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nghi€p . PO 4n gbm c¢6 2 phan:

Phan Ly thuyét
CHUONG 1: TONG QUAN VE HE THONG THONG TIN QUANG
CHUONG 2: SOI QUANG VA CAP QUANG
CHUONG 3: THIET Bl PHAT VA THU QUANG

CHUONG 4: KY THUAT GHEP KENH PHAN CHIA THEO THO1
GIAN

Phan Tinh toan va Thiét ké
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CHUONG 1: TONG QUAN VE HE THONG THONG TIN SOT QUANG

1.1 GiGi thiéu chuong
Trong chuong niy nham trinh bay m6t cich chung nhat vé hé thOng
thong tin sQi quang.
1.2 Pac di€m nGi bat hon hé thOng cap kim loai 1a:
Suy hao truyén dan rat nho.
Bing tan truyén dan rat 16n.
Khong bi dnh hudng cla nhi€u dién tlr.
C6 tinh bdo mat tOt.
C6 kich thudc va trong tdi nho.
S0i ¢6 tinh cdch dién tOt va dugc ché tao tUr vat liéu cé san.
1.3 Hé théng truyén dan quang
Tin hiéu dién tir cdc thiét bi dau cubi nhu: dién thoai, dién bio, fax sO
liéu... sau khi dugc ma héa s& dua dén thi€t bi phat quang. Tai diy, tin hiéu
dién s€& dugc chuyén dGi sang tin hi€u quang. Tin hi€u trong sult qua trinh
truy€n di trong sOi quang thi s€ bj suy hao do d6 trén dudng truyén ngudi ta

dat cac tram 1ap nham khéi phuc 1ai.
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Hinh 1.2: Cu hinh cUa hé thOng thong tin
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1.4 Két ludn chuong ) ‘ quang.l ]
Qua chuongl: tdbng quan vé hé thdng thong tin quang. Ta thay hé
thong thong tin quang ngay cang dudc s dung rOng rdi vGi nhitng Uu thé nbi
bat ma cic hé thOng khic khong c6 dugc vé dac tinh kY thudt va hiéu qua
kinh t€. Tuy nhién, d€ danh gia su' thanh cong cla mOt hé thOng khong thé
khong néi dén vai trdo cla sOi quang va cdp quang, van dé nay sé dugc trinh

bay cu thé & chudng sau.

CHUONG 2: SOI QUANG VA CAP QUANG
2.1 Gi6i thiéu chuong

Cung v&i su phit tri€n cUa khoa hoc kY thudt thi cdp quang va sgi
quang cang ngay cang dugc phat trién nham phit hop vdi cic moi trudng khac
nhau nhu dudi nudc, trén dat lién, treo trén khong, va dac biét gan day nhat 1a
cdp quang treo trén duOng diy di€n cao th€, G bat ky dau thi cdp quang va sgi
quang ciing th€ hién dugc su tin cdy tuyét doi.
2.2S0i quang

2.2.1 Pac tinh cUa dnh sdng
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Hinh 2.1: M ta hién tuong phan xa va khiic xa 4nh séng.
2.2.2. SOi quang
SGi quang dugc phan loai bang cach khdc nhau va dugc trinh bay nhu
sau:
Sei quang thaeh anh

§ei quang they tinh da vt
§BHquang bang nhisa iy
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S0i quang chi€t sudt phan bac
Phan loai theo phan b0 chiét

suat
khidc xa SQi quang chiét suat bién doi
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Lo1 soi

1.Sdi quang 1

2.Chatlam day

3.0ng 16ng rong

4.Chat tron khe hé

5.thép gia cudng
vé boc PE

6.Pai thép

7.V6 bao vé PE

8.Phan td gia cudng
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Hinh 2.2: Cau tric tOng thé cUa sdi.
2.2.3 Suy giam tin hiéu trong s0i quang

2.2.3.1 H&p thu tin hiéu trong sOi dan quang



- Hap thu do tap chat:
- Hap thu vat liéu.
- Hap thu dién t:
2.2.3.2 Suy hao do ubn cong s0i
» UOn cong vi md: 12 ubn cong c6 ban kinh u6n cong 16n tucng
duong hodc 16n hon duGng kinh sQi.
> UGn cong vi md: 1 sQi bi cong nhd mOt cich ngdu nhién va
thudng bi xay ra trong lic sgi dugc boc thanh cap.
2.3 Cap quang
2.3.1 Cdc bién phdp bao vé soi
Trudc khi ti€n hanh boc cép, sgi quang thuGng dudc boc 1ai d€ bao
v€ s0i trong khi ch€ tao cdp. C6 hai bién phép :
BOc chat s0i.

Boc 10ng s0i.

N8oag kinh ngoais
S6i fladbott s6 cap 6010.9mm

Baég chaéded
12 0 0 v v]e v o

2 l 12
£ =0000000RIIE
Jj( 3.8mm

¢

) S0i fiathot
1. . .5
§ (00009

1.6mm

d

Hinh 1.41 Vi duimotisodotbot chaékhat nhau



2.3.2 Cdc thanh ph@n cUa cdp quang
Céc thanh phan cUa cdp quang bao gbm: L&i ch(fa cic sQi dan quang,
cdc phan tl gia cuOng, vO boc va vat liéu dOn.
> Loi cap: Cic sdi cdp da dudc boc chat nam trong cau tric 18ng, ca
sOi va cdu tric 18dng hodc ranh két hgp vGi nhau tao thanh 15i cép.
L&i cap dugc bao quanh phan tU gia cuOng cUa cdp. Cic thanh
phan tao ranh hodc cic Gng boc thudng dugc 1am bang chat déo.
> Thanh phan gia cudng: Thanh phan gia cuOng lam ting sUc chiu
dung cla cép, dac biét 1a 6n dinh nhi€t cho cdp. N6 c6 thé 1a kim
loai, phi kim, tuy nhién phdi nhe va c6 d6 mém déo cao.
> VO cap: VO cip bdo vé cho cip va thuGng dugc boc dém dé€ bdo
v€ 16i cdp khai bi tic dOng cUa Ung sudt ¢ hoc va moi truGng bén
ngoai. VO chat déo dugc boc bén ngoai cap con vO boc bang kim
loai dugc dung cho cdp chon truc ti€p.
2.4 Két ludn chuong
Két thic chuong 2 gitip ta hi€u thém vé nhling dac tinh kY thuat cla
sOi quang va cdp quang. P€ Ung dung quang trong hé thOng thong tin thi sgi
quang phdi dugc boc thanh cép
Vi cic moi truOng khac nhau thi cdu tric cla cdp quang ciing khic nhau
d€ phit hgp vGi nhu cau thuc t€. Tuy nhién, d€ ddm bdo chat lugng tOt clia hé
thOng thi cdc thi€t bi phat quang ciing nhu céc thi€t bi thu quang ciing gép mOt

phan rat quan trong va phan nay sé dugc nghién cltu & chuong sau.



CHUONG 3: THIET B| PHAT QUANG VA THIET Bl THU QUANG

3.1 GiGi thi€u chuong

Trong chuOng nay sé€ trinh bay mOt cich kh4 chi ti€t vé thi€t bi phat
quang nhu LED, LD hay thiét bi thu PIN, APD ciing nhu nguyén tac hoat dOng
cUa n6 d€ tUr d6 ching ta c6 th€ Iua chon dugc thi€t bi phit hgp vGi hé thOng
va yéu cau thiét ké.
3.2 Thiét bi phat quang
3.2.1 Di6t LED

Diot phat quang LED 13 nguOn phét quang rat phit hgp cho céc hé

thOng thong tin quang tOc dd khong qud 200Mbit/s st dung sgi dan quang da
mode

3.2.2 Diét Lased
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Hinh 3.1 MUc ning lugng va qud trinh chuyé€n dich

3.3 Thié€t bi thu quang

3.3.1 Photodiode PIN
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Hinh 3.2: SO d6 viing ning 1ugng cla Photodiode PIN.



3.3.3Photodiode APD
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Hinh 3.3: Cdu tric Photodiode thac va di€n truGng trong viing troi.

3.3 Pac tinh va tham s6 co'ban cla thiét bi thu quang
3.3.1 Hiéu sudt luong tif

Hiéu suat luong t(r dugc dinh nghia 12 ty sO di€n t& dugc sinh ra trén
sO photon dugc hap thu. Thudng céc diOt dat hiéu qua khodng 60% dén 80%.
3.3.2 B thu quang trong truyén dan tin hiéu s6



Hinh 3.2.3: S¢ d8 khi cia bé thu quang
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Hinh 3.4 s0 d6 kh6i cla b0 thu quang di€n hinh trong truyén dan s0.

3.4 Kétludn chuong
Viéc xem xét cic dac tinh kY thudt cUa thi€t bi thu quang 13 mOt yéu
tO rat quan trong. Chat 1ugng cla hé thOng phu thudc rat nhiéu vao cic thiét

bi thu quang ma & day ta xét chU yéu dén LD



CHUONG 4: KY THUAT GHEP KENH QUANG PHAN CHIA THEO
THOT GIAN

4.1 Gidi thiéu chuong

P& khac phuc tinh trang trén thi k¥ thudt ghép kénh quang da ra ddi va
c6 nhi€u phuong phdp ghép kénh khic nhau nhung phuong phap ghép kénh
quang phan chia theo thOi gian (OTDM-Optical Time Division Multiplexing) 1a
Uu viét hon cd va dugc st dung phG bién trén toan thé gidi. P6i véi OTDM,
kY thuat ghép kénh & diy c6 lién quan dén luOng tin hi€u ghép, dang ma va tdc
d0 dudng truyén.
4.2 Nguyén ly ghép kénh OTDM

SO d0 khéi dudi diy mé td hoat ddng cla hé thOng truyén dan quang

st dung kY thuat OTDM.

Kh#i phat block

Bé
| : 2
Ngudn EDFA|  |Bo chia Boghep | |BEDFA| (T | |tich —
phat quang [ quang Sqi kénh -
din 4
—

e I o
nininln
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Kénh:

Hinh 4.1: SO d6 tuyé€n thong tin quang diing k¥ thudt OTDM ghép 4 kénh
quang.

Céc hé thOng ghép kénh OTDM thuGng hoat dOng & viing budc séng
1550nm, tai budc séng nay c6 suy hao quang nhé va lai phit hgp vGi b0 khuéch

dai quang sgi c6 mat trong hé thOng. Cic bd khuéch dai quang s0i c6 chlc



ning duy tri quy cdng sudt cla hé théng nham ddm bdo ty 1€ S/N G phia thu

quang.

CHUONG 5: TINH TOAN THIET KE TUYEN CAP QUANG THEO
QUY CONG SUAT VA THOT GIAN LEN
5.1 GiGi thiéu chuong
Céc hé thOng thong tin quang dugc Ung dung cé hi€u qua nhat trong
linh vuc truyén dan s6. Do vay trong tinh toan, thi€t k€ ta xem xét hé thOng
truyén dan s6 IM-DD (Intensity Modulation-Direct Detection) thi nhiing di€u
ki€n bat budc vé kY thudt va tinh kinh t€ déng mOt vai trd quan trong trong tat
cd céc tuy€n thong tin sQi quang.
Muc dich cUa viéc thi€t k& tuy€n 1a phdi dat dugc cic yéu cau sau:
> Culy truyén dan theo yéu cau.
> TOc d0 truyén dan.
> Ty s0 10i bit BER.
PE dam bdo cho viéc thi€t k€ tuy€n dat dudc cic yéu cau d6 can
phai chon cdc thanh phan cUa tuyén:
» S@i quang dOn mode hay da mode.
Kich thudc 16i sOi.
Chi sO chiét suat mat cat 15i.

Bing tan hodc tan sac.

vV YV VYV V

Suy hao cUa s0i.

> Khdu d0 hay ban kinh truGng mode.
NguOn phét 1a LD hay LED

> Budc séng phit .



> DO rOng pho.
> Cong sudt phit.
> Vung phit xa c6 hiéu qua.
Thiét bi thu quang sU dung PIN hay APD
> Hé s06 chuyén d6i.
> Budc séng lam viéc.
> TO6c d6 lam viéc.
> DO nhay thu.
Ciac budc thiét ké:
1. Chon budc séng lam vi€c cla tuyén
2. Lua chon thanh phan thiét bi hoat ddng & budc séng nay
3. Chon thié€t bi thod min yéu cau dat ra
5.4 Nhi€u trong hé théng thong tin quang
5.4.1 Nhi€u luong tur .
Gi tri cGa nhi€u lugng t& phu thudc vao cic tham sO :
i~ 2eiB (5.23)
Trong dé: B 1a d6 rOng bing cla b0 thu
I 1a dong trung binh dé€n b tich séng
Gi4 tri cUa dong nhi€u lugng t&1a i, +2.eiB, tl bi€u thlc nay ta
thdy dong nhi€u lugng tU ting theo B .
5.4.2 Nhiéu nhiét
Cong thlc tinh todn nhiéu nhiét:i* 4KTB/R,
(5.24)
Tong d6 :K 1 hang s6 Boltzman K =1,38.10%



T 12 nhiét d6 & don vi kenvin , T=t(°c) + 273
R 12 dién trd tai
5.5Ty 1€ tin hiéu trén nhi€u
5.5.1 POi v6i photodiode PIN
Trong hé thOng tich séng truc ti€p, st dung diode tich séng PIN thi gid tri

dong va cdng sudt t&i quan hé nhu sau :

e
2 EPS

(5.25)

Véi:  :1ahiéu suat lugng tlr
h :12 hang s0 plank, h =6,626.10™*Js
Mat khéc ta c6 cong sudt trén tai
S=i’R,

S= (. )" R

5.26

-Cong sudt nhi€u lugng t v4i dong bao gbm cd dong t0i :

N, —i*uR, 2LBR, 2e(h—€P i,)BR,
%

* * ¥ shot K

5.27
-Dong v th€ cUa nhi€u nhiét :

. 4KTB

L u., 4KTB.R,

L

Cong sudt nhi€u nhiét :



N, KIBp  skrm
R

L

5.28

TU d6 ta c6 ty sO tin hi€u trén nhi€u & mdy thu s& dung photodiode PIN:

€ 2
— R
(hvps) L

S
N 2e(hi. p. i)BR, 4K.BT
5.29
5.5.2 Pdi voi photodiode thac APD

Nhu di bi€t APD bao gOm 18p chuyén dGi quang dién va 16p nhan
dién,do vay nhi€u xudt hién & 18p chuyén d6i quang dién i’y = 2.¢.IB ciing
nhan dudgc 1én 16p nhan vGi hé s6 nhan M

Pon  (—.p, i)M>*B
hy
5.30

N, iR, 2elBR, 2e(h—iPs i)M**BR,

shot

5.31
Trong bi€u thifc trén tri s6 M* g0i 1a nhi€u qud mUc.Pay 1a gid tri dugc sinh ra
trong hi€u tng thac .
Vi x 12 hé s0 tacp Am qud mUc .gid tri cUa x phu thuQc vio vat li€u ché
tao photodiode APD .Ddi vGi photodiode si =0.3,
photodiode InGAs x=0.7
photodiode Ge x=1

Do d6 ty sO tin hi€u trén nhi€u ¢ mdy thu st dung photodiode APD Ia:



€ 2
i (hVM.ps) R,
2e(-S.p. i)M>*BR, AK.BT
hy
5.32
2
x q
Ty 1& 18i bit: BER M
qvN?2.
(5.33)
Vi q=SN/2

Ty sO BER cang nhd thi chat lugng cla hé thOng cang cao va di€u niy con tity

thudc vao tUng hé thdng. ThuOng BER=10 °hay<10 .

5.6 Cac gia tri cQa cac thanh phan

Thiét bi phit quang:[7]

Tham s®

Gia tri

Budc séng lam viéc

1300nm hay 1550nm

Dai s6ng lam viéc

50nm

Cong sudt ra

LED: -32 dén 15dBm
LD: -12 dén 7dBm

Thoi gian 1én

LED: 3ns(max)

LD: <Ins
PO rOng ph6 LED: 30 dén 100nm
LD: 1 dén 2nm
Cap s0Oi1 quang:[7]
Tham sO Gia tri
PO rOng bing thong 1km cép sQi quang | 100 d€n 2500Mhz




Suy hao cUa sQi(sh)

MM<2dB/km
SM tai 1300nm:0.36dB/km
SM tai 1550nm:0.22dB/km

Hé s6 tin sac(D)

MM<6ps/nm.km
SM tai 1300nm <3,5 ps/nm.km
SM tai 1550nm <18 ps/nm.km

Thié€t bi thu:

Tham s®

Gid tri

Do nhay(S)

PIN: -43 dén 27,1 dBm
APD: -41,5 dén 29,6 dBm

Hiéu suat 60%-90%
Dong i,,i; 1nA
Suy hao do han n6i va b0 noi:
Tham sO Gia tri
Suy hao mOi han 0,3 db(max)
Suy hao b0 n06i 0,5 db(max)

Khi tao t6 hgp cic thanh phan trong tuy€n phai tuin theo cic quy tac sau:

1. LED khong dugc st dung v&i sgi quang doOn mode

. LED khong dugc st dung vGi didt quang APD

2
3. LD khong dugc sU dung v3i sQi da mode
4

. LD don mode dung v&i APD
LDDM: Laser don mode

DAMO: S01 quang da mode

DMTT: S@i quang dOn mode thong thuOng

DMDC: S@i quang don mode dich chuyén

Do d6 céc t6 hgp c6 thé c6 la:




1.

LED-DAMO-PIN

2. LD-DMTT-APD
3. LD-DMDC-PIN
4. LD-DMTT-PIN
5.
6
7

LD-DMDC-APD

. LDDM-DMTT-APD
. LDDM-DMDC-APD

5.7 Bai toan tinh toan va thi€t ké theo quy céng sudt va thoi gian Ién

Yéu cau cu thé cla tuy€n nhu sau:

Tuyén A-B vGi cu ly truyén dan: L = 100 km

T6c db bit: B,=2,5 Gb/s

Mai st dung 1a ma RZ

SO conector(m0i ndi): 2

SO Slice(m0i han): 20

BER cho phép 107'° va khong st dung b0 khuy€éch dai quang

5.7.1 Chon buéc séng lam viéc clia tuy€n.

Chon budc séng 1am viéc cUa tuy€n c6 lién quan dén rat nhi€u tham sO

khéac cUa tuy€n. C6 ba vung clra s6 d€ c6 th€ 1ua chon khi thét k€ 13 850nm,
1300nm, 1550nm.

Trong viing budc séng dai cidc hé thdng hoat ddng & budc séng 1550nm

cho mUc suy hao thap nhung 1ai ¢6 mUc tdn xa 16n hon 1300nm, & tuy€n trén,

do chi€u dai cUa tuy€n la 100km nén ta cho bu@c séng lam vi€c cUa tuyén la

1550nm d€ c6 mUc suy hao thap.

5.7.2 Chon loai sOi quang



Loai sgi quang cUa tuy€n dugc chon 1a: sgi quang don mode vGi chi sO
suy hao 12 0,25dB/km va hé s0 tdn sac D=17ps/nm.km.
Sau khi ¢6 dugc cic thong s& v€ sQi quang cling nhU suy hao cUa sQi
trén dudng truy€én ta sé ti€p tuc vGi vi€c chon thié€t bi thu quang.
5.7.3 Thi€t bi thu quang.
Chon thiet bi thu quang thda man c4c yéu cau sau:
- D06 nhay cao véi budc séng 1am viéc cla tuyén

- Hiéu suét lu‘Ong tr16n SIN (dB)

i 3

U thay dGi clla mdi trudng

yTIE th hiéu trén nhi€u tU bang dudi
0

IIIIIIIIIII LI III T T T
@ = W =

10

2

10° 10* 10° 10° 107 10® 10° 10" 10" 10"

Bit error rate

Hinh 5.2 Ty s0 bit BER

VGi BER=10"" thi tUr hinh v& ta s€ c6 S/N = 22,6dB hay S/N = 182 1an



5.8 Tinh toan t6n hao trén dudng truyén

Loai t0n hao

Loai ton hao bon vi SO lugng TOng
T6n hao s0i 0,25dB/km 100km 25dB
TOn hao mdi 0,1dB 20 2dB

han

TOn hao mobi 1dB 2 2dB

noi

Du phong 5dB 5dB

P, =34dB

5.9 PO nhay clia may thu trong truong hop st dung PIN

Ta s& c6 cong thUc S/N dbi vdi thiét bi thu PIN nhu sau:

e 2
i (aps) RL
N 2e(-®p. i)BR, 4K.BT
hy
e 2
s (hv py)
N 4K BT

e
2e(—. i,)B

L

V6i B =B =2,5Gb/s(do mi sU dung 1a RZ)

Cho thi€t bi thu 1a photodiode PIN G6742-003 cUa Hamamatsu
Photonic(cé thong sO kém theo)

Céc thong sO cUa PIN:
R =—=0,95A/W
hv

RL= 50
I, =03.10° A



Cdc hang s6 :
K =1,38.10” J/K, h=6,626.10"*Js, c=3.10° m/s
Thay cdc gid tri vao ta dUuQc phuong trinh:
095 P,

182 = = 5
32.10 9095 P, 03.10°) 25.10° =+ 13810 50300 2,5.10

Ta dugc phuong trinh theo Ps:
0,925.P5 -138,3.10°Ps -15,1.10" = 0
Gidi phuong trinh bac hai ta dugc :Ps = 13.10° W
Ps=-12,8.10° W (loai)

Vay d6 nhay cla mdy thu 13 :Ps = 13.10° W hay Ps =-18,7dBm

TU dé ta c6 cong sudt phat téi Uu cho laser trong trudng hop st
dung PIN : P; =P, +Ps = 34+(-18,7)=15,34dbm

NhuU vay chon thi€t bi phat vGi cong sudt danh dinh 1a: Py = 15,12mW
5.10 PO nhay may thu trong truong hop st dung APD

Ta c6 cong thlic S/N doi vdi thi€t bi thu APD nhuU sau:

e 2
i (hv Mps) RL
N 2e(Cp. i)M?*BR, 4K.BT
hv
€ 2
M.
) s ( ™ py)
ay N K.BT

e
2e(—.p. i )M**B. 4—"—
(hv P L) R

L
chon thiét bj thu 12 photodiode APD loai Suo020 cUa sensor Ulimited Inc
(c6 thong sO keém theo)

Céc thong sO cla APD:



R =-%=0,8A/W

hv

R.= 50

X=0,7

M=10

I, =30nA
Céc hang s0 :

K=1,38.10" J/K, h=6,626.10"*Js, c=3.10° m/s

Thay cdc gid tri vao ta duQc phuong trinh:
8 P, °

182 = 3 o
3,2.10 (0,8 P, 30.10°) .10° *72,5.10° 4 15810 50300 2,5.10

Ta dugc phuong trinh theo Ps:
64.P; -29,189.10°Ps -7,717.10" = 0
Gidi phuong trinh bac hai ta dugc: Ps = 1,35.10° W
Py =-8.93.10° W (loai)
Vay d6 nhay cla mdy thu 13 :Ps = 1,35.10° W hay Ps =-28,7dBm
TU dé ta c6 cong sudt phat téi Uu cho laser trong trudng hop st
dung PIN: Py =P, +Ps =34+ (-28,7) =5,3dBm
NhU vay chon thi€t bi phat vGi cong sudt danh dinh 13: Py = 5,34mW
5.11 Tinh toan thoOi gian lén.
-Th0i gian 1én tOi da cUa hé thOng
t =0,7/B,=0,7/2,5.10°=2.8.10"" s
-Thdi gian 1&n cUa thiét bi thu:
t, = 350/B = 350/2,5.10° = 14.10"° s

-Thoi gian 1én tdn sac mode cUa sQi quang:



t, = 440.LYB, = 440.100°/2,5.10’ = 176.10° s
trong d6 : q 1a tham sO c6 gid tri t&r 0,5 dén 1
B.: bing tan mOt km cdp sQi quang (MHz)
L: chi€u dai cla cdp
- ThOi gian 1én tan sdc vat liéu Ong dan séng:
ta-D.L. =17.0.04.100 = 68ps = 68.10°"

- Khi d6 thOi gian 1én cUa tuyén:

4401 350

t = \/t; (D.L. )

t =2,65.10"¢

nhU'vay thdi gian 1én cUa tuy€n 1a: t, = 2,65.10"s
5.12 K&t luén chuong

K&t qua viéc tinh todn dua vao cic thdng sO cho trudc cla tuy€n, da
cho thy rang & APD c6 hé sO nhan M nén ty 1€ tin hié€ trén nhi€u S/N c6 gid
tri 16n hon nén d6 nhay may thu dugc nang cao hon so véi PIN.Do d6 ,viéc
lua chon APD 1am thiét bi thu quang sé€ kéo theo thudn 10i 12 chi can s dung
diode Laser v&i cong sudt phat nh® hon rat nhi€u so vi khi ding PIN 1am thiét

bi thu quang



Nhap cdc thong sO cla tuyén :
- Tdc d0 bit
- Loai ma truyén dan
- S6 m6i han
- SO conector
- Budc séng lam viéc cUa tuy€n
- Chiéu dai cUa tuyén

(2
A 4

Nhap loai linh kién
- Cong sudt cla ngudn
phat: LED, LD, LDDM

v
Tinh TS

Tao céic t6 hop tir linh kién




biéu kién vé

thGi gian 1én:

biéu kién vé
cdng suat

Tinh BER_th?
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biéu kién vé
BER_th<BER_
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Khong cé t0
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Phan Iy thuyét

CHUONG 1: TONG QUAN VE HE THONG THONG TIN SOT QUANG
1.1 GiGi thi€u chuong

Trong chuong nay nham trinh bay mOt cich chung nhat vé hé théng
thong tin sQi quang. NguOn phét quang G thi€t bi phat c6 thé 1a LD hay LED, c3
hai nguOn nay déu phit hgp vi hé thdng thong tin quang. Bén canh dé, tin hiéu
4nh sdng sau khi dugc di€u ché€ tai nguOn phit thi s€ lan truyén doc theo s0i
dan quang d€ dén phan thu. SQi quang c6 thé 1a sgi don mode hay sgi da mode.
Khi truy€n 4nh sdng trong sOi quang anh siang thuOng bi suy hao va méo do céc
yé€u t& hdp thu, tdn xa, tdn sac giy nén. Phia thu, bd tich séng quang sé& thuc
hién viéc ti€p nhan 4nh sing va tach 1y tin hi€u tU bén phit dén va thuOng
ding céc photodiode PIN hay APD. D§ nhay thu quang & bén thu déng mot vai
trd quan trong. Khi khodng céch truyén dan kha dai t&i mOt cu ly nao d6 thi tin
hiéu quang trong sQi quang s€ bi suy hao nhi€u lic d6 nhat thi€t phdi c6 tram
13p quang 1ap dat doc theo tuyén.
1.2 Téng quan

Cung v&i s phat tri€n cUa xi hOi thi nhu cau cla con ngudi doi vdi
thong tin ngiy cang cao. D€ dip Ung dugc nhitng nhu cau d6, doi hdi mang
vién thong phdi c6 dung lugng 16n, tdc db cao... Cic mang 1uGi dang dan dan
bOc 10 ra nhitng y€u di€ém vé tdc d0, dung lugng, bing thong... Mat khac, may
nim gan day do dich vuU thong tin phat tri€n nhanh chéng, d€ thich Ung v4i su
phét trién khong ngling cla dung 1uong truyén dan thong tin, thi hé théng
thong tin quang ra d0i da tu khang dinh dugc chinh minh.



Nhu vay, vGi viéc phat minh ra Laser d€ 1am nguOn phdt quang da m&
ra mOt thOi kY mGi c¢6 ¥ nghia rat to 16n vao nim 1960 va bang khuy&n nghi
cUa Kao va Hockham nidm 1966 v€ vi€c ché tao ra sgi quang c6 d6 tOn that
th@p. 4 nim sau, Kapron da ché tao ra dugc sQi quang trong sult c6 dd suy hao
truyén dan khodng 20dB/km. Cho tGi dau nhling nim 1980, cic hé thOng thong
tin sQi quang di dugc phG bi€n kha rOng rii vGi viing budc séng lam viéc
1300nm va 1500nm di cho thdy su phét tri€n manh mé cla thdng tin sGi quang
trong hon 2 thap nién qua. Ngay nay, cdp sOi quang da tao ra nhitng tri€n vong
mdi cho cong nghé truyén thdng tOc d0 cao ciing nhu viéc hién dai héa mang
thong tin va nhu cdu két n0i thong tin. SU k€t hgp sgi quang vao bén trong diy
chOng sét ciing nhu diy dan da dem lai nhitng gidi phap t6i Uu cho nha thiét
k€. Vi su gia ting cUa diy chOng sét va day dan dién két hgp vdi sQi quang
khong nhlng chi truyén dan va phan phdi di€n ma con dem lai nhitng 10i ich to
16n vé thong tin. Di€u dé 1am gidm gid thanh cUa hé thOng va ciing chinh vi
nh(ng 1y do trén ma cdp quang dang dudc Ung dung rOng rii trén thé gidi. V&i
gia tri suy hao nay da gan dat dudgc gid tri suy hao 0.14dB/km cUa s@i don
mode, tU d6 da cho ta thdy hé thOng thong tin quang cé cic dac di€m nGi bat
hon hé thOng cdp kim loai la:

Suy hao truy€n dan rat nho.

Bing tan truyén dan rat 16n.

Khong bi anh hudng cla nhiéu dién tir.
C6 tinh bao mat tot.

C6 kich thu@c va trong tdi nho.

S0i c6 tinh cdch dién tOt va dugc ché tao tur vat liéu c6 san.



Vi cic uu di€m trén ma cic hé thOng thong tin quang dugc dp dung
rOng ridi trén mang ludi. Ching cé th€ dugc xay dung lam cic tuy€én dudng
truc, trung k€&, lién tinh, thué bao kéo dai cho t&i cd viéc truy nhdp viao mang
thué bao linh hoat va dap Ung dugc moi mdi trudng 13p dat tUr trong nha, trong
cc cau hinh thi€t bi cho t&i cic hé thOng truyén dan xuyén luc dia, vuot dai
duong...Cic hé thOng thong tin quang ciing rat phit hgp cho cic hé thOng
truyén dan s6 khong loai trUr tin hi€u duGi dang ghép kénh nio, céc tiéu chudn
Bac MY, Chau Au hay Nhat Ban.

1.3 Hé thdng truyén dan quang

Tin hiéu dién tU cac thi€t bi dau cubi nhu: dién thoai, di€n bdo, fax
sO liéu... sau khi dugc ma héa s€ dua dén thié€t bi phat quang. Tai day, tin hi€u
dién sé& dugc chuyén dGi sang tin hi€u quang. Tin hi€u trong sult qua trinh
truy€n di trong sOi quang thi s€ bi suy hao do d6 trén duOng truy€n ngU0i ta

dat c4c tram 1&p nham khdi phuc 1ai tin hiéu.
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Hinh 1.1: SU phit tri€n cUa c4c hé thOng thong tin quang

tin hi€u quang ban dau d€ ti€p tuc truyén di. Khi d€n thiét bi thu quang thi tin
hi€éu quang s€ dugc chuy€n ddi thanh tin hi€u di€n, khdi phuc 1ai tin hi€u ban

dau d€ dua dén thiét bi dau cudi.

Ma Thiét @D BO @ Thiét Giai
— hoa » bi phat » Lap » bi thu » Mi —
Phét Soi SO1 | quang Thu
quang  quang quang

Hinh 1.2: Cau hinh cUa hé thOng thong tin
quang.
Hién nay, cdc hé thOng thong tin quang di dugc Ung dung rOng rai
trén thé€ gidi, chiing ddp Ung dudc ca cic tin hi€u tUong tU ciing nhu tin hiéu
s0, chiing cho phép truyén dan tat cd céc tin hiéu dich vu bing hep va bing

rOng, dap Ung day dU moi yéu cdu cla mang sO héa da dich vu (ISDN). SO



lugng cdp quang dugc 1ap dat trén thé gidi v4i sO 1ugng ngay cang 16n, ¢ moi
tOc d6 truyén dan va & moi cu ly. Nhi€u nudc 18y moi truOng truy€n dan cép

quang 12 méi trudng truyén dan chinh trong mang 1udi vién thong cla ho.



1.4 Két luén chuong

Qua chuong 1: tng quan vé hé théng thong tin quang. Ta thdy hé
thong thong tin quang ngay cang dugc s dung rOng rdi vGi nhitng Uu thé ndi
bat ma cic hé thOng khic khong c6 dugc vé dac tinh kY thudt va hiéu qua
kinh t€. Tuy nhién, d€ danh gia su' thanh cong cla mOt hé thOng khong thé
khong néi dén vai trdo cUa sOi quang va cdp quang, van dé nay s& dugc trinh

bay cu thé & chuong sau.



CHUONG 2: SOI QUANG VA CAP QUANG

2.1 Gi6i thiéu chuong

Cung v&i su phit tri€n cUa khoa hoc kY thudt thi cdp quang va sgi
quang cang ngay cang dugc phét tri€n nham phit hop vGi cdc moi trudng khic
nhau nhu dudi nudc, trén dat lién, treo trén khong, va dac biét gan day nhat 1a
cdp quang treo trén duOng diy di€n cao thé, & bat ky dau thi cdp quang va sgi
quang ciing th€ hién dudgc su tin cdy tuyét doi.
2.2 SOi quang
2.2.1 Pac tinh cUa dnh sdng

P& hi€u dugc su lan truyén cla dnh sing trong sOi quang thi truGc
hét ta phai tim hi€u dac tinh cUa dnh sdng. SU truyén thang, khic xa, phan xa
12 c4c ddc tinh cO ban cla 4nh sdng (dugc trinh bay & hinh 2.1). Nhu ta da biét,
anh sing truy€n thang trong moi trudng chiét sudt khic xa déng nhat. Con
hién tuong phan xa va khic xa 4nh sdng c6 thé xem xét trong truOng hdp cé
hai méi truGng khac nhau vé chi sO chiét sudt, cic tia sdng dugc truy€n tU mdi
truOng c6 chi sO chiét sudt 16n vao mdi truOng cé chi s chi€t sudt nho thi sé
thay dGi hudng truyén cla ching tai ranh gidi phan cach gilta hai mdi truOng.
Cic tia sang khi qua ving ranh giGi nay bj d6i hudng nhung van ti€p tuc di vao

moi trudng chi€t sudt mdi thi d6 goi 1 tia khic xa con nguoc 1ai, néu tia sing



nao di tré v€ 1ai moi truOng ban dau thi goi 1a tia phdn xa. Theo dinh luat
Snell ta c6 quan hé:
nSin | n,Sin ,

(2.1)
vOi | lagoctdiva , 1a géc khic xa.
2.2.2 Pdc tinh co' hoc cUa s0i dan quang

S0i dan quang rat nho, vat liéu ché tao chl yéu la thuy tinh cho ta
cam gidc dé vo. Tuy nhién, thuc t€ 1ai ngugc 1ai hoan toan, sOi quang 1ai ¢
th€ chiu dugc nhitng Ung sudt va luc cing trong qué trinh boc cdp. Pi€u dé
chiing t6 rang, ngoai cdc ddc tinh truyén dan cla sOi quang thi cdc dac tinh cO
hoc cla né ciing déng vai trd rdt quan trong trong qu4 trinh dua sQi quang vao

khai th4c trong hé thOng thong tin quang.

Phép tuyén Phdp tuy€n

Tia khiic xa Tia khuc xa

n
2 5 . ,

Tia t&i a%)h _Tia phan xa Tia t&i b
ap tuyen Phip tuy€n

SN TN

Tia t&i Tia phdn xa Tia t&i




Hinh 2.1: M0 t& hi€n tugng phdn xa va khiic xa 4nh sang.
2.2.2.1 SOi quang

SOi quang 1a sgi manh dan 4nh siang, g0m hai chat dién mdi trong
sudt nhung khac nhau v€ chiét sudt. Loi sQi cho 4nh sdng truyén qua con 18p

v0 bao quanh 18i va c6 duOng kinh tiry thuOc vio tlng yéu cau cu thé.

Sai quang dugc phan loai bang cich khac nhau va dugc trinh bay nhu sau:

S0i quang thach anh

Phén loai theo vat li€u dién Soi quang thUy tinh da vat
mot gellquang bang nhua liéu

) §¢i quang den meds
Phan leai thes meds truyén <
dan -

S@i quang da meds

) o $§i quans chigt suaf phan has
b s i ' PR

Khic 53 §§ quans chig sual bign 48



Cau tric tOng th€ cla s0i quang gOm: Lai thdy tinh hinh try tron va vo
th(Qy tinh bao quanh 15i. L6i thQy tinh dung d€ truy€n 4nh sang, con vO thly
tinh ¢ tdc dung tao ra phdn xa toan phan tai 18p ti€p gidp gilta 16i va vo.
Mubn vay thi chi s& chiét sudt cUa 18i phdi 16n hon chiét sudt cla vO.

vO sOi

1.Sdi quang

2.(,;héft lam dfiy

3.0ng 1dng rong

4.Chat tron khe hd

5.thép gia cudng
vd boc PE

6.Dai thép

7.V6 bdo vé PE

8.Phan tii gia cudng

oo ~ON T

Hinh 2.2: Cu tric tOng thé cUa sOi.
2.2.3 Suy giam tin hiéu trong s0i quang
Suy hao tin hi€u trong sQi quang 1a mOt trong céc dac tinh quan trong
nhat cUa sgi quang vi né quy€t dinh khodng cich 1ap t0i da gilta mdy phat va
mdy thu. Mat khéc, do viéc khé 1ap dit, ch€ tao va bdo dubng cdc bd 1ap nén
suy hao tin hi€u trong s0i quang c6 anh hudng rat 16n trong viéc quyét dinh gid
thanh cUa hé thOng.



Suy hao tin hi€u trong sgi quang c6 th€ do ghép nOi gilta ngudn phat
quang v3i sgi quang, gilta sgi quang v&i sOi quang va gilta sgi quang v&i dau
thu quang, bén canh d6 qua trinh sQi bi udn cong qué giGi han cho phép ciing
tao ra suy hao. C4c suy hao nay 1a suy hao ngoai ban chat cUa s0i, do d6 c6 thé
lam gidm chiing bang nhi€u bi€n phdp khic nhau. Tuy nhién, van dé chinh &
day ta xét d€n suy hao do ban chat bén trong cUa sQi quang.
2.2.3.1 Suy hao tin hiéu

Suy hao tin hi€u dugc dinh nghia 1a ty sO cong sudt quang 16i ra P,
cUa sOi c6 chi€u dai L va cong sudt quang dau vio P,. Ty sO cong sudt nay la
m&t ham cUa budc séng. Ngudi ta thuOng st dung  d€ bi€u thi suy hao tinh
theo dB/km.

2.2)
Céc s0i dan quang thuOng c6 suy hao nhd va khi d0 dai qui ngdn thi

gan nhu khong c6 suy hao, khi d6 P,, P,.

2.2.3.2 Hap thu tin hiéu trong soi d@n quang
Hap thu dnh sdng trong sgi dan quang 1a y€u tO quan trong trong viéc
tao nén ban chat suy hao cla sQi dan quang. Hap thu ndy sinh do ba cO ché
khéic nhau gay ra.
> Hap thu do tap chat: Nhan t0 hap thu nGi trdi trong sgi quang la
sU ¢6 trong vat liéu soi. Trong thUy tinh, cdc tap chat nhu nudc va
cdc ion kim loai chuyén ti€p d lam ting ddc tinh suy hao, d6 1a cic

ion sat, crom, dOng va cic ion OH. SU c6 mat cUa cdc tap chat nay



1am cho suy hao dat t&i gid tri rat 16n. Cic sgi dan quang truGc day
c6 suy hao trong khodng tU 1 dén 10dB/km. SU' c6 mat cUa cic
phan t&f nudc da 1am cho suy hao ting han 1én. Lién két OH da hap
thu 4nh sdng & budc séng khodng 2700nm va cung tdc dOng qua lai
cOng hudng vdi Silic, n6 tao ra cic khodng hap thu & 1400nm,
950nm va 750nm. Gilta cdc dinh nay c6 cdc ving suy hao thap, dé
g0i 1a cdc cla s6 truyén dan 850nm, 1300nm, 1550nm ma céc hé

thOng thong tin di sir dung d€ truy€n 4nh sing nhu trong hinh vé

dudi day:
Suy hao Hip thy do
( dB/arm)
10 _|
1 —
0,1 .
N Hip thu\ ., ~Tanza B L vat lign
dign tir ~ Rayleigh P _
0,01 - .
S U S
04 0,6 08 1 12 14 16 1§ oo o8

Hinh 2.3 Pac tinh suy hao theo budc séng cla sQi dan quang d6i

v@i cdc quy ché suy hao.
Hap thu vat liéu: Ta thdy rang & budc séng dai thi sé suy hao
nho nhung cdc lién k€t nguyén tl 1ai c6 lién quan t&i vat li€u va
s& hap thu 4nh sing c6 budc séng dai, truOng hgp nay goi 1a hap
thu vat liéu. Mac du cic budc séng c0 ban cla cic lién k€t hap

thu ndm bén ngoai ving budc séng s& dung, nhung né van cé



anh hudng va & day né kéo dai tdi ving budc séng 1550nm l1am
cho viing nay khong gidm suy hao mOt cich dang ké.
Hap thu dién t0: Trong viing cUc tim, 4nh sdng bi hdp thu 1a do c4c photon kich

thich cdc dién t trong nguyén tU [én mOt trang thdi ndng IUgng cao hon.

2.2.3.3 Suy hao do tin xa
Suy hao do tdn xa trong sQi dan quang la do tinh khong dOng déu rat
nho cla 16i sOi giy ra. D6 1a do nhiing thay dGi rdt nhd trong vat liéu, tinh
khong dong déu vé cdu tric hodc cac khuyét di€m trong qu4 trinh ch€ tao soi.
Viéc dién gidi suy hao do tdn xa gy ra 12 kha phlc tap do ban chat
ngau nhién cUa phan t va cic thanh phan 6xit khac nhau cUa thUy tinh. D6i
vGi thUy tinh thuan khi€t, suy hao tdn xa tai budc séng  do su bat On dinh vé

mat dd gay ra c6 thé dugc dién gidi nhu cong thlc dudi day:

3

wa S DRT,
2.3)

n: chi sO chiét suat.

k , : hang sO Boltzman.

++ hé s6 nén dang nhiét cla vat liéu.
T, : nhiét d0 hu cdu (12 nhiét dd ma tai d6 tinh bat On dinh
v€ mat d0 bi dong 1ai thanh thUy tinh).
2.2.3.4 Suy hao do uén cong soi
Suy hao do udn cong s0i la suy hao ngoai ban chat cla sgi. Khi bat ky

mOt sgi dan quang nao d6 bi ubn cong cé ban kinh x4c dinh thi sé cé hién
tUgng phdt xa dnh sang ra ngoai vO sOi va nhU vy dnh sang lan truyén trong 16i

sOi da bi suy hao. C6 hai loai un cong s0i:



> UOn cong vi mo: 1a udn cong c6 ban kinh uOn cong 16n tuong
duong hoac 16n hon duGng kinh sQi.

> Uln cong vi md: 12 sOi bi cong nhd mOt cich ngdu nhién va
thuOng bi xay ra trong lic sQi dugc boc thanh cép.

Hién tugng uOn cong c6 th€ thdy dugc khi géc tGi 16n hon géc tGi
han & cic vi tri sgi bi udn cong. POi vGi loai udn cong vi md (thudng goi la
u0n cong) thi hién tugng suy hao nay thdy rat ré khi phan tich trén khau dd sO
NA nh® nhut hinh (2.4)

PGi v&i truGng hgp sOi bi udn cong it thi gid tri suy hao xay ra la rat it
va khé c6 th€ ma thdy dugc. Khi ban kinh ubn cong gidm dan thi suy hao sé&
tdng theo quy luat hAm mii cho t&i khi ban kinh dat t&i mOt gia tri t&i han nao
d6 thi suy hao udn cong thé& hién rat rd. Néu ban kinh u0n cong niy nhd hon
gid tri di€m ngudng thi suy hao s& d6t ngOt ting 1&n rat 16n.

TEo TE1l TEZ
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Hinh 2.4: SU phan b0 truOng dién d6i v&i vai mode bac thdp hon trong sQi dan

quang.
C6 thé€ gidi thich cdc hiéu Ung suy hao udn cong nay bang cach khdo
sat phan bO dién trudng mode. Trudng mode 16i c6 dudi m& dan sang vO, gidm
theo khodng céach tir 16i tGi vO theo quy tdc ham mi. Vi dudi truOng nay di

chuyén ciing vGi truOng trong 16i nén mOt phan ning lugng cla mode lan



truy€n s€ di vao vO. Khi sdi bi ubn cong, dudi truGng G phia xa tim di€m uln
phdi dich chuyén nhanh hon d€ duy tri truOng trong 16i con d6i vGi mode sgi
bac thap nhat. Tai khodng cédch t&i han x, tU tAm sgi, dudi truOng phdi dich
chuy€n nhanh hon tOc d0 dnh séang d€ theo kip truOng G 16i (2.5).

MOt phuong phéap d€ gidm thi€u suy hao do udn cong 12 10ng 18p vO chiu dp
sudt bén ngoai soi. Khi Iuc bén ngoai tic dOng vao, 16p vO s€ bi bi€n dang
nhung sgi van
c6 th& duy tri G trang thdi tuong d6i thang nhu hinh (2.6)

Hinh 2.5: TruOng mode cO ban trong doan soi bi udn cong.



Mgoai Luc
231 quang
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Vi chju &p sust

Hinh 2.6: VO chiu nén gidm vi uGn cong do cic 1uc bén ngoai.

2.2.4 Tdn sac dnh sdng va d6 réng bing truyén dan

Khi lan truyén trong sdi, tin hi€u quang bi méo do cic tic dOng cUa tdn
sac mode va tré gilta cdc mode. C6 thé€ gidi thich cdc hi€u Ung méo nay bang
cdch khdo sét cac thuc tinh van tOc nhém cdc mode dudc truy€n, trong dé van
tOc nhém 1a tOc d6 truyén ning lugng clia mode trong sOi.

Tén sac mode 12 su gidn xung xudt hién trong mOt mode do vén tbc
nhém 12 ham cUa budc sséng . Vi tan sdc mode phu thudc vao budc séng nén
tac dOng clla né ting theo dO rOng phd cla ngudn quang. C6 hai nguyén nhin
chinh giy nén tin sac mode I :

> Tan sac vatliéu
> Tién sac Ong dan séng
1. Tén sac vat liéu do chi sO khic xa cla vat liéu ché tao 15i thay doi
theo ham cUa budc séng giy ra. Tan sac vat liéu tao ra su phu thube
van tOc nhém vao budc séng clla mOt mode bat ky.
2. Tan sac Ong dan séng do sgi don mode chi gidi han khodng 80%
cong sudt quang trong 16i nén 20% con 1ai s€ lan truyén trong 18p vo
nhanh hon phan 4nh séng t&i han trong 15i gdy ra tan sac.

T6ng hQp téan sac @ sOi da mode nhu sau:



< ~ , < L < A L
Tan sac tOng = [(tdn sac mode) 2 +(tdn sac bén trong mode)? | >

2.2.4.1 Tré nhom

Gid sUr tin hi€éu quang dugc di€u ché kich thich tat ca cdc mode ngang
nhau tai dau vao cla sgi. MOi mOt mode mang mOt ning 1UOng tUdng thong
suOt doc sgi va ting mode sé€ chlfa toan b0 céc thanh phan phé trong dai séng
ma ngudn quang phat di. Vi tin hiéu truyén doc theo s@i cho nén moi mot thanh
phan dugc gid dinh 12 dOc 1ap khi truyén va chiu sy tré thOi gian hay con goi
12 tré nhém trén mOt don vi dd dai theo hudng truyén nhu sau:

.1 d > d

L V_n cdk 2 cd

2.4)

: 12 hang sO lan truy€n doc theo truc soi
L: 14 cu ly xung truy€n di, va k 2/

Khi d6, van t6c nhém dugc tinh bang

(2.5)

Pay 12 van tOc ma tai d6 ning 1ugng tOn tai trong xung truyén doc
theo sQi. Vi tré nhém phu thuOc vio budc séng cho nén tUng thanh phan mode
cUa bat ky mOt mode riéng bi€t nio ciing tao ra mOt khodng thdi gian khic
nhau d€ truyén dugc mot cu' ly nao dé. Do tré nhém thdi gian khac nhau ma
xung tin hi€u quang s€ trdi rOng ra nén van dé ta quan tim & diy 1a d0 gidn

xung khi c6 su bi€n thién tré nhém.



Néu d0 rOng ph6 cla ngudn phat khong qué 16n thi su 1&ch tré trén
mOt don vi budc séng doc theo phan lan truyén s€ xap xi bang d % . Néu

d6 rOng ph6  cla ngudn phéat dugc dac trung bang gia tri hi€u dung (r.m.s)

thi d6 gidn xung s& gan bang d0 rOng xung hiéu dung

d L d ,d?
n 2 o
d 2 c d d’
(2.6)
. 1d 2o :
va D Z d” l1a tdn sac va c6 don vi [ps/km.nm].

2.2.4.2 Tdn sac vat liéu

Nguyén nhan gy ra tdn sac vat liéu 1a do chi s6 chiét sudt trong sOi
dan quang thay d6i theo budc séng. Do van tdc nhém V, cla mode 12 mOt ham
sO cUa chi sO chiét sudt nén céc thanh phan pho khac nhau sé truyén di vGi cic
tOc dd khac nhau tuy thubc vio budc séng. Tan sac vat liéu 1a mbt yéu t0
quan trong d0i vGi cdc sgi don mode va ciac hé thOng s dung nguOn phat
quang 13 didt phat quang LED.

DE tinh todn tan sac vat liéu, ta xét mOt séng phang lan truyén trong
mOt mdi trudng trong subt dai vo tdn va cé chi sO chi€t sudt n  ngang bang
v0i chi sO chiét sudt & 161 sgi, khi d6 hang s6 lan truyén  dudc cho G truOng

hOp nay la:

(2.7)



Thay thé phuong trinh nay vao (2.4) vGi 2 / sé thu dugc tré

nhém , cho tin sac vat liéu:

n

o |~

dn
d

(2.8)
tr (2.10) thi s& c6 dugc dd gidn xung , dOi vGi d0 rOng phd  cla ngubdn

phat bang cach vi phan dd tré nhém nay.

QU
o |~
Q
S

véi D,  1atdn sac vatliéu.

PO thi cla phudng trinh (2.9) cho don vi dd dai L va don vi d0 rOng
phO cla ngubn phat  dugc cho nhu hinh vé& dudi day, tUr d6 cho ta thdy dé
gidm tdn sdc vat liéu thi phdi chon ngudn phit c6 dd rdng phd hep hodc hoat

dOng & budc séng dai hon.
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Hinh 2.7: Chi s6 chiét suat thay d6i theo budc
song.

2.2.4.3 Tdn s@c dan song
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Hinh 2.8: T4n sdc vat liéu 1a ham s6 clia budc séng quang doi vi soi quang.
P& khado sit tdn sac dan séng ta gid thi€t rang chi s6 chiét sudt cla vat liéu
khong phu thudc vio budc séng. V& tré nhém, d6 1a thdi gian can thiét d€ mot
mode truy€n doc theo sQi c6 d dai L. PE ddm bdo tinh dbc 1ap cla cdu hinh
sOfi, ta cho su tré nhém dudi dang héng sO lan truyén chudn hod b dugc viét:
2 2
ua ° 42 ny
b 1 — 5
Vv n, n;

(2.10)
doi vGi céc gid tri chénh 1&ch chiét sudt nhé & n% , phuOng trinh
1

(2.10) c6 thé dugc viét lai nhu sau:

b—4 "

n,. n,

(2.11)



tUr dé ta c6 nkb 1
2.12)

S dung hé thlc trén va gid sU n, khong phdi 1a ham cUla budc séng,

Ld L d kb
cdk ¢ dk

ta thdy rang tré nhém ds
(2.13)

Matkhéc, v kan?> n’ b kan,~/2 thod man doi véi cic gid tri
nhd nén (2.13) c6 thé viét lai

d Vb b1 2 ua
dV jvluajv]ua

(2.14)

d Vb o x . =
trong d6 n, n, v bi€u th| sU tré nhom phat sinh do tdn sac dan song.

2.2.4.4 Anh hudng cla tin sac dén dung luong truyén dan

Téan sac gy ra méo tin hiu va di€u nay 1am cho céc xung 4nh sing bi
gian rOng ra khi dugc truyén doc theo s0i dan quang. Khi xung bj gidn ra né sé
phU Ién cdc xung bén canh. Khi s phU ndy vUQt qua mOt gia tri gidi han nao
d6 thi thi€t bi phia thu s& khdng phan biét dugc cic xung k€ nhau nifa, ltic nay
16i bit xudt hién. Nhu vay, ddc tinh tin sac lam giGi han dung lugng truyén

dan cla sQi quang.

2.3 Cap sOi quang
Thuc t€, d€ dua cap quang vao st dung thi cc sQi can phdi dugc két
hop 1ai thanh cép véi cdc cdu tric phit hgp v6i tUng méi trudng 1ap dat. Do



phu thudc viao mdi trudng 1ap dat nén cdp quang cé rat nhi€u loai: cdp chon
truc ti€p dudi dat, cdp treo trong cOng, cdp treo ngoai trOi, cdp dat trong nha,
cip thad bién...
2.3.1 Cdc bién phdp bao vé soi
Trudc khi ti€n hanh boc cép, sgi quang thuGng dudc boc lai d€ bao
v€ s0i trong khi ch€ tao cdp. C6 hai bién phép :
BOc chat sOi.

Boc 18ng s0i.

f3bag kinh ngoa
S0 fiadat 6 cap 1610 9mm

.ll.lll]'2

Hinh 2.9: Vi du mOt s6 boc chat khic
nhau

2.3.1.1 Boc chat soi



Sgi quang s& dugc boc chat do d6 sé lam ting tinh cd hoc cla sQi va
chOng 1ai Ung sudt bén trong. Céc sQi quang cé th€ dudc bdo vé riéng bang
cdc 16p vat 1iéu déo don hodc kép. Trong mOt moi truGng nhi€t d6 thap, su co
lai cUa chat déo G 18p bdo vé c6 thé giy ra sU co quang trUc va vi uln cong
sOi, tUr d6 suy hao s@i c6 thé ting 1én. TU d6 c6 thé it ra hai cich bdo vé sgi 1a
t0i Uu hod viéc ché tao vO boc s0i bang viéc 1ua chon vat liéu tuong Ung va
d6 day cla vO, dong thdi gill cho sgi cang thang cang t6t va cach th(f hai 1a boc
xung quang sQi mOt 18p gia cuOng c6 khd ning lam gidm sU co nhiét.
2.3.1.2 Boc I0ng s0i

Sagi quang c6 thé dugc dat trong cap khi dugc boc mOt 19p chat déo c6
mau mOng. Cic sOi dugc dat trong Ong hodc cic ranh hinh ch(t V ¢6 & 16i chat
déo. C4c Ong va cdc ranh c6 kich thudc 16n hon nhiéu so vGi sgi dan quang dé
cdc sgi c6 th€ hoan toan tu do trong né. Ky thudt nay cho phép s0i tranh dugc
cic Ung sudt bén trong. Trong cdu tric boc 10ng, cdc sgi nam trong Ong hodc
trong khe déu dugc bdo vé rat tot. Gidi phdp nay it dung trong sgi don ma
thuOng dugc dung cho cdc sQi G dang bing.

2.3.2 Cdc thanh ph@n cUa cdp quang

Céc thanh phan cUa cép quang bao gbm: L&i chlra cic sgi dan quang,

cdc phan tl gia cuOng, vO boc va vat liéu dOn.
> Ldi cap: Céc s0i cdp di dugdc boc chat nam trong cdu tric 10ng, ca
sOi va cau tric 18ng hodc ranh k€t hop vdi nhau tao thanh 16i cép.

L&i cdp dugc bao quanh phan t{ gia cuOng cla cédp. C4c thanh phan

tao ranh hodc cdc Ong boc thudng dugc lam béng chat déo.



> Thanh phan gia cudng: Thanh phan gia cuOng lam ting sUc chiu
dung cUa cdp, ddac biét 1a 6n dinh nhiét cho cdp. N6 c6 th€ 1a kim
loai, phi kim, tuy nhién phai nhe va c6 d6 mém déo cao.

> VO cap: VO cip bdo vé cho cdp va thuOng dudc boc dém d€ bdo vé
16i cap khdi bi tic dOng cUa Ung sudt cO hoc va mdi truOng bén
ngoai. VO chat déo dudc boc bén ngoii cdp con vO boc bang kim

loai dugc diing cho cép chon truc tiép.

2.4 Két ludn chuong

Két thiic chudng 2 gitp ta hi€u thém vé nhitng dac tinh k¥ thudt cUa
sQi quang va cdp quang. DE Ung dung quang trong hé thOng thong tin thi sQi
quang phdi dugc boc thanh cdp. V&i cdc moi trGng khac nhau thi cau tric cla
cap quang ciing khac nhau d€ phit hop vGi nhu cdu thuc t€. Tuy nhién, d€ ddm
bdo chat Iugng tOt cUa hé thOng thi cic thi€t bi phat quang cling nhu cac thiét
bi thu quang ciing gép mOt phan rat quan trong va phan nay s& dugc nghién
cUu G chuong sau.

CHUONG 3: THIET B| PHAT QUANG VA THIET Bl THU QUANG

3.1 GiGi thi€u chuong

Trong chuong nay sé€ trinh bay mOt cich kha chi ti€t v& thi€t bi phat
quang nhu LED, LD hay thiét bi thu PIN, APD ciing nhU nguyén tac hoat ddng
cUa né dé€ tlr d6 ching ta c6 th€ 1ua chon dugc thi€t bi phit hop vGi hé thOng

va yéu cau thiét k€.



3.2 Thiét bi phat quang
3.2.1 Co'ché phit xa dnh sdng

Gia thuyét c6 mdt dién t& dang nam & mUc ning luong thap (E,),
khong c¢6 dién tl nao nam & mUc ning Iugng mlc cao hon (E,), thi & diéu
kién d6 n€u c6 moOt ning lugng bang véi mUc ning lugng chénh 1éch cap cho
dién tU thi di€n t& nay s€ nhdy 1én mUc ning lugng E,. Vi€c cung cap ning
lugng tUr bén ngoai d€ truyén ning 1Ugng can téi mOt mc cao hon dugc goi
1a kich thich su* dich chuyé&n cUa dién t( t&i mOt mlc ning IUgng khic dugc
20i 1a su chuyén doi.

Dién tU r&i khéi mUc ning 1UQng cao E, bi hat nhan nguyén tU hiit va
quay v€ trang thdi ban dau. Khi quay vé trang thai E, thi mOt ning lugng diing
bang E,-E, dugc gidi phéng. D6 1a hién tuong phét xa tu phdt va ning 1Ugng
dudgc gidi phéng tOn tai & dang 4nh sing goi 12 4nh sdng phét xa tU phat. Theo
c0O hoc lugng tlr, budc séng 4nh sdng phat xa dugc tinh theo cong thlc:

3.1)
Trong d6, h  6,625.10* js (hang s6 Planck)
¢ 3.10° 1a van tOc 4nh sdng

Budc séng ty 1& nghich vGi d0 1€ch ning 1ugng cUa cdc nguyén U

) Q ) O
cdi, tdo nén gnh ki€n phét daang. Do d6 bUGc séng dnh sipg phit Xg phan anh

» o 2| A a 'h |
han chat clalvat liéu.
A AN NV
NAVAY S e : : JV\ A
|
| | I h
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» Phat xa ty Phat xa kich thich
Hap thu .
phat
a b C

Hinh 3.1 MUc niing lugng va qua trinh chuyén dich



Khi 4nh sing c6 ning luong tuong bang E, E, dap vao mOt dién t& &
trang thai kich thich, dién t0 & trang thai kich thich E, theo xu hudng sé
chuyén doi vé trang thdi E, nay bi kich thich chuyén vé trang thii E,. Sau khi
hap thu ning lugng dnh sdng dap vao (hinh 3.1c). P6 1a hién tugng phat xa
kich thich. Niing 1ugng 4nh sing phit ra tai thoi di€m nay 16n hon niing luong
4nh sang phat ra tu nhién. Con doi v&i co ch€ phét xa cla ban dan: 1a nho kha
ning tdi hgp blic xa phdt quang cUa cic hat dan & trang thdi kich thich. T
di€u kién cin bang nhiét, dién t tap trung hau hét & ving hod tri ¢ mUc
ning luong thdp va mot s6 it & vung dan 6 mlc ning 1uong cao. Gid st rang
trong ban dan c6 N dién t trong d6 c¢6 n, di€n tU & ving hod trj n, dién t0 &
viing dan. Khi 4nh sdng chi€u t{r bén ngoai vio ban dan 4 trang thai nay, ty 1&
gilra bUc xa cubng bUc va hap thu ty 1€ thudn vdi ty s6 n,va n,. Viéc hap
thu chi€m da s6 va dnh sang phat ra gidm di.

3.2.2 Diode LED



DilOt phit quang LED 13 ngudn phét quang rat phut hgp cho cic hé
thOng thong tin quang tOc dd khong qud 200Mbit/s st dung sgi dan quang da
mode.

DE s dung t6t cho hé théng thong tin quang, LED phadi c6 cong sudt
bUc xa cao, thOi gian ddp Ung nhanh va hi€u sudt lugng tU cao. SU blc xa cla
n6 1a cong sudt quang phat xa theo géc trén mOt don vi dién tich clia b&€ mat
phét va dugc tinh bang Watt. Chinh cong sudt blic xa cao sé€ tao di€u kién cho
viéc ghép gilra céc sgi dan quang va LED dé dang va cho cong sudt phat ra tir
dau sgi 16n.

ThGi gian dau, khi cong nghé thong tin quang chUa dugc phd bién,
di6t phat quang thuGng diing cho cic sgi quang da mode. Nhung chi sau dé mOt
thdi gian ngan, khi ma cdc hé thOng thong tin quang phat trién kha rOng rii, cac
sOi dan quang don mode dugc dua vao st dung trong cic hé thOng thong tin
quang thi LED ciing di ¢6 dudi dang sdn phdm la cic modul c6 soi dan ra la
sOi dan quang don mode. Cong sudt quang dau ra clla né it phu thubc vao nhiét
d0 va thudng ching c6 mach diéu khi€n don gidn.

Thuc nghiém da dat dugc dd dai tuyén 1én t6i 9,6Km vGi tOc do
2Gbit/s va 100Km vGi tOc d0 16Mbit/s. LED c6 Uu di€m la gid thanh thap va do
tin cdy cao, tuy nhién ching phit hgp v&i mang ndi hat, cic tuyén thong tin
quang ngdn vGi tOc dd bit trung binh thap.

3.2.3 Diét Laser

N6i chung, Laser c¢6 rat nhi€u dang va dU cic kich ¢@. Ching tOn tai &
dang khi, chat 10ng, tinh th€ hodc ban dan. POi v6i ciac hé thOng thong tin
quang, cdc nguOn phét Laser 1a cic Laser ban dan va thuOng goi ching 1a LD.
Cic loai Laser c6 th€ 13 khac nhau nhung nguyén ly hoat déng cO ban cla

chiing 12 nhu nhau. Hoat dOng cUa Laser 12 k€t qua cUa ba qua trinh mau chot



1a: ha@p thu photon, phat xa tU phat va phat xa kich thich. Ba qué trinh nay
tUong tU cO ché phat xa 4nh sdng va dudgc trinh bay & muc 3.2.1.

Céc hé thOng thong tin quang thudng 1a c6 toc dO rat cao, hi€n nay
nhiéu hé théng thong tin quang c6 tdc dO 2.5Gbit/s d€n 5Gbit/s da dugc dua
vio khai thac. Bing tan cUa hé thOng thong tin quang doi hdi khd 16n, nhu vay
cdc LD phun s& phut hgp hon 14 cdc di6t phat quang LED. Céc LD thong thuOng
c6 thOi gian d4p Ung nhd hon 1ns, d6 rOng phO trung binh tU Inm dén 2 nm va
nhO hon, cong sudt ghép vao sgi quang dat vai miliwatt.

3.2.4 Nhiéu trong nguén phdt Laser

Khi cdc LD dudgc st dung trong cic hé thOng thong tin quang c6 tOc
d0 cao, thi mOt s6 hoat ddng cla Laser bat ddu xudt hién va tOc d0 bi€n doi
cang cao thi ching cang th€ hién ro va c6 thé gy ra nhi€u & dau ra cla bd thu.
Céc hién tugng nay dugc goi la nhiéu mode, nhi€u canh tranh mode va nhiéu
phdn xa. Vi 4nh sang lan truy€én doc theo sQi dan quang nén su k&t hop cla céc
suy hao mode phu thuOc, thay d0i pha gilta cic mode va su bat 6n dinh v€ phan
b0 niing lugng trong cdc mode khac nhau s& lam thay d6i nhi€u mode. Nhiéu
mode xudt hi€n khi c6 suU suy hao bat ky nio dé trong tuy€n. Cdc ngubn phat
quang bing hep cé tinh két hgp cao nhu cdc Laser don mode s€ gy ra nhi€u
mode 16n hon cdc nguOn phit bing rOng.

Ngoai ra, hi€n tudng phdn xa nho trd 1ai Laser do cdc mat phdn xa
tUr ngoai c¢6 thé gay ra su thay dOi dang k€ nhi€u mode va vi th€ ciing 1am thay
d6i dac tinh cUa hé thOng. Nhiéu phdn xa c6 lién quan t&i méo tuyén tinh dau
ra LD gay ra do mOt IuQng 4nh sang phadn xa trd 1ai va di vao hdc cOng hudng
Laser tU cdc di€m n0i sgi. C6 th€ gidm dugc nhiu phan xa khi ding céc bd

cach ly quang gilta LD va s@i dan quang.



K&t luan: Nguln phét quang déng mot vai trd rat quan trong doi voi
hé thOng thong tin quang, & phan nay ta quan tim chl y&u dén LD, Laser don
mode. TU d6, ta c6 th€ 1ura chon ngudn phat sao cho phit hgp véi hé thdng.

3.3 Thiét bi thu quang
Thiét bi thu quang déng mOt vai trd rat quan trong trong hé thOng
thong tin quang, né c6 chlc ning bi€n dbi tin hi€u quang thanh tin hiéu dién.
Trong linh vuc thdng tin quang ta s& nghién cUu van dé thu quang theo hi€u
Ung quang dién.
3.3.1 Co ché thu quang
Nhu di néi @ trén, cO sG cla hi€u Ung quang dién 13 qu4 trinh hap thu
dnh sdng trong chat ban dan. Khi 4nh sang dap vao mOt vat thé ban dan, cic
dién t( trong viing hoa tri dugc chuyén doi téi ving dan nhung néu khong cé
mOt suU tdc dOng sdy ra thi s€ khong thu dugc két qud gi ma chi c6 céc dién tlr
chuyén d0ng ra xung quanh va tdi hgp trd 1ai vdi cic 10 trOng viing hod tri. Do
d6 d€ bi€n dOi ning lUgng quang thanh dién ta phdi tdn dung trang thai khi ma
16 trOng va dién t chua kip tai hop. Trong linh kién thu quang, 18p chuyén
ti€p p-n dugc st dung d€ tich dién tU ra khoi 10 tréng. Khi 4nh sdng dap vao
viing p s€ bi hap thu trong qu4 trinh lan truyén dén ving n. Trong qu4 trinh do,
cic dién tUr va 16 trOng dia dudgc tao ra va tai ving ngheo do hap thu photon sé
chuyén dbng v€ hai hudng d0i ngugc nhau dudi tic dOng cla di€n truGng nén
chiing tdch r0i nhau. Vi khong c6 dién truOng & bén ngoai viing ngheo nén céc
dién tlr va 16 trOng dugc tao ra do hiéu Ung quang dién va sé tai hgp trong qua
trinh chuy@n d0ng cla chiing. Tuy nhién, sé c6 mOt vai dién t( di chuyén vao
dién truOng trong qud trinh chuyén dbng va c6 khd ning thAm nhdp viao moOi

viing. Va do dé c6 mOt dién thé sé dugc tao ra gilta cic mi€n p va n. Néu hai



dau clia mién d6 dugc n6i véi mach dién ngoai thi cdc dién tl va 10 trOng sé&
dugc tdi hgp & mach ngoai va sé c¢6 dong dién chay qua.
3.3.2 Photodi6t PIN

PhotodiOt PIN 1a bd tach séng diing d€ bi€n ddi tin hi€u quang thanh
tin hi€u dién. Cau tric co ban cUa Photodiot PIN gOm céc vung p va n dat cich
nhau bang mOt 18p tu dan i rat mOng. DE thiét bi hoat dOng thi can phdi cap
mOt thién dp ngugc d€ viung bén trong rit hét cdc loai hat mang. Khi ¢6 dnh
sang di vao PhotodiOt PIN thi s& xdy ra qud trinh nhU sau. Néu mot photon
trong chiim 4nh sing tGi mang mdt ning luong ~ 16n hon hodc ngang bang
vGi ning lugng ddi cdm cUa 10p vat liéu ban dan trong Photodidt thi photon ¢
th€ kich thich dién t( tU viing hod tri sang viing dan.Qua trinh nay s& phat ra
cic cap dién t(r, 16 trOng. Thong thudng, bd tach séng quang dudc thiét k€ sao
cho cdc hat mang nay chU y&u dugc phét ra tai viing ngheéo 12 ngi ma hau hét
cdc 4nh sdng t&i bi hap thu (hinh 3.2). SU ¢6 mat cla truOng di€n cao trong
viing ngheo 1am cho cdc hat mang tich nhau ra va thu nhan qua ti€p gidp c6
thién 4p ngugc. Pi€u nay 1am ting lubng dong & mach ngoai, véi mOt lubng

dong dién sé Ung v&i nhi€u cdp mang dugc phdt ra va dong nay goi 1a dong

L0 tréng
<«—— Ving nghé¢o —» Ving hod tri

photon.
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Hinh 3.2: SO d6 viing niing Iugng cla PhotodiOt PIN.

Trong truOng hop 1y tudng, mOi photon chi€u vao phéi sinh ra mot
xung di€n & mach ngoai va gid tri trung binh cUa dong di€n sinh ra phdi ty 1€
vGi cong sudt cUa dnh sang chi€u vao nhung trong thuc t€, khong dat dugc
nhu v@y ma mOt phan 4nh sang bi tGn hao do phan xa.

3.3.3 PhotodiOt thdc
PE€ ting d0 nhay diOt quang ngUdi ta Ung dung hé thOng giOng nhu
hi€u Ung nhan di€n tl trong cdc bO nhan quang dién.

Photodi6t thic ky hi€u APD (Avalanche photodiote) c6 ddc tinh tOt
hon d6i v4i tin hiéu nhd. Sau khi bi€n d6i cic photon thanh cédc dién tU thi né
khuéch dai ngay dong photo & bén trong né trudc khi dong nay di vao mach
khuéch dai ti€p sau va di€u nay 1am ting mUc tin hiu dan téi d0 nhay mdy
thu ting 1én dang k€. PE thu dugc hi€u Ung nhan bén trong thi cidc hat mang
phdi dugc ting dan ning lugng tGi mUc dU 16n d€ ion hod cic dién tl xung
quanh do va cham véi ching. Cic dién t(f xung quanh nay dugc ddy tU ving
hod tri tGi viing dan r0i tao ra cic cdp dién t(- 10 tr6ng mbi san sang dan

dién. Cdc hat mang m&i nay tao ra ti€p tuc dugc gia tOc nhG dién truGng cao



va lai c6 thé phat ra cdc cap dién tU- 16 tr6ng mdbi khac. Hi€u Ung nay goi 1a

hiéu Ung théc.

_|_
o—ll N A
TruOng dieén
1,1+
b 7 Vung théc
p Trudng tOi thi€u can
é thi€t d€ tic dOng ion hod
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Hinh 3.3: Cau tric PhotodiOt thac va truOng di€n trong ving troi.
3.3.4 Tham s6 co ban cUa thiét bi thu quang

3.3.4.1 Hiéu sudt luong tur
Hiéu sudt lugng t dugc dinh nghia la ty s dién t(r dugc sinh ra trén
s photon dugc hdp thu.ThuGng cic diot dat hiéu qud khodng 60% dén 80%.
3.3.4.2 D6 nhay quang
PO nhay quang cho biét kha ning bi€n dGi cdng sudt quang thanh
dong dién. N€u tai mOt budc séng c6 sO photon r0i vao 1a N, va ning lugng

mOi photon la:m

(3.2)



,\, dN
thi cobng suat quang thu dugc la: J d"
t
(3.3)
va lugng dién tich sinh ra la: g, N, e
(3.4)
vOi e 16.10 "¢
TU d6 ta tinh dugc dong dién sinh ra tU céc photon 1a:
d. dN
i Yo T
dt dt
(3.5)
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goi S d0 nhay quang c6 thd nguyén [A/W] vaSs

(3.6)
3.3.4.3 Tap am cUa tich séng quang

DP0i v6i cic b tich séng quang, b0 thu quang can phai c¢é dO0 nhay
thu rat cao, di€u d6 doi hdi cic photodidt phdi taich dugc tin hi€u quang rat yéu
tUr phia duOng truyén tGi. D€ thuc hién thu dugc céc tin hiéu rat yéu nay, can
phadi t6i Uu hod dugc b0 tich séng quang va cd cdc mach khuéch dai tin hiéu

di kém theo d6, di€u nay cho phép ta nhan dugc ty 1€ tin hi€u trén tap 4m S/N:

N Py P,
(3.7)
vGi P,: Cong sudt tin hi€u do dong photo tao ra.
P, : Cong suat tap am cUa b0 tich séng.

P,,: Cong sudt tap am cUa b0 khuéch dai.



PéE dat dugc ty 1& S/N cao thi phdi hdi dU cic di€u kién sau:
> SU dung céc b0 tich séng quang c6 hi€u sudt Iuong t cao nham tao ra
cong sudt tin hi€u 16n.
> Phai han ché dugc cic tap am cla b0 tich séng quang va b0 khuéch
dai tin hi€u trong b0 thu quang cang nhiu cang tOt.

Tap am cUa cdc b0 khuéch dai quang 1a tap am cla bd ti€n khuyéch
dai va cla cic b0 khuyéch dai phia sau. Nhung trong thuc t&, phan 16n tap Am
12 do c4c b tich séng va cdc bl ti€n khuyéch dai quyét dinh.

3.3.5 B thu quang trong truyén dan tin hiéu s6

Hau hét céc hé thOng thong tin quang hién nay thuc hién truyén dan
tin hiéu sO. Tin hi€u dugc phit ra tlr phia phat 12 lubng s6 nhi phan vGi céc gia
tri 0 va 1 trong mOt khodng thdi gian. Trong mOt b0 thu quang, 4nh sdng nhan
dugc tU phia duOng truyén s€ dugc tich va bi€n dbi thanh tin hiéu dién va
dugc khoi phuc & dau thu. BO khuéch dai thuc hién viéc bi€n dGi dong nay
thanh tin hiéu dién 4p v&i mlc phit hop vGi cac mach ti€p theo sau. Nhi€m vu
cUa b0 1oc nham giGi han bing tan cla bd thu, 1am gidm tOi thi€u tap am phat
ra tU b0 tich séng va khu€ch dai. Xung clock dugc trich 18y ra tU chim tin

hiéu s6 trong mach quyét dinh.

Béng hd
'T'rich_ then -
gian
Dt ligu ra
i I Mach =13 ’
Khuech dai || B¢ can bing |-=IBg loc | : dililhuﬂ
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Tién khuéch
dai
Tin hign vio Tz

Hinh 3.4: s d0 khOi cUa b0 thu quang di€n hinh trong truyén dan
s0.



Viéc 1ua chon b tich séng quang thuGng dudgc dua vao cic yéu td
can dugc quan tim nhu quy cong sudt cla hé thOng, dai thdng theo yéu cau,
tinh phUc tap phan cUng, hi€u qud kinh té.

3.4 Két ludn chuong

Viéc xem xét cic dac tinh kY thudt cUa thi€t bi thu quang 12 mOt yéu
tO rat quan trong. Chat lugng cla hé thOng phu thudc rat nhiéu vao cic thiét
bi thu quang ma & day ta xét ch( y€u dén LD. N&u mot sQi quang chi truyén
tin hiéu trong mOt sgi dan quang thi hé théng khong ddp Ung dudc nhu cau
trao dOi thong tin ngay cang cao vi th€é cic phuong phdp ghép kénh quang ra
ddi, trong d6 phuong phdp ghép kénh theo thOi gian dang cang ngay cang thé
hién 6 tinh Uu viét cla né va van dé nay s€ dudc trinh bay chi tiét & chuong

sau.

CHUONG 4:
KY THUAT GHEP KENH QUANG PHAN CHIA THEO THOI GIAN
4.1 GiGi thiéu chuong
Trong nhitng nim gan diy, cong nghé€ thong tin quang da dat dugc
nhng thanh tuyu rat 16n trong d6 phdi k€ dén kY thudt ghép kénh quang, né
thuc hién viéc ghép cic tin hi€u 4nh sang d€ truyén trén sQi dan quang va viéc
ghép kénh sé& khong c¢6 mOt qua trinh bi€n dGi vé dién ndo. Muc tiéu cla viéc

ghép kénh ciing nham ting dung 1ugng kénh truyén dan va tao ra cic tuy€n



thong tin quang c¢6 dung 1U0ng cao. Khi tOc d0 dat t&i mOt mUc dd nao dé thi
ngU0i ta thdy han ché cla cidc mach dién tU trong viéc nang cao tOc d0 truyén
dan, va ban than cdc mach dién t&r khong ddm bdo dugc dip Ung xung tin hiéu
cuc ky hep ciing vGi né 1a chi phi cao. D€ khac phuc tinh trang trén thi ky
thudt ghép kénh quang da ra ddi va c6 nhi€u phuong phap ghép kénh khac nhau
nhung phuong phap ghép kénh quang phan chia theo thGi gian (OTDM-Optical
Time Division Multiplexing) 13 Uu viét hon cd va dugc st dung phO bién trén
toan thé gidi. POi vGi OTDM, kY thudt ghép kénh G diy c6 lién quan d€n lubng
tin hi€u ghép, dang mi va tOc d0 duOng truyén.

Nhu ta da bi€t, cdc hé thOng thong tin quang thich hgp v&i cong nghé
truyén dan SDH. KY thuat SDH s& ghép cic kénh d€ tao ra cic lubng tin hiéu
quang, con OTDM sé thuc hién viéc ghép cic lubng quang niy d€ tao ra céc
tuy€n truy€n dan cé dung lugng cao.

4.2 Nguyén ly ghép kénh OTDM

Trong hé thOng thong tin quang st dung kY thudt OTDM thi chudi xung
hep dugc phét ra tU ngudn phat thich hgp. Céc tin hi€u nay dugc dua vao
khuéch dai nham nang mUc tin hi€u d0 16n d€ ddp Ung dugc yéu cau. Sau khi
dugc chia thanh N luOng, mOi luGng sé dugc dua vao di€u ché nhd cic bo
di€u ché ngoai vGi tin hi€u nhanh c6 tOc dd B Gbit/s. DE thuc hi€n ghép céc tin
hiéu quang nay v&i nhau, céc tin hi€u nhanh phdi dugc dua qua cic bd tré
quang. Tuy theo vi trf cUa ting kénh theo thOi gian trong khung ma céc b0 tré
nay s€ thuc hién tré d€ dich cic khe thoi gian quang mOt céch tuong Ung. Thoi
gian tré 1a mOt chu ky cUa tin hi€u clock va nhu vay tin hiéu sau khi dugc
ghép sé c6 tin hiéu 12 B Gbit/s. Bén phia thu, thi€t bi tach kénh sé tich kénh va
khoi phuc xung clock khi d6 s& dua ra dugc tUng kénh quang riéng biét tuUOng

Ung v3i cdc kénh quang & dau vao cla b ghép phia phit.



Sa d6 khoéi dudi diy mo td hoat ddng clia hé thOng truyén dan quang st dung
ky thuat OTDM.

Tin hiéu

Khéi phit block
Bo didu che
Bé
Nguén | |EDRA|  |B6 chia [ Bgghep | |BEDFA| (3 | |tich —
phat quang quang Sgi |kenh | . o
din
=

quang Kenh
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10000000

Keénh:

Hinh 4.1: SO d0 tuyén thong tin quang diing k¥ thudt OTDM ghép 4 kénh
quang.

Cac hé thOng ghép kénh OTDM thuOng hoat dOng & ving budc séng
1550nm, tai budc séng nay c6 suy hao quang nhd va l1ai phit hgp véi bd khuéch
dai quang sgi c6 mat trong hé thOng. Cic bd khuéch dai quang s0i c6 chlrc
ning duy tri quy cong sudt cla hé thOng nham ddm bdo ty 1& S/N & phia thu
quang.

4.3 Phit tin hiéu trong hé théng OTDM

Hé thOng thong tin quang sU dung kY thudt ghép kénh OTDM dp dung
hai kY thuat phat tin hi€u chl y€u sau:

1. Tao lubng sO li€u quang sO RZ thdng qua viéc st 1y quang lubng NRZ.
2. Dua vao vi€c di€u ché ngoai clla cdc xung quang.

Trong k¥ thudt tao lubng sO liéu quang sO RZ thong qua viéc sU 1y
quang ludng NRZ, tIr luOng NRZ ta thuc hi€n bién dGi chiing d€ dua vé dang
tin hiéu RZ bang c4ch cho lubng tin hiéu NRZ qua phan t& x( Iy quang c6 cic

ddc tinh chuyén d6i phit hgp. Qud trinh bi€n ddi dnh sang lién tuc (CW) thanh



cdc xung dua vao b0 khuéch dai di€n-quang. Pau vao CW 1a lubng tin hiéu
quang NRZ va thuong thi mbi lubng NRZ yéu cay mOt phan t x(r Iy quang
rieng. Nhung v&i cdc hé thOng tién ti€n hon sé cho phép dong thdi thuc hién
cd bién dbi va xen quang NRZ thanh NZ nhO moOt thi€t bi chuyén mach tich
cUc di€én-quang 2x2. Vi vay, chum tin hi€u ban ddu NRZ tOc d0 B Gbit/s sé&
dugc 18y mau nhG bO di€u ché Mach-Zehnder, bd di€u ché nay dugc diu
khi€n vGi mOt séng hinh sin vOi tan s6 B GHz va dugc 1am bang bién dO cho
dén gia tri dién 4p chuyén mach. Tin hi€u quang sO nay s& dugc bi€én dbi
thanh dang RZ & t6c d0 B Gbit/s vGi dO rdng xung bang mot nlra chu kY bit va
vi€éc ndy nham muc dich tao ra mOt khodng d€ xen vao mOt lubng tin hiu

dang RZ th( hai. Viéc xen kénh th( hai dugc thuc hién nhd bd ghép.
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: . 4B Ghitfs
B GCbit/s o an )
dang NRZ 2x2
cho méi (o)) ) ax?
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Hinh 4.2: SO d6 s dung hai phuOng phdp & phia phit xt Iy NRZ cho OTDM.

Cong nghé nguOn phit quang trong ghép kénh ciing dugc 1uu y, dé 1a cic
Laser c6 th€ phat xung rat hep & tOc d0 cao va dau ra cla nguln 1a cdc bd chia

quang thu dOng, cic bd di€u ché ngoai va ti€p d6 1a cdc bd tré thoi gian, cdc



b0 tdi hgp van s dung couple. Cdc sdn pham cUa phia phat OTDM dugc phat

hau nhu dua vao cdc cong nghé t6 hop mach lai ghép va di€u nay di tao di€u

ki€n thudn 1gi cho viéc ti€p hanh nghién clru.

D0i vGi hé thOng st dung kY thuat OTDM, khi 1ua chon tuyén quang

cho hé thOng ta can quan tim dén ty 1& “danh di€m-khodng tréng” va né tuy

thuQc vao mUc d ghép kénh dat ra.Trong hé thbng OTDM 4 kénh, ty 1& “danh

di€m-khodng trOng” 16n hon d6i v&i ngubn phat xung quanh. Khi tuy€n truy€n

dan rat xa thi ty 1& nay s€ yéu cau cao hon. Cdc ngubn phat xung phit hgp vGi

hé thdng OTDM dang dugc s dung rOng réi:

1.

Céc Laser hOc cOng huéng ngoai g6 mode 4x5Gbit/s.

2. Cac Laser DFB chuyén mach khuéch dai 8x6,25Gbit/s.
3.
4. Cac nguOn phat lién tuc 16x6,25Gbit/s.

Céc Laser vong sOi khoa mode 4x10Gbit/s va 16x6,25Gbit/s.

NguOn phit lién tuc 16x6,25Gbit/s 12 mOt cong cu thuc hién linh

hoat dua trén si md rdng quang phd bang cédch truyén nhing xung ning

lugng cao trén day cép quang.

4.4 Giai ghép va xen ré kénh trong hé théng OTDM

4.4.1 Gidi ghép

Khi xem sét cic hé thOng thong tin quang sU dung cong nghé

OTDM ngudi ta quan tim dén viéc ghép va gidi ghép trong viing thGi gian

quang. V@i hé thOng thong tin quang c6 cdu hinh di€m-di€m thi cong viéc

gidi ghép & phia thu 1a vi€c tdch hoan toan cdc kénh quang tUOng Ung da

dugc phat & dau phat. Nhung d6i vGi mang thong tin quang sU dung kY

thudt OTDM thi viéc gidi ghép G phia thu khong chi don thudn 1a tich cic

kénh quang ma con thuc hién viéc xen va ré kénh tUr luOng truyén dan.



D0i vbi cic bd gidi ghép kénh can phdi xem xét cic thong s cO
bdn vé tach kénh k€ ca ty sO phan bi€t quang, suy hao quang, suy hao xen va
mat cat clra s6 chuyén mach c6 thé dat duge. Ty sO phan biét c6 anh
hudéng rat 16n dén mUc dd xuyén am.

EX 10log,, 4
4.1)
vGi A: MUc cong sudt quang trung binh ¢ mUc logic 1.
B: MUc cong sudt quang trung binh & mUc logic O .

Ngoai ra, xuyén kénh ciing s€ bi ting do su' phU chOm gilta c4c kénh
1an can v&i nhau tao thanh clra s6 chuyén mach. Va két qua 1a do rdng cla
clra sG chuy€n mach s c6 anh hudng truc ti€p dén tOc d0 dudng truyén do
d6 ta phdi dat ra céc yéu cau vé d0 rOng xung tin hiéu sau khi truyén dan dé
gidm nhd xuyén kénh.

Bang tém tat cac phuong phap gidi ghép kénh OTDM.

Loai chuyén mach Tin hiéu diéu Céc ddc tinh va clra s6 chuy€n mach

khién nhd nhat
-BO di€u ché Niobate | Séng dién hinh 40>10Gbit/s clra sO 19ps
ghép tang sin

- BO di€u khién bing 40>10Gbit/s clra sG 22ps.

Ré va xen kénh

rOng
- B6 diéu khién
dién-hap thu
- Quang Kerr: sOi
- Trln séng: sOi

- Guong vong: SOi

Séng dién 2 tan

~

SO

Séng dién hinh

sin

Xung quang

Khong nhay cam phan cuc
40>10Gbit/s clra sG 10ps
40Gbit/s 5Gbit/s
100>6,25Gbit/s
40>20Ghbit/s
100>6,25Gbit/s, clta sO 6ps




Xung quang Ré va xen kénh 40Gbit/s* 10Gbit/s
- TrOn séng: ban dan Xung quang 20>5Gbit/s
- Quang Kerr: ban 20>10Gbit/s
dan 40>10Gbit/s
-GUOng vong: ban Xung quang 250>1Gbit/s clra sO 4ps
dan Xung quang
Xung quang
C6 hai loai sO d0 gidi ghép chinh 1a di€u khi€n dién va di€u khién
quang

dudgc trinh bay trong hinh 4.3. Trong thOi gian dau, cO ban tap trung vio

hudng st dung céc b0 di€u ché Mach-Zehnder Lithium niobate, né cho phép

khai thdc dap Ung hinh sin d€ gidi ghép bOn 1an tOc d0 tin hi€u co ban.

Nhung gan day, ngudi ta 1ai quan tAm dén vi€c Ung dung cdc cong nghé sUr

1y quang hoan toan cho gidi ghép v3i cic dac tinh nGi bat sau:

> Cho phép thod min vé cic mUc d6 gidi ghép kénh.

> Lay dudc kénh, truy cdp dén cic kénh dang truyén d€ thuc hién viéc

xen va ré kénh.

> Cic clra sO chuy€n mach cé cic uu di€m nli bat cho hé thOng

OTDM, di€u nay cho phép s dung céc xung tin hi€u r&ng hon trudc

khi c4dc kénh ké nhau gy ra xuyén kénh.
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Hinh 4.3: Nguyén ly cUa b0 gidi ghép th0i gian (DEMUX) sUf dung
chuy€n mach phén cuUc quang.
Hiéu Ung Kerr 12 hi€u Ung ma trong d6 dac tinh phan cuc cla sQi quang phu
thuQc vao su’ dOng nhat theo hinh tru cla chi s6 chi€t suat. Su dnh hudng cla
hiéu Ung phi tuy&n 1én su ddng nhat nay va céc hiu Ung truyén dan sdy ra sau
dé thudng dugc goi chung 13 hi€u Ung Kerr.
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Coupler 3dBE )
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40GEBitfs data 10GEBitf:

Coupler 34dB Coupler 3dB .

& 10GEBitfs Xen 10GBitfs

Hinh 4.4: SO d6 dOng bd 1ua chon kénh quang bang guong vong phi
tuy€n d€ ré va xen kénh vdi cic b0 coupler 3dB.

4.4.2 Xen ré kénh

Tin hi€éu dén b chia 3dB chia ra gilta cdc nhanh cla guOng vong. Sau
khi lan truyén vong quanh vai km sQi trong vong thi hai chudi xung s€ giao thoa,
tdi hgp v&i nhau va dugc phan xa tU guong vong dudi cic di€u kién tuong
thich. Chu trinh hoat d0ng cO ban nay 12 dOng va tuy€n tinh. Tuy nhién, n€u c6
chudi xung clock cdng sudt cao hon dugc dua vao vong ma tring hop véi tin
hiéu s nhung chi lan truyén theo mOt hudng thi cic xung clock sé€ bi€n doi
chi sO chiét suat cUa 16i s0i. Vi€c di€u ché ngang pha vlra dU da c6 th€ c6
trong cc xung tin hi€u d€ tao ra cac xung phit hgp dugc chuyén mach qua phia
doi dién cUa guong vong. K&t qud 1a tin hi€u can thi€t 13y ra & nit dugc thiét
bi phdn xa trong khi d6 cic kénh con 1ai s€ di qua va tdi hop tai chd véi tin
hiéu dugc phéat cho hudng truyén dan phia trudc clra sO chuyén mach cla

thiét bi va clra s6 nay dudgc xdc dinh khong chi bang dang cla cic xung di€u



khi€n ma con bang cd cdc van tdc tudng d6i cla cdc tin hiéu. Do d6, su sap
x€p cla cic xung tin hi€u va xung di€u khi€n mOt cich dOi xUng & hai phia
cla tan sac sQi bang khong ma c(ra s6 chuyén mach sé thu dugc tlr cic xung
tin hi€u va diéu khién la tuong hop vé van t0c.

Céc guong vong phi tuyén (NOLM: Nonlinear Loop Mirror) ciing c¢6 thé
dugc cau tric tU thi€t bi Laser ban dan thay cho sgi trong mot sO truOng hop.
Nhuoc di€m chinh clla NOLM 14 do d6 dai cUa sgi (khodng 10km), ma can
phai lua chon viéc tin sdc bang khong va budc séng tin hiéu di€u khién dé
dat dugc clra s6 chuy€n mach hop 1y.

4.5 PAng bd quang trong hé théng OTDM

/\ Tin higu

Burde séng A At A, i clock ra
Tinhigu F—=+LDa| ., B loc B6 thu quang| Y [Bé so| .[VCO e) 5
quang téi | [o = quarig =1 va loc ]

Bude séng A,

Jot b

Fhit tin
hign clock
quang

/\ /\ /\ Brére séng A,

Hinh 4.5: Cau hinh PLL quang d€ trich 1ay clock

Ky thudt tich 1ay tin hiéu clock 12 mOt qud trinh khong thé€ thi€u dugc

d€ tao ra tin hi€u dinh thGi vGi tdc dO cla tin hi€u thu dugc 1a mOt qua trinh



khong th€ thi€u khi thuc hién st 1y tin hi€u PCM tOc d0 cao. Trong cdc hé
thOng thong tin quang hién nay dang khai thic, vi€c trich 1ay thdi gian dugc
thuc hién trén cdc mach khod pha PLL di€én (Phase-locked-loop) sau khi tin
hiéu quang thu dugc di dugc bi€n dbi thanh tin hi€u dién thi cdc thiét bi
truyén dan nhu céc thi€t bi dau cudi quang, thi€t bj xen ré kénh va ca céc tram
13p déu c6 PLL. Viéc trich 1dy xung clock doi hdi phdi thuc hién mot cich
chinh x4c.

Cac mach PLL dién chi ddp Ung dudgc cic hé thOng truyén dan véi tdc
d0 bit nho, khi tdc d6 truy€n dan ting 1én thi ching khong con phtt hgp nlra. N6
s€ bi han ch€ vi bing tan cla cic b0 bi€n d0i quang-dién va mach dién t&
khong dap Ung kip. POi v&i cic hé thong OTDM tbc dO lam vi€c rat cao va
tinh chat quang hod cla cidc hé thOng nay th€ hién rit r& cho nén can phai sUt
dung viéc tdch tin hiéu clock dua trén cong nghé quang. Cac mach PLL quang
da dap Ung dugc tOc dO cuc nhanh cUa tin hi€u trén hé thdng OTDM ciing nhu
cdc hé thOng thong tin tOc dO cao khic.

Trong cdu hinh mach PLL quang, b0 khuéch dai Laser LDA c6 chlrc
niang nhU mOt mach két hop ngang quang c6 tdc dO cuc nhanh. Khi ¢é ca tin
hi€u quang va xung tU clock di t&i, b0 khuéch dai LDA s& k&t hgp hai tin hiéu
ndty va cho ra tin hi€u két hgp tan sO thap c6 ch(a thanh phan f véi f lasu
1&ch tan sO cUa hai tin hi€u nay, sau d6 t0 hop tin hi€u nay dugc tich séng va
loc d€ cho ra tin hiéu f tuong Ung vi tin hi€u dao ddng ndi so sanh. Dich
pha nay dugc ki€m tra nhG mach so pha, két qua so pha s& dugc dua vio b0
dao dOng di€u khi€n dién 4p VCO d€ phiat ra tan sO f,. Mach phat tin hiéu

quang s€ bi€n dGi tin hiu dién c6 tdn sO f, f thanh tin hiéu quang tUdng



Ung. Tin hi€u clock quang s& dugc 18y ra tU bd bi€n d0i di€én-quang E/O va
cap vao thiét bi gidi ghép quang trong hé thong OTDM.
4.6 Pac tinh truyén dan cia OTDM

Do 4nh sang truy€n trong sOi quang bi gidn rOng ra do sU tin sac cla s0i
quang, trong khi d6 c4c hé thOng thong tin quang s dung kY thudt OTDM hoat
dOng vGi tOc dO rat cao, di€u dé doi hoi cdc xung phét ra phdi rat ngan. Ta c6
th€ dua truyén dan Soliton vao hé théng d€ khdc phuc van dé tan sac. Tuy
vay, van phdi quan tim dén van dé tao ra xung cUc hep. Gid sU cic bod
khué€ch dai quang thuOng dudc si dung d€ ting cic mUc tin hi€u doc theo
tuy€n thong tin quang khi can.

Trong truyén dan tuyé€n tinh tin hi€u RZ trén sgi ¢ tdn sdc, van dé bu
cho hé thOng theo nghia bl trlr tan sdc chi thi€t 1ap khi cdc xung tin hi€u bi mat
ning lUong vao cic khe thoi gian 1an can. Tuy vay, mOt khi di€u nay sdy ra thi
hé thOng bi suy gidm nhanh nén d€ ting cuc dai khodng céch truyén dan thi
phdi dua cic hé théng truyén dan ODTM vio céc tuyén cd tin sac tién tGi
khong. Gidi phap dau tién 12 ngudn phat phai lam viéc tai budc séng gan véi
budc séng cla tdn sac sOi bang khong va di€u nay rat khé thuc hién vi gidm
cong sudt tin hiéu d€ tranh gidn xung can thi€t nhung di€u nay c6 thé lam cho
ddc tinh cUa hé thOng bi giGi han do ty 1& S/N. Gidi phap th( hai 1a cic ky
thudt di€u ti€t tdn sac 4nh sing c6 thé dugc sU dung d€ duy tri hinh thic
truy€n dan tuy€n tinh cla tuyén.

Hé théng s dung cdc bd phat OTDM trong truyén dan sO phi tuyén cé
Uu di€m 16n. Céc dang xung ngdn phit hgp vGi truyén dan Soliton d€ khac
phuc tdn sdc cla s0i dan quang. V&i hé thdng Soliton thi khodng 1dp cla hé
thOng OTDM phi tuyén c6 th€ dugc ting 1én rat 16n bang cach thuc hién ky

thudt di€u khi€n Soliton, thong qua vi€c s dung cdc bd 10c dan hodc hodc



dinh thoi tich cuc. C4c b0 10c dan rat thudn 10i khi 4p dung vao mdi trudng cé
hiéu Ung Gordon-Haus gy ra Jitter, con 1ai viéc dinh 1ai thOi gian tich cuc sé
loai bo Jitter d6i v&i bat ky mOt co ché hoat ddng nio. NhO cic cong nghé
nay ngUoi ta cé th€ thuc hién mot tram 1dp bao gbm khoi khoi phuc clock
dién d€ diéu khién thi€t bi dién-quang hodc quang hoan toan nham dua ra dich
pha cho tin hi€u quang.
4.7 Két luén chuong
Qua nghién clu vé kY thudt ghép kénh quang phén chia theo thOi gian
(OTDM) chiing ta thay né thuc su 1a mOt kY thudt tOi Uu trong cdc tuy€n thong
tin quang tOc d0 cao do né c6 cic dac di€m nGi bat sau:
> Dung lugng kénh truyén dan 16n.
> TOc d0 truyén dan cao.
> Van dung tOt phG hep cla Laser.
> K&t hgp dugc v4i kY thudt di€u khién Soliton d€ ting khd ning 13p
cUa hé thOng phi tuy€n lén rat 16n.
> Ghép kénh quang phén chia theo thOi gian phit hgp v6i cdc loai Laser
tao ra cic xung c6 dO dai it hon d0 dai khe thdi gian cUa tin hi€u cho
phép.
Phan Tinh toan va thi€t ké
CHUONG 5: TINH TOAN THIET KE TUYEN CAP QUANG THEO QUY
CONG SUAT VA THOT GIAN LEN
5.1 GiGi thi€u chuong
Céc hé thOng thong tin quang dugc Ung dung c6 hi€u qud nhat trong
linh vuc truyén dan s0. Do vy trong tinh todn, thi€t k& ta xem xét hé thOng

truyén dan s& IM-DD (Intensity Modulation-Direct Detection) thi nh{ing di€u



ki€n bat budc vé kY thudt va tinh kinh t€ déng mOt vai trd quan trong trong tat
cd cédc tuy€n thong tin sOi quang. Ngu0i thi€t k€ phdi chon can than tlng
cong doan d€ ddm bdo sao cho cd hé thOng trong sudt thdi gian phuc vu déu
hoat dOng tOt.
5.2 Cac khai niém

Nhu di bié€t, hé thOng thong tin quang phG bi€n hién nay 12 hé thOng
IM-DD diém-di€m. D€ thi€t k€ tuyén ta can quan tim d€n: Thi€t bi phat
quang, thi€t bi thu quang, sgi dan quang va cic y€u t0 anh hudng dén né

chang han nhu m&i han va cdc bd connector nhu hinh vé dudi day:

Sofi quang —
Thigt bi — - - - - - ———— Thist by
phit l thu
Mai han

Muc dich cUa viéc thi€t k& tuy€n 13 phdi dat dugc cic yéu cau sau:
> Culy truy€n dan theo yéu cau.
> TOc db truyén dan.
> Ty s0 10i bit BER.
PE dam bdo cho viéc thi€t ké tuy€n dat dudc cic yéu cau d6 can
phdi chon cé4c thanh phan cUa tuyén:
» S0i quang don mode hay da mode.
Kich thudc 161 sOi.
Chi s6 chiét sudt mat cat 1i.
Bing tan hodc tin sac.

Suy hao cUa s0i.

vV V VYV V V

Kh&u d6 hay ban kinh truGng mode.



NguOn phét 13 LD hay LED
> Budc séng phit.
> DO rOng pho.
> Cong sudt phit.
> Vung phét xa c6 hi€u qua.

Thiét bi thu quang s& dung PIN hay APD

> Hé s06 chuyén d6i.
> Budc séng lam viéc.
> TO6c d6 lam viéc.

> DO nhay thu.

P& Iua chon céc thanh phan sao cho ddm bao kY thudt ta phai xét dén
quy cdng sudt 1&én va quy thOi gian 1én cUa tin hi€u trong hé thOng.

Quy cong sudt c6 cdng sudt phat, d0 nhay thu, cong sudt du phong, tUr
d6 ta thi€t 1ap ty s6 BER. Cong sudt du phong cho suy hao sgi, suy hao mOi
n0i...Khi 1ua chon cic thanh phan cUa tuy€n ma khong ddm bdo khodng cich
dudng truyén thi c6 th€ thay ddi cic thanh phan dé hay ghép tram 1dp vio
tuy€n d€ thod man yéu cdu v€ cong sudt. Khi quy cong sudt di cin bang ta
ki€m tra quy thOi gian 1én cUa tin hiéu.

Ciéc budc thiét ké:

4. Chon budc séng lam vi€c cla tuyén
5. Lua chon thanh phan thi€t bi hoat ddng & budc séng nay
6. Chon thié€t bi thod min yéu cau dat ra
5.3 Quy cong suat
Ta xét phudng trinh can bang clla quy cong sudt. D6 1a di€u kién vé

cong sudt d€ tuy€n hoat dOng binh thudng.



Gia sU bén phat va bén thu khong c6 sU suy hao cdng sudt thi:
P P 0
(5.1)
trong d6, P,: Cong sudt phat.
P.: Cong sudt thu.
Suy hao trén tuy€n bao gbm suy hao trén sgi dan quang, trén cic b0
n0i va cdc mOi han. Suy hao tUng phan dugc xéc dinh theo cong thifc:

A = -10logle

(5.2)

Ngoai cédc suy hao néi trén can phdi c6 mOt lugng cong sudt du' phong
cho tuGi tho cUa cdc thanh phan, cho su thay d6i cUa nhiét 0. Gi4 tri cong sudt
du phong nay c6 gid tri khodng 6dB dén 8dB.

Phuong trinh cin bang quy cong sudt (di€ém-di€m) la:

10log P.. hs  MDP w LM m ¢

c device

(5.3)
Trong dé: P, 1a cong sudt phat [mW]
hs: Hiéu suat ghép quang [%]
MDP: D nhay mdy thu
MDP=-27,5dBm [7]
+ e : HE s0 suy hao cép va du phong cho cép [dB/km]
L: Khodng cdch gilra phia phdt va thu [km]
«» 5. Suy hao connector va suy hao mOi han [dB]
n, m: SO connector va sO mOi han

2 : Suy hao ghép sgi quang-b0 thu[dB]



soice - Suy hao du phong cho thi€t bi [dB]
Cong sudt quang tGi P, [dB]:

P, 10log P.. hs ap LT m. d

c s device

(5.4)
Khi coéng sudt quang t&i nam trong khodng gilta [MDP dén
(MDP+Over)] vGi Over 1a hé s6 qué tdi mdy thu. Liic nay ty sO 10i bit BER sé&

nhd hon mong muOn va khong bi qud tdi mdy thu.

5.4 Quy thoi gian Ién

Trong mOt hé thOng thdng tin quang, tin hi€u dugc truyén tU thiét bj
phét dén thi€t bi thu thong qua mdi truOng truyén dan 12 sgi quang. Trong qué
trinh d6, d6 rOng xung cUla tin hi€u bi gidn ra. Do d6, ta c6 th€ xem tin hiéu di
qua hé thGng nhu 12 di qua mOt b0 10c thdng thap. Khi d6, thdi gian 1én clia hé
thOng duoc dinh nghia 1a khodng thdi gian t sao cho bién d0 tin hi€u xung ting
tUr 10% dén 90% bién d0 cuc dai cla nd.

Ta c6 thé€ tinh thdi gian 1én cUa tin hi€u xung vuong khi di qua mach

loc thong thap RC:
R E;rz';rg P:JEI
—f
l Vin e — le Vs 0,9
* - 0,1

i £
t 1 2 t

Hinh 5.1: Bdp Ung xung cla bl 10c thong thap.



Tin hiéu vao 13 xung vudng nén c6 dang:

(5.5)
R 1 ‘.
Ham truyén: H p T, vOi RC
(5.6)
‘/out p H p "/in p VO
pl p
(5.7)
v .t V.l exp 1
(5.8)
tai ¢, : 01V, V,1 exp h
exp tl/ 09
@i 1, 09V, V, 1 exp t%
(5.9)
exp t/ 0,1
(5.10)
U (5.9 va (5.10) ta c6: % h Td.
59 va (10 @ co: t In9RC 22RC
(5.11)
T (5.6) ta c6: Hf —
(5.6) ta co: I 2j [RC

(5.12)



Do d6 bing thong cUa mach: B L
2 RC
(5.13)
T (5.11) va (5.13) ta dugc:
; 2,2 035
2 B B

(5.14)
Bing thong tOi thi€u cUa b 10c phdi bang bing thong cUa tin hi€u thi

ta m&i c6 thé thu dugc tin hiéu, di€u nay tuong Ung v3i thoi gian 1én t0i da:

0,35
tmaX
(5.15)
V6i tin hiéu loai NRZ: T A
(5.16)
V&i loai tin hiéu RZ: ! max 0’;5
(5.17)
khi d6 th0i gian 1&n cUa tuyén:
N
t t

(5.18)
-Thi gian 1&n cUa thiét bj thu.
Goi B 1a bing tan dién 3dB tinh bang MHz thi thdi gian 1én cUa thiét bi thu
dugc tinh
350
r, 3507

(5.19)



-Thoi gian 1én tdn sdc mode cUa sgi quang

Linode 440. %0 [nS]

(5.20)

Trong d6 q: tham sO c6 gid tri tr 0,5 dén 1
B,: Bing tan 1 Km cdp sgi quang [MHz]
L: Chiéu dai cUa cdp

-Thoi gian 1én tdn sac vat liéu dung Ong dan séng

(5.21)
Trong d6 D: Hé s tdn sac

: P6 rOng nguon phit
(5.17) ¢6 thé duogc viét lai:

q 2
t, .|t2 DL ° 440L7 350
B, B

(5.22)
5.5 Nhiéu trong hé théng thong tin quang

Nhi€u 12 khdi niém d€ mo ta cdc thanh phan tin hi€u dién khéng mong
muOn
C6 chiéu hudng gy roi qua trinh truyén dan va xU ly tin hiéu trong hé thOng
ma chiing ta khong ki€m soét day dU. Trong hé thOng tich séng, d0 nhay cla
hé thOng phu thuQc rat nhi€u vao cic loai nhi€u va hai nguOn nhiéu chinh &
day 12 nhiéu lugng t(f va nhiéu nhiét.
5.5.1 Nhiéu luong tur.

Nhiéu Iugng t(f cla photodiode sinh ra do s& lugng cdc hat tai dién di

qua mOt khe ning lugng hay vUgt qua hang rao thé ning cé tinh ngdu nhién



theo thGi gian gdy ra. Dong chdy cla céc hat electron qua ti€p gidp p-n la riéng
ré va ngdu nhién. C4c hat dén khong dOng thGi nén phdt sinh ra nhi€u nay.
Gid tri cUa nhiéu Iugng t& phu thubc vao cdc tham sO:
iZ 2eiB
(5.23)
Trong d6: B 1a d0 rOng bing cUa b0 thu
I 1a dong trung binh dén b0 tich séng
Gié tri cUa dong nhiéu luong t& 13 i,, ~/2eiB, tl biéu thlc nay ta

shot

th8y dong nhiu lugng tU ting theo /B .

5.5.2 Nhiéu nhiét

Nhiéu nhiét xudt phat tlr dién trd tai b tich séng va cic linh kién dién
t(r trong b0 khuyé&ch dai, c6 xu hudng chi phOi trong qué trinh khuyéch dai khi
s dung photodiode PIN vdi ty sO tin hi€u trén nhi€u thap, cé thé dat dugc hé
sO khuyé&ch dai t0i Uu bang thi€t k€ can bang gilta nhi€u nhiét va nhiéu
luong t0 khong phu thuQc vao hé sd khuyéch dai.

Cong thlrc tinh todn nhi€u nhiét: i’ 4KTB/R,
(5.24)

Tong d6: K 12 hang s6 Bozman, K=1,38.10%

T 12 nhiét dd G don vi kenvin, T = t(°c) + 273
R 12 dién trd tai
5.6 Ty 1€ tin hiéu trén nhi€u

5.6.1 POi v6i photodiode PIN



Trong hé thOng tich séng truc ti€p, s dung diode tich séng PIN thi gi4 tri

dong va cong sudt t&i quan hé nhu sau:

(5.25)
Véi: 13 hi€u sudt lugng tlr
h 12 hang s6 plank, h =6,626.10*Js
Mat khéc ta c6 cong sudt trén tai:
S=i"R,

e
S= (—.p, )P R
(hvp ) L

5.26

-Cong sudt nhiéu lugng t v4i dong bao gbm cd dong t0i:

N, iR, 2.lBR, 2e(h—eP i,)BR,
1%

* 2V shot ki

5.27
-Dong va thé cUa nhi€u nhiét:

, 4KTB
lnh
RL

-u’, 4KTB.R,

Cong sudt nhiéu nhiét:

AKTB & 4kTB

nh

5.28

TUr d6 ta c6 ty sO tin hiéu trén nhi€u G mdy thu s dung photodiode PIN:



€
— R

s
N 2ep. i)BR 4K.BT
hv

5.29
5.6.2 POi vGi photodiode APD

Nhu di bi€t APD bao gbm 18p chuyén ddi quang dién va 10p nhan dién,
do vay nhi€u xudt hién & 10p chuyén ddi quang dién i’y = 2.e.I.B ciing nhan
dudgc 1én 16p nhan vGi hé s nhan M.

Pow  (—.p, i)M>*B
hv
5.30

N

shot

i*yor.R, 2.el.BR, 2e(h—ePs i).M*“BR,
%

5.31
Trong bi€u thifc trén tri s6 M* g0i 14 nhi€u qua mUrc. Pay la gi tri dugc
sinh ra trong hi€u Ung thac.
VGi x 1a hé s6 tap Am qua mUc. Gid tri cla x phu thuOc vao vat liéu ché
tao photodiode APD. Pdi v3i photodiode si = 0.3
photodiode InGAs x = 0.7
photodiode Ge x = 1

Do d6 ty sO tin hi€u trén nhi€u ¢ mdy thu st dung photodiode APD Ia:

€ 2

Ze(he.ps i YM>“BR, 4K.BT
%

(5.32)



Ty 1& 16i bit:

(5.33)

o qé :
g2

Vi g=SN/2

Ty s6 BER cang nhO thi chat lugng cla hé thdng cing cao va di€u nay con tiiy

thuQc vao tUng hé thOng. ThuOng BER = 10 *hay < 10 2.

5.7 Céc gia tri cla cac thanh phan

Thiét bi phat quang: [7]

Tham s®

Gia tri

Budc séng lam viéc

1300nm hay 1550nm

Dai s6ng lam viéc

50nm

Cong sudt ra

LED: -32 dén 15dBm
LD: -12 dén 7dBm

Thai gian 1én LED: 3ns(max)
LD: <lIns

PO rOng ph6 LED: 30 dén 100nm
LD: 1 dén 2nm

Cap s0i quang: [7]
Tham sO Gi4 tri
PO rOng bing thong 1km cdp sQi quang | 100 dén 2500Mhz
Suy hao cUa sQi(sh) MM<2dB/km

SM tai 1300nm:0.36dB/km
SM tai 1550nm:0.22dB/km

Hé s6 tin sac(D)

MM<6ps/nm.km
SM tai 1300nm <3,5 ps/nm.km
SM tai 1550nm <18 ps/nm.km




Thié€t bi thu:

Tham s®

Gid tri

Do nhay(S)

PIN: -43 dén 27,1 dBm
APD: -41,5 dén 29,6 dBm

Hiéu sudt 60%-90%
Dong i,,i; 1nA
Suy hao do han n6i va bd n0i:
Tham sO Gi4 tri
Suy hao mOi han 0,3 db(max)
Suy hao b0 n0i 0,5 db(max)

Khi tao t& hgp cic thanh phan trong tuy€n phai tuin theo cic quy tac sau:

. LED khong dugc st dung vdi sQi quang don mode

. LD khong dugc st dung v&i sQi da mode

5
6. LED khong dugc s dung v&i didt quang APD
7
8

. LD don mode dung vGi APD
LDDM: Laser dOn mode
DAMO: S0i quang da mode

DMTT: S@i quang dOn mode thong thudng

DMDC: SOi quang don mode dich chuyén

Do d6 cic t6 hop c6 thé c6 1a:
8. LED-DAMO-PIN
9. LD-DMTT-APD
10. LD-DMDC-PIN
11.LD-DMTT-PIN
12.LD-DMDC-APD
13.LDDM-DMTT-APD
14. LDDM-DMDC-APD




5.8 Bai toan tinh toan va thiét ké theo quy cong suat va thoi gian lén

Trong bai toan, hé thOng sU dung 1an lugt 2 thiét bi thu quang 1a
photodiode PIN va photodiode APD, tinh todn cong sudt phat t0i Uu.

Viéc tinh todn dua trén nhitng thong sO cu thé cla céc thié€t bi c6 trong
tuy€n , cic thdng sO nay dudc cho bdi nha san xuat.

Yéu cau cu thé cla tuy€n nhU sau:

- Tuyén A-B véicyly truyén dan: L = 100 km

- Téc db bit : B.=2,5 Gb/s

- Maislirdung 1a mia RZ

- SO conector(mOi nbi) : 2

- SO Slice(m®i han) : 20

- BER cho phép 10'° va khong st dung b0 khuy€&ch dai quang
5.8.1 Chon budc séng lam viéc cla tuy€n.

Chon budc séng lam vi€c cla tuy€n c6 lién quan d€n rat nhi€u tham sO
khéac cUa tuy€n. C6 ba ving clra s6 d€ c6 th€ 1ua chon khi thét k€ 1a 850nm,
1300nm, 1550nm.

Nghién clu vé€ cdp quang di cho thdy rang, cdp quang cé dac tinh tOt
hon G ving budc séng dai. Khi tOn hao truyén dan va tin sdc 1a cdc nhan t0
quyét dinh d€ xac dinh dugc chi€u dai cUa tuyén.

Budc séng ngan thudng ding d€ st dung & nhiing hé thOng thong tin
hoat dOng v&i tdc dd thap. Trong viing budc séng dii, cic hé thOng hoat dOng
3 budc séng 1550nm cho mUc suy hao thap nhung lai c6 mUc tan xa 16n hon
1300nm, @ tuyén trén, do chi€u dai cla tuy€n 1a 100km nén ta cho budc séng
lam vi€c cUa tuy€n 12 1550nm d€ cé mUc suy hao thap.

5.8.2 Chon loai sOi quang
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Theo su trinh bay & phan ly thuy€t soi quang dugc phan thanh 3 loai:

don mode, da mode chi s6 budc, da mode chi s6 18p. Loai sQi don mode c6 dac

tinh tOn hao va tan sO rat tot cho nén lo

ai nay dugc sU dung ph0 bién cho

dudng dai, dung lugng truyén dan cao doi hoi bing thong rbng va ton hao

thap.

Loai s0i quang cUa tuy€n dugc chon la: sgi quang don mode vGi chi sO

suy hao 1a 0,25dB/km va hé sO tén sac D=17ps/nm.km.

5.8.3 Thi€t bi thu quang

Chon thi€t bj thu quang thda mén cic yéu cau sau:

/N (dB)., .

1 1 — D0 nhdy chio V. hglam vi€c cUa tuy€n.
~  BER = 1/2 erfc(QY. Suatluong tr16n 1| 3
= = - Dac tinh nhi€u phai thap ’
u - Hoat dOng 6n dinh vdi sit tha) d6i clla moi truGng
Viéc chon thi€t bi thu Ung véi mot ty 1€ 6i1 bit BER cho trudc 1amOt cong
doan quang trong, bGi 1€ d0 nhdy tinh dUdc § s€ c6 cong sudt phat tOi Uu va
i nhu vay s& 1am cho tuyén hoat ddng 6n d|rh. 1
.y, YO0iBER cho truGc thi ta s€ ¢6 ty [l tisn hiéu trén nhiéu tUr bang dudi
10 10 10'3dﬁﬁ'4 10° 10° 107 10® 10° 10" 10" 10"

Hinh 5.2 Ty s0 bit BER



V&i BER=10" thi t{r hinh v€ ta s€ c¢6 S/N = 22,6dB hay S/N = 182 1an
5.9 Tinh toan t&n hao trén dudng truyén

Loai t6n hao bon vi SO luong TOng
T6n hao sGi 0,25dB/km 100km 25dB
T6én hao moi 0,1dB 20 2dB

han

T6n hao moi 1dB 2 2dB

noi

Du phong 5dB 5dB

P, =34dB

5.10 PO nhay cla may thu trong truong hop st dung PIN
Ta s& c6 cong thlc S/N ddi vdi thi€t bi thu PIN nhu sau:

€
— R

S
N 2e®p. i)BR 4K.BT
hv
e 2
g (hv py)

N 4K BT
N e p i)B
hy

L
VéiB =B =2,5Gb/s (do mi sU dung la RZ)
Cho thiét bi thu 1a photodiode PIN G6742-003 cUla Hamamatsu Photonic

(c6 thong s kem theo)



182

Céc thong sO cUa PIN:
R =—=0,95A/W
hv

R.= 50

I, =03.10° A
Céc hang s0 :

K =1,38.107 J/K, h=6,626.10"*Js, c=3.10° m/s
Thay cdc gid tri vao ta duQc phuong trinh:

2

095 P,

4 138.10 % 300 2,5.10°

3,2.10 ¥(0,95 P, 03.10°) 2,5.10° 0

Ta dugc phuong trinh theo Ps :
0,9025.P5 -138,3.10°Ps -15,1.10" = 0
Gidi phuong trinh bac hai ta dugc: Ps = 13.10° W
Ps=-12,8.10°W (loai)
Vay d0 nhay cla may thu I1a: Ps = 13.10° W hay Ps =-18.7dBm

TU dé ta cé6 cong sudt phat tdi Uu cho laser trong trudng hop su

dung PIN: Pr =P, +Ps =34 + (-18,7) = 15,34dbm

Nhu vay chon thi€t bi phat vGi cong sudt danh dinh 1a: Py = 15,12mW

5.11 PO nhay may thu trong truong hop st dung APD

Ta c6 cong thlic S/N doi vGi thi€t bi thu APD nhuU sau:

€ 2

N

Ze(he.ps i )M**BR, 4K.BT
1%



€ 2
—M.
(hv py)

hay KBT

e . 2 x
2e(—. i )M~ 'B. 4—
(hv Pe o) R

L

= |

Chon thi€t bj thu 1a photodiode APD loai Suo020 cUa sensor Ulimited
Inc (c6 thong sO kém theo)
Céc thong sO cla APD:

R =-%=0,8A/W
hv

Ry.=50
X=0,7
M=10
I,=30nA
Céc hang s0:

K =1,38.10” J/K, h=6,626.10"*Js, c=3.10° m/s

Thay cdc gid tri vao ta duQc phuong trinh:

182 =

8 P, °

4 138.10 % 300 2,5.10°
50

3,2.10 ¥0,8 P, 03.10°) .10* *".2,5.10°

Ta dugc phuong trinh theo Ps:
64.P; -29,189.10°Ps - 7,717.10"' = 0
Gidi phuong trinh bac hai ta dugc: Ps = 1,35.10° W
Ps=-8,93.10°W (loai)
Vay d6 nhay cla mdy thu l1a: Ps = 1,35.10° W hay Ps = - 28,7dBm



TU dé ta cé6 cong sudt phat tdi Uu cho laser trong trudng hop su
dung PIN: Py =P, + Ps =34 + (-28,7) = 5,3dBm
NhU vay chon thi€t bi phat vGi cong sudt danh dinh 13: Py = 5,34mW
5.12 Tinh to4n thGi gian 1én
-ThOi gian 1én tOi da cUa hé thOng
t,=0,7/B,=0,7/2,5.10°=2.8.10"" s
-Thdi gian 1&n cUa thiét bj thu:
t, = 350/B = 350/2,5.10° = 14.10"° s
-Thoi gian 1én tdn sac mode cUa sQi quang:
t. = 440.LYB, = 440.100%/2,5.10’ = 176.10° s
Trong d6: q 1a tham sO c6 gia tri tir 0,5 dén 1
B, : bing tdn mOt km cdp sgi quang (MHz)
L : chi€u dai cUa cap
- Thoi gian 1én tin sdc vat liéu 6ng dan séng:
ty-D.L. =17.0.04.100 = 68ps = 68.10"*

- Khi d6 thOi gian 1én cUa tuyén :

q 2
tt= [t> (D.L. )* 440L7 350
B B

x
o rx

t =2,65.10"°¢
Nhu vay thoi gian 1én cUa tuy€n 1a: t, = 2,65.10"%s
5.13 Két ludn chuong
Két qud viéc tinh toan dua vao cic thdng sO cho trudc cla tuy€n di cho
th8y rang, & APD c6 hé s6 nhan M nén ty 1€ tin hi€u trén nhiéu S/N c6 gia tri

16n hon nén d0 nhay mdy thu dugc nang cao hon so vGi PIN.



Do d6, vi€c 1ua chon APD lam thi€t bi thu quang sé€ kéo theo thudn 10i 12
chi can st dung diode Laser v&i cong sudt phat nhd hon rat nhi€u so v&i khi

dung PIN lam thiét bi thu quang.

KET LUAN VA HUONG PHAT TRIEN DE TAI

Dé tai “hé thOng thong tin quang” di thuc su dem lai cho em nhi€u
hi€u bi€t vé thong tin sQi quang. Khi tim hi€u vé hé thOng thong tin sQi quang
3 chuong 1 di trinh bay mOt cach khdi quat vé hé thOng va da gitip cho em c6
tam nhin vé hé thOng thong tin sQi quang mOt cach tGng quét. Cac chuong ti€p
theo s& tap trung vio trinh bay mOt cach then chOt cic van dé nhu cédc dac
di€m, cdu tao chlc ning cla hé thOng, va tUng bd phdn cdu thanh nén hé
thOng.

DGi v&i hé thong thi€t k&, tuy con nhi€u han ché nhung hé thOng IM-
DD vGi ddc tinh don gidn da dugc Ung dung rOng rdi va cho nhling 10i ich to
16n trong thOi ky mdi phit tri€n thong tin quang.

V@i nhiig Uu di€m k€ trén viéc st dung sQi quang lam phuong tién
truy€n dan 12 can thi€t. Thé& nhung khi st dung sQi quang trong thuc t& khong
phdi la di€u don gidn cO ché 4nh sing lan truyén trong sOi quang ciing nhu d6
tOn hao 1a nhitng y€u t0 can phai tinh dén truGce tién khi chon sOi quang 1am
phuong tién truyén dan tin hiéu.

Tuy nhién, d€ ting t&c dO truy€én dan, bing thong, dung IUgng ...thi van
dé ghép kénh quang 12 mOt tat y&u. C6 ba loai ghép kénh quang 13 ghép kénh
quang phan chia theo thi gian(OTDM), ghép kénh phan chia theo tan
sO(ODFM), ghép kénh quang phén chia theo budc séng (WDM). Trong ca ba
phuong phap trén thi ghép kénh phan chia theo thoi gian 1a don gidn va phG

bi€n nhat vGi cic tinh niing Uu viéc cla né. Viéc tinh todn, thi€t k€ tuyén



thong tin quang theo quy cong sudt va thoi gian 1én doi hoi cc thong sO phdi
phi hgp, cong thlc chinh xéc ..va trén c0 s& d6 chuong trinh sé€ ki€m tra cic
di€u kién vé thdi gian 1én va quy cong sudt va BER cUa hé thOng dé dua ra
dudc tuy€n phit hgp vGi nhu cau thiét k€.

Trong nhUng nim gan day, cac nudc phit trién trén thé giGi nhu My,
Nhat Trung qudc, PUc...dang ngién clru d€ dua ra cong nghé mGi :WDM la
cong nghé truyén dan tdc dO cao vai trim Gbit d€n Tbit. Ding cong nghé
WDM d€ md rOng dung 1uong 13 cong nghé truyén dan siéu 16n nhat hién nay.
N6 khong nhitng m3 rOng dung lugng, ti€t kiém dugc sO luong 16n di€m bd
13p, b0 téi sinh, gidm gid thanh cla hé thOng. N6 13 nén méng cho sU phat tri€n
lau dai trong tuOng lai.

Tuy nhién, khi hoan thanh d0 4n nay khong thé tranh nhiing sai sét ndi
dung ciing nhu trong thiét k€.

PHU LUC

CHUONG TRINH TINH TOAN: Thi€t ké tuyén thong tin sOi quang

theo quy cong sudt va thoi gian 1én

Ké&t qua khi chay chuong trinh



. Thiét ké tupén thiing tin s¢i quang theo qui cdng suét ¥a thei gian 1én

Butéio sfing
 1300nm

¢ 15580nm

Téc do bit R | [Mbit/s]
S8 méihan n I

S8 b ket ndim I

Chién dai tuyeh L [ k] Fosssee: Chon tuy&n------- ~Chi phi cho tuyén dirga chon
Cong sudt ngudn LED l—[dElm] g thDmoAPP”[IDN Ii
Cong sudt ngudn LD I [cBm] ((: tgg%gg b
Cang sudt nguén LDDM I [dBm] g oMb AT 2 e g ee

¢ LDDM-DMDC-APD Bang gii vat ligu cdp

LDDM-DMTT-AFD
guang vi phy kién
THOAT | TINH TOAN




. Thiét ké tupén thiong tin sgi quang theo qup cang suat va thai gian 1én

]
Fosssscssssas Nhap tham s& clia tuysn-------------- T Kot qua-------o oo
[ Md truyén dan Bute séng Khong c6 té hop nao thod min yéu cdu thiét ké.
= RZ & 1300nm
& NRZ " 1550nm

Téc de bit R 400 ubits]
S6 méi han n | 15

S8 bo ket ndim

~ Chi phi cho tuyén dege chon-

| o

Bang gia vat liéu cap
guang va phy kién

Chifu daituyen L

LED-DAMO-FIN
LD-DMTT-APD
LD-DMDC-PIN
LD-DMTT-PIN
LO-DMDC-APD
LDDM-DMTT-APD
LDDM-DMDC-APD

Cong sudt nguén LED

Cong sudt ngudn LD

Cong sudt ngudn LDDM

THOAT |

. Thiét ké tupén thong tin sgi quang theo qu§ cong suat ¥a thisi gian lén

. Thiét ké tupén thong tin s¢i quang theo qui cong suat ¥a thai gian Ién

M truyén din
" RZ
* NRZ

Bude afng
{* 1300nm

& 1580nm

Téc do bit R

86 mdihan n

86 bo ket nfiim

Chin daituyen L
Chng sudt ngudn LED
Cong sudt ngudn LD

Cong sudt ngudn LODM

150 [ihits]

15

T6 hop LED-DAMO-PIN :Thoa min

2

I 20 [Km] B

| 8 [dBm]
| 5 [dBm]
| 3 [dBm]

TINHTOAN

~Chi phi cho tuyén dge chon—

LD-DMDC-FIN
LD-DMTT-PIN
LD-DMDC-APD

| 50805 1sD

LDDM-DMTT-APD
LDDM-DMDC-APD

Bang gia vat liev cap
guang vi phy kien




CODE:

Option Explicit

Public Cpl As Variant

Public Cp2 As Variant

Public Cp3 As Variant

Public Cp4 As Variant

Public Cp5 As Variant

Public Cp6 As Variant

Public Cp7 As Variant

'Gia thanh cua he thong [USD]

Const a =40 'Gia mot connector

Constb =15 'Gia mot moi han

Const c_LD = 15450 'Gia mot bo FLX-600

Const ¢c_ LED = 12000 'Gia mot bo FLX-600

Const da = 1200 'Gia mot Km soi da mode

Const dmtt = 1390 'Gia mot Km soi don mode thong thuong

Const dmdc = 1410 'Gia mot Km soi don mode tan sac dich chuyen

Const rack = 1600

Const G_ODF =120

Const M_8FO =110 'Mang song noi thang cap
Conste =2.71814

Const q=0.5

Const MPIN = 1

Const MAPD =40

'He so tan sac

Const D1_DAMO =6 'He so tan sac cua soi DAMO



Const D2 DMDC =0
Const D2 DMTT =18

'He so tan sac cua soi DAMO

'He so tan sac cua soi DAMO

"Thoi gian len cua may phat
Const T_LED =2

Const T_LD =1

Const T_LDDM = 0.7

"Thoi gian len cua LED
"Thoi gian len cua LD
"Thoi gian len cua LDDM

'Do rong pho nguon

Const PH_LED =3/1000 'Do rong pho cua LED
Const PH_LD = 1.5/ 1000 'Do rong pho cua LD
Const PH_LDDM = 1/1000 'Do rong pho cua LDDM
'Bang tan soi quang

Const Bo_DAMO = 1400 '‘Bang tan soi DAMO
Const Bo_DMTT = 1700 '‘Bang tan soi DMTT

Const Bo DMDC = 1700 '‘Bang tan soi DMDC

Const hs = 0.8 'Hieu suat ghep quang
Const Lc =0.7 '‘Suy hao connector
Const Ls = 0.4 '‘Suy hao moi han
Const Pd =8 '‘Cong suat du phong
Const MDP = -27.5 'Do nhay may thu
Const T =300 'Nhiet do

Const RL =50 'Dien tro tai

Dim Bmt 'Bang thong may thu

'He so tap am troi
Const M_PIN =1
Const M_APD =40



Const KB = 1.38E-23 'Hang so Bonzman

Const BERo = (0.0000000001 'BER danh dinh

Public TH1 As Boolean

Public TH2 As Boolean

Public TH3 As Boolean

Public TH4 As Boolean

Public THS5 As Boolean

Public TH6 As Boolean

Public TH7 As Boolean

Public Brx As Double '‘Bang thong cua thiet bi thu

Public bNz As Boolean

Public bLamdal As Boolean

"Tinh thoi gian len cua to hop

Public Function Calc_Tth(ByVal dTmp As Double, ByVal dD As Double, ByVal

dBo As Double, _
ByVal dBmt As Double, dP As Double, ByVal dL. As Double, _
ByVal dq As Double) As Double

'dTmp thoi gian len cua may may phat

'dD he so tan xa

'dBo bang tan 1km cap soi soi quang

'dBmt bang tan may thu

'dPH do rong pho nguon phat

'dL chieu dai tuyen

'dq Tham so co gia tri 0.5->1

Dim dTth As Double



dTth = Sqr(sqrt(dTmp) + sqrt(dD * dL * dP) + sqrt(440 * Exp(dq * In(dL)) /

dBo) _
+ sqrt(350 / dBmt))

Calc_Tth = Format(dTth, "scientific")
End Function
Public Function Calc_Ts(ByVal dR As Double) As Double
'dR toc do bit
Dim Ts As Double
Dim R As Double
R=dR
If bNz Then

Ts =(0.35/R) * 1000
Else

Ts =(0.7/R) * 1000
End If

Calc_Ts=Ts
End Function

Private Sub cmdCalc_Click()

'On Error GoTo ErrorHandle

Const MDP = -27.5 'Do nhay may thu
Const KB = 1.38E-23 '‘Hang so Bonzman
Const T =300 'Nhiet do

Const RL =50 "Tro tai

Const BERo = (0.000000000001

Dim R As Double "Toc do bit

Dim dL As Double 'dL chieu dai tuyen



Dim n As Integer 'So connector
Dim m As Integer 'So moi han
'Cong suat nguon phat

Dim Ps_LED As Double

Dim Ps_LD As Double

Dim Ps_L.DDM As Double

Dim Ts As Double "Thoi gian len cua he thong

Dim Tth1 As Double "Thoi gian len cua to hop 1

Dim Tth2 As Double "Thoi gian len cua to hop 2

Dim Tth3 As Double "Thoi gian len cua to hop 3

Dim Tth4 As Double "Thoi gian len cua to hop 4

Dim Tth5 As Double "Thoi gian len cua to hop 5

Dim Tth6 As Double "Thoi gian len cua to hop 6

Dim Tth7 As Double "Thoi gian len cua to hop 7

Dim dPr_LED As Double 'Cong suat quang toi cua to hop 1
Dim dPr_LD As Double '‘Cong suat quang toi cua to hop 2
Dim dPr_LDDM As Double '‘Cong suat quang toi cua to hop 3

Dim BER1 As Double
Dim BER2 As Double
Dim BER3 As Double
Dim BER4 As Double
Dim Ip_LED As Double
Dim Ip_LD As Double
Dim Ip_LDDM As Double
Dim SN1 As Double

Dim SN2 As Double



Dim SN3 As Double

Dim SN4 As Double

Dim ql As Double 'q1=SN1/2
Dim g2 As Double 'q2=SN2/2
Dim g3 As Double 'q3=SN3/2
Dim g4 As Double

OptTH1.Value = False
OptTH2.Value = False
OptTH3.Value = False
OptTH4.Value = False
OptTHS.Value = False
OptTH6.Value = False
OptTH7.Value = False

txtResult. Text =""

txtResultl. Text =""

Ps_LED = CDbl(txtPSLED.Text)
Ps_LD = CDbl(txtPSLD.Text)
Ps_LDDM = CDbl(txtPSLDDM.Text)
dL = CDbl(txtL.Text)

R = CDbl(txtR.Text)

m = Clnt(txtm.Text)

n = Clnt(txtn. Text)

'Tinh thoi gian len cua he thong
Ts = Calc_Ts(R)

If bLamdal Then

"Tinh thoi gian len cua to hop



Tth1l = Calc_Tth(T_LED, D1_DAMO, Bo_DAMO, 2 * R, PH_LED, dL, q)
"Tinh cong suat quang toi
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
Ip_LED = Calc_Ip(dPr_LED)
SN1 = ((sqrt(Ip_LED) / 2) * sqrt(MPIN) * RL/ (4 * KB * T * 2 * R)) /
1E+18
ql =SN1/2
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
Cp2=0
Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
If (Tth1 <= Ts) Then
dPr_LED = Calc_Power(hs, Ps_LED, Pd, m, n, Lc, Ls)
If (dPr_LED >= MDP) Then
BER1 = Exp(-sqrt(ql) /2) / (2 * q1 * Sqr(2 * 3.14))
If (BER1 <= BERo0) Then
txtResult. Text = "T6 hgp LED-DAMO-PIN :Thod min"
Cpl=a*n+b*m+2*c_LED +dL * da+ M_8FO + rack + _ODF
Else
txtResult. Text = "Khong c6 t6 hgp nio thod min yéu cau thi€t k€." + _
Chr(13) & Chr(10) & "T#ng cong sudt cla nguOn phat"
Cpl =0
Cp2=0



Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
txtResultl. Text =""
Exit Sub 'Thoat khoi thu tuc tinh toan
End If
Else
txtResult. Text = "Khong c6 t6 hgp nio thod min yéu cu thi€t k€." + _
Chr(13) & Chr(10) & "Ting cong sudt cla ngudn phat."
txtResultl. Text =""
Cpl =0
Cp2=0
Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub 'Thoat khoi thu tuc tinh toan
End If
Else
txtResult. Text = "Khong c6 t6 hgp nio thod man yéu cdu thi€t ké." ' + _
Chr(13) & Chr(10) & "T#ng cong sudt cla nguOn phat"
txtResultl. Text =""

Cpl =0



Cp2=0
Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub 'Thoat khoi thu tuc tinh toan
End If
Else
Cpl=0
Tth2 = Calc_Tth(T_LD, D2_DMTT, Bo_DMTT, 2 * R, PH_LD, dL, q)
Tth4 = Calc_Tth(T_LD, D2_DMTT, Bo_DMTT, 2 * R, PH_LD, dL, q)
Tth3 = Calc_Tth(T_LD, D2_DMDC, Bo_DMDC, 2 * R, PH_LD, dL, q)
TthS = Calc_Tth(T_LD, D2_DMDC, Bo_DMDC, 2 * R, PH_LD, dL, q)
Tth6 = Calc_Tth(T_LDDM, D2_DMTT, Bo_DMTT, 2 * R, PH_LDDM, dL,
Q)
Tth7 = Calc_Tth(T_LDDM, D2_DMDC, Bo_DMDC, 2 * R, PH_LDDM, dL,
Q)
dPr_LD = Calc_Power(hs, Ps_LD, Pd, m, n, Lc, Ls)
dPr_LLDDM = Calc_Power(hs, Ps_LLDDM, Pd, m, n, Lc, Ls)
Ip_LD = Calc_Ip(dPr_LD)
Ip_LDDM = Calc_Ip(dPr_LDDM)
SN2 = ((sqrt(Ip_LD) / 2) * sqrt(MPIN) * RL/ (4 * KB * T * 2 * R)) / 1E+18
SN3 = ((sqrt(Ip_LD) / 2) * sqrt(MAPD) * RL /(4 * KB * T * 2 * R)) / 1E+18
SN4 = ((sqrt(Ip_LDDM) / 2) * sqrt(MAPD) * RL/ (4 * KB * T * 2 * R)) /
1E+18



q2=SN2/2
q3=SN3/2
q4=SN4/2
BER2 = Exp(-sqrt(q2) / 2) / (g2 * Sqr(2 * 3.14))
BER3 = Exp(-sqrt(q3) / 2) / (@3 * Sqr(2 * 3.14))
BER4 = Exp(-sqrt(q4) / 2) / (g4 * Sqr(2 * 3.14))
'Khong co to hop nao thoa man dieu kien Tth<Ts
If (Tth2 >=Ts) And (Tth3 >=Ts) And (Tth6 >=Ts) And (Tth7 >=Ts) Then
txtResult. Text = "Khong c6 t& hgp nio thod man yéu cdu thi€t ké."
txtResult]l. Text =""
Cpl =0
Cp2=0
Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
'Khong co to hop nao thoa man dieu kien P>MDP
If (dPr_LD <= MDP) And (dPr_LDDM <= MDP) Then
txtResult. Text = "Khong c6 t0 hgp nio thod min yéu cau." + _
Chr(13) & Chr(10) & "Yéu cau ting cong sudt phat."
txtResultl. Text =""
Cpl =0
Cp2=0



Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
'Khong co to hop nao thoa man dieu kien BER<BERoO
If (BER2 >= BERo0) And (BER3 >= BERo) And (BER4 >= BERo) Then
txtResult. Text = "Khong c6 t& hgp nio thod man yéu cdu ." + _
Chr(13) & Chr(10) & "Y&u cau ting cong sudt phat."
txtResult]l. Text =""
Cpl =0
Cp2=0
Cp3=0
Cp4=0
Cp5=0
Cp6=0
Cp7=0
Exit Sub
End If
If (Tth2 <= Ts) And (dPr_LD >= MDP) And (BER2 <= BERo) Then
txtResult. Text = "T6 hgp LD-DMTT-APD :Thod man "
Cp2=a*n+b*m+2*c_LD+dL * dmtt + M_8FO + 2 * rack + G_ODF
Else
Cp2=0



End If
If (Tth5 <= Ts) And (dPr_LD >= MDP) And (BER2 <= BERo0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hgp LD-
DMDC-APD  :Thod min"
CpS=a*n+b*m+2*c_LD+dL * dmdc + M_8FO + rack + G_ODF
Else
Cp5=0
End If
If (Tth3 <= Ts) And (dPr_LD >= MDP) And (BER3 <= BERo0) Then
txtResult. Text = txtResult.Text & Chr(13) & Chr(10) & "T6 hop LD-
DMDC-PIN :Thod man"
Cp3=a*n+b*m+2*c_LD+dL * dmdc + M_8FO + rack + 3 * G_ODF
Else
Cp3=0
End If
If (Tth4 <= Ts) And (dPr_LD >= MDP) And (BER3 <= BERo) Then
txtResult. Text = txtResult.Text & Chr(13) & Chr(10) & "T6 hop LD-
DMTT-PIN :Thod man"
Cpd=a*n+b*m+2*c_LD+dL * dmtt + M_8FO + rack + 2 * G_ODF
Else
Cp4=0
End If
If (Tth6 <= Ts) And (dPr_LDDM >= MDP) And (BER4 <= BERo0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LDDM-
DMTT-APD :Thod man"



Cp6=a*n+b*m+2*c_LD+dL *dmtt+ 5 * M_8FO +rack + 3 *
G_ODF
Else
Cp6=0
End If
If (Tth7 <= Ts) And (dPr_LDDM >= MDP) And (BER4 <= BERo0) Then
txtResult. Text = txtResult. Text & Chr(13) & Chr(10) & "T6 hop LDDM-
DMDC-APD :Thod man"
Cp7=a*n+b*m+2*c_LD+dL *dmdc +4 * M_8FO + rack + 2 *
G_ODF
Else
Cp7=0
End If
End If
'ErrorHandle:
" Resume Next
End Sub
Private Sub cmdExit_Click()
Unload Me
End Sub
Private Sub Form_ILoad()
OptNZ.Value = True
OptLamdal.Value = True
End Sub
Private Sub OptLamdal_Click()
bLamdal = True



End Sub
Private Sub OptLamda2_Click()

bLamdal = False
End Sub
Private Sub OptNRZ_Click()

bNz = False
End Sub
Private Sub OptNZ_Click()

bNz = True
End Sub
Public Sub Input_Enable(KeyAscii As Integer)
'Khong cho phep nhap ky tu

Select Case KeyAscii
Case Asc("0") To Asc("9"), vbKeyBack, vbKeyDelete
KeyAscii = KeyAscii
Case Else
KeyAscii =0
End Select
End Sub
Public Function Calc_Power(ByVal factor As Double, ByVal Ps As Double, _
ByVal Pd As Double, ByVal m As Integer, _
ByVal n As Integer, ByVal Lc As Double, ByVal Ls As Double) As

Double
'factor he so
'Ps cong suat nguon phat

'Pd cong suat du phong



'm so moi han, n so connector
'Ls suy hao moi han
'Lc suy hao connector
Dim po As Double
po = factor * Ps - (Pd + n * Lc + m * Ls)
Calc_Power = po
End Function
Private Sub OptTH1_Click()
txtResultl.Text = Cpl
If Cpl =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub OptTH2_Click()
txtResultl.Text = Cp2
If Cp2 =0 Then
txtResult]l. Text =""
End If
End Sub
Private Sub OptTH3_Click()
txtResult]l. Text = Cp3
If Cp3 =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub OptTH4_Click()



txtResultl.Text = Cp4
If Cp4 =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub OptTHS_Click()
txtResult]l. Text = Cp5
If Cp5 =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub OptTH6_Click()
txtResult]l. Text = Cp6
If Cp6 =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub OptTH7_Click()
txtResultl. Text = Cp7
If Cp7 =0 Then
txtResultl. Text =""
End If
End Sub
Private Sub txtL._KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub



Private Sub txtm_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Private Sub txtn_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Private Sub txtPSLD_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Private Sub txtPSLDDM_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Private Sub txtPSLED_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Private Sub txtR_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub
Public Function sqrt(ByVal a As Double) As Double
Dim result As Double
result=a* a
sqrt = result
End Function
Public Function In(ByVal da As Double) As Double
Dim result As Double
result = Log(da) / Log(e)



In = result
End Function
Public Function Calc_Ip(ByVal dpol As Double) As Double
'dp1 la cong suat toi
Const gol = 1.6E-19 'dien tich
Const ¢ =300000000#  'Van toc anh sang
Const h=6.625E-34  'Hang so blang
Const hs = 0.8 'Hieu suat
Dim Ip As Double
If bLamdal Then
Ip = (qol * Exp(dpol * 0.23) * hs * 0.0013) / (c * h)
Else
Ip = (qol * Exp(dpol * 0.23) * hs * 0.00155) / (¢ * h)
End If
Calc_Ip=1Ip
End Function
Private Sub txtResultl_KeyPress(KeyAscii As Integer)
Call Input_Enable(KeyAscii)
End Sub



