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|. BUONG CONG HUONG

1. Kha nang khuéch dai séng dién tlr khi di qua moi tr vong hoat tinh

Gia st song dién tir gia don séc co cwong do T truyén trong mai trwdng hoat tinh doc theo
truc Z. Su bién d6i cudng do doc theo truc Z ladl = Gldz v6i G 1a hé s6 khuéch dai dwoc
xac dinh theo cbng thurc:

G(V) = 0m(V) (N, O N,) néu suy bién vaG(v) = oun(v) (Nym— Npy) néu khdng suy bién
Nhu vay néu tao ra dwgc mat do dao 16n thi G >0

Ngoai ra khi truyén qua mdi truong hoat tinh thi mot phan cwdng dd séng dién tir sé bi
mét mat do nhiéu nguyén nhan. Vi vay s bién déi cwong do doc theo truc Z ladl = (G -
Gy)ldz,hay T =T.exp{ (G-G, )z} ; v&i G, |ahé s6 mat mat

Nhu vay dé cuong do soéng trong mdi trieong hoat tinh tang, khéng nhitng can hé sé
khuéch dai lwgng ti 16n hon khdng ma phai 16n hon hé s6 mat mat trogn mdi trwdng hoat
tinh

2. Nguyén ly lién két hdi ti€p dwong dé tang do khuéch dai

“ Mot phan tin hiéu khuéch dai dwoc quay vé moi tridng hoat tinh va mdt 1an nita di qua
moi treong hoat tinh lai dwoc khuéch dai. Do do khuéch dai s6ng dién tir sé tang nhiéu
hon so voi khi di qua méi truong d6 mot 1an. Néu do khuéch dai vwot mic d6 mat mat
toan phan thi thi tv nd sé phat séng dién tir

Dé thanh 1ap lién két hoi tiép dwong nguoi ta ché tao ra budng cong hudng

3. Budng cong huwéng la gi?

Budng cong huéng la mdt trong nhirtng bd phan quan trong ctia may phat | wvong t&r (laser).
NG dung dé thuc hién lién két hoi tiép dwong va tao ra bic xa dinh huéng, don sac, két
hop. Budng cong hwdng gom cac mat phan xa va moi triedng hoat tinh

4. Vi sao budng cong hudng quang hoc la buéng cong hwéng

V@i Ki thuat hién nay khong thé ché tao ra budng cong h wang véi kich thwdc cd buwdc
song dai quang hoc

NEu gia st c6 thé tao ra budng cong hwang voi kich thude nhu thé thi budng cling khong
c6 y nghia vé mat nang lvong vi kich thudc qua cla hé khong du dé tao ra cong suét biic
xa can thiét.

Ngoai rakhi sir dung budng cong hudng hd cé thé dam bao tinh loc lya v a gidm mat mat
nang lwvong do phan xa

5. Cau tao clia budng cong hwédng quang hoc

Thong thwdng budng cong hudng la mot hé gom hai mat dat d6i dién nhau, gitra hai mat
nay la moéi trudng hoat tinh. Thong thudng mot trong hai gwong chi 1am nhiém vu phan
xa anh sang, guong con lai vira phdn xa mot phan anh sang truyén v ao né vira cho mot
phan anh sang truyén qua

6. Chirc nang clia buéng cong hwéng quang hoc

6.1. Thuc hién hoi tiép dwong

Nhuv ta da biét méi truong hoat tinh dat trong budng cong h uéng tuy c6 kha nang khuéch
dai tin hiéu di qua n6 theo quy luat T =T sexp{ (G-G, )z} nhung dd khuéch dai nay khong
Ién vi chiéu dai z la cé han. BE cé dugc cuong do khuéch dai tin hiéu Ién phai tang kich
thuwéc moi treong hoat tinh 1én nhiéu lan.
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Vi du nhw d6i v6i hoat chat CO, la mét trong nhitng hoat chat c6 hé s6 khuéch dai tuong
doi 16n, thi dé dat duoc cong suat birc xa la 1W thi can phai s dung mot dng chira khi d ai
10°m.Tir vi du trén ta thdy mudn tang chidu dai cla hoat chat phai dwoc giai quyét bang
céch khéac. Chinh nho bubng cong hudng maviéc thay doi chiéu dai hoat chat tr¢ nén don
gian bang cach cho btc xa phan xa nhiéu lan tr én cac guong phan xa.

Khi cho séng anh sang di qua hoat chat ctia budng cong huéng tin hiéu sé dwgc khuéch
dai 1én, khi t¢i mat phan xa moét phan séng anh sang sé bi hat thu hoac truyén qua nhwng
phan Ién séng anh sang sé phan xa tré lai va dwoc khuéch dai 1én khi di qua moi trevong
hoat tinh dén mat phan xa con lai. Tai day cling xay ra qua trinh twong tw va ct nhw vay
sau nhiéu lan phan xa sé thu dwoc blrc xa cé cuong do lon.

6.2. Tao ra birc xa dinh hudng, don sac, két hop

Do cdu tao budng cong hudng la hé nén nhitng séng anh sang truyén doc theo truc cla
budng cdng hwdng sau nhiéu lan phdn xa dwoc cong hwdng Ién nhiéu lan. Nhiing séng
anh sang nay sé xac dinh cdng suat ra cla laser. Con nhitng séng anh sang lan truyén d uéi
nhi*rng géc léch tuong ddi Ién so voi truc ctia budng cong hwdng sé bi thoat ra ngoai sau
nhiéu lan phan xa. Vi vay bic xa duoc hinh thanh & budng cong hudng sé cé tinh dinh
hwéng rét cao

Trong nhiéu lan phan xa gilra hai guwong, pha clia séng anh sang ludn bao toan va quan hé
vé pha clia cac song do cling khong déi, do dd blrc xa ra mang tinh két hop

Cu6i cung nho budng céng hudng cé thé thie hién dwoc cac phurong phap chon loc dé thu
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a} b -

IR .
I

J

-

d)
duoc bt xa cd d& phé rat hep gan nhu don séc
7. Phan loai budng cdng hwéng theo cau tao
Phan loai theo dudng di cla tia sang:
*+ Puong kia sang ho ( zic zac ho):
Budng cdng hwéng phang: hai guong phan xa la hai guwong phang, cho blc xa c6 do
dinh hwéng cao
Buodng cong hwdng cau dong tiéu: Hai gwong cau cé cung ban kinh va chung tiéu diém
Ngoai ra con cé cac loai budng : guong lién trong laser ban dan, mdt gwong phang va
mot gwong cau, gwong phang va lang kinh quay
* Purong di tia sang kin : cac guong phan xa duogc dit sao cho duong di tia sang 1a
Kin
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8. Yéu cau k¥ thuat ddi voi cac loai gwong laser

Yéu cau co ban cla cac guong laser la phai dam bao sao cho hé s6 phan xa cho phép | a
I&n nhat va phan nang luvong tiéu hao do hap thu trén cac bé mat 1a nhé nhat.

Trong giai doan dau phét trién ctia ky thuat laser nguoi ta s dung cac guong co dé la
thuy tinh hay thach anh valép phan xa dwgc ma Ién do bac, nhom hoac vang, hé s6 phan
xa clia cac gwong nay & vung anh sang kha kién thwong khong vuot qua 90- 95% va phan
nang lvong tiéu hao trén bé mat gwong co thé dat t6i 5 -10%. Vi vay cac guong nay cé do
pham chét khong cao.

Ngay nay trong k¥ thuat laser phan Ién gwong ma nhém, bac, vang duoc thay béi gwong
dién moi nhiéu Iép. N6 c6 cac dac tinh nbi bat: cac g wong cé hé so phan xa cao va phan
nang lvong tiéu hao do hép thu larét bé, chiu dwoc birc xa nang luvgng I6n vatudi tho cla
cac gwong nay cao. V1 thé n6 dam bao dwoc do pham chét ctia budng cong hwdng rét cao.
Y éu cau vé do day quang hoc clia céac I¢p dién moi dé cong suat phan xa tong hop v a hé

~ kd 7 N ;\t
sO phan xa lon la n.hy=n.hy,=nz hy3=... n, hn:Z

Hé s6 phan xa vatinh chon loc clia gwong con phu thudc vao s6 16p dién moi. Vi du su
phu thudc nay déi véi guong duoc ché tao ZnS vaMgF,
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Cac guong duoc cdi tao tir 3-7 I6p la cac guwong ban trong su6t, khi guong tlr 15 16p dién
moi tré Ién thi dat dwoc hé s6 phan xa rat cao (R> 99%) ‘ 1
Ngoai ra céc loai gwong trong hé cong huéng cling doi hdi sai s6 vé do bang phang cla bé

v ~ A /e -7 - 7 \ }\4 1_ R
mat dé gwong khong v ot qua gia tri cho phép la (1-R)
2n \/E
NgOé.l ra mot thﬁng sO KT thuat Céc chét thanh phén Sa 16p Cong sudt tGi han ] Budc séng |
cla cac guong can dwoc chu y [a |  cialép phinxa (mWem®] | A
gia tri mat do cong suét toi han ZnS +MgF, 15 350 0,6943
ma guoeng co thAe chiu du’qc. Bay ZnS +MgF, 15 30 0,53
la mdt vai s liéu dwoc xac dinh
e ZnS 1 350 0,6943
quathuwc nghiém: . ‘
CeO, + MgF, 15 400 0,6943
ZnS + SrF, 13 60 (,6043

Dai véi hé gom mot guong phan xa hoan toan, mot guong ban trong su6t thi hé s6 phan
xa thoa man:

S )
R,=e ' P ") Pgivéi laser Iam viéc theo so d 3 mic

Paoi voi laser 1am viéc theo so do 4 mic

11. 5O PHAM CHAT BUONG CONG HUONG
1. B0 pham chat la gi?
MOt dac treng quan trong clia BCH la d6 pham chat. B pham chat xéac dinh do mat nang
lwvong birc xa trong hé. Do pham chét ¢ ang cao khi nang lwong mat mat cang nho.
2 .Cac dang mat mat nang luong:
Trén thyc t€ vi ¢6 nhiéu dang mat mat trong hé cong huwdng. Cac mat mat dé do nhiéu
nguyén nhan:
- Mat mat béi chat lwgng phan xa clia guong
- M4t mat bdi nhién twong nhiéu xa trén guong
- Mat mat do cac guong khéng song song nhau

- MAat mét do su léch clia cac photon khi di chuyén trong budng cong h wang
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M6i dang mét mat duoc xac dinh bdi mot dd pham chét

Trong BCH h, nhiéu xa dong mdt vai tr 0: nd lam giam s6 mode dao dong so v&i hé
cong hudng kin. Mat khéc trong qué trinh di chuyén, nang lvong séng con bi mat mat
do hién twgng truyén qua vahién tugng hap thu béi guong. Do do6, nang lwgng mat

mét trong 2 quatrinh nay larat quan trong.

3. Xéac dinh do pham chat:
3.1. Do pham chét trong qué trinh phan xa:
- Taxé mat mat do chat lwvgng phan xa clia guong (hién twong truyén qua va hap

thu trong guong):

DINH LUAT LAMBER - BEER

Chum sang chiéu t¢i mat guong thi s8 chia ra lam 3 thanh phan theo dinh luat Lamber -
beer (nhu hinh vé):
+ M@t phan chum sang s bi phan xa lai moi truong ci
+ Mot phan chum sang sé truyén qua
+ M@t phan bi hap thu béi guong
Trong Laser tacan chuim sang phan xa lai moi trieong cli dé tao hoi tiép duong, nhw
vay, phan chum sang bi hap thu vatruyén qua sé lam gidm cuong dé chum sang chiéu
vao, gay ra mat mat trong qua trinh phan xa.
Cuwong do anh sang mat di trong mot d on vi thoi gian do sv phdn xa nay la

di/ dtp, = -lac/L
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<=>|=lgexp(-ac.t/L)
V&i I/ly = exp( —a c.t/ L): téc do tat dan.
D0 pham chét trong trwdng hop nay la Q, = wL/ca
Suy ra l/lg=exp(—a c.t/ L) = exp (- t.w/Q,)
=> Phrong trinh biéu dién dao dong tat dan tré th anh:
dl /dt o =-1/Qq
Xéac dinh Q 1
- NEu coi cac guong la hoan toan gidng nhau, va co hé s6 phan xa laR, thi phan nang
lvgng ctia BCH bi mét di trong khodng thoi gia n dt dwoc xac dinh:
Gia str song mang nang lwong E /2 di tir guong G, dén guong G,. Tai guong G,, song
nay duoc phan xa tré lai mot phan, con mot phan tén hao bang —E(1-R) /2.
- Khoang thai gian can thiét dé song di hét qu ang duong tlr G, dén G, la:
At=L/v=Ln/c (nlachiétsuatcta moi truong hoat tinh)
Nhu vay sau moi khoang thoi gian A t thi song di duoc mét 1an tir G, dén G,, vatiéu
hao phan ning lvong bang —E (1-R) /2. Vi vay, trong mdt don vi thoi gian, séng bi
mat mot phan nang luong la —-E(1-R) /2 At=-E (1-R)c/ 2L n
Vi mobi dao dong trong BCH duoc tao bdi hai song phang lan truyén ng woc chiéu
nhau, nén phan nang lvong ma mdt dao dong( mot mode) mat di trong mét d on vi thoi
gianla -E ( 1-R)c/ Ln
Nhu vay trong ca khoang thoi gian At, phrong thinh xéc dinh t6n hao :
dE =-E ( 1-R)c/ Ln dt. (1)

Mat khac, néu coi cac mode ctia BCH nhw cac dao dong dién tir doc lap, thi phuong
trinh dao dong tat dan :

dE = -Ewdt /Q 1 (2)
So sanh: (1) va(2): Q= Lwn/c(1-R)=2nLn/A(1-R)
- Trong dai song vo tuyén : A~a, 6~1 (57 ): mat mat Ién

Do d6 hé cong hwdng hd chi ting dung cho séng ngan.
Vi du nhw d6i v6i a=1.10 %, L=0,3m, A = 1ym, Q,=2.10°

3.2. MA&t mat do hién twong nhiéu xa trén guong:
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Do kich thuwdc hitu han ctia gwong nén
cac chum sang khi chiéu téi bién guong sé bi phan xa va di ra khéi BCH. Méat mat nay

goi 1a mét mat do nhiéu xa.

= Fd by S o

- Nt L o N\ oxs,
a L
2
)
Z L et
. N . A
Cuong do anh sang mat di trong B

modt don vi thoi gian do hién twong
nhiéu xa nay ladl/dt ,=-1/Q, ( )

Chim séng song song v &i do dai A dap 1én guong A, phan xa vanhiéu xa trong goc 8~
Ma.
Phan nang lugng bi méat do nhiéu xa sau mot lan birc xa di qua hé cdng h wdng sé bang
ty s6 dién tich vanh khuyén cé bé rong x (x= 6. L) véi dién tich guong:

2nax/ ma® =AL/ a® = 1/N ( N: s6 Fresnel)
Nhu vay, s8 Fresnel cang I16n thi mit mat do nhiéu xa cang nho

=2 Q,=a¥ AL

- Céc loai laser khac nhau sé c¢6 d6 pham chat khac nhau:

% Laser Ruby c6 chiéu dai 10 cm, dwong kinh cla théi Ruby la 1cm, hai gwong
phan xa cla n6 1a2 mit day cla nd, véi nhiét dé phong A= 6943 A thi tatim
dwoc N = Q,=625

% D0Gi vai laser khi Ar, do dai hé cong hudng khoang 50cm, dudng kinh trong
6ng phong dién khoang 2mm, do dai song A= 4880 A, thi N = Q,= 20

T phuong trinh () va (**), cvong do gidm tong cong | a:
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di/dt = -1( ¥ Qu+ 1 Q,) = -1 /Q
ol 1/Q: 1/Q1 + ]./Qz
Q la d6 pham chat ctia budng cong hwdng

Mot may laser cang tot sé c6 Q cang lon.
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TAI LIEU THAM KHAO
1. Vat Ly Laser, Nguyén Hitu Chi — Tran Tudn, NXB DPHQG.TPHCM
2. Gido Trinh Quang Hoc, Nguyén Tran Trac — Diép Ngoc Anh, NXB
DHSP.TPHCM
3. Co S& K¥ Thuat Laser, Tran Birc Han — Nguyén Minh Hién, NXB Giao Duc
4. Bai giang Vat Ly Laser Lép Cao Hoc Vat Ly Ung Dung K19, Thay TS. Phan Bach
Théng
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