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SOl QUANG

% Cau trdc va phan loai soi quang
< M6 ta quang hinh qua trinh truyén anh sang trong soi
quang
< Truyén séng anh sang trong soi quang
<+ Cac tham sb co ban cla soi
= Suy hao
= Tan sac
= Hiéu &ng phi tuyén
< M6t sb loai soi quang ma&i
“» Cap soi quang
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CAU TRUC VA PHAN LOAI SOl (1)

¢ So1 quang:

La 6ng dan séng c6 kha nang mang théng tin dudi dang
anh sang. Kich thudc rat nho.

Professor Charles Kao phat minh ra s¢i quang, nhan gial
thuong IEE tir Pro. John Midwinter.
(1998 at IEE Savoy Place, London, UK)
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CAU TRUC VA PHAN LOAI SO (2)

¢+ Cau truc so1 quang:

L \
Clad-::‘lmg Buffer coating cladding
\

. Cau trac hinh tru, dugc ché tao tir vat liéu trong sudt

. L1 sg1 cO chiét suat ng
. VO s01 co chiét suat n, < ng

. L&p phu dém c¢6 tac dung bao vé so1
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CAU TRUC VA PHAN LOAI SO (3)

¢ Phan loai soi quang:

» Dua theo vt liéu ché tao: thuy tinh hodc chat déo hoic thuy
tinh da thanh phan

» Dua theo mit cat chiét suat: chiét suat bac (SI) hodc chiét suat
bién doi (GI)

» Dua theo s6 luong mode truyén: da mode (MM) hoic don
mode (SM)

* Dua theo cac chirc nang dac biét
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CAU TRUC VA PHAN LOAI SO (4)

¢ Cac loai so1 quang str dung trong VT:

Index Profile iy, = ”l(l _ ﬂ.] Fiber Cross Section and Ray Paths Typical Dimensions

aal ey i

| 125 pm
I T {cladding}
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| (cladding )
- - e
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Multimode graded-index liber I
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MO TA QUANG HINH (1)

< Truyén anh sang trong sgi da mode bac (MM-SI)

NN

n, smé’ =n, sind

Reflected ray

————————————— increase §,— o1 — ¢ l

n,sinf, = n, cos@

ANMARRRKARKRENN

B o ax g,—» min ¢
Radizl distance " i Sill 9
0

0.max = H] COS ¢min

Soi truyén nhiéu mode (coi mdi mode 1a mot tia sang tmg véi mot goc lan
truyén cho pheép).
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MO TA QUANG HINH (2)

% Truyén anh sang trong soi da mode bac (MM-SI)

Quy dao cac tia lan truyén co dang zigzag, gom 2 loai tia: tia
kinh tuyén (a) va tia nghi€éng hoac tia xoan (b).

Cladding

'/ care \
D

(b)
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MO TA QUANG HiNH (3)

< Truyén anh sang trong sgi da mode bac (MM-SI)
*Khau d6 s6 NA:

n, =1

¥
NA=n,sing, =sinfd, =+n"—n,

d.max

NA=n2A| 1 1, =n, A==
1

Fractional index change

AT N4aT
Buffer coating More lights counled into fiber

*S6 lwong mode truyén M ~ V2/2 trong d6 V = 2r.a.NA/A

*Tan sac mode 16n = Gidi han dung luong mang thong tin ctia soi
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MO TA QUANG HINH (4)

% Truyén anh sang trong soi da mode graded (MM-GI)

. _(nl!_A(r/a)a—; r<a
*Mit cit chiét suat:  n(r) = 1
[n,@= %)= n,; r<a

Trong do: a - ban kinh 18i, o 12 hé s6 mit cat xac dinh dang bién d6i chiét suat
trong 101, o = 2 tuong rng vo1 mat cat parabol.

*Soi truyén nhiéu mode hoic va ciling c6 2 loai tia: tia kinh tuyén va tia
nghiéng hoac tia xoan

*Quy dao céc tia lan truyén c6 dang duong cong hinh sin do bi d6i hudng
lién tuc khi truyén trong soi.

Vi a. =2, quy dao cac tia co thé md ta r = r,cos(pz)+(r,”/p)sin(pz) khi r<a.
*Khau d6 s6: Na (1) = \/nz(r)_ n’ = NA __ \/1— (r/a) NA = n,v24

max
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MO TA QUANG HINH (5)

% Truyén anh sang trong soi da mode graded (MM-GI)

0 |

Radial distance

*S6 lwong mode truyén M ~ V2/4 trong d6 V = 2r.a.NA/A

*T4n sac mode nho hon nhiéu so véi soi SI = Tang dung lugng mang
thOong tin cua so1
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TRUYEN SONG ANH SANG TRONG SO (1)

% Truyén anh sang trong soi don mode (SM)

*Mit cat chiét suat thuong c6 dang S
*Kich thude soi bé, d6 1éch chiét suat nho
«Soi chi truyén mot mode

Khdng co tan sac mode

D¢ hiéu dic tinh truyén anh sang trong soi don mode phai
str dung ly thuye¢t truyén song.
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TRUYEN SONG ANH SANG TRONG SOl (2)
% Truyén anh sang trong soi don mode (SM)

H¢ phuong trinh Maxwell:

. So1 quang: vat li¢u cach dién, déng hudng va tuyén tinh

. Qua trinh truyén s6ng anh sang trong soi quang tuan theo cac phuong trinh

Maxwell: VxE=—0B/ot. 2.1)
V xH = dD/dt, (2.2)
V.D=0, 23)
V-B =0, (2.4)

. Mat do thong lugng quan h¢ vdi cac vecto truong
D =¢E+P, (2.5)
B = upH+ M, (2.6)

. P va M la cac phan cuc dién va tir tuong ing, ¢ soi quang M =0
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TRUYEN SONG ANH SANG TRONG SOl (3)
% Truyén anh sang trong soi don mode (SM)
Phuong trinh song dac trung cho soi quang:

. Tu cac phuong trinh Maxwell, léy curl ptr (2.1) va st dung ptr (2.2), (2.5), (2.6)
thu dugc phuong trinh song:

V’E+n*(0)k{E =0, (2.7)
. Tong cong co 3 thanh phan EE E.
. Tuong tu ta cling co V2ﬁ+n2(w)k§}_]:0 — H_ H H_ (28

. Giai cac phuong trinh séng (2.7), (2.8) thu duoc cac mode trong soi quang.
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TRUYEN SONG ANH SANG TRONG SOl (4)

¢ Cac mode trong so1 quang:
. Trong s¢1 quang c6 cac mode sau:
- Mode do: Giam him mét phan trong 15i va suy hao do btrc xa cong suat khoi 15i
khi lan truyén bo1 hi€u trng xuyén ngam cua so1 (fiber-tunnel effect) hoac bat ki
mode 0 B < nk,
- Mode burc xa: khong b1 giam ham ¢ 101, nam ngoai goc nhan cuc dai cua sgi1 va
bi khuc xa khéi 161
- Mode dan: cdc mode c6 hé s6 truyén dan nk, < B<nk,

. Xét so1 SI va chuyén sang toa do tru:
A X

1

n2 | ¥ D Z > Fiber axis
y >
d r

!

Fiber core
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TRUYEN SONG ANH SANG TRONG SOl (5)

** So1 don mode:
. Chi truyén 1 mode co ban duy nhat, mode LP,, hoic 2 HE,

. Diéu kién don mode: V < 2,405 (2.9)
. Phan b6 truong E, hodc E:
Jo(pr)/Jo(pa)lexp(iBz) s r <a,
Ex=F _
! { [Ko(gr)/Ko(ga)lexp(iBz); 1 >a, (10)
\ 2
. Gan dung dang Gauss: Jy(pr) ~ EK[{— I - ] (2.11)
Jrll (pﬂ) wﬂ

~ K,
EG /\
o) == S

diameter
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TRUYEN SONG ANH SANG TRONG SOl (6)

¢ So1 don mode:

. Dién tich hi¢u dung (spot size):

. HE s giam ham:

v=24

ese ACTUAL
cco GAUSSIAN

p/a

All fibers: 2<\<2.4
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TAN SAC TRONG SOIT QUANG (1)
* Khai niém: ‘
. Tan sac trong soi quang gay ra sy dan rong xung anh sang khi lan truyén.
. Cac loai tan sac quan trong:
- Tan sac mode
- Tén sac vat liéu
- Tan sac ong dan song

- Tan sac mode phan cuc

7 16)
. Van toc pha: v = 92 _ _ (2.14) B =nol/c
p
dt k
/ de® _
. Van toc nhom: vy © oy (2.15) k= olc
. __ 1 _db __14db
. B0 tré nhom: a B hay - —— (2.16)
Y d® c dk

g
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TAN SAC TRONG SOl QUANG (2)

¢ Tan sac mode:
. Nguyén nhan:
- Soi truyén nhiéu mode
- Mbi mode truyén c6 van toc nhom khac nhau (mdi mode c6 hang sb lan truyén
khac nhau)
— Léch thoi gian truyén gay ra tan sac mode
. D6i véi sgi MM-SI:
Do 1éch thoi gian truyén gita tia ngan nhat (mode bac thap nhat) va tia dai nhat
(mode bac cao nhat).

Unguided ray

ng ql
I
|

L L0
AT =2 ( — L) — 22N @iy T

- A7 Core index n; Guided ray

7 286N
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TAN SAC TRONG SOl QUANG (3)

s+ Tan sac mode:

. Péi voi sgi MM-GI
- C4c tia ¢ quang duong ngan lan truyén véi van toe cham va nguoc lai.
- Soi Gl c6 mot mat cat chiét suat téi wu & d6 d6 tré thoi gian 1a nho nhat.

- Do 1éch thoi gian truyén gitra tia ngin nhat (modeﬂ bac thap nhat) va tia déiﬂghét
(mode bac cao nhat) o - - - °

pangll PRI
=

10' 3

E

o — o S | £
( A ( opt )L = o | -1 .:E
n oo s 'O ¢ 1@
<) (% T2 opt e | g
At =4 (218) & o3
| n AZL _ el o a

1 oL = Oyt _
2¢C 1072 : . " .. |10

1 2 3 4 5

Profile parometer, o
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TAN SAC TRONG SOl QUANG (4)

¢ Tan sac vat liéu:
. Nguyén nhan:

- 4nh sang truyén trong soi quang khéng don siac ma c6 do rong pho xac dinh.

- Toc do lan truyén cua c4c thanh phan pho 1a khac nhau (do chiét suat 1a ham cua
budc song)

— Cé&c thanh phan pho c6 thoi gian truyén 1éch nhau gay ra tan sac vat liéu

T I 2 1 Aog?
d 1 dn dn dn dn
_ - — A - = _ s/(nm.km 2.19
todh chk b de ¢ d*? e e

. Do dan xung vi ngué)n cO do rong phé) A) do tan sic vat liéu 1a
At = Dy,.AL.L (2.20)

MON: THONG TIN QUANG - KHO


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

TAN SAC TRONG SOl QUANG (5)

¢ Tan sac ong dan song:
. Nguyén nhan:
- 4nh sang truyén trong sgi khéng don sic ma ¢ do rong pho xac dinh.
- Do hang s6 lan truyén lan 1a ham ciia a/A nén véan toc nhom cua céac thanh phan
pho la khac nhau = Cac thanh phan pho c6 thoi gian truyén léch nhau gay ra tan
sac ong dan song. v ' T aw

dv

. H¢ s0 tan sac ong dan song:

d® _ _Vv d° Al d?*(vb )
p, - - s -h )y BRI o0 £ ol
"ot boav ch av 5°
. Do dan xung vi ngudn c6 do rong phd Ar T
do tan sac Oong dan song la: oz~
At =D, AA.L (2.22) % i ; g

Normalized frequency V
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TAN SAC TRONG SOl QUANG (6)

. Trong so1 don mode, hé¢ s6 tan sac sac thé:
D =D,, + Dy, 30

(2.23)

. So1 don mode thong thuong: 20
D =0 tai A ~ 1310 nm g
D = 15-20 ps/(nm.km) %
tai A = 1550 hm s °
E; -10
@
-20
-30 I | | | ]
1.1 1.2 1.3 1.4 1.5 1.6 1.7

Wavelength (pum)
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TAN SAC TRONG SOl QUANG (7)

¢ Tan sac bac cao:
. Nguyén nhan: do D # 0 trong dai budc sng nam trong pho xung quang quanh
Asp-

. DPic trung bai do dbc tan sac: S = dD/d A hoic

S = (2mc/A?)* By + (4mc/A3)Bs . (2.24)
Trong do: B;=dB/dw =d’B/dw’

Fiber Type and Aarr AZD D i(C band) Slope 8§
Trade Mame (Lim?) (nm) [ps/ikm-nm)] | [ps/ikm-nm<)]
Corning SMF-28 &0 1302—1322 16 to 19 0.090
Lucent AllWave 80 1300-1322 17 to 20 0.088
Alcatel ColorLock &0 1300—1320 16 to 19 0.090
Corning Vascade 101 1300—1310 18 to 20 0.060
Lucent TrueWave-RS S0 14701490 26106 0.050
Coming LEAF 72 14901500 2to6 0.060
Lucent TrueWave- XL T2 1570—-1580 l.4to 4.6 0112
Alcatel TeraLight 65 1440—-1450 5.5to 10 0.058
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TAN SAC TRONG SOl QUANG (8)

¢ Tan sac mode phan cuc (PMD):
. Nguyén nhan:
- Soi don mode c6 2 mode phan cuc truc giao

- Do soi thuc té khéng hoan hao nén mdi mode c6 chi s6 mode khac nhau
(birefringence) B.%B,

Do 1éch chi s6 mode B, =

I_Ix _ﬁr| =

B.-B,|/k, (2.25)

- Xung quang truyén trong soi mot phan ning luong mang boi mot trang thai phan
cuc (truc nhanh), phan kia mang bdi trang thai khac (truc cham) = tan sac mode
phan cuc (PMD). st

Shortfiher

-

t

.

X

slow
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SUY HAO TRONG SOl QUANG (1)

¢ Khai niém:
« Suy hao 1a su suy giam cdng suat ctia tin hiéu quang khi lan truyén qua soi quang
« Sy thay doi cng suat quang trung binh truyén trong soi tuan theo dinh luat Beer:

P P-dP

A

dP/dz = -aP (2.77) o - hé s0 suy hao
« Cong suat tai khoang cach truyén dan L:
, P(L) = P(0).exp(-alL) (2.26)
* H¢ s0 suy hao:

1 plo 10 Pout
a:—ln[P((L))] (/kmort/ml  (2.27) o (dB/km) = — — E0310( _

~ 43430, (2.28)
L L in )
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SUY HAO TRONG SOl QUANG (2)

¢ Cac nguyén nhan gay suy hao:

* Suy hao do hap thu e
* Suy hao do tan xa 10
« Suy hao do udn cong E _
- Cac suy hao khéc s
nlmn l.li:ﬂ
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SUY HAO TRONG SO1 QUANG (3)

% Suy hao do hap thu:

- Gom 2 loai chinh:  Hdp thu ngoai
Hdp thu thuan
« Hap thu ngoai: do c6 mat cua C4c ion tap chat.
- lon kim loai chuyén tiép (Fe, Cu, Co, Ni, Mn va Cr): hap thy manh trong dai budc
song 0,6 - 1,6 um. (suy hao < 1 dB/km, luong tap chat < 1 ppb).
- jon OH-: hap thu chinh (c6 mit cua hoi nude trong thuy tinh).
Dinh hap thy chinh tai 2,7 pm va cac dinh hap thu khéc 1,39;1,24;0,95 um.

(suy hao < 1 dB/km, nong d6 ion OH- phai < 108. Hién nay, nong do ion OH- ¢d
thé dat < 1 ppb).
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SUY HAO TRONG SQI QUANG (4)

¢ Suy hao do hap thu:
. Hép thu thuan; do sy hép thu cta thuy tinh tao nén soi.
- Hap thu cuc tim (A < 0,4 pm):

Céac photon kich thich dién tr trong dai hoé tri va kich thich Ién mac nang luong
cao hon (Cong hudng hay chuyén ti€p dién tir).

- Hap thu hong ngoai (A > 7 pm):

Tuong tac giira c4c lién két dao dong va truong cua tin hiéu quang (Cong hudng
dao dong).

Do ban chat vo dinh hinh ctia thuy tinh cac cong hudng ndy & dang c4c dai hap thu
c6 dubi dai mé rong vao vung nhin thay.

Hap thu thuan trong dai 0.8-1.6 um < 0,1 dB/km.
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SUY HAO TRONG SO1 QUANG (5)

¢ Suy hao do tan xa:

* Nguyén nhan:
« Sy thay doi vi md vé mat do trong vat liéu
« Sy thang giang thanh phan trong vat liéu ché tao sgi

« Cac khuyét tat hodc cau trdc khong dong nhat trong qué trinh san xuat
SO1

« Quan trong: Su thang giang mat do dan dén céc thing gidng ngau nhién
cua chict suat n cd < budc song A = Tan xa Rayleigh

Suy hao tir tan xa Ray leigh: a, = %4 (2.29)

Trong d6 hang s6 C nam trong pham vi 0,7-0,9 (dB/km).um?
or = 0.12 - 0,16 dB/km tai 1,55 um
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SUY HAO TRONG SOI QUANG (6)

% Suy hao do udn cong:
. C6 2 kiéu: Udn cong vi mé
Vi uon cong
« Ubn cong vi md: ban kinh uén cong 16n so véi duong kinh soi

- Khi ban udn cong R giam dan, suy hao tdng theo ham mii ~ exp(-R/R,),

R. = a/NA
- 0'so1da mode: S6 luong mode truyén dan trong soi bi uén cong nho hon sgi
thang. [ T 2/3”
S6 lugng mode hiéu dung: N = N, 11- Lok { 3 ] o (2:30)
) o298 | R lanw ) ]
= ¢ 2 A
Nw = —— 3 (nka )
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SUY HAO TRONG SOl QUANG (7)

¢ Suy hao do uén cong

« Vi uén cong: ban kinh udn cong nhé theo truc

« Do qud trinh san xuat soi quang va ché tao Cap soi quang tao luc nén
khong déu 1én bé mat.

« C4c méo dang ngau nhién quanh tryc sgi = bé mat khdng phang hoan
toan = ghép cip ning lugng mode giira cdc mode dan va cac mode do hoic
khong dan

« Bé giam suy hao vi uén cong boc thém 16p dém chiu nén bang polyme.

Doi voi soi SM chon tham s6 V sat véi gidtricat  V=2,0-2,4
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SUY HAO TRONG SO1 QUANG (8)

< DPic tuyén suy hao trong sgi don mode

1':“:. I il I L] ' i | ¥ ] L
50—
10—
9 :
. 5 Expernmental o infrared
%? 1_- Elbﬁﬂfpilﬂn.__f'
P ] Rayleigh ™ /7]
5 0.5 scattering S
| .. .
- e Uitraviclet —— Vy .
bsorption T -
0-11= "‘1 Waveguide 7 — —
0.05 {- “\\____: imperfections V4 —
(—— — — —— — E— — — —— g —— S S S CE— S— — -S— E—— — — cE—
B --.."---...______ F -
ﬂ'_ﬂl i i I 1 i 1 -I_--"é.J 1 |
a.8 1.0 1.2 1.4 1.6 1.8

Wavelength (pum)
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SUY HAO TRONG SO1 QUANG (9)

¢ Cac suy hao khac:

« Suy hao do su khong hoan hao cau tric soi quang

« Suy hao do han noi

« Suy hao trong mai trudng hidrogen va chiéu xa gamma
105 rads’h

3':' T I I T
@) Initial E‘bei‘?atm
- (@) 10 days at 30°C ) ES: 1

—_ {31 32 hours at 15072
E after () 500m

20
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HIEU ’NG PHI TUYEN (1)

- Truong quang khi lan truyén trong soi quang:

E(z+dz)=E(z)exp[(-a/2+ip+yP(z,t)/2)dz] (2.31)
trong do: vy - hé s6 phi tuyén y=(21/A)(n,/A) ; N, - chiét suat phi tuyén

- Hiéu ung phi tuyén chi anh hudng khi cong suat quang trong 18i soi 16n (y
nho)
e C4c hiéu g phi tuyén trong soi quang:
-Tan xa kich thich (y la thuc):  + Tan xa Raman kich thich (SRS)
+ Tan xa Brillouin kich thich (SBS)

- Biéu ché pha phi tuyén (y 1a 40): + Tu diéu ché pha (SPM)

+ Diéu ché pha chéo (XPM)

+ Tron bon soéng (FWM)
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MOT SO LOAI SOI QUANG MO (1)

« Thay d6i D,y dé thay doi D = Céc soi quang mdi

- So1 dich tan sac
o A (pm)
- Soi tan sac phang 20
- So1 bu tan sac 4
g
E o '
E 1.1 1.7
S
@ 10 F
2
o
o
—20
4 | | | ] ] | |

1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7
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CAP SQI QUANG (1)

¢ San xuat soi quang;:

. San xuat theo 2 giai doan:

- Ché tao phoi: Co kich thudce dai ~ 1 m, duong kinh ~ 2 cm.

Str dung cac phuong phap sau:
+ Phuong phéap bay hoi ling dong bén trong (IVD)
+ Phuong phéap bay hol ling dong bén ngoai (OVD)
+ Phuong phéap bay hol lang dong dau truc (AVD)

- Kéo so1
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CAP SQI QUANG (2)

¢ San xuat soi quang;:

Tao pho1
Phoi thuy tinh

Lo nung
 —

Lam lanh

Boc 16p tht nhat ‘

ctia vo polyme =&
Boc 16p thir hai I bDen UV
|

cua vo polyme

Den UV

Con Iéi

: ) ong quan sgi
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CAP SOl QUANG (3)

¢ San xuat sQi quang: (Vatli¢u ché tao)
- Phuong phép thay doi chiét xuat:

0,6961663 A2 0,4079426 )2 0,8974794 )\2
n>-1= + +

n A2 - (0,0684043)? A2- (O“,%]162414)2 A2- (9,896161)2

1,54 [
’ 1,50 .
1,52 |- L 49 eroz
1,50 ’ /7
1,48 Y

1,48
1,46

Al,O
1.47 _—

P20s

1,46
1,44 B,0,
1,42 \ 1,45 N
140 0,6 1,8 F
! 0 1,0 2,0 3,0 4.0 1,440 5 10 15 g

A [um] Nong do °
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CAP SOl QUANG (4)

¢ Cau tric cap soi quang:
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- Phan 15i:

. Phan tir gia cudng

. Céc 6ng dém (khoi ong dém)

. C4c soi day dong dé cap nguon

. C4c phan tir don & chat dién day

- Phan vo:

. V6 PE tht nhat boc ngoai 18i (1mm)
. L&p chong am va chong gam nham
. V6 PE ngoai cung (1,5-2 mm)
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Céu tric cia
cap treo
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CAP SOl QUANG (6)

% Két ndi cap soi quang (yéu to anh hudng):

- Chat luong mit cat dau soi:
+ Khong phang nhan, 16i 16m.
+ Dinh bui va c4c chat ban.
+ Khdng vudng goc vai truc soi.
- Vi tri twong d6i giita hai dau soi:
+ Léch truc
+ Léch tam
+ Khe ho
- Cac thdng sb hai soi khéac biét nhau: duong Kinh 16i, duong kinh 16i, NA, d6 méo
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CAP SOQI QUANG (7)

¢ K&t ndi cap so1 quang (connector):

Square connector (SC]

Straight tip (ST)

MON: THONG TIN QUANG - KHO


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

CAP SOl QUANG (8)

¢ K&t ndi cap so1 quang (connector):

E2000

Lucent connector (LC)

* PC [(physical contact)
< APC (Angled physical contact)

FC/PC,FC/APC,LC/PC, LC/APG, ......
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CAP SOl QUANG (9)

< Két ndi cap soi quang (han nong chay):

2 O
3 257 | 4%\_‘ 5
3 \
O 1 [ I 5
5 «
1- Loi soi E 5- Soi quang 2
2- Diode phat quang 6- Bo khuéch dai
3- Soi quang 1 7- Bo tach quang
4- Truc tam 8- Bo vixu ly

MON: THONG TIN QUANG - KHO


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

