SOl QUANG HOC
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Ngay nay chung ta biet s0i quang la ten goi cua nhdng day lam bang thuy
tinh s6 dung hien t66ing phan xa toan phan fie truyen thong tin fii vdi toc fio
anh sang. Co y kien cho rang, anh sanh co thei truyen fii theo day thuy tinh
thdic ra fia co t6 nam 1840 khi hai nha vat ly la Collodon va Babinet trinh
dien mot thi nghiem s6 dung hien t66ng phan xa toan phan fiel truyen nhéing
tia sang fii theo nhong tia n66c cong phun ra t6 mot suoi n6oc phun. Ngodi
fiau tien trinh dien thi nghiem gdéi mot hinh anh fii theo mot bo s6i quang hoc
la mot sinh vien y khoa ngodi Noc ten la Lamm khi anh dung s6i quang hoc
fie. chieu roi hinh anh cua mot bong fien fien fi ang thap sang len mot man
anh ..

Trong nghien céu cua minh Lamm 0u tien dung sbi quang fie quan sat va
kiem tra cac bo phan ben trong c6 the ng6di benh ma ma khong can phai mo
rach da thot ng6di fio. Sau khi khoa hoc kham p ha ra Laser, cac nha nghien
cou ve sOi quang fi6dc xuc tien manh me hon va cong nghe sdi quang ngay
cang trd thanh mot Iinh voic cong nghe hien fiai va quan trong, gan lien voi
cac nganh cong nghe khac.

Nonh nghoa:
Soi quang la nhéng day nho va deo truyen cac anh sang nhin thay fiuéc va
cac tia hong ngoaii.
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Il — CAU TAO SOI QUANG

core A

Cladding i\
r j Fiber axig

N> Nq
SOi quang gom 2 phan:

phan loi (core) co chiet suat n,

phan vo (cladding) co chiet suat n, <n;

Sdi quang co loi 6 gida va phan bao boc xung quanh loi. Ne anh sang co the|
phan xa mot cach hoan toan trong loi thi chiet suat cua loi phai 16n hén chiet
suat cua ao mot chut.

Vo bao boc ben ngoai ao bao ve sdi quang khoi bd am 66t vas an mon, fiong
thdi chong xuyen am voi cac loai s6i fii ben canh va lam cho s6i quang de
X0 ly.

quang ket tinh.
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Chiet suat cua 16p loi co hai dang: dang khong fioi va dang co phan bo giam
dan t6 trong ra ngoai.

I1- PHAN LOAII

Soi quang fiddc phan loai theo cau tao nghéa la theo s6i phan boi chiet
suat quang hoc trong loi fioi voi chiet suat quang hoc cua 16p vo.

Ta goi sdi quang co chiet suat khong fioi la sdi quang chiet suat bac
(step — index), con dang co chiet suat thay fioi giam dan to trong ra ngoai
la sOi quang chiet suat lien tuc (graded index).

Tuy vao kich th6dc cua loi, sdi quang chiet suat bac co the chz dan
truyen mot mode goi la s6i quang fidn mode. Con khi no co the truyen
nhieu mode, i6Gng kinh loi 16n thi ta goi la sdi quang chiet suat bac fia
mode.
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Soi quang chiét sudt bac da mode

Noi vdi soi quang chiet suat lien tuc, thédng dan truyen nhieu mode
goi la sdi quang chiet suat lien tuc fia mode.

S6i quang fia mode:

a) SOi quang fia mode co chiet suat thay fioi tdng bac (multimode
step-index fibers): La s6i quang co chiet suat loi nl giam mot cach
fot ngot tdi chiet suat n, trong vo. Noi thay fioi chiet suat thédng rat
nho t6/ 0,001 fien 0,02.
Ny — Ny
A - —nl
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Nhdng tia sang nao tao vOi truc cua sdi quang mot goc 16n hdn goc
toi han thi se bo phan xa noi toan phan tai bien cua vo va loi, i66c
dan fii trong loi.

0, = sint(nyny), 0, = n/2- 0, = cos’ (ny/ny)

Goc 0. trong sbi toong t6 nhd goc 0, cua chum tia téi t6 khoing khi vao
sOi.

Sin0,=NA = (n?=n2)"? =~ n, (2a)*?
goi la khau fiol soi (numerical aperture_NA). Trong fio. 0 , la goc tdi cua
tia sang fac trong cho hien t66ng phan xa toan phan gia loi va vo cua
sOi quang, fio la goc t6i 16n nhat fie tia khuc xa vao loi con gay nen hien
t00ng phan xa toan phan & ranh gioi gita loi va vo.

Unguided ray Guided ray

Acceptance \ 4- R | /
u

cone

\

Khao sat sé' truyen anh sang fidn sac s6 dung ly thuyet fiien to, so
dan song thoa man phdoéng trinh Maxwell va fiieu kien bien tai loi va
VO:

A%U + n’k’U=0
voin=n;(r<a)van=n;,(r>a), ko=2m /2y
Trong heitoa fio tru ph6dng trinh co dang:
ou iU, 19V U
o’ T oy oz
U(r,6.,2) = u(nexp{-jl¢ }exp{-j B z}

voil=0,+1,+2...

+ n%k,°U =0

He so lan truyen:
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q
B = nlkO[l'V A]
vOi M: soimode
q=0,1,2...M
Song fi6dc dan neu he so lan truyen nho hén bédc song trong loi
B < nikova l6n hdn bdbic song trong vo B > nykg
Soimode dan M fiddc fac tréng boi thong so vV
V=21 (-2 )NA
A

0

trong fio 2 Jagso gida ban kinh loi va bddc song )

(o]

M= P \L
p+2 2
p la tham so ( grade profile parameter ) xac fionh fioi sau cua profile

2

Cladding

Trong s0i chiet suat thay fioi tdng bac thi p = «, do fio so mode:
2

ya'A
2
Van toc nhom: Vimax = C1 = Q, Vmin = Cl( 1- A) = Cl(&)

Ny
Ban kinh loi fiien hinh lar 100 — 1500 u m, thich hdp trong cac 6ng duing
fioi hoi  mat fio cong suat cao.
b) SGi quang fia mode co chiet suat thay fioi dan dan hay con goi la
sOi quang lien tuc (multimode graded — index fiber)

Trang 6



SOI QUANG HOC

Graded

Index core

Loi cua mot sOi quang co chiet suat cao nhat 6/ tam va giam dan fien gia
tro thap nhat 6/ vo. Van toc pha cua anh sang fiat cdic tieu ta'i tam va tang
dan khi ban kinh tang.

No thay fioi chietsuat A = (n; —ny)/ny << 1.

Tia @ truc (axial) truyen voi khoang cach ngan nhat voi van toc pha nho
nhat (chiet suat 16n nhat), trai lai nhdng tia xien (oblique) thi truyen zig -
zag 0 goc I6n hon, voi khoang cach dai hén va van toc pha cao hon do fio
s chenh lech trong van toc nhom va thdi gian truyen giam Addc can
bang nhau.

He soi lan truyen
p(p+2)

B ~niko[1- (ij Al

2
Trong trédng hdp p = 2 thi theo cong thoc M ~ P \L
p+2 2
2
so mode M ~ \%

SOi quang fion mode (single mode fibers)
Khi ban kinh loi a var NA cua sdi quang co chiet suat bac fiu nho fie V <
2.405 khi fio chi co mode fi6n fiddc phep truyen. SGi quang fidn mode co

ban kinh loi nho, khau fiol soi nhol va s6 dung bédc song fiu dai.

IV — NGUYEN TAC HOAT NONG
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Xet sO/ lan truyen song nho sol lan truyen song fiien to, fiodc bieu dien
nho 16i giai cuaphoong trinh Maxwell voi cac fileu kien bien tren mat
phan cach cua linh kien dan song.

O fiay ta xet sd lan truyen anh sang theo phoong phap fién gian hon fio
la ph6dng phap quang hoc tia (ray optics). Trong phd6éng phap nay, anh
sang lan truyen theo truc z iGdc xem nhé tao nen bdi so lan truyen cua
cac song ban phang theo i66ng zig-zag trong mat phang x-y.

Ne anh sang truyen fii trong soi, no phai thoa fiieu kien phan xa t oan phan:

0.2 arcsin 1z

4

S6 truyen theo fi6dng zig-zag trong s6i quang:

Cladding

Core

Cladding

; \
Angle of Angle of
Incidence Reflection

L. ,
Light and less than
critical angle is
absarbed 11 jacket

Light is propagaicd bv
roral tnicimal refection
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Hay mot cach khac, mot nguon sang nh6 mot laser hay mot fiiot quang
(LED) fi6oc fiat gan loi cua soi quang. Nguon sang bdc xa mot “hinh
non” anh sang Adoic lien ket trong loi cua s6i quang.

Trodng hop cu the: xet tia sang lan truyen trong mot linh kien dan song 3
16p

Hinh a iing véi mode biic xa
Hinh b 1ing véi mode dé
Hinh citng voi mode ditoc ddan truven

Cac goc tdi, goc khuc xa fiodc fionh nghia gida tia sang va phap tuyen
cua mat phan cach tuan theo fionh luat Snell:

sine, _ N, sing, N

= () G =, @

Sn([,)2 N, an)s 2
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Nieu kien duy tri mode trong thiet bi dan song:
- -Khi 0, nho, tia sang se fii xuyen qua ca hai mat phan cach, chz xay

ra hien t66ng khuc xa 6 cac mat phan cach fio. Tr66ng hép nay 6ng voi
mode boc xa (radiation mode).
- Khi (pgtaﬁng len fie cho 0, fiat ien goc toi han cua hien t6dng phan

xa toan phan ben trong & mat phan cach n, — n; thi tia sang bo nhot lai
mot phan. Trééng hép nay ong voi mode fiel (subtrate mode). Nieu kien
phan xa toan phan ben trong la:
Q,= arcsinﬂ = (.2 arcsin& (3)
2 n2 3 n3

- Khi 0, tiep tuc tang len fie 0, fiat fien goc toi han cua hien t64ng
phan xa toan phan & mat phan cach n, — n; thi tia sang bo nhot lai hoan
toan 6ng vOi mode truyen dan (guided mode). Trong tr6dng hop nay, goc
toi han Q, fddc xac fionh bdi Aieu kien :

N,

> arcsin— 4)
(PZ n2

Td (2) va (4) ta co:
@, arcsin (1) = 90° = 0,2 90° (5)

Mot mode vOi he so lan truyen theo truc z la B _va he so lan truyen theo
truc x la h, co the bieu dien bang mot song ban phang lan truyen theo
ph6dng lam thanh goc @ = arctg h vOi truc z, co hei so lan truyen kn,

m

nho hinh ve:
T& hinh ben ta thay:
i =B m
sing, = kN, kn,
Cuing to66ng to nho the, neu kny < B < kn;_thiv

co the: duy tri mode fie. Che khi nao kns< g thiméi 3

co the duy tri mode truyen dan. Nieu kie n nay t66ng fidong:
B . kn _n

kn.  kn, n

Nieu kien fie: cac mode dan truyen s0i quang:

Sin ¢, =
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O fiay co so chong chat cac song tdi va song phan xa té mat phan cach
khi chung lan truyen theo tia zig-zag. Ne tranh sd triet tieu nang 166ng do
sO giao thoa cua cac song lech pha, khi chung lan truyen trong linh kien
dan song thi can thoa man fiieu kien sau: fio lech pha tong cong gida hai
filem tren mat song sau hai lan lan truyen va phan xa qua lai tren mat
phan cach n;-n, va mat phan cach n,-n; phai bang mot so nguyen lan 2 = .
Nay fiooc coi la fiieu kien giao thoa. Tat nhien fiieu kien phan xa toan
phan cung phai fiddic thoa man ngay t6é ban fiau.

V- NO TAN SAC

Cau tao cua s6i quang con quyet fionh gia tro cua mot thong so quan
trong cua no la khau fio so. NA, khau fio soi fiac trong cho s6 ghep noi
hieu qua giéa nguon Laser va sOi quang, nhong neu NA qua 1on se lam
tang hien t6dng khong co 16i cho séi truyen tin hieu mot cach trung théc,
fio la hien t66ng tan sac, do fio can chon gia tro fiol chenh chiet suat toi
Ou. Trong tr6dng hop xung anh sang vao mot fiau soi quang va ra khoi soi
la mot xung yeu hén va mé rong hon thi ta goi hien t6ding nay la sd' phan
tan xung hay s6' mo rong xung, hien t6éng nay do cac nguyen nhan:

a) No tan sac mode (Modal dispersion)

Anh sang co nhieu mode, nhéng mode khac nhau phan xa nhéng goc
khac nhau, nhding mode truyen phoc tap hon se mat thdi gian la u hon va
fioi hoi mot A6dng truyen rong hén mode fion gian (mode cb ban). Ban
kinh loi cang 16n thi nhdng mode truyen khac nhau cang nhieu va hieu
ong Modal dispersion cang the hien ro, giai phap la sdi quang fidbn mode.

Nguon goc cua hien t6dng tan sac gida cac mode trong sOi quang
chiet suat bac lai viec nang 166ng cua mot xung quang (trong tin hieu nho
phan) Ad6c mang boi nhieu mode song lan truyen theo nhdng quang lo
zig — zag co chieu dai khac nhau nhdng co cung van toc.

Ne khac phuc ta sé dung nhdng loi co ban kinh fiu nho fie co the khoa
tat ca tré nhdng mode c6 ban, goi fio la s6i quang fidn mode, do fio loai
trd s6l m6 rong xung do hieu dng modal dispersion va fio rong dai thong
cao hon nhieu so voi sOi fia mode nghéa la nhéng xung co thdi gian
truyen gan nhau nhieu hon va chong lap len nhau.
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Trong s0i quang fia mode, chiet suat bac, s tan sac chu yeu la do tan
sac mode, khi anh sang truyen trong mot khoang cach L trong s0i quang
thi no col thoi gian tre trai rong tren khoang thoi gian la :

L
— (1)
C

Ket qua la co mot xung voi flo'rong la: . = L A (2

2C,

Hien t60ng tan sac mode trong sdi quang fia mode chiet suat lien tuc t hi
nho hén do mode song co quang lo dai se chuyen fiong voi van toc cao
hdn cac mode co quang lo ngan.

L
= =(1-A)-
26 : Cl( )

L
C~ 40 A G
No rong dai thong:
1
C:- (4)
f 2756 T

No rong dai thong fio 166ng kha nang mang dé lieu cua mot sdi quang  (
vi dui mot sdi quang co iiol rong dai thong la 400 MHz — km co the truyen
400 MHz & khoang cach 1km hoac co the truyen 20 MHz 6 khoang cach
20 km). Do mdirong tin hieu xung ma lam cho cac xung

chap nhau, do fio phai lam rong khoang cach gita cac xung, nghéa la toc
fio truyen phai giam xuong, co nghéa la fio rong dai tho ng giam xuong.
Muon tang o, thi phai giam A, se'lam giam khau fio soi cua sOi quang

va viec giam A xuong do6i 1% se! rat kho khan ve cong nghe. Ne giam
s0 tan sac gida cac mode, nang cao fiol rong dai thong thi che tao soi
quang lien tuc fia mode.

b) No tan sac truyen song ( Waveguide dispersion ) va fio tan sac vat lieu
(Material dispersion)

S6 md rong xung xuat hien do xung nguon (xung fiau tien) co mot fio
rong pho xac fionh va van toc nhom phu thuoc vao bdoc song, hieu dng
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nay goi la Waveguide dispersion va Material dispersion, trong fio hieu
ong Material dispersion théong 16n hén Waveguide dispersio n.

- No tan sac truyen song: nhding bédc song khac nhau truyen vdi van toc

khac nhau, giai phap lai s6 dung nguon sang la LED hoac Laser fie tat ca
cac tia sang truyen trong soi fieu co b6oc song gan nho nhau.

c-=|Djo.L ©)
VOi o, larfioirong pho cua nguon

Dodn g
G d.

D la hei so khuech tan D, =

Tai bédc song ),,=1.312 um, D, =0, tan sac bien mat.

N

NSpPErsion ¢

L

Wavelength 4, (g )

- No tan sac vat lieu : la ket qua cua s& phu thuoc cua van toc nhom
cua moi mode Vvoi tz so gida ban kinh loi va bé6c song.

GTz‘DW‘G?\,L (7)
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VI - ONG DUNG

Lonh voc 6ng dung fiau tien cua soi quang la y hoc va co the noi
chung fia fat vao tay cac bac sé y khoa mot cong cu co tinh chat cach
mang fie hien tho hinh anh, chan fioan va chdia benh. Nhéing sbi quang
mem mai va nho be co the luon sau vao nhieu boi phan ben trong co the
con ngddi ma bac sé khong the' tham nhap bang cac phédng phap khac.
Cac bac s6 co the h66ng mot nguon sang téi mot bo sdi quang va quan sat
anh sang phan xa té cac c6 quan noi tang, cac mach mau cua ngédi benh
fie tim hieu nhong chi tiet nho nhat tai fiay. Bang cach phoi hdp voi
nhong ko thuat chan fioan khac , cac sOi quang co the giup phan tich
thanh phan cua mau, fio fi6dc toc fio [6u chuyen cua mau, tinh A6dc ap
suat mau va ap suat tham thau cua mang te bao, kiem tra fidéic nong fio
ton tai cua cac foc to, cac hormon va cac loai thuoc chéa benh ben trong
c6 the ngudi.

S0i quang cuing iddc dung trong phau thuat va chda benh bang Laser.

Nganh thong tin lien lac co lel iddc Ong dung nhieu nhat. Cac he
thong ben trong mang may tinh sé dung cac s6i cap quang fie tang nhanh
thdi gian chuyen thong tin dung cho viec van hanh va sap xep cac tep tin.
Anh sang truyen fii trong s6i cap quang co the v6dt qua hang tram km
tro6c khi mot fiien ap bo sung can thiet phai idoc fida vao tin hieu, va fio
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la mot cai thien vo6t troi rat co y nghéa so voi he thong quy 66c truyen
tin nhé dong fien.

Truyen thong tin nhé anh sang theo cap quang khon g ton hao hoac ton
hao rat it vi nhiet so vbi dung cac mach fiien, do fio khong can fien he
thong lam nguoi cong kenh. Dung anh sang cung khong bo hien t6éng
giao thoa song fiien lam meo tin hieu nhd th66ng xay ra trong chuyen
thong tin bang fien.

SOi cap quang rat mem, de uon cong con day fiong thi tang fiien tré
khi bo uon. Ngoai ra cap s6 quang co gia thanh re hén day fiong nhieu
lan. Quan trong hon la sbi quang col the mang nhieu thong ti n fii hén day
fiong. Mot sdi cap quang kem theo s/ giup fid cua laser fiileu bien co the
chuyen fid6c cac cuoc goi fiien thoai va cac chéong trinh truyen hinh.

Trong cap sOi quang thong tin fiudc chuyen thanh xung anh sang, x ung
nay fiudc truyen fien mot khoang cach nao fio nhé séi quang, sau fio fiudc
chuyen thanh thong tin.
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Mot 56 hinh anh vé viée sit dung soi quang
) ? "crpg the World

veer in Bringigg Unparalleled Techoology to You i =

VII - OU NIEM VA'NHOOC NIEM
Ou fiem

An toan trong truyen tin.

Tranh nghe trom

Ton hao nho

Dai thong rong

Kha nang phdc hép cao

Kich thd6c nho va trong 166ng nhe!

Gia vat lieu cheitao soi quang re.

Nhodc fiem
Ton hao do c6 cau bao gom
- Do uon cong séi quang
- Do khop noi
- Do han noi
Ton hao do vat lieu:
- Hap thu boc xa hong ngoai
-Tan xa cua boc xa fiien tér: tan xa tuyen tinh va phi tuyen .
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