé kép dé giam
hat mang trong budng cong
huong

b 2 guong phan xa +co ché
bom dé giam va khuéch dai
photon tao ra anh sang két hop
cuong do cao

<»¢cd pho hep: vai nm
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Dic diém chung cua may thu quang

Tin higu
quang

(vao)

—

Bo ghep

Mach dién tir
Tin hi¢u
dien
... (ra)
Bo gi1a1
Photodiode -

diéu ché

I

So d6 khoi tong quat cua may thu quang

17



Dic diém chung cua may thu quang

Co6 nhiém vu chuyén d6i tin hiéu quang nhan duoc tai dau ra cta
so1 quang thanh tin hiéu dién ban dau

B0 ghép tap trung tin hiéu quang vao b tach song quang

Viéc thiét ké cua bo giai diéu ché phu thudc vao dang diéu ché cia
tin hi€u & may phat.

B¢ tach song duoc thuc hién boi mach quyet dinh nham phat hién
bit 1 hay bit 0 dua vao bi€n do tin hi¢u dén.

Tinh chinh xac cua mach quyét dinh phu thudc vao SNR

Mot s6 hé thong thong tin sgi quang yéu cau BER <1014

D6 nhay may thu: cong suat quang trung binh nho nhat dén may
thu 520 cho may thu van lam viéc binh thudng nghia 1a thoa man

ti s6 BER cho trudc tmg véi toc do bit nhat dinh. B nhay phu thudc
SNR nghla 1a phu thudc vao cac loai ngudén nhiéu khac nhau tac
dong vao may thu

18



Cac théng sb co’ ban ciia céc loai
photodiode PIN

, Ky hi¢u Pon vi Si Ge InGaAs
Thong so
Dai budc song [ 400-1100 800-1650 | 1100-1700
Hé so chuyen R A/W 0.4-0.6 0.4-0.5 0.4-0.75
do1 quang-
dien
Dong toi I nA 1-10 50-500 0.5-2
Thot gian lén L, ns 0.5-1 0.1-0.5 0.05-0.5
Bang thong BW GHz 0.3-0.7 0.5-3 1-2
Dbi¢n ap phan Vs V 5 5-10 5
ClrC




Cac thong s0 co’ ban cua cac loai

photodiode APD
' Ky hiéu Don vi Si Ge InGaAs
Thong so
Dai budc nm 400-1100 | 800-1650 | 1100-1700
song
Hé s6 nhan M lan 20-400 10-200 10-40
Dong toi I nA 0.1-1 50-500 10-50 ta1
M=10
Thot gian len f, 1s 0.1-2 0.5-0.8 0.1-0.5
Hé s0 khuéch |  MxB GHz 100-400 2-10 20-250
dai x Bang
thong
Dién ap phan Vs \Y 150-400 20-40 20-30
CuC




So sanh PIN va APD

Hai loai diode quang PIN va APD déu duoc phan cuc nguoc,
dé khi khong co anh sang thi chi co dong tro1 rat nho. Khi c6
anh sang vao, dong ndy tang tuyén tinh véi dong anh sang va
cong suat birc Xa.

Diode PIN co tap &m n6i nho, song khong c6 kha nang khuéch
dai dong dién nén khong nang cao do nhay may thu dugc.
Nguoc lai diode APD co tap am not [on nhung c6 kha ning
khuéch dai dong dién nén nang cao d6 nhay, song diode Ge-
APD lai c6 tap am ndi 1on, nén han ché cong suat thu toi thiéu
cho phép.

Cac diode PIN chi hoat dong vo1 toc do bit khong lon dén vai
ba tram Mbit/s, con APD c6 thé hoat dong véi toc do bit téi
hang Gbit/s.

Diode PIN can dién ap cung cap nho, nguoc lai APD can dién
ap cung cap 16n hang tram volt, diic tlnh lam viéc cua APD
phu thudc vao nhiét do nhicu do d6 can str dung nguodn ap dé
diéu chinh nhiét 6, nén chi phi tang.
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Phwong thirc ghép kénh quang
theo buoc song WDM

EBEit rare (Mbis)

1000 000
10,000
Long haul
100
Leazed line= Local-area networks

1980 1985 1990 1995 2000

Year

Hinh 4: Sy gia tang bang thong cua cac mang khac nhau qua cac nam




>~

Hinh 5: H¢ thong TDM

Hinh 6: Hé thong WDM

>WDM la tién bo rat 1on trong cong nghé truyén thong quang,
no cho phép tang dung luong kénh ma khong can tang toc do
bit duong truyén ciing nhu khong can dung thém soi dan quang
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Cau tric hé thong WDM

I ~

0 > 0 0
L

: N

T

Hinh 7: Cau tric hé thong WDM co ban
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‘ Nguyén li hoat dong cua hé thf’)ng
WDM

Data In Data Qut
M M
. — —
(o]
A\ O Ay
'ﬂ M ;nn_@ @Lm @ o —
- QA A —
: U :
X u :
ﬂ

o WDM F'uint-t:::-F'ui nt

Hinh 8: Nguyén li ghép kénh phan chia theo bwdc song

> Cac thiét bi tich cuc/ chil ddng can thiét dé ghép, phan bo, cach li
va khuéch dai cong suat quang tai cac budc song khac nhau
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Thanh phan then chot trong hé thong WDM 1a céac bo
ghep va tach kénh

Tin hi€u quang dugc tao ra tu laser diode c6 budc song
khac nhau A, A,,A,,... A,

WDM két hop nhﬁ:ng tin hiéu dau vao thanh mét tin hiéu
nhi€u budc song ¢ dau ra, qua trinh nay goi1 1a ghép kénh
Tin hiéu ghép nay sé& truyén trén soi quang va dén bén
thu.

Bén thu sé& tién hanh tach kénh cac budc song khac nhau
Ay A, A,
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Kénh 1

Kénh 2

Kénh n

Nguén }“1

Ngll()\)ll 7\2

L

Thiét bi
WDM

mot soi quang

quang

Ngudn kn

(a)

Thiét b
WDM

Thu }\'l Kénh 1
4 Thu 7“2 Kénh 2
Thu }‘“n Kénh n

Hinh 9: Hé thong WDM theo mdt huéng (a)

> Hé thong WDM mot chiéu: co nghia 1a tat ca cac kénh cung trén
mot sg1 quang truyén dan theo cung mot chiéu.
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Kénh vao Kénh ra

Ngudn }‘1 Thu 7“1
’ ’ , o Thiétbi [ —

Thiét bi Mot soi quang WDM

WDM
A
N

Kénh ra Kénh vao
Thu }\‘2 7\‘2 Ngllél’l 7\42
< «— «— ] <

(b)
Hinh 9: Hé thong WDM theo hai huéng (b)
> Hé thong WDM hai chiéu: c6 nghia 1a kénh quang trén mdi soi quang
truyén dan theo hai hudng khac nhau, dung cac budc song tach roi nhau
deé thong tin hai chiéu.
»HEé théng WDM hai chiéu giam duogc $O lwong bd khuéch dai va duong
day
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U'u diém ciia h¢ théng WDM

+ Dung lwong truyen dan lén, hé thong WDM c¢é dung lwong truyen
dan 16n hon nhiéu so véi hé thong TDM. Hién nay nhieu hé thong cap soi
quang da truyen dan dung lwong lén den hang ngan Gbit nho cong nghé
WDM vé1 hang chuc dén hang trim bwée song, ching han nhu hé thong cap
quang bien SEA-ME-WE-3[10] va SEA-ME-WE-4[11] d4i dwoc de cap
trong chwong 1.

+ Truyen dan hai chieu trén cing mot soi, dieu nay ciing cho phép
ting dung lwong cia hé thong lén dang ke.

+ Truyen dan dong thoi cac dang tin hiéu khac nhau, cac loai hinh
théng tin da dich vu bing rong ching han nhw dit liéu, hinh anh, am thanh
dang 80 Va frong tur. ..
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+ Nhé viée phan chia dung lrong truyén dan thanh nhiéu kénh nén
giam dwoc toc do truyen trong moi kénh, tir d6 giam dwoc anh hwong cua
tan sdc den chat lwong hé thong nén co the kéo dai cuw ly cac tram frung
gian, giam gia thanh hé thong,

+ Dap wng linh lmat viéc nang cap dung lwong hé tlmug, ki thuat
WDM cho phép tang dung lwong cua mang lién c¢6 ma khong can phar lip
dt them so1 quang. Viéc nang cap dung lwong don gian la cim thém card
ma1 trong khi hé thong van lmat dong, giam dwoc cl plu dau tw mo.

+ Quan Iy bang tan va can hinh mém déo, linh hoat nhe viée dinh
tuyen va phan bo bwoc song trong mang WDM nen co kha nang quan ly
hiéu qua bing tan truyén dan va cau hinh lai dich vu mang
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‘ Nguyén ly hoat dong cua EDFA

anh i : anh sang
sang —i—- — = da duoc

den _ : khuéch dai
Proan so1 quang
/ pha tap Er3*

Neoeuon
bom
ngoal

& -
e T T MMM T TTTM™mMmMMmMM MMM T TTTYTYTTTYTMTMT™ MM

So do nguyen v cua bo khuech dai quang EDFA
= B0 khuéch dai1 quang bao gom mot doan ngan dugc pha
tap bang cac 1on Erbium (go1 1a so1 EDF).
= Erbium la mot nguyén t6 dat hiém co tinh nang quang
tich cuc lam tac nhan cho su burc xa cudng bic
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‘ Tram lap quang-dién

S0l quang S0l quang

@ P O-F > KD E-O > @

Bo chuyen doi | Bo khuech dai dién | Bo chuyén doi
quang dien - uang dien
. > -
Mien quang ° Mien dién Mién uang

So do khoi cia mot tram 1ip quang dién
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KHUECH DAI QUANG EDFA

L EDF
Pau vao WDM .

p— - O .

— g
» »

Bo cach i .
¢ Bo cach i

LY

Hinh 14: Khuéch dai EDFA
> Cau tric co ban ctia bo khuéch dai quang soi EDFA gom soi
pha tap Erbium, Laser bom, by ghép budc song quang WDM va
b0 cach 1 quang

»So1 pha Erbium thuong c6 dd dai 16n hon hoac bﬁng 10m
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Trén thwe té,anh sang bom st dung cho
EDFA chi dwoc st dung tai hai buwéc song
980nm va 1480nm

Vung buédc séng hoat ddng cua EDFA: 1530
-1565nm

P khuéch dai gidm nhanh chéng & ving
bwdc song loon hon 1565nm va 0dB tai buéc
song 1616nm
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Chaf

a2
. I o
4 550 rm
5313
Hip thw trang thdi Kch thich
4
Fg.-'z | 850 nm
°r 200
= I | — n
4
f11sm 80 am
= 0,001 ms
T
=10 ms
4
‘rli 2

Gian do nimg lrong cha Ion Er® [2]

(GSA: Hap thu trang thai dat, ES A Hap thu trang thai kich ihichy)

FOO

B0

1140 e

1629 nm

2700
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Trang thai dat(mirc c6 ning luong thap nhat) duge ky hiéu
4I15,_2, muc *ly5, 1a mire si€u bén twong (ng voi mire néng luong
ma ion Er 3* ¢6 thoi gian song 1au nhat

Théng qua su hap thu ning luong cua anh sang bom sé& chuyén
tlr trang thai dat 1én mrc nang lugng tuwong tng *l 5/, 4114,
4I9/2 o oo

Cac ion & cac muc Iy, *lgjp...s€ phan ra khong phat xa va
chuyén xudng trang thai si€u bén.

Khi tin hiéu quang t&i dau vao soi EDF dén gip cac ion Er 3+
duoc kich thich va phan bo doc theo 101 s¢i1 s€ xady ra qua trinh
btrc xa kich thich

Qua trinh nay s¢€ tao ra cac photon phu c6 cting pha va huéng
vO1 tin hi€u té1 chinh vi thé ta thu dugc cuong dd anh sang tin
hi€u tai dau ra EDF 16n hon dau vao
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'Cac diic tinh ciia EDFA

= Dai khuéch dai ciia EDFA

N A
Cong suat ——

1520 1530 1540 1550 1560 1570

Buéc song (nm)
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!'_ KY THUAT THONG TIN QUANG

Bai 1:

GIGI THIEU TONG QUAT



i LICH SU PHAT TRIEN

s 1790: Claude Chappe (Phap)

— Pi1€n bdo quang

— 200km trong vong 15 phut
m 1870: John Tyndall (Anh)

— Chting minh 4nh sdng c¢6 thé din theo voi nudc bi udn
cong
- Dinh luit phdn xa toan phin
n 1880: Alexander Graham Bell (M¥)
- Photophone: khong thanh cong
= Can phdi c6 mot moi truong din dnh sdng thich hop



LICH SU PHAT TRIEN

s 1934: Norman R.French (M¥)
— Nhan biang sdng ch€ vé hé thong thong tin quang
— Dung thanh thiy tinh d€ truyén 4nh sidng
> Moi trudng truyén dnh sdng thich hop
s 1958: A. Schawlow va Charles H.Townes (My)
— XAy dung va phdt tri€n laser
— Ung dung trong nhiéu linh vuc: y hoc, quin su ...
- Nguén quang ding trong thong tin quang
m 1966: Charles H.Kao va George A. Hockham (MV)
— Dung soi thdy tinh d€ truyén din 4nh sdng
— Suy hao 16n ( > 1000dB/km)



i LICH SU PHAT TRIEN

s 1970: Hang Corning Glass Work (MJ)
— Ché tao sdi SI ¢6 suy hao < 20dB/km, tai A=633nm
- Thong tin quang ra doi

= 1972: Sci GI dudc ché tao ¢6 suy hao 4 dB/km

= 1983: Sdi don mode (SM) dudc ché tao

> Soi quang SM duoc sit dung phé bién ngay nay co
suy hao 0.2 dB/km tai A=1550nm




i UU PIEM CUA THONG TIN QUANG

= Suy hao thap

= Dai thong rong

= Trong lugng nhe, kich thudc nho

= Hoan toan cach dién

= Khong bi can nhiéu cta trudng dién ti

= Xuyén am giffa cdc sgi quang khong ding ké
s Tinh bao mat cao

= Vatliéu ché tao ¢4 nhi€u trong tu nhién



‘_LNHUQC PIEM CUA THONG TIN QUANG

/\/ k ‘/\/ /(7' * A
= Van dé bi€n do1 quang di€n

= Han noi, do thit sgi quang doi hdi thi€t bi chuyén
dung dit tién

= An toanlao dOng



CAC THANH PHAN CUA MOT TUYEN
TRUYEN DAN SOI QUANG

Tin hi€u quang

______________________________________________

Phuc hdi | !

tin hi€u

---------------------------- AN :
| L7 S
Tin hiéu! | Mach Nguén | i i | Linh kién
dién "] kich thich[ | quang [ "O O™ thu quang
| S¢i quang :
THIET BI PHAT

THIET BI THU

Tin hi€u
dién



TRUYEN DAN SOI QUANG

i CAC THANH PHAN CUA MOT TUYEN

= Ngudn quang (Light Source):
— Bié&n doi tin hiéu dién sang tin hiéu quang
— LED (Light Emitting Diode)

— LASER (Light Amplification by Stimulated Emission
of Radiation)

s Mach kich thich:
— Mach dién t
— Piéu khién qu4 trinh bi€n d6i quang dién
= Sdi quang (Optical fiber): moi trudng dan tin
hi€u quang



TRUYEN DAN SOI QUANG

i CAC THANH PHAN CUA MOT TUYEN

= Linh ki€n thu quang (photodiode):
— Bié&n doi tin hiéu quang thanh tin hiéu dién
— PIN
— Diode thac 1t APD (Avalanche Photodiode)
= Khuéch dai: khuéch dai tin hiéu dién dé bu lai
nhirng suy hao do dudng truyén
= Phuc h6i tin hiéu: nhan bi€t cdc gid tri 0,1 clia
cl}uéi bit tin hi€u dé phuc ho61 lai nhu tin hi€u ban
dau



TRUYEN DAN SOI QUANG

i CAC THANH PHAN CUA MOT TUYEN

= Néu cv ly truyén din dai thi gifta hai tram dau
cudi can c¢6 thém mot hoidc vai tram lip (repeater
hay regenerator)
- Khuéch dai quang-dién (hinh vé)
- Khuéch dai quang-quang: EDFA

Tin hi€u quang Tin hi€u quang

\ - — |
\ ' |Linh kién Phuc hoi Ngudn | ! //
:)_:'> o A —>> _:_D
| thu quang tin hiéu quang |




CAC THANH PHAN CUA MOT TUYEN
TRUYEN DAN SOI QUANG

Transmitter
Electrical I—___———___——_

! Fiber Optical
1srilgpnuza:l 1 | flylead | splice
| Drive Light
i circuit P source “““I“l’///////?
%
I_ | \Connector g
- T T Optical
é fiber
Optical coupler or g
Electrical signal Regenerator beI;m splittfr ?
7777777 Optical signal Obti
ptical Y 7777777 : /
receiver -,//////
To other equipment
Optical
transmitter
Receiver
—— e —
|
- . | Electrical
Optu?all W Photo- > Signal ——  Signal
amplifier | detector restorer out
| I
I Amplifier |
- - - - —



i UNG DUNG CUA THONG TIN QUANG

= Mang dudng truc quoc gia

= Dudng trung ké

= Dudng cdp thd bi€n lién qudc gia
= Dudng truyén so liéu

= Mang truyén hinh



Céc dudne div dién thoai

oD EDED

AREREEN

AN

s

Mach vong ndi hat

hién tai 12 diy ddng.

Tuong lai c6 thé 1a
cap sgi quang.

AN

s

¥J‘\J‘¥J

ARERERE

T6ng dai thanh phd A

AN

7

Mach vong ndi hat
hién tai 12 day dong.
Tuong lai c6 thé Ia
cap sgi quang.

Tuyé&n cdp quang
treo trén cdc cit

T6ng dai thanh phd B

/\
[]
/\
[]

120U} UQIP ABP TUQNP 98D



MANG TRUYEN DAN QUANG SDH
TAI VIET NAM

= Mang truyén din lién tinh:
— Mang qudc gia (backbone):
+ Dai 4000 km noi gitta Ha Noi va TP.HCM
+ Chia lam 4 vong Ring:

o Vong 1: Ha ndi-Ha Tinh dai 844km
o Vong 2: Ha Tinh-Pa Ning dai 843km
o Vong 3: Ba Ning-Qui Nhon dai 817km
o Vong 4: Qui Nhon-TP.HCM dai 1424km
+ STM-16/2F-BSHR (Aién nay da trién khai mang DWDM
20Gb/s)

+ Hai hé thng truyén din: cdp quang chdn truc ti€p doc theo
quoc 10 1 (8 sgi) va dudng day dién 500kV (10 sdi)



TAI VIET NAM

i MANG TRUYEN DAN QUANG SDH

s Mang truyén dan lién tinh (tt):
— C4c dudng truyén din quang lién tinh khic:
+ Ha Noi-Hai Phong, Ha Noi-HoaBinh, TP.HCM-
Viing Tau, ...
+4F-BSHR (Flat Ring)

— Mang quang DWDM sé dugc trién khai trong
tuong lai



MANG TRUYEN DAN QUANG SDH
i TAI VIET NAM

» Mang truyén din noi tinh

s Cdc tuyén cdp quang quic té:
— TVH (Th4i Lan, Viét Nam, Hong Cong)

— SEA-MEA-WE 3 (South East Asia—Middle East Asia—
West Europe)



« OFC.CSC-24-300
258G (1.008 §1)

S ¢
R, & Tonam : L,
Léo . . ‘ U v' dréia.f i
N S hinh OFC.

4 OWn e

4 \ﬂ'N

") = Vlbl’!‘d ’

" -SDH (8TM-1)
. N . Khu vuyc phia Béc
Vien
chan O
- Khu vye midn Trung
‘M4 réng mang fién tinh Suding S\ % _ v
Ny . i : it h DogHa s ; .
Cépsgqunng (SDH) o I &) o . @‘\ . Sl SEAME-WE3
ciebemaiassances  Viba 56 (SDH) L ~. L Hw- ] wec@usen
R N ey . o5
@ Tram ddu cusi : ;| ) ,...“L’,:o Danang. . %08
o  Tramisp ‘ e -
Khu vie mién Trung Co, A :
Vinh ‘ BaNing  QuiNhon Nha Trang
CE ’\L S DungtrueT. l L
Ha Noi © s e st . T8. HS TH Minh
{Traen o) (Tramidp) - {Tram lap) (Tewm 1ap)
: Khu vyc phia Nam
Cam-pu-chis OFC 24 101 STM4 R

* (areng lai)



ok W LR o oM
Hinh Teanh  "0h b Bbng gt b phakee
iy ncy hen — i Tk o, J:"" Hd ::-. tan -lru fhin
o wp M

T2 o

[+ ]

LN

eyl &
o
EEN
-E
8§
s
n
E
2
=
=
e
k]
Ll
£

!ﬁhﬂﬂﬁﬂ]
<172 endhlin cd)

184 ke (OF 2 ]

[ T] ax RT - om0l

.

Ché §;

w [ bﬂ-':';;'a""'ru'% i:,."iElf--m;: .. .p"-"u " ... HH a H -

K F

a. i Ni - Vinh OFC 24 sqi (OFC, CSC hidn cf)
b. Hi Hoi - Hoa Binh 20 sl (OFC i c8) -
. B adf dudng dy din OFC 1 1,557 km (44%)




O fr—= =)

Al Wil i OFC iy ) Ol . Wity ¥
= Hibi - Ficsd Blish OFC 210 508 Bukiing dy. ditn + Tarpls 58 1
b, Wit - M OFC M s (050 {8 Gy 18 58}
. g atiy 5 ¢ Tudin 58 4
g % nnl}
o M

B B kst i 45 0B I} B Wulich a3 70 b

Al
m o ol Cooah Suatngg iy Sl b
) - |

£l Wang B
» Bulieg 4y i + Tuydin ol 1 [ 8
4 1) Beg -

b. Vam Ky v Kih Teen dang o8y (OFCmd)

o Wang 8 & 10

i, Eualieg iy e + Turylien asf 1 (Radn o
{4 soif 0w}

by, B L, B ol T, by 2ol

Tl Das i dhag Lp 130 {OF C i}



Bt dSuwkat thic & Campuchia STM-4
Durdng STM-1 5& dupc kil ndi

Tay Minh - HNI : S4E1

Téy Minh fién Moa Xude Lic
M 561
P REP
Ca LAnh
Long Xuyé ADM ADM | Cao |8k
S67 585
AR
ADM
Rach Gid 566 {
.. o . w
. T
ik 35km
Tk . ADM
Tan An 561 561
ADK Sikm ABad | 4Tkm
43 . ef s TP. HCH .
M§ The TP. HCM
ADM |- '
REP [""Goom | gas Bkm ADM
T18m ' S adl
Chﬂy Wing 11
Sk a. TP, HCM - ‘u’mgTﬂuCIFC‘iEmH‘Hmm} .
. b.Hoan thién vong det TP. HCM - Bign Hod'- Vi T
Chil 7: Vibng 13
a. Tuyén OFC TP HOM - Cﬁlﬂwsﬂdtmﬂuélm
dving 12
| ADM | g7xm - -| ADM ADM. e o [aoM] T e AR Chiy : Vang 14 .
s64 553 582 553 542 a. Tuyén OFC Cao Lanh - soc-rmmmmm;
Ca Mau Biac Lty Séc " 8o Tra Vinh Bé&n Tre biling vong 12 & 13
- e Triing. Tring



!'_ KY THUAT THONG TIN QUANG

Bai 2:

NGUYEN LY TRUYEN ANH SANG
TRONG SGI QUANG




NOI DUNG

Cd sG quang hoc

C4u tao sgi quang

Nguyén 1y truyén 4nh sdng qua sdi quang
Khau do s6 NA (Numerical Aperture)
Tén sic mode

Sd1 quang GI (Graded Index Fiber)

Mode song

Phan loai sg1 quang



CO SO QUANG HOC

= Anh sdng c6 hai tinh chat:
— Tinh chat séng: 4nh sdng 12 séng dién tir
— Tinh chat hat: 4nh sdng bao gdm nhiéu hat photon c6
nang lugng E

Af =c E—hf =22

A ( ,um)
Trong d6, f:tan so (Hz) A: buGc song (m)
E: ndng lugng photon (eV)

c: vin toc 4nh sdng trong chan khong, ¢ = 3.108 m/s
h: hing s6 Planck, h=6,625.1034(J.s)



CO SO QUANG HOC

s Pho séng dién tir

Viing hdng Vung cuc
ngoai tim Tia X
. ) f (Hz)

TiaT

-
h
h 4

DC ¢ VLF 9l LF 9l MF l¢ VHF ¢ VHF+SHF —)
+EHF

I I 1 1 1 1 1 1 1 I 1 }
15 14 13 1.2 1,1 1,0 09108 07 06 05 04
gum um pm  oum  um um  um opm  oum  pm

Anh sdng diing trong thong tin quang Vung dnh siang khé ki€n

)¢ )
| 4\ 4



CO SO QUANG HOC

Bing tin Tan s6 (f) Budc séng (A)
VLF 3kHz + 30kHz I00Km + 10Km
LF 30kHz - 300kHz IOKm -+ 1Km
MF 300 kHz~ 3 MHz 1 Km + 100 m
HF 3MHz -+ 30MH:z I00m =+ 10m
VHF 30 MHz - 300 MHz 10 m + 1m
UHF 300 MHz+- 3 GHz 1 m =~ 1dm
SHF 3GHz - 30GH:z 1dm +~ lcm
EHF 30 GHz - 300 GHz 1 cm + Imm

F: Frequency
V: Very

Cac bang song vo tuyén

L: Low
U:Ultra

M: Middle
S: Supper

H: High
E: Extra




i CO SO QUANG HOC

= Anh sidng thdy dugc chi€m dii pho tir 380nm
(tim) dén 780nm (dd)

= Anh sdng dung trong thong tin quang nam trong
viing can hong ngoai (near-infrared) (800nm-
1600nm) = khong thiy duoc

= 3 viing budc séng (ctta sd budc séng) dugc st

dung trong thong tin quang: §50 nm, 1300 nm va
1550 nm



CO SO QUANG HOC

s Chi€t sudt clia moi trudng: n=c/v
- C:van toc 4nh sdng trong chan khong, ¢ = 3.108 m/s
- v: van tOc 4nh sdng trong moi trudng dang xét, v< ¢

= Su phan xa va khic xa:

Tia t6i Tia phan xa
n, moi truong 1
n, moi trudng 2

Tia khuc xa




CO SO QUANG HOC

— Tia t6i, tia phdn xa va tia khdc xa cing nim trén mot
mit phang

— G6c phdn xa bang goc t6i: 0,= 0,

— GOc khuc xa dugc xac dinh tu cong thuc Snell:

n,sin6,= n, sino,

Tia t6i / Tia phdn xa Tia to1 _Tia phan xa
91 61 )
ny moi trudng 1 n, mdi trudng 1
Ny \.0, moi trudng 2 n; N trudng 2
N . 62 \\\
Tia;khﬁc Xa Tia khic xa



CO SO QUANG HOC

= Sy phdn xa toan phan:

Tia phdn xa

Tia t61 han
/ (0> 6,)

q 92= 90° (91: ec)

Ny (n,>n
( 1 2) \>< 92< 90° (91< ec)

Tia khic xa
— Trudng hgp n,;>n,, khi goc t61 6, 16n hon géc t61 han O, thi
khong c6 tia khic xa, tia t6i phan xa hoan toan vé moi
trudng tryén

- hién tugng phdn xa toin phan



CO SO QUANG HOC

— Tu cong thuc Snell: 0, = arcsin(n,/n;)
— Piéu kién d€ x4y ra hién tugng phdn xa toin phan (pxtp)?
+ n,;>n,
+ 0> 0_= arcsin(ny/n,)
— Khi xay ra hié€n tugng pxtp, ning lugng dnh sdng dugc bao
toan theo huéng truyén

> Ung dung trong ché tao sgi quang va truyén dnh sing
qua sg1 quang



CAU TAO SOI QUANG

S¢i quang cd badn gom c6 2 16p:

+ Loi (core): hinh try, ban kinh a, chiét suit n,

+ LGP boc (cladding): hinh tru, bao quanh 18i, ban kinh b (b>a), chiét

suatn, (n;>n,)

Vat liéu ché tao: chat dién moi (thuy tinh, plastic...)
Ngoai 2 16p co ban, sgi quang con dugc bao vé€ bdi hai 16p
bén ngoai: 16p phu (primary coating) va 16p vo (secondary
coating)

16p boc (n,)

o
=]
=

(‘ i n | .n R 16i (n))




NGUYEN LY TRUYEN ANH SANG
i TRONG SOI QUANG

= Anh sdng truyén trong 15i sgi quang bing cich
phdn xa todn phan qua lai mit ti€p gidp gitta 161 va
16p boc
> Anh sdng co thé truyén dugc trong soi quang bi uén
cong voT1 mot do cong gidi han (thda di€u kién phan xa
todn phan)

0>0,

|
n, n 0!

Y.

(ox QD O @ (o
>
=




KHAU PO SO NA
(NUMERICAL APERTURE)

= Piéu kién d€ mot tia sdng chi€u tdi dau sgi quang véi goc
tdi ¢ c6 thé truyén dugc trong 161 sgi quang?

Lép boc (n,)




KHAU PO SO NA
(NUMERICAL APERTURE)

= Ké&tluin:

— Su phan xa toan phan chi xdy ra doi v4i nhitng tia sdng
c6 géc téi ¢ dau sgi quang nho hon goc t6i han ¢

max

— sin ¢ dudc goi 1a khiu do s6 NA clia sgi quang
— NA bi€u dién kh3 ning ghép dnh sdng vao trong sdi
quang:
+ NA I6n = hiéu sudt ghép 4nh sdng I6n

+ NA 16n = nhiéu mode séng = tdn sic mode

= Tinh NA?
NA = \/nf —n; =n,/2A

A = (n;—n,)/ n, : dd chénh I&ch chi€t suit tuong d6i gitta 161 va 16p boc




TAN SAC MODE
(MODAL DISPERSION)

o3> o, > o,=0° 0, <03 <0,<0,=90°

16p boc (n,)

: Nz | N 2 obAGZE \ /M/IM
0 N qe by 1 ~— N

Soi quang c6 chi€t sudt nhdy bac SI (Step-Index Fiber)
Céc tia sdng c6 quing dudng truyén khdc nhau: s,< s,< s,

+ Tia/song song véi truc (a,= 0 ) c¢6 quing dudng truyén ngin

nhat

+ G6c t6i cang 16n (o 16n)=> quang dudng truyén cang dai
Van tOc truyén gifta céc tia sdng bang nhau: v, = v =c/n,
Thdi gian truyén clia cdc tia sing khdc nhau: t=s,/v

- chénh 1éch vé thdi gian truyén giita cdc tia sing

D HiAn fitadno t4n od - (Aicnarcian)



TAN SAC MODE
(MODAL DISPERSION)

w N R M

t, Lkt

= Dinh nghia: Tdn sidc 1a hién twgng khi cho mdt xung
anh sang hep chi€u vao dau sdi quang thi thu dudc
mot xung 4nh sdng rdng hon § cudi sgi quang
= Anh hudng cia tdn sic:
— Tin hi€u tugng ty: mé€o dang tin hi€u
— Tin hiéu s6: chong 14p gitra cac bit
- han ch€ dung lugng va cu ly truyén cia tuyén quang




TAN SAC MODE
(MODAL DISPERSION)

= Mot tia sdng dugc xem nhu mot mode séng = tédn sic mode.
= Nguyén nhin giy ra hién tugng tin sic trén?
— C6 nhiéu tia sdng truyén trong sci quang vdi quing dudng truyén khic
nhau
— Van tdc truyén biing nhau = thdi gian truyén khdc nhau = At
s Lam cdch ndo d€ han ché tan sic?
— Chi cho mot tia sdng (mode séng) truyén di trong sdi quang => sdi
quang don mode SMF (Single Mode Fiber)
— Gidm At giita cdc tia sing = sdi quang c6 chiét sudt gidm dan GI
(Graded Index fiber)



SOI QUANG GI
(Graded-Index Fiber)

o3> o, > oy=0°

a | ,”
ARG WQ
M, 3 3
0 N~ \\\_/6\ y\/\/>

s Soi GI: sgi quang c6 chi€t suit gidm dan
= Chi€t suit 16i sgi quang cé dang hinh parabol

n, |:1—A(rj :l r<a
n(r)= a

n, > a

s Cic tia sdng truyén theo dudng cong = Tai sao?



SOI QUANG GI
(Graded-Index Fiber)

i) az > a, > o= 0°

a ......... ",
ARG WQ
I, - 3
0 n \\\/{\ y\/\/>

s Cdc tia sdng ¢6 quiang dudng truyén khic nhau: s,< s,< s,
= Van tOc truyén giita cdc tia sdng khdc nhau: v,< v,< v,
+ Tai truc (r=0): n(0)=n, 16n nhit = v(0)=c/n(0) nhd nhat
+ Cang ra xa truc van toc truyén cang 16n
- quing dudng truyén ty 1& thuin v6i van toc truyén
= Thoi gian truyén cua céc tia sang khdc nhau: t=s/v,
2 At; =t —t; nho



SOI QUANG GI
(Graded-Index Fiber)

= Sgi GI ¢6 tdn sic mode nhd hon nhi€u so véi sgi quang SI
ode (M8/km) cua sgi SI va GI:

n n A’

FlA dmode—GI = Cl ' 3

# (0 - Han ch€ cy ly va

= Tén sic mode don vi d

d

mode—SlI —

= Sl va GI: sg1 quang da mode: d
tdc do bit truyén
- SJ1 quang don mode SMF: d
= Ung dung:
+ Soi SI: cu ly truyén ngdn va toc dd bit truyén thap

mode

=0

mode

+ Soi GI: cv ly truyén va toc do bit truyén trung binh
+ Soi SM: cu ly truyén dai va téc dd bit truyén cao
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PHAN LOAI SGI QUANG

= Phin loai theo dang chiét suat cia 1oi:
— Sd¢i quang c6 chi€t sudt nhdy bac SI
— Soi quang c6 chi€t suat gidm dan GI
— Sd¢i quang gidm chiét suat 16p boc
— Sdi quang dich tan sic DSF (Dispersion-Shifted Fiber)
— Sdi quang san biang tdn sic DFF (Dispersion-Flatened Fiber)

n(r A n(r) A n(r A
Ny

r r r r _ ]

a a 0 a a a3 @& a 0 @ a2 a3 a3iay nap: as
dg ) dy ag

Gidm chiét sui't 16p boc Sgi dich tdn sic DSF Soi san bing tdn sic DFF




PHAN LOAI SGI QUANG

= Phin loai theo s6 mode truyén trong sgi quang

— Sd1 da mode:
+ So1 SI, GI (G.651):
+ (50/125um), (62.5/125um), (100/140pm)

— Sgi1 don mode SMF (Single-Mode Fiber)

+ SJi don mode tiéu chuin SMF (G.652):
0 (9/125 um)
o Hé s6 suy hao: 0.38 dB/km (A=1310nm) va 0.2 dB/km (A= 1550nm)
o Hé s0 tan sic: bing 0 tai A=1310nm va 18ps/nm.km tai A= 1550nm
+ Soi DSF (G.653)
+ Sqi dich tdn sic khac zero NZ-DSF (G.655)



PHAN LOAI SGI QUANG

= Phan loai theo vat liéu ché tao:
— Sqi thiy tinh (All-glass fiber): 16i va 16p boc bing thuy tinh
— Soi plastic (All-plastic fiber): 18i va 16p boc déu bing plastic

— S¢i PCS (Plastic-Cladded Silica): 16i bing thdy tinh, 16p boc
lam bing nhya



PHAN LOAI SGI QUANG

Sgi thidy tinh Sgi PCS Sdi plastic
baic tinh k¥ thuit:
- Kich thuéc sgi (9/125Hm), (50/125Mm), Pudng kinh 16i: 0,5-1mm
(62.5/125,,m)
- Chiét suat/ NA A=0,2% -1,3%; ] n;=1,46; n,=1,40 NA=0.54
- Budc s6ng hoat dong O,SMm -1,55 pm 0,5“111 -0,8 pm

- Suy hao cyc tiéu

0,2dB/km (3 =1550nm)

8dB/km (3 =900nm)

55dB/km (5 =570nm)

P < o
- Tan sac cuc ti€u

dmar=0 (3, =1300nm)

200 ns/km

R4t 16n

- Culy truyén

Hang chuc, tram km

Biing thong , Cy ly truyén
B«L =5 (Mbit/s . km)

Vai tram mét

- T6c dd bit Hang Gb/s Vai tram Mbit/s
- Cha't lugng tot nhat Chat lugng va gid thanh | - Chat lugng thap

Uu khuyét diém

- Gi4 thanh dit
- Han ndi khé = can thiét
bi chuyén dung

nim gita sdi thuy tinh va
sdi plastic

- Gi4 thanh ré
- Han noi dé

I’J'ng dung

- Truyén din thong tin
- Hé thong vién thong,
mang may tinh

- Ty dong hod




CAU HOI

Sdi1 S1, sg1 GI 1a gi?

Tai sao 4nh sdng truyén trong sdi quang GI theo dudng
cong’

Tai sao sgi GI c6 tdn sic nhd hon sgi SI?

C6 thé ché tao sdi quang bing thiiy tinh c6 hé sé suy hao
nhd hon 0.2 dB/km?
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!'_ KY THUAT THONG TIN QUANG

Bai 3:
CAC THONG SO CUA SGI QUANG




NOI DUNG

Suy hao (Attenuation)
Tén sic (Dispersion)
Thi€t k€ tuyén truyén din quang

Baitip



i SUY HAO (ATTENUATION)

= Dinh nghia:
P, =P(0) P, =P(L)

0] (( )

P(L)= P(0)x10 ©

P(0): cong sudt § dausdi(z=0); (W, mW,um...)

P(L): cong sudt & cu ly z=L tinh tit dau sdi; (W, mW,
um...)

o :hé so suy hao trung binh; (dB/km)



SUY HAO (ATTENUATION)

- b6 suy hao cua sgi quang:
A(dB) = 101g LW
Py (mW)
A (dB) = P, (dBm)- P,(dBm)

- Hé s6 suy hao hay suy hao trung binh:

A(dB)

a(dB/ Km) = LK)




i SUY HAO (ATTENUATION)
- Cong thic logarit: Igab=Iga-+Igb
Ig a_ lga—Igb
b
lga® =blga

- Pon vi tinh cong suit (ABW, dBm, ...)
P(dBW) = 10.12P(W)
P(dBm) = 10.1gP(mW)
P(dBL) = 10.1gP(LW)



SUY HAO (ATTENUATION)

s Cac nguyén nhan gay ra suy hao:
— Suy hao do hap thu (Absorption)
+ HAp thu tap chat kim loai: dd suy hao phu thudc vao
o Loai tap chit: Cu, Fe, Mn, ...
o Nong dd tap chat = gi4 tri cho phép <10
o Budc song dnh sang

o (dB/Km)

A

600
500

400 N .

nong do do tap chit 10 Cu
300
200 Fe
100 Mn

I

500 600 800 1000 1200 1400 1600 A(nm)



SUY HAO (ATTENUATION)

+ Hap thu ion OH": @6 suy hao phu thudc vao
o Nong do ion OH™ = gid tri cho phép <10

o Budc séng 4nh sdng: dinh suy hao tai budc séng gan 950nm,
1240nm va 1400nm

- P6 4m 12 mdt nguyén nhin giy ra suy hao trong sdi quang

o (dB/Km)

A

ndng do ion OH- 10°°

»
»

600 800 1000 1200 1400 1600 A(nm)



SUY HAO (ATTENUATION)

+ HAp thu tf ngoai va hong ngoai:
o Suy hao do bdn chat ctia vat liéu ch€ tao (thiy tinh)
o Phu thudc bude séng dnh sing: suy hao thip nhat tai budc séng
1550nm doi véi sgi quang bang thiy tinh (khoang 0.2 dB/km)
- Gidéi han hé s6 suy hao toi thi€u clia sgi quang
- Lam cdch ndo d€ c6 thé ché tao soi quang cé suy hao nhd hon
0,2dB/km (vi du 0,001dB/km)?
o (dB/Km)

A

Hap thu hong ngoai

100

Hap thu cuc tim
10

0.1

0.01 >
600 800 1000 1200 1400 1600 A(nm)



SUY HAO (ATTENUATION)

— Suy hao do udn cong
+Ubn cong (macro bend)

+ Vi udn cong (micro bend)



SUY HAO (ATTENUATION)

— Suy hao do tdn xa Rayleigh (Rayleigh Scattering)
+Khi séng dién tif truy€n trong modi trudng dién moi gip
nhitng chd khong dong nhat (c6 kich thudc cia khodng
1/10 budc séng) s€ xay ra hi€n tugng tian xa.
+ Nhitng chd khong dong nhat:
o Do cédch sip x&p khong dong nhi't clia nguyén ti¥ thiy tinh
o Bot khong khi
o V&t nirt



SUY HAO (ATTENUATION)

+ Céc tia sdng truyén qua nhitng chd khong dong
nhat s& tda ra nhiéu hudng:

—
<

- MOt phan ning lugng 4nh sdng bi phan tdn ra nhiéu
huéng khdc nhau khong truyén di xa dugc (khic xa ra
ngoai 16p boc, truyén ngudc vé dau sdi quang...)

= Gay ra suy hao cho soi quang
+ Ung dung trong mdy do quang doi OTDR
(Optical Time Domain Reflectometer)



SUY HAO (ATTENUATION)

= Dic tuyén suy hao:

— Tong hop céc dic tuyén suy hao cla cic nguyén nhan
gay ra suy hao khac nhau

— Khac nhau tuy theo loai sgi

— Duva trén dic tuyén suy hao nay, viing budc song (ctra
s6 buéc séng) st dung dudc xdc dinh

— 3 clra s6 budc song:

+ 850nm

+ 1300nm
+ 1550nm



SUY HAO (ATTENUATION)

20_

1978

Attenugtion (dB/km)
o
=

b
a o
I




TAN SAC (DISPERSION)

= Dinh nghia:
— La hién tudng khi dua mot xung 4nh sdng hep vao dau
soi quang lai nhan dugc mdt xung 4nh sang rdng hon &
cudi sgi

S
~
N
— 1 1
1 1
1 1
1 1
—_ - - 1
1 |
|
T )

L "l

P, T
— Do tan sic tong cdng cla sdi quang:



TAN SAC (DISPERSION)

= Nguyén nhin giy ra tdn sic:

— Do sy chénh 1&éch vé thdi gian truyén cda cdc tia sidng
(cdc mode soéng) = tdn sic do dudng truyén hay tidn
sdc mode (modal dispersion)

— Anh sang do nguon quang phatra trong mot khoang
budc séng + van tdc truyén pha cia moi bugce séng lai
kh4c nhau = thdi gian truyén cia cdc budc séng khic
nhau = tdn sic sic thé (chromatical dispersion)

+ Tan sic chat li€u (material dispersion)
+ Tan sic dan séng (waveguide dispersion)



TAN SAC (DISPERSION)

= T4n sic tong cong (Total Dispersion):

D \/D od + Dchr \/d mod T dchr

Voi. D - Dmat Dwg dchr = dmat + dwg
DX =L.d, d_ =M. A\
Trong do:

D,: tin sic x (mod: mode; chr: sic th€; mat: chit liu; wg: din
séng) trén mot doan chi€u dai L (ns)

d : tdn sic don vi (ns/km)

M : tdn sic chat liéu don vi (ns/km.nm)
Ak: @0 rong phd cla ngudn quang (nm)



TAN SAC (DISPERSION)

s Anh hudng cla tdn sic dén tdc do bit truyén tdi

da cua sdi quang:

Brsi:Br D L

max tmax —
Trong dé: 4D, 48r

D, tdn sic tdng cong cla sgi quang c6 chiéu dai L (ns)
D, .. tdnsic tong cdng tdi da cho phép cla sdi quang dai L (ns)
Br, . :tdc do bit t6i da c6 thé truyén qua sgi quang dai L (Gb/s)
Br: téc dd bit truyén thuc t& qua sdi quang dai L (Gb/s)

Br =R x (hé s6 mi ho4)
R: toc dd bit danh dinh (tin hi€éu chua qua ma ho4)

Hé s6 ma hod: phu thudc vao loai ma dudng truyén



~ THIETKE
TUYEN TRUYEN DAN QUANG

= Tinh todn mdt tuyén truyén din quang c6 thé
dudc ti€n hanh theo hai huéng sau:

— Tinh khodng cdch c6 thé lip dit gitta hai tram khi biét
toc do bit can truyén dan va dic tinh cia cdc phan t
trong tuyén
- xdc dinh s6 lugng va vi tri cdc tram lip trén tuyén

— Tinh giéi han dic tinh cia cdc phan tif khi bi€t toc dd
va cv ly cin truyén
- chon loai sgi quang, thi€t bi thu phét quang



~ THIETKE
TUYEN TRUYEN DAN QUANG

s Khodng cdch c6 thé 1ip dit gifra hai tram phu
thudc vao:

— Loai thi€t bi truyén din quang
+ BudGc song dnh sdng
+ CoOng suat phat
+ D0 nhay, dai dong thu quang
+ Do rong phd ngudn quang

— Loai sgi quang, cap sdi quang dudc st dung

— C4c mdi han, noi

— Dy phong cOng suit



~ THIETKE
TUYEN TRUYEN DAN QUANG

= Mo hinh mot tuyén truyén dan quang:

Connector
M4y phat Connector Connector
Adaptor Adaptor
Phat quang / Thu quang
ODF
Pi€m tham chi€u S / \ Pi€m tham chi€u R
LD APD
] e )( X—0 0 (e []
Cim Moéi h Moi1 han Cim Cim

| | | | | |

! Day nhdy | Day ndi ! Cép dudng truc ! Day ndi ! DAy nhdy
quang quang quang quang
FC/FC FC/FC




~ THIETKE
TUYEN TRUYEN DAN QUANG

Phan bo suy hao trén tuyén:

Cong suit ngudn quang phéng vao sdi

P(dBm) 4
A <4—— Suy hao cua connector
<4— Suy hao clia m6i han
g 4——— Suy hao cua sdi
=
>
=
70]
%L Suy hao ctia connector
a(o
H
< Cong suit thu
I <«4—— Do duphong
N b N
/ >

b0 nhay cta < >
mdy thu Cuy ly t6i da (km)



~ THIETKE
TUYEN TRUYEN DAN QUANG

» Diéu kién d€ c6 thé 1ip dit hai tram dugc ma
khong can tram lip:
— Piéu kién vé cong suit: P
- Quy¥ coOng suit

<P,,<P

Rmin Rmax

— D1€u ki€n v€ d0 nG1rOng xung:  tyr <t ..

o 5 , Br < L =Br .,
—> Quy thdi gian ting cua xung 4D,

= V§i toc do bit cho trude, tinh khodng cach t6i da ¢
thé 1dp dit hai thi€t bi dugc ma khong can tram lip

= Tuy theo dia hinh, quy hoach, kha ning quan ly, vin
hanh thi€t bi, khoang cach lap dat cho phép - so
luong va vi tri 1ap dit tram



BAITAP 1

Mot tuyén quang dai L=15km, dung sgi quang SI (50/125pum) ¢6 do
chénh 1&ch chi€t sudt tuong d6i A=1%, chiét suit 15i n,=1.48. S¢i quang
cO suy hao trung binh a=4dB/km (tai A=850nm) hodc a=2,4dB/km (tai
A=1300nm), hé sO tdn sic chat liéu M=130ps/nm.km (tai A=850nm)
hodc M=10ps/nm.km (tai A=1300nm).

Nguodn quang dugc sit dung LED phdt ra 4nh sdng c6 budc séng 850nm
c6 cong suat phat quang 4mW, dd rdng phd AA=35nm.

B0 thu quang st dung PIN ¢6 d6 nhay -45dBm

Bi€t ring ¢t 2km ¢6 mdt mdi han ¢ suy hao 0,1dB/mdi han

Suy hao ghép quang & dau phat 12 13dB, dau thu 12 10dB.



BAITAP 1

Tinh cong sudt quang tai di€ém 1km, 7km va 12km ké tir diu phat
Tuyén quang trén c6 can tram lip hay khong? Né&u c6é hdy tinh
s6 tram 1ip can st dung, khodng cdch gitta cdc tram 1ip. V& hinh
minh hoa va chu thich.

V6i chiéu dai trén, tdc d6 bit cuc dai c6 thé truyén dugc cia
tuyén quang 12 bao nhiéu? Bé qua dnh hudng cia tdn sic Ong
din séng. Ma dudng truyén 1a NRZ.

Thay ngudn quang LED ph4t ra 4nh sdng c¢6 budc séng 1300nm,
cong suat phdt quang ImW, AA=35nm. Hoi tuyén quang trén c6
thé hoat dong dugc khong? Tai sao?

Nhan xét két qua G hai cAu b va d.



!'_ KY THUAT THONG TIN QUANG

Bai 4:
LINH KIEN BIEN POI QUANG PIEN




NOI DUNG

s Cic khai niém co ban:
— Mic ning lugng (Energy Level)
— Vung ndang lugng (Energy Band)
— Ch4t ban din (Semiconductor)
— Nguyén Iy bi€n d6i quang dién
= Ngudn quang (Light Source)
— LED (Light Emitting Diode)
— Laser (Light Amplification by Stimulated Emitting of Radiation)
— Céc thong s0 k¥ thuit cia ngudn quang
= Linh ki€n tach sOng quang (Light Detector)
— PIN
— APD (Avalanche Photodiode)
— Céc thong s6 k¥ thuit ctia linh kién thu quang



CAC KHAI NIEM CO BAN

= Ly thuy€t lugng tf ciia Borh:

— Mot nguyén tif bao gom hat nhan (+) dudc bao quanh bdi cidc dién
w(-)

— Céc dién tif quay quanh hat nhin theo mot quy dao dn dinh va do
d6 mang mdt mic ndng lugng xac dinh

— Céc dién tif chi thay d6i trang thdi ning lugng khi chuyén tir quy
dao nay sang mot quy dao khac
—> toan bo nguyén t& mang cic mdc nang lugng rdi rac
- nang lugng cua nguyén tif dugc lugng ti hda



CAC KHAI NIEM CO BAN

= Muc niang lugng (Energy level):

Nang luong E(eV)

IN

M T ™
N W

Energy gap AE;=E; - E;

—

Ground state

(T
S

— Cdc mic niang lugng trong cia di€n tf trong nguyén tir khong lién tuc
— Mot dién tr chi c6 th€ mang mot trong cdc mifc ning luong rdi rac ndy
— Mifc ning lugng thap nhat E, dugc goi la mic nén (ground state) =

trang thdi on dinh clia nguyén ti
4



CAC KHAI NIEM CO BAN

s Muc nang lugng (tt):

— Khi dién t& chuyén tif mic ning lugng cao E. xudng mic ning lugng
thdp E; thi né s& phdt ra mot nang lugng AE = E;; = E, — E;

— AE dudc phat ra dudi dang nhi€ét hodc du6i dang photon dnh sdng (sy
buc xa anh sang (radiation) )

— Ning lugng cua mot photon dugc bic xa:

E = AE = hf = hc/A = A =hc/ AE

- Budc song dnh sdng phat xa phu thudc vao khoang cach giita cac

muc ning lugng cua vat liéu

photon



CAC KHAI NIEM CO BAN

s Mic ndang lugng (tt):

— Khi nguyén tf nhadn mot ning lugng E tir bén ngoai cung cap s& xay

ra hai trudng hgp:

+ NéuE = E;; (i,j=0,1,2 ...), dién tif c6 trang thdi ning lugng E; s& hip thy
(absorption) ning lugng E va di chuyén 1én mic ning lugng cao hon E,
+ Néu AE # E;; (i,j=0,1,2 ...) khong xdy ra hap thy

E(eV)

E(eV)




CAC KHAI NIEM CO BAN

= Qu4 trinh bi€n d6i quang dién x3y ra dya trén 3 hién tugng sau:

E, % E, o o
{ 1
hvy, I = } hz)A12
I H hvy, }
I —
E, 1 E, E, hv,, (in phase)
5 : .
HA4p thuy Phét xa tu phat Phat xa kich thich
(Absortion) (Spontaneous emission) (Spontaneous emission)
Bi&n ddi quang -dién Bi&n ddi dién - quang Bié&n ddi dién - quang
Linh kién thu quang LED | Lase}r |
(Photo detector) (Light Emitting Diode (Light Amplification

by Stimulated Emission of Radiation)

[



CAC KHAI NIEM CO BAN

= Anh sdng két hdp (Coherent Light)

— Anh sdng do hién tugng phat xa kich thich tao ra c6 tinh k&t hdp,
nghia cac photon dnh sang co:
+ Clng tan s0
+ Cung pha
+ Cung cung phin cuyc
+ Cung huéng truyén
- Anh sdng do laser phdt ra c6 tinh k&t hgp
— Hién tugng phat xa tu phat xay ra tu nhi€n do cac dié€n ti luén c6
khuynh huéng chuyén tir trang thdi ning luong cao xudng trang thdi
on dinh c¢6 ning lugng thap hon
- Anh sdng do LED phat ra khong c6 tinh c6 tinh k€t hop



CAC KHAI NIEM CO BAN

= Vung nang lugng (Energy band):
— Trong chit ban din (hay chit rin ndi chung), cic mdc ning luong
101 rac nhau nhung rit gdn nhau
- céc dién ti xem nhu ndm & cdc viing ning luong (energy band)
— Trong chit ban din, c6 thé phan biét thanh hai viing ning lugng:
+ Vung hqé tri (Valence band): viing ning lugng thp, 1a ving ning
lugng bén virng cta dién tu.
+ Viung dan (Connection band): ving ning lugng cao
— Céc dién tf ¢6 thé nim & mot trong cdc viing ning lugng nay (ving
din hoidc viing hod tri) nhung khong thé nim gita cdc viing ning
lugng = energy gap



CAC KHAI NIEM CO BAN

v

= Vung nang lugng (tt):

T8 el
-0 Energy gap
e




CAC KHAI NIEM CO BAN

= Chat bin din (Semiconductor):

— Khi T= 0°K, tit c cdc dién t& déu tAp trung trong ving héa tri
(trang thai nang lugng 6n dinh), khong c6 di€n tU nam trong ving
dan - chit bian dan hoat ddng & trang thai cach dién

— T>0°K, mot s dién ti s& nhan ning luong nhiét va ~chuyé?n 1€n
vung dan c6 mic ning lugng cao hon = chat ban dan hoat dong
§ trang thdi dan

— Khi dién t& (electron) chuyén 1én viing din, né dugc goi 1a dién
td ty do va dé lai 16 trong torng vung hoa tri

— Ving hod tri 12 viing ning lugng 6n dinh clia dién t& = cdc dién
ti ludn cé khuynh huéng chuyén tir ving dan xuéng vung héa tri

— Thdi gian dién tif & ving dan trude khi di chuyén xuéng ving
dian dugc goi la lifetime t,.

— t; phu thudc vao loai bdn din

11



CAC KHAI NIEM CO BAN

= Chat bin dan (tt):

— Tai trang thdi cAn biing vé nhiét (T=const), s& luong dién tit di
chuyén tr viing ho4 tri 1én viing din va, ngudc lai, tir ving din
xudng vung hod tri 12 cAn bing nhau

— Mudn tao ra 4nh sdng (s6 lugng photon phat ra nhi€u hon so
photon bi hap thu) thi can tao ra mot trang thdi goi 12 “nghich
dao mat d6” (population conversion)

12



NGUON QUANG
(LIGHT SOURCE)

= Dinh nghia:
Ngudn quang 12 linh kién bi&n d6i tin hiéu dién thanh tin hiéu
dnh sidng c6 cong suat ty 1& véi dong dién chay qua né.
= C6 hai loai ngudn quang:
— LED (Light Emitting Diode)
— Laser ( Light Amplification by Stimulated Emission of Radiation)
= Budc séng do ngudn quang tao ra chi phu thudc vao vat
liéu ché tao:

hc 1,24
1= __ b
E,(J) Alum) E,(eV)

13



NGUON QUANG
(LIGHT SOURCE)

= Trong TTQ, ngudn quang dugc ch€ tao bing vat liéu bdn
dan, gom cdc vat liéu nhém 111 va V két hdp v4i nhau.

- GaP, GaAsP, AlGaAs, GaAs, InP, InGaAsP

InGaAsP
I ] 1 1
GaAs/InP
AlGaAs
e —
GaAsP
GaAs
r
05 06 0,7 0,85 1,0 1,3 1,55 A(um)

In, ,Ga,As, P,: thay ddi cdc gid tri x,y phi hop sé tao ra 4nh sing

c6 buGc song thich hgp
14



NGUON QUANG
(LIGHT SOURCE)

= D6 rong pho:
— Trong TTQ, 4nh sdng do ngudn quang phét ra khong phai tai mot
budc séng ma tai mot khoang budc song:
+ Céc dién t nim trong mdt ving ning luong chit khong phdi & mot
muc nang lugng
+ Cdc dién tt khi chuyén tir cdc cdc mic ning lugng E; trong vung

din xu6ng mitc ning lugng E. trong viing ho4 tri s& tao ra photon c6
budc song:

1,24
E, (eV)

+ Do ¢6 nhiéu mic ning lugng khic nhau trong c4dc vliing ning lugng
nén s€ c6 nhiéu budc song dnh sang dudc tao ra

15



NGUON QUANG
(LIGHT SOURCE)

= Do rong phd (tt):
T E

Vung din
(Conduction band)

Viing hod tri
(Valance band)

N ®
~ 2,
- » chuan hod
~ ®

1,24

A (um) = E_(eV)

16



NGUON QUANG
(LIGHT SOURCE)

= Do rong pho (tt):

— Ph4n bd mat dd dién t trong viing dan va viing ho4 tri khong
déu nhau = cdng suit phat quang tai cdc bitdc séng khic nhau
khong déu nhau

— Bttdc séng c6 cong suat 16n nhat dudc goi 1a bitde séng trung
tam. Budc séng nay thay doi theo nhiét dd do phan bd mat dd
dién tr trong cdc ving ning lugng thay ddi theo nhiét do.

— Do rong pho: khodng budc séng dnh sing do ngudn quang phat
ra c6 cong suat bing 0.5 1an cdng suit dinh

— Do rong pho 1am ting tdn sic cla sdi quang = han ché cu ly va
tdc do bit truyén cla tin hiéu

\N Ve N\ A" * A A A" A\
- Lam cich nao d€ giam d rdng pho cua ngudn quang?
17



LED
(Light Emitting Diode)

= Nguyén ly hoat ddng: dua trén hi€n tugng phat xa ty phat
= Ciutao:
— Phadt trién tr diode ban din = ti€p gidp pn dudgc phan cuc thuin

— Trén thyc t€, LED ¢6 cau tric phu’c tap hon, gom nhiéu ldp ban din
dé dap tng ddng thdi cdc yéu cau ky thuit cia modt ngudn quang

= Qua4 trinh phat quang:

18



LED
(Light Emitting Diode)

! +|V|'
||

Ving hi€ém

p (Depletion region) n
thlt xa ty phat : - |+ V>VD
OO+ _— ©
é photon s
- VD +

® L0 trong

E | P
E A © Dién tf

ph =V




LED
(Light Emitting Diode)

R
Tt LSS
. P L 2

/
L——
-
BN
R
PR
t '.. M »

| Tiép xtic P -
T LTI,
—LLL =L Lép cach dign (A5,05)

_ Lép chéing phin xa

———ed

- Lop P-GaAs (chuéch tén)
. Lép N-GaAs (Nén)

Pz Z f/"/////_/,é—_

Tifp xtic N

Cau triic LED tiép xiic mit GaAs

o

r,....__'I‘iﬁp xic N

 Lép N - GaAs (6p nén)

Ving phét sdmg .

L Lén N - AlGaAs -

1 _—~——
Lép P - AlGaAs (16p tich cuyc)
1~

Lép P*- AlGaAs
- L8p céch-dién - AL,O,

Tifp xic P (dudng kinh nhd)

Cau tric LED Burrus

s Phin loai:

— LED phat xa mat SLED (Surface
LED):

+ Anh sdng phdt ra & phia mit cla
LED

+ Hiéu suat ghép 4nh sdng vao sgi
quang thap

+ LED tiép xtic mit GaAs, LED
Burrus ...

20



LED
(Light Emitting Diode)

Tidp xic P
“///_- Céch dién S0,
Viing phét sang
/ < (I6p tich cye)
/ .
Lp P- A1Gaks TR
Ldp P- A1GaAs
_LépN- AlGans—
s Sty SO © " TNTiép xtc N

CAu triic LED phét xa canh (ELED)

2

— LED phat xa canh ELED (Edge
LED):

+ Céc dién cyc tiép xtic (bing kim
loai) phu kin mat trén va day

+ Anh sang phatra va dudc gitf trong
16p tich cuc (active layer)

+ Ldp tich cyc rAt mong, 1am bing
vat li€u co6 chi€t suat 16n kep gitra
hai 16p P va N c6 chi€t sudt nho
hon = 06ng dan song

+ Anh sdng phdt ra & hai ddu 6ng din
song nay = phdt xa canh

+ Mot dau cia dng dan séng dudc ndi
v41 sg1 quang

+ Vung phat sang hep, goc phat sang
nho - hiéu siat ghép anh sang

vao sgi quang 16n. 21



LASER

(Light Amplification by Stimulated Emission

of Radiation)

= Nguyén ly hoat ddng: dua trén hai hi€n tugng:

Phat xa kich thich = khuéch dai 4nh sdng
Cong hudng = chon loc tan s (btroc séng)

= Ciu tao cua laser Fabry-Perot:

CAu tric nhi€u 16p bdn dan p, n

Anh sang phat ra va dudgc gilr trong 16p tich cuc (active layer)

Ldp tich cyc rit méng, 1am bang vat liéu c6 chi€t sudt 16n kep gitra
hai 16p P va N c6 chi€t suat nhd hon = 6ng dan séng

Anh sdng phdt ra & phia canh > phét xa canh (gidng ELED)

O hai du 16p 16p tich cuc phii hai 16p phan xa tao thanh Adc cong huong
Fabry-Perot 2 anh sing dugc tao ra va phan xa qua lai trong hoc cong
huéng nay

Anh sdng dugc dua ra ngoai qua mot phan dudc cit nhin cia mot

mat phan xa
22



LASER

(Light Amplification by Stimulated Emission
of Radiation)

MZt phan xa l .
_ "y | _: |
s .
4 Z. .
"\ Bén dan loai P
T / Ldp tich cyc
7 o Bén din loai N
I’/ T
Anh séng

23



LASER

(Light Amplification by Stimulated Emission
of Radiation)

= Anh sdng phit ra theo chi€u doc ctia hdc cdng hudng sé& bi
phan xa qua lai gitta hai mit phan xa.
s Trong qu4 trinh di chuyén theo chiéu doc ctia hoc cong
hudng s€ xay ra dong thdi 3 hi€n tugng:
— Hap thu = n, 0, Photon bi hap thy
— Phat xa tu phat 2 Ny onaneous PROtON dUGC tao ra
— Phat xa kich thich 2 ng,_....q photon dudc tao ra
= Diéu kién dé€ danh sing dugc khuyéch dai trong qué trong
phan xa qua lai gitta hai hoc cong hudng la:

n + nstimulated >N

spontaneous aborption

> Xdc sudt dé xdy ra phdt xa photon phdi Idn hon so vdi

viéc photon bi hap thu
24



LASER

(Light Amplification by Stimulated Emission
of Radiation)

= Di€unay c6 nghia 13 s6 electron nim & viing din n, (c6
ning lugng cao E,) phdi nhi€u hon s6 photon nim & viing
hoa tri n, (c6 ning lugng thip E))
- trang thdi nghich ddo nong dé (population inversion)
= O trang thdi binh thudng: n,>n,
- dé c6 thé dat dudc di€u kién nay cin phai cung cip ning lugng tir
bén ngoai du I6n
= D061 v4i laser ban din, ngudn ning lugng bén ngodi ndy
dudc cung cap dudi dang dong dién
- Dong dién t6i thi€u dé c6 thé xay ra qud trinh khuéch dai 4nh sdng

dugc goi la dong ngudng

25



LASER

(Light Amplification by Stimulated Emission
of Radiation)

» Di€ukién v€ cOng suat: g>a - (1/2L).In(R,R,)
— g, a 12 hé s6 khuéch dai va hé so suy hao trong hdc cong hudng
— g, o phu thudc vao dong dién kich thich

Lép phan xa ) ALC’P thln Xa
c6 hé so phdn xa R, c6 hé s0 phan xa R,
Lop tich cuc
R, (1-R)PQL)—— R;R,P(2L) (active layer)
L R,PQL) R P(L) (1-R,)P(L)
—— P(0) P(L)
I P(z) = P(0) expl(g-a)z] ,

0 L 26



LASER

(Light Amplification by Stimulated Emission
of Radiation)

= Ngoaira, mdt séng dnh sdng ¢ thé tdn tai va dugc khuéch
dai ra trong hoc cong hudng con phdi thod di€u kién sau:
A=2L/m hay L=m.A/2
vdi L 1a chi€u dai ctia hdc cdng hudng; m =1,2,3,...
- Dic tinh chon loc budc séng ctiia hoc cdng hudng quang

© Active Repion

irror,

a) Hoc cong hudng b) Khong cong hudng ¢) Cong hudng
Fabry-Perot

Mirroc

27



LASER

(Light Amplification by Stimulated Emission
of Radiation)

= Pho phdt xa cta laser 1a tong hgp dac tuyen khuéch dai cia
day ning lugng va dic tuyén chon loc ctia hoc cong hudng

> Anh sdng do laser phdt ra ¢6 dd rong phd hep hon nhiéu
so v61 LED

= Phin loar:
— Laser Fabry-Perot

— Laser hoi ti€p phan bd DFB (Distributed Feedback Laser)

— Laser phdn xa Bragg phan bd DBR (Distributed Bragg Reflective
Laser)

— Laser hoc ghép C3 (Cleaved Coupled Cavity Laser)
— Laser hoc ngoai (External Cavity Laser)

28



LASER

(Light Amplification by Stimulated Emission
of Radiation)

Grating

s
Grating— I NANAAAAANANANNANNNNNLN T~
: " Active layer /w ;
Active layer ::nnz
Nguyén 1y cdu tao DFB Laser Nguyén 1y cdu tao ciia DBR Laser
= Guadng phan xa
_‘_; SR e RN ety A
e o I e T R N 1 N 5 FN >
pibu KHifN 1 | i xadN 2
Nguyén 1y céu tao cda C3 Laser Nguyén 1y ciu tao cua External Cavity
(Cleaved-Coupled-Cavity Laser) Laser

29



CACPAC TINH KY THUAT CUA
NGUON QUANG

= COng suit phdt quang:
— LA cong suit tdng cdng ma ngudn quang phit ra
— Phu thudc vao dong di€n kich thich

| Bﬁ.C tuyé,n P-I: P(MW) 0

— Cong suat phdt quang ctia
ngudn quang thay doi theo 1
dong dién kich thich.

— Laser chi hoat dong & ché SLED
do phat xa kich thich khi
dong dién kich thich I>L,, 5 =LED

— I,,- dong ngudng ,

— SLED c6 cOng suat phat
quang 16n hon ELED I(MA)

LASER

lng 100 200 30



CACPAC TINH KY THUAT CUA
NGUON QUANG

= (GOc phat quang:
— Cong suat 4nh sdng do ngudn quang phitra cuc dai & truc phit va
gidm dan theo géc hop vdi truc
— Go6c phat quang dude xdc dinh & mdc cong sudt quang gidm mot nita
(3dB) so v61 muc cuc dai

— GO6c phat quang cia SLED 16n hon ELED

Cong sudt

tuong dd — Mait bao cua géc phat quang cia Laser c6 mit
i .' e nén cé ddy hinh elip:
oel /o j + Theo phuong ngang vdéi 16p tich cuc: 5°- 10°
Mg é‘ 45 . + Theo vudng gbc vai 16p tich cuc: 40°
A A — G6c phat quang cta laser nhd = mat dd nang
Géc phit quang ciia SLED v ELED lugng anh sang do laser phat ra 16n

= Anh sdng do laser phdtra co thé gdy hai mat



CACPAC TINH KY THUAT CUA
NGUON QUANG

= Hiéu suit ghép quang:

— DPinh nghia: |:>0|Ot P, cong suit quang ghép vao sgi
TP P.: cOng sudt phdt quang cda ngudn quang

S
— Hiéu suit ghép quang phu thudc vao:

+ Kich thuGc vung phat quang

+ G6c phdt quang clia ngudn

+ Gobc thu nhan (hay NA) clia sgi quang

+ Vi tri twong d6i giffa ngudn quang va sdi quang
+ Budc song anh sang

viing phat séang

£i&u chinh N A o e 1___ _____ e —

ngudn va soi- NGUE::N QUANG L&i sgi

-\ 3 a 1)
Géc phat cla ngudn Gidc thu nhén cia sJi 32

4,



¥

CACPAC TINH KY THUAT CUA

NGUON QUANG

= Hiéu sudt ghép quang (tt):

— Hiéu suit ghép quang cia mot loai ngudn quang:

+ SLED: 1-5%
+ ELED: 5-15%

+ Laser: - 60% doi v6i soi don mode (SMF)

-90% d61 véi soi da mod

— Mot s6 phuong phdp ghép dnh sdng tir LED vao sdi quang:

!

ALl

: {v)

33



CACPAC TINH KY THUAT CUA
NGUON QUANG

= Do rong phd (Spectral width):
— Ngudn quang phdt ra cong suit cuc dai § budc séng trung tim va
gidm dan v€ hai phia

A

>

Cong suit

A Pal /(7 \ p< yd
— D0 rong pho 1a khoang budc séng chu&n hod 1|

ma cong suit quang khong nhd hon
A ~, v A A ) 05
phan nita muc cong suat dinh

— Laser c6 dd rong pho rat hep so v6i LED:
+ Laser: 1- 4 nm
+ LED: 35-100nm

— Mot s6 loai laser (DFB laser) dugc st dung trong k§ thuat WDM c6
AL < 0,1nm

34



CACPAC TINH KY THUAT CUA
NGUON QUANG

= Thoi gian chuyén 1én (Rise time):
— La thoi gian d€ cong suit ra ting tir 10% dén 90% mifc song suit on
dinh khi c6 xung dong dién kich thich ngudn quang

A

Cong suit tuong doi

1 b-----
0977 ,

01t | t

»
>

— Thdi gian 1én 4nh hudng dé€n toc do bit clia tin hiéu diéu ché
- Mudn di€u ch€ & toc do bit cang cao thi ngudn quang phdi c6 thdi
gian chuyén cang nhanh

— Thai gian chuyén cta Laser (khong qué 1 ns) rat nhanh so véi LED
(2-50 ns tuy loai) 35



CACPAC TINH KY THUAT CUA
NGUON QUANG

= Anh huéng cua nhiét do:
— Buéc séng thay ddi khi nhiét do thay doi
- 4nh hudng 16n d€n hé thong truyén din quang ghép kénh phan
chia theo budc song (WDM)
— DoOng ngudng cua Laser thay d6i khi nhiét do thay doi (+1%/°C)
—> Laser chiu anh hudng bdi nhiét d6 16n hon so v6i LED.
- can phdi 6n dinh nhiét cho Laser

— Laser thudng dudc ché tao du6i dang module, bao gom cdc thanh
phan on dinh nhiét cho Laser.

36



LINH KIEN TACH SONG QUANG
(PHOTO DECTECTOR)

Pinh nghia:
Linh kién tach séng quang 12 linh kién bi€n ddi tin hiéu 4nh sdng
thanh tin /hiéu dién c6 cudng dd dong dién ty 1€ v4i cOng suit 4nh
sang chi€u vao no.
Nguyén 1y hoat dong:
— MB0i ti€p gidp pn phin cuc ngudc
— Hién tudng hap thu (absorption)
C6 hai loai linh kién tach séng quang dudgc st dung:
— PIN: diode thu quang c6 3 16p baindan P, I, N
— APD (Avelanche Photodiode) : diode thac la
Viung budc budc séng hoat ddng cia linh kién thu quang
phu thudc vao vat liéu ché tao

37



LINH KIEN TACH SONG QUANG
i (PHOTO DECTECTOR)

= Hiéu suit lugng tf (Quantum Efficiency)

n=—2= n.: sO lugng dién t tich ra
Moh n,,: s6 lugng photon chiéu vao

— Hiéu suit bi€n ddi quang-dién
— 1 clla mdi vat liéu thay doi theo budc séng 4nh sdng

nit 100 Si Ge
BD |
nGaAs
80 ] . |
4 |
20 . +-

o4 . 08, mE 10 13 W 1a Alpm) 33



CAC PAC TINH KY THUAT CUA
‘L LINH KIEN TACH SONG QUANG

= Dap tng (Responsivity):
I

R—_P L,: dong quang di€n
P P,,: cOng suit quang

— Phu thudc hiéu suit lugng tif ctia vat liéu bitoc séng hoat ddng

R{AMWH 10

0,9

b

07
06
0,4
03 e
02| /S
sife i

. 39
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LINH KIEN TACH SONG QUANG
(PHOTO DECTECTOR)

+

= Qua trinh tach song quang:

40



LINH KIEN TACH SONG QUANG
(PHOTO DECTECTOR)

= Nhin xét:
— Qu4 trinh hap thu x4y ra chi yé&u trong ving hi€m (ving c6 it cdc
di€n tich ty do)
— Vung hi€m dugc tao ra tw nhién = hep = hiéu suit thap
— Mudn ting hiéu suit bién d6i quang-dién (hiéu suit luong tk):
+ Tang do rong ciia ving hiém bing c4ch ting dién 4p phan cuc =
khong hiéu qua
+ Dit gitta hai 16p ban din P va N mot 16p ban dan c6 do rong 16n co
tinh cht twong ty nhu viing hi€m
-> diode thu quang PIN

41



DIODE THU QUANG PIN

= Ciu tao: gom 3 16p ban dan P-I-N, trong d6 I (Intrinsic)
12 16p ban dan khong pha tap chat hoic pha véi ndng do
ratthAip Sah sing

_ Ldp chdng phin xg |
' — Vaing ti&p xtc (kim loai)
— Céch dign (SiOy)

12717 T I 7 777 7i-— Tip xbc (kim loai)

= Quaé trinh hip thu photon x4y ra trong 16p 1
= L&pIcang day thi hiéu suat lugng tif cang cao nhung thdi
gian troi cua cac dién tif s€ cang chAim - giam kha niang

hoat dong vdi toc do cao ciia PIN
42



DIODE THU QUANG APD
i (Avalanche Photo Diode)
= Ciutao: gom 4 16p P*PP N-, trong d6 P+ va N- 12 hai 16p

ban din c6 nong dd tap chit rat cao, con P-1a 16p ban
din c6 nong do tap chat rat thap (thay cho 16p I cia PIN)

= Qu4 trinh bi€n doi quang-dién:

43



DIODE THU QUANG APD

(Avalanche Photo Diode)

ot} s

“et CPFaw) ’ B N _ R
S " : ‘a. Nguyen I cf tao
i |

Nt
~+ b.Phan b8 cuding dd

dién trubng

. | c Qué trinh nhan dién
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DIODE THU QUANG APD
(Avalanche Photo Diode)

= Hiéu suit lugng tf trong APD: n >1
= Dong quang di€én do APD tao ra:

R: dap ung (A/W)
Iph = R.M.Popt M: hé sd nhin

P,,: cong sudt quang

= Hé s6 nhin M:

La s6 dién tf thit cAp phét sinh tng v6i mot dién t so cap

Thay d6i theo dién d4p phin cuc ngudc

Phu thudc vao nhiét 0 = tinh 6n dinh cia APD kém

Vung thac 1 cang 16n thi hé s6 M cang 16n, nhung thdi gian troi
cua dién t cang chAm nén tdc do hoat dong cia APD gidm
M= 10-1000 lan, nhung trén thuc t€ M dugc hiéu chinh biang 50-

200 1an dé€ gidm nhiéu
45



CAC PAC TINH KY THUAT CUA
LINH KIEN TACH SONG QUANG

= D0 nhay (Sensitivity):

— La mifc cong suit quang thap nhat ma linh kién thu quang c6 thé
thu dudc véi mot ty s6 10i (BER) nhat dinh

— Phu thudc vao loai linh kién tach séng quang va muc nhi€u ctia

bo khuéch dai dién
— T&c d6 bit ruyén dan cang cao thi dd nhay cta thi€t bi thu cang
kém
— APD nhay hon PIN (tir 5dB dén 15dB)
P nhay (dBm) 4
-30 PIN,
40 '
50
60 ~" .
10 —

1 10 100 1000  Tée dp bit (Mbit/s) 46



CAC PAC TINH KY THUAT CUA
LINH KIEN TACH SONG QUANG

= Dai dong (Dynamic Range)

— La khodng chénh 1éch giita mifc cong suidt quang cao nhit va
mic cong sudt quang thip nhat ma linh kién thu quang c6 thé thu
dugc trong mot gidi han ty s6 161 (BER) nhit dinh

Iph 4 -

1
>
Dii ddng ’Hﬁn;hhhbﬁ' Popt

€

— Phu thudc vao loai linh kién tdch séng quang, do tuyé€n tinh va
gidi han bdo hoa ctia bd khuéch dai thu

— D4&i ddng ctia APD rdng hon so vdi PIN vi ¢6 thé di€u chinh dugc
biang cach thay ddi dién d4p phan cuc d€ thay ddi hé s6 nhin %I.



CAC PAC TINH KY THUAT CUA
LINH KIEN TACH SONG QUANG

s Tap am (Noise):
— Tap Am nhiét:
+ Do dién trG tai cua diode thu quang ciing nhu trG khang vao cia bd

khuéch dai
+ Phu thudc vao nhiét do, bé rong bing tap Am, dién trd tai:
AKT
|t2 -B
R

— Tap 4m lugng tu:
+ Do bi€n ddng ngiu nhién ning lugng clia cdc photon dap vao diode
thu quang
+ Dong tap am lugng tu: | =2e.RP,.B=2el .B
— Tap 4m dong toi:
+ Dong di€n nhiéu do c4c diode thu quang phat ra khi khong c6 4nh
sdng chi€u vao
+ Dong t01: |q2 =2e.i,.B
48



LINH KIEN TACH SONG QUANG

= Do 6n dinh:
Do 6n dinh ca PIN t6t hon APD vi hé s6 nhan M cia APD vita phu
thudc vao dién 4p phan cuc vira thay doi theo nhiét do
= Dién ap phan cuc:
— APD can dién 4p phan cuc cao hon PIN
— APD: hang tram Volt

— PIN: thuong dudi 20 volt

‘_L CAC PAC TINH KY THUAT CUA
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Thong tin quang
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NO1 dung

% Toéng quan vé hé thong thong tin quang
% Co s& thong tin quang

v' Soi quang

v Ngubn quang

v' B0 thu quang

» Coéng nghé SDH va WDM
> Thiét ké tuyén théng tin quang

L)

4

)

L)
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Tdng quan vé hé thong théng tin quang

= Lich st phat trién ctia nganh théng tin quang

= Cac wu diém cla hé théng théng tin cap soi quang

= C4c thanh phan co ban trong hé thdng théng tin quang
= Xu hwéng phat trién cta hé thdng thdng tin quang
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Lich st phat trién ctia nganh thdng tin quang

= 1960: T. H. Maiman phét minh ra W === [ T [ 1 T 1
laser. F f i

= 1966: K.C. Kao va G. A. Hockham 1042 |— Optical amplifiers ¢ —
phat minh ra s¢i quang. Suy hao i g
&n: 1000 dB/km. ok ol -

= 1970: K. P. Kapron ché tao soi : T £
quang suy hao 20 dB/km & buéc S ol Mimm’/ N
song 1um. = Cascil cities v
- GaAs larser: dwoc ché tao thanh s i
cong - ]

= 1980: hé thong thong tin quang s T RN N
dwoc st dung rong rai Year

BL: Bit-rate — distance product
B: Bit-rate (Mb/s)

L: Repeater distance Slide 5



Bit Rate (Gb/s)

10000 e ]
B
3
1000 _D.r'J __"v" i
Rescarch o 2
100 R Ej..-{':' .
10 | pye BT BT i
' - DD Commercial
e i
- £l
0.1 ke -
]
e e
1480 1985 1940 19494 2000

Year

2005

Sw phat trién cla thdng tin quang
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* 1G: 0.8 yumva GaAs.

= 2G: 1.3 umva InGaAsP i ! '
(0.5dB/km) w:' v

= 3G:1.55 ymva InGaAsP M R :
(02d B/km) Doubles Every Year

ZhdAy

Third -~
Generation

Second
Generation

= 4G: KD quang dé tang khoang
lap & WDM (1.53-1.57 ym) dé
tang dung lvong. . | | | |
- 5G téng khOéng bU’é’C Sc’)ng 1975 1280 ‘I:Bﬁ 1990 1995 2000
trén 1 kénh WDM va dung -
lwong trén 1 kénh.

Capacity-Distance (Gb/s - km)
3 3

| First
Generation

-
=
oy

i
I

- truyén dan soliton
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‘a 65?
D
C antat 3
L FLR S | __l
Gomim
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=
-
- e
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International undersea network of fiber-optic communication systems around 2000
27.000: Au — A (1998) va 35,000: Chau My (2000)
- Internet: 250.000 km — 2.56 Tb/s (64 kénh WDM: 10 Gb/s trén 3 s¢i quang ) (2002)
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Céac wu diém cla hé thong thdéng tin cap soi quang

= Suy hao truyén dan thap va bang théng rong

= Khong chiu anh hwdng cua séng dién tw

= Xuyén am gitra cac soi day khéng dang ké

= Tranh dwoc sw chap mach dién hay bi ndi dat, sam sét

= Po an tpén va bao mat théng tin cao, tudi tho dai va kha
nang dé khang voi mai trvong.

= Trong lwvong nhe, kich thwéc nho

= Vat lidu ché tao ¢ rat nhiéu trong thién nhién va cé gia
thanh ré

. Nhwoc diém: dau ndi kho va khéng truyén tai dwoc
nang lvong dién
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Céc thanh phan cla hé thdng théng tin quang

Input

=31 Optical transmitter f———

Output

Communication L Optical receiver |

channel

Figure 1.10: Generic optical commumnication system.

= Khdi phat quang
= Khdi thu quang
= Mbi trwdng truyén dan: soi quang
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Khoéi phat quang

| Electrical

Driver input
Optical i Modu lator
source

Channel
coupler

Optical
output
_,-

Figure 1.11: Components of an optical transmutter.

Ngudn quang: laser ban dan hoac LED
Khoi diéu ché
Bd ndi quang: ghép tin hiéu quang v&i sgi quang
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Khoi thu quang

—> Bién ddi tin hiéu quang thanh tin hiéu dién ban dau. B§ thu quang phai thich hop véi
bo phat ca vé budc song sir dung va phwong thire diéu che.

Elzctronics
Cotical Zlectrical
npar .
i Caanrel cutput
couplzr Fhatedetecior - Demodulator  |r————

Fignre 1.12- Comporents of an optical recerver

= B ndi quang: dwa tin hiéu quang tlr soi quang vao
= BQ tach sdng quang: bién tin hiéu quang thanh tin hiéu dién
= BJ gidi diéu ché: khdi phuc tin hiéu dién nhw ban dau
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Chwong 2: Co sé thong tin quang
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NO1 dung

» Co sé& théng tin quang
v' Soi quang

v Ngubn quang

v B0 thu quang
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Cau tao va phan loai soi quang

Céau tao: Gom 2 1op

- 1Gi (core): n1

- vO (cladding): n2

Phan loai:

Soi quang chiét suat nhay
bac don mode (SISM)
Soi quang chiét suat lién
tuc don mode (GISM)

Soi quang chiét suat lién
tuc don mode (GISM)

Step-index fiber

Graded-index fibar

g

Radial distance

Soi quang chiét suat nhay bac

Indes

o

Radial distance

Soi quang chiét suat lién tuc
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Sw truyén dan anh sang trong soi quang

< Nguyén ly phan xa toan phan:
Dinh ly Snel:

n,.sin @, =n,.sin g,

. n o .
= sing, =—sing,
",
= Pé: ), > = n >n,
=90° in g, = 2
£ $=90" = sing ="
1

> Goéc téi phai lén hon goc gidi han

Normal :
n, Tia khuc xa
.....and escapes
When the angle of -
incidence is e
more than the .
critical angle.. ... .....Ahe light is reflected
Tia toi . 2
i Tia phén xa
At less than the;
critical angle
it crosses the

boundary.....

L}
M91q

The angle stays the same all the way along

a ray of 2 2 : Q0 -
light It

A length of optic fiber
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Sw truyén dan anh sang trong soi quang

< Truyén dan anh sang trong soi
quang chiét suat nhay bac:

Unguided ray
Ty o
= ¢/ |
n, =c/v |
’

r . I’\ }’\ > ~ e . B{‘ I
Trong do n,: chiet suat cua 10i s¢i quang I — Guided ray

¢: van toc Anh sing —
V: van toc truyén trong moi truong ////////////453}@}5;5%////////

Figure 2.2: Light confinement through total internal reflection in step-index fibers. Rays for
which ¢ = @ are refracted out of the core.

Hai tia truyén v&i quang dwong khac — fefiective index Rey pats

nhau, cung mét tdc do truyén > Hién "1 cladding |

twong tan sac oy Vﬂ
M| \/ i

=) Soi Sl khong thé ding dé truyén tin ~ —l...ceddms |
hiéu vo&i toc d6 cao qua cw ly dai
_A‘— -

output pulse

Slide 5
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Sw truyén dan anh sang trong soi quang

Logic0. .1}

‘ cofedono GENSING level
Logic 1 .

Data 1 0 1 _>
Fiber fink

..-"'"“-'-

¢

——

_ Sensing level

Cata «+—1—»

Anh hwéng ciia hién twong tan sic
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Khai niem mode va phwong trinh xac dinh mode truyén
dan, so lwong mode toi da:

= Mode truyén dén: la cach thirc phan bo theo khéng gian clia néng
lwong quang hoc trong moét hay nhiéu chiéu toa dé.
= Phuwong trinh xac dinh mode truyén dan:

2 2n.d

: —20 =2mnm
A, cos@_

Trong d6 n,; d: chiét suat va duong kinh cla 15i soi quang
A 0 budc song anh sang trong khong khi
5 : gbc dich pha khi phan xa

O <<2m;m>>1
2n, d

—) cosd, = 3/ > cosd, ==

/10
(dxNAxm/A)
2

Khau d6 s6 NA (Mumerical Aperture) = (n,2 - n,2)!/2

» SO lwong mode t6i da dwoc truyén: NM =
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Khai niem mode va phwong trinh xac dinh mode truyén
dan, so lwong mode toi da:

= Piéu kién dé soi quang chiét suat nhay bac chi truyén dan don mode:
- Tan s6 chuan hoéa (V):

2
y =28 -y

V' <2,45 :Pon mode

Slide 8



< Soi quang chiét suéat lién tuc:

Isi ”-I[I —ﬂ[P,-IH]'Efl P <a,
”[p]_{m{l—ﬁ}:uz . p>a,

> Quang duong truyen khac nhau
co toc do truyén khac nhau - giam
tan sac

Slide 9



Suy hao trong s¢i quang

Beer's law: dP/dz = —al

He so suy hao: o (dB /km) — —IL—O log, (‘?_‘j‘")
n

Localised change in refractive index
{not to scale) N\

cladding

incoming light “\;ﬁf/" o
o e 3 e« ©) e

This is the scale size —s-
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Cac nguyén nhan gay suy hao trong s¢i quang

= Suy hao do hap thu
= Suy hao do tan xa
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Suy hao trong s¢i quang

In fiber optics, we find it more convenient to use the wawvelength Losses due to
of the light instead of the frequency. Medium distance Long distance water absorption
The conversion is:  wavelength = speed of light in free space data telecomms

3 dB Long distance

telecomms
LOSSES
(dB)

0.4 dB

0.2dB

Wavelength

10'Hz

850 nm window
1300 nm window
1550 nm window

0 Hz
Low Frequencies High Frequencies ——— Practical result
............. Theoretical losses

Pho suy hao ciia s¢i quang
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Cac nguyén nhan gay tan sac trong soi quang

= Tan sac mode
= Tan sic thé
= Tan sac chat liéu

Slide 13



Chwong 4: Cong nghé WDM
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Optical window for WDM system

20 T T T T T I T _
m mm . channel spacing
E N i 3 Garr ie-.r‘fll.-u;,u:.'l..i-en !
: "
w10
:
 as
C

Wave g \ﬂh {." e
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:'.1 '-"1
Tx —. :: Rx
:".2 12
Tx e
[ ] - -
Optical
fiber
L -
Ay A
Tx - : B
Mulliplexer Cernultiplexer

BL=(B,+By+-+By)L
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High capacity WDM transmission experiments

Table 8.1 High-capacity WDM transmission experiments

Channels | BitRate | Capacity | Distance | NBL Product
N B (Gb/s) | NB(Thfs) | L km) [{Pb/s)-km]
120 20 2.40 6200 14 88
132 20 2.64 120 0.317
160 20 3.20 1 50C 480
82 30 3.28 300 (0,984
256 40 10,24 100 1.024
273 40 10.92 117 1.278&
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Wide-Area and Metro-Area network (WAN - MAN)

Jm AN = -“lE{Z.i;E;-j."-i;ﬂ:dE- '
s, EM = Egress Node
.j_: Backbone Hﬂﬂuﬂf!; [} = Passive Splitter

;i of A&dd/Drcp
= Customer F"r| I‘l"lrl-_-l'_"E.

\tﬂstrl‘nmlﬂn
/ Networks

Oirecty Corracrod
Ca% fearniger

Active
Lirectiy ]
*|ADM o noetod
J_ Activa |1|;:||.|1~ &*

& ADM | Ring 1_..1'.

Figure 8.4: A WDM network with a feeder ring connected to several local distribution networks.
(After Ref. [20]; © 1999 IEEE; reproduced with permission.)
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Thiét bi quang WDM

Tunable Optical Filters
Multiplexers and Demultiplexers
Add - Drop Multiplexers

Star Couplers

Wavelength Routers

Optical Cross-Connects
Wavelength converters

WDM transmitters and receivers
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Tunable Optical Filters

Pigzoolectric bransducer Input 3-dB ——| T
L ol ol ¥ coupler T :
F ber =~ * Mirrars J,-’l || i
o i o B Delay
- r 1 | Grating
L] -
A ] MmN
(i Pl ir s A i i e Tsi
(] i)
Input 3-dB 3-dB
ReDpiEE i coupler L] L1l
' — =TT == —
' Jelay _\._/-: L / Plod
: LiNB0s wave guides :\'/
_,/}{1 LN f\__
— ! I 1 ] T —
Accustic wave |
kh (d)

Figure 8.8: Four kinds of filters based on various interferometric and diffractive devices: (a)
Fabry—Perot filter; (b) Mach—Zehnder filter; (c) grating-based Michelson filter; (d) acousto-optic
filter. The shaded area represents a surface acoustic wave.
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Multiplexers and Demultiplexers

Silicon
Ciptical Conventional lens grating

fioer

fal

Graded-index lens

M P — —
-—-'.-...,__._-

o A — ———

A3 — T——‘_*——_—:‘%
ey

3-]"‘-'-2*13

1]

Figure 8.9: Grating-based demultiplexer making use of (a) a conventional lens and (b) a graded-

index lens.
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b 3 A Mz
2 T 1% :

:'".3"' "“r!l :'le-.'l'.zfil}-r?._q.

b g N\

Figure 8100 Layout of an integrated four-charnel waveguide muliplexsr based on Machk—
Fehnder inmerferometers. (Afier Ref. [69]; () 1988 IEEE; reprinted with permission.)
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Add - Drop Multiplexers

woM |

—_—
Input

Port 1

Demubtiplexer

. i | wow
VA : o
v — - |
ln% -FFH_'_.:-F"'-#-
fa)
HRHEERESEY Poit 3
T N, Coupler
L
ERABRETENE Part 4
LE-})

Figure 8.12: {a) A generic add—drop multiplexer based on optical swilches (05): (b) an add—
drop filter made with a Mach—Zehnder interferometer and two identical fiber gratings.
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Add - Drop Multiplexers

Circulator

1l
1)
| El'-ﬂinqll|

DROP % ADD DROP}, ADD 3,
(a) (b)

Figure 8.13: (a) Two designs of add—drop multiplexers using a single cptical circulator in com-
bination with fiber eratings. (After Ref. [94]; @©2001 IEEE; reprinted with permission.)
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Figure 8.14: An 8 x 8 star coupler formed by using twelve 2 x 2 single-mode fiber couplers.
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Star Couplers

__\\

—— - =
i

)

'

Figure 8.15: A star coupler formed by using the fused biconical tapering method.
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Wavelength Routers

AWG arraved-waveguide grating . L

A Lo por H =

A he b i B - r| I - & _-.-._';. ——a bt haf Ls g wo

Aa ks o e R —— |2 AN "q_"_fr___u. % i s

[Ee Go 31 Ae Aol - 1.;\:):%"'. % e R R R

e _F.;_;.r
L L I e ™ oy a0 | Ry DR 51 L
hiowr W ki As e | s -_':::"-":_ LA S W E1 1Y

B g S02/51 ¢r InP
e o wa“.’EEl.lldEE

Star
coupler
F iy
L 7 — Waveguide _ N
= 2 ratin d *
% . o = = h, W a 35
Gt o G
l_;l' [ =

Figure 8.16: (a) Schematic illustration of a wavelength router and (b) its implementation using
an AWG. (After Ref [79]; ©1999 IEEE. reprinted with permission.)
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Optical Cross-Connects

Space
Switches Mux

1

L]

Added Crooped

Figure 8.17: Schematic cf an optical cross-cornact based on optical switches.
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Wavelength converters

, | Pu 'E'Ed Filter
A1 : )] . A2 \ /
Receiver +——s—— Transmitter
| j—/\
i —h-

CW Pulsed
(e}
M_ : Filtar @)
! H Active layer !
—r- : . Filter
e o D o B iz Al Active layer l N
Az — e :__2
SLA —L_|_|_ T
(CW) SLA
fi}]
(ed)

Figure 8.20: Four schemes for wavelength conversion: (a) optoelectronic regenerator; (b) gain

saturation in a semiconductor laser amplifier (SLA): (c) phase modulation in a SLA placed in
one arm of a Mach-Zehnder interferometer; (d) four-wave mixing inside a SLA.
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WDM transmitters and receivers

Facet

e

Fibar

Figure 8.21: Schematic of a WDM laser made by integrating an AWG inside the laser cavity.
(After Ref. [137]; ©)1996 IEEE; reprinted with permission.)

AWG arrayved-waveguide grating
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Solutions

5.1

8.2

Dry fibers have acceptable losses over a spectral region extending from 1.3to 1.6

pm. Estimate the capacity of a WDM system covering this entire region using:

40-Gb/s channels spaced apart by 50 GHz.

The C and L spectral bands cover a wavelength range from 1.53 t0 1.61 gm. How
many channels can be transmitted through WIDM when the channel spacing 1s

25 GHz? What is the effective bit rate—distance product when a WDM signal
covering the two bands using 10-Gb/s channels is transmitted over 2000 km.

A 128 »« 128 broadcast star 1s made by using 2 x 2 directional couplers, each
having an insertion loss of 0.2 dB. Each channel transmits 1 mW of average
power and requires | W of average received power for operation at 1 Gb/s,
What 1s the maximum transmission distance for each channel? Assume a cable
loss of .25 dB/km and a loss of 3 dB from connectors and splices.
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Phan loai thiét b

| quang

1. Terminal

+ 1 may: ghép kénh + truyén dan (Fuijitsu)
+ 2 may: ghép kénh riéng va truyén dan riéng (Siemens)

2. ADM STM -4 STM -4
P EEE—
) ADM
3. Repeater 2-34-140 Mb/s
STM - 1
8x
— O/E - E/O >

4. DXC (Digital Cross connect)

>

DXC
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Thiet ké tuyén théng tin quang

Yéu cau thiét
2 BB ly can thist ké
< Dung lwong dwdng truyén

Chon thiét bi thich hop: Cho biét cac thong so ky
thuat cua cua thiét bi

Cong suat phat: Psmax, Psmin

Cong suat thu: Prmax, Prmin

Sc¢i quang str dung

Bwdéc song sir dung
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Cac budc thiét ké

STEP 1

STEP 2

STEP 3

What transmitter
power do we need?

-) Pg

T ﬂ SMA connector

Find the minimum power

losses for the system Transmitter

Fusion splice

Pr

SMHCOI‘II"IEC[OI’

Receiver

20m 3.74 km

~

Find the maximum Fiber lengths

likely power losses

Supply the maximum

losses without causing —>
an overload if losses

are at their minimum level

20 m

All of these fibers have a loss of 3.5 dBkm™

Lap thém cudn suy hao

Minimum acceptable
power = -25 dBm
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Tinh céng suat suy hao toi thiéu cia hé thong

¢ Suy hao:

{ S-R=0a,+a,,

Olgl.

v’ Suy hao soi quang: a,, = a[dB/km]x L|km]

v’ Suy hao moi han:  a,, =a|dB|.N

N — L(km) O L: @6 dai cta tuyén
D(km) D: do dai ctia mdi cudn cap

v Suy hao giac: a, =a|dB|.M
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Tinh cdng suat suy hao toi da clia hé thong

= Cdng suat suy hao toi thiéu
= COng suat suy hao dw phong: cho slra chira, thoi
gian...
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Thiét ké tuyén quang

mW dBm
A
r max — Smax T amax
PSmax
Prmin — S min _})amin PSmin
A . Prmax PRmax
Patyéu cdu <{=m :[:
Prmin
PRmin

P.... < Prmin = tdng céng suat phat

P.min > Prmax = 1ap thém cudn suy hao
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Vi du:

= Thiét ké tuyén thdng tin quang Ha Néi — Bac Ninh cw ly 28 km.
= Dung lwong yéu cau: B =622 Kb/s (STM-4)

Chon may Fujitsu FLX 150/600 - L.4.1

A=1310 nm

Loai soi: G.652 (0=0,4 dB/km)
Pgax =2 dBm

Pg.in =-3 dBm

P = -8dbm

P =-28 dBm

Rmax

Rmin
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Co so¢ théng tin quang:

- SQi quang

- Nguodn phat quang

- Pi6t thu quang

Cong nghé PDH, SDH

- Chuan ghép kénh: Toc dd va cau trac khung
- Ghép tach kénh

Cong nghé WDM

Thiét ké tuyén quang
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