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CO SO PONG HOC VA UNG DUNG CUA LASER

LASER - Light Amplification by the Stimulated Emission of Radiation —
Khuéch dai anh sang bang birc xa cudng birc

Regulqr Ligh-r COHERENCE:

Like rain

NOI DUNG:

» Co sé dong hoc cua laser

» Cac loai laser

> Ung dung ciia laser Laser Light




CO SO PONG HOC CUA LASER

> Ly thuyét ciia Albert Einstein vé sw hap thu va birc xa

-Khi hé vat chat ton tai & trang thai cn bang nhiét dong, khéng chiu tac dong cua
kich thich tir bén ngoai, hé & muc ning lugng thap nhat, goi 1a mic NL co ban.
-Khi hé vat chat chiu tdc dong cua kich thich tir bén ngoai ( birc xa truong dién tir:
anh sang, nhiét do...) hé chuyén I&n cac mirc ning luong cao hon, goi la c&c murc
Kich thich.
- Theo Albert Einstein cd 3 loai dich chuyén gitta C4&¢ mtrc ning lugng tuong
ung véi 3 qua trinh:

+ Hap thu

+ Btrc xa tu phat

+ Bilrc xa cudng birc (cam tng)



CO SO PONG HOC CUA LASER
> Ly thuyét ciia Albert Einstein vé sw hap thu va birc xa

» Hap thu hay phat xa cta vat chat déu 1a két qua cta su chuyén trang thai cua
nguyeén tir tir mirc nang luong nay sang muc nang luong khac.
»  Xét mot don vi thé tich khoi chat
= Khi trang thai ctia nguyén tir chuyén tir mirc ning lugng thap Wi 1én muc
ning lwong cao hon W, thi hé xay ra hap thu.
= Khi trang thai ctia nguyén tir chuyén tir mirc ning lugng cao W, xuong
murc ¢4 ning lugng thap hon W, thi hé xay ra bire xa.
= Khi do tan sb cta bic xa thoa man:
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Su hap thu g Sy burc xa




CO SO PONG HOC CUA LASER

> Ly thuyét ciia Albert Einstein vé sw hap thu va birc xa
% Qua trinh hap thu : Khi hé vat chat chiu tdc dong cua truong dién tir bén ngoai

- C4c nguyén tir & mirc nang luong thap co thé hap thu photon cia truong dién tir bén
ngoai dé chuyén lén muc ning luong cao hon.

- Xét mot don vi the tich khoi chat.

- Goi s6 nguyén tir & trang thai k & thoi diem t 1a N, (t)

- Goi mat d6 niang lugng burc xa kich thich bén ngoai c6 tan so vy lap(vy)

(Mat do nang luong birc xa Kich thich dac trung cho anh hudng boi truong dién tir
bén ngoai)

dN, (t) = o(v;)-By -N; (£).dt (1) ® E

hv

p(v.:).B,  Laxac sudt hip thy | _
Trang thai co’ ban !




CO SO PONG HOC CUA LASER

> Ly thuyét ctiia Albert Einstein vé sw hap thu va birc xa

% Qua trinh birc xa

Xét mot don vi thé tich khoi chat.

Goi s6 Nguyén tir & trang théi K tai thoi diém t 1a N, ()

Goi A; 12 hé so ty 1¢ phu thudc vao kha ning chuyén doi giita 2 mirc d6
(Pay chinh la xac suat chuyén doi tir mire K vé muc i)

dN, (t) =—A N, ().t
dN ()

k

BN Acdt  — N, (t) =N, (0).e"" (2)

N, (0) la s6 nguyén tir & mirc K tai thoi diem t=0



CO SO PONG HOC CUA LASER
¢ Qua trinh birc xa
= Cuong d9 birc xa ciia mdt vach pho (cong suit birc xa)

la ning luong birc xa ctia mot don vi thé tich khoi chat trong 1s
| = N, (t).A;.hv; = N, (0).A, by e

N (0).A,hv=1, -1 =1, %" (3) T
Thoi gian song trung binh 7 ctia nguyén tir & muc K hv
la thoi gian d€ s6 nguyén tir giam di ellén
— J—
\ : =
Tt (3) suy ra: T = Trang thai co’ ban !

Thoi gian song trung binh cia nguyén {r & trang thai nao doé chinh la nghich dao
clia X4C suat chuyén doi tuong Ung.

Buc xa tu phat cia mdi nguyén tir trong hé thuc hién ddc 1ap véi nhau nén séng cua
mdi blrc xa ¢6 phuong thay doi mot cach hon loan dan dén birc xa khéng dong bo



CO SO PONG HOC CUA LASER

= Birc xa cwong birc (birc xa cam rng):
La birc xa tuwong tng véi dich chuyén nho tac dong cuia truong dién tir bén ngoai.
Burc xa cudng burc 0 tan sO dung bang tan so kich thich.

- Néu xét mot don vi thé tich khoi chat dit trong truong dién tir véi cac photon co
tan so W, =W, —

Vii
" ——
- Khi d6 ta xac dinh duoc s6 nguyén tir bi giam ¢ mue K 13 s -
AN, () _ ot | aroaty
=—p(v). By .t AN
Ni AVAVAVL 2 Y
po(v).B,. Goilaxac suat chuyén doi cua qua trinh bic xa
- , — J—
cudng burc E,

Trang thai co’ ban

N, (t) = N, (0).e")Bat (4)



Co s¢ dong hoc cua laser

» Phwong trinh Einstein

Do ca ba qua trinh (HT, BXTP, BXCB) cling dong thoi xay ra nén téc do thay doi sb hat o
muc nang luong W, la:

dekt(t) =—=A;N (t) =B o(vi) N (1) + By o(vi) N; (t) (5)

Phuong trinh (5) goi la phuong trinh Einstein.

Phuong trinh ndy cho phép xac dinh mat do ning luong birc xa dién tir bang cach xét
& trang thai can bang nhiét dong, so6 hat & cac mirc nang luong khong thay doi theo
tho1 gian, khi do:

dekt(t) =—A;N (1) =B p(vi) Ny (t) + By p(vii) N; (1) =0




CO SO PONG HOC CUA LASER

» Phwong trinh Einstein

B AN, (t) _ A,
A\ B,.N.(t) - BN, (t) B N; (t) _B,
SN
Theo phéan bo Boltzman ta c6
W. =W hv.. hv,;
_ W W Wy N ki i
II\\IIK—((tt)):e T =e T - NI—((tt)):ekT = p(Vi) = hékk-'
i K Bik.e KT — Bki

hvii
Luu§ ring khi T - = p(4,) > Do do £BBJ%O

e NN S e B
Mat khac T >wo=e" 51 Suyra B =B Vay i B, g

ekeT _1

thi




CO SO PONG HOC CUA LASER

» Phuwong trinh Einstein
Vi két qua tinh toan su lién hé cia cac hé so A va B, (cic hé so Einstein) nhu sau

A 87zhvfi
B, c’
Vay mat d0 nang luong birc xa Xac dinh theo cong thirc
8hv? 1
_ ki
/O (Vkl ) C . %

kT
e® -1
Ta nhén thay tir gia thiét vé qua trinh birc xa cudng birc da di dén mot két qua
rat phu hop voi cong thire cia M. Plank. Cong thire Plank thi da duoc thuc
nghiém hoan toan kiém chirng. Einstein da dat nén mong cho su phat trién cta
mot loai &nh sang nhan tao ma sau nay duogc goi tén la laser



CO SO PONG HOC CUA LASER

» Phwong trinh Einstein
Nhén xét tir Iy thuyét Einstein vé hap thu va birc xa

« Khi ta kich thich vao hé vat chat ( chiéu mot chim tia sang) s& lam cho mét s6
nguyen tir chuyén tir trang thai ning luong thap |én trang thai nang luong cao
(Hap thu) sau mot khoang thoi gian rat ngan mot so chuyen xuong muc nang
luong thap hon mot cach tu nhién (Buc xa tu phét ), mot so khac bi va cham véi
photon kich thich quay vé trang thai ¢ ning luong thap hon dong thoi phat ra
mot photon ¢6 cling tan s6 véi photon kich thich (btic xa cudng birc)



CO SO PONG HOC CUA LASER

Nhén xét tir Iy thuyét Einstein vé hap thu va phat xa

* Qua trinh buc xa cudng birc (btrc xa cam ung) va hap thu 1a hai qua trinh hoan
toan do6i xting nhau nén photon duoc sinh ra khéng nhig ¢ tan sé ding bang
tan s6 ctia photon ti ma con ¢ phuong truyén va pha giong nhu photon téi.
Do d6 photon dugc sinh ra két hop vai photon tdi. Ta néi birc xa cudng birc
(btrc xa cam Gng) 1a buc xa dinh hudng, don sac va két hop.

« Néu ta tim cach khuéch dai chim btrc xa cudng birc (birc xa cam tng) thi ta s&
thu dugc chim burc xa ¢ cudng do manh, do don sic cao va d6 dinh hudng
cao. Do chinh la nguyén ly tao ra laser (Light Amplification by the Stimulated
Emission of Radiation — khuéch dai 4nh sang bang buc xa cudng bic)



CO SO PONG HOC CUA LASER
> Piéu kién dé mét moi trwong coO thé khuéch dai anh sang

Cong suat buc xa phatra: P =N.By.o(vi))hvs —N;.By .o(vy).hvy,

- O diéu kién can bang nhiét dong B,;=B;, va N. > N, nén P < 0 do d6 trong mdi truong
nay hap thu chiém wuu th¢, day la nhitng moi truong vat chat thuong gap .

- Muon P > 0 thi N.>N., trong méi trudng nay phat xa cudng buc chiém uu thé,
moi truong cO kha niang khuéch dai 4nh sang thi mat do nguyén tir & mitc ning
lwong cao phai nhiéu hon mat d6 nguyén tir & mutc ning luong thap, ta ndi phai
co su dao 16n mat do trén cac muic (nghich dao do tich liy)



CO SO PONG HOC CUA LASER

» Cac phwong phap tao dao 1on mat do trén cac mirc

» Phuong phap bom quang hoc: ding anh sang dé kich thich cac nguyén tir ctia
MmOl trudng

« Phuong phap va cham giira dién tir va nguyén tir dé kich thich nguyén ti 1én
murc can thiét

« Phuong phap va cham nguyén tir kich thich va nguyén tir trung hoa

« Phuong phap phan ra phan ti, khi phan ti bi phén ra cac nguyén tir sé bi
Kich thich



CO SO PONG HOC CUA LASER

» Phwong phap bom quang hoc:
- Hé nguyeén rr lam viéc voi 2 mure nang luong

-Khi khong co tac dong bén ngoai thi N,>N,

-Khi kich thich bang quang hoc, cac nguyén N,
tir hap thu photon va chuyén muc nang luong
lén muc cao, N, giam dan con N, ting dan.

, N
-Tuy nhién, khi N, = N, thi hé khong thé tao :

duoc su dao 10n mat do trén cac muec.




CO SO PONG HOC CUA LASER

» Phwong phap bom quang hoc

»  He¢ nguyén s lam viéc voi ba mure nang luong

Ding bom quang hoc dé kich thich céc
nguyén tir chuyén tir mtre 1 18n mic 3.
Trang thai 3 cO thoi gian song ngan
nén nguyén tir nhanh chong chuyén
sang mirc 2 1a mtc Siéu bén. Do thoi
gian song & muc Siéu bén tuong doi
lau nén tao duoc nghich ddo mat do
gitra hal murc 2 va 1.




CO SO PONG HOC CUA LASER

» Phwong phap bom quang hoc

= H¢ nguyén nir lam viée véi bom mire nang lwong

Ding bom quang hoc dé kich thich cac
nguyén tir chuyén tir mte 1 18n mutc 4. Trang
thai 4 co thoi gian song ngan nén nguyén tu
nhanh chéng chuyén sang mutc 3 1 muc siéu
bén. Do thoi gian song ¢ muc 3 siéu bén
twong d6i 1au nén tao dugc nghich ddo mat do
gitra hai mirc 3 va 2. Do muc 2 gan v4i muc
1va co lién két quang véi mic 4 nén nguyén
tr khong c6 dich chuyén tir mirc 4 xuéng murc
2 ma chuyén ngay xudéng murc 1.




CO SO PONG HOC CUA LASER

» Phwong phap va cham gitra dién ti va nguyén tir

Bing va cham dién tir, CA&C nguyén
tir & trang thal co ban 1s duoc
chuyén |én céc trang thai siéu bén
21s va 23s. Do hai trang thai nay
nam rat gan cac murc kich thich 3s
va 2s nén nho va cham khong dan
hoi ¢6 su truyén ning luong cong
hudng dé tao nghich dao mat do
gitra cac miurc 3, 2S voi 3p, 2p

Va cham khéng
dan ho1loa1 I 3g

Va cham V& electron :/ hat xa tu phat
| |

Két hop lai
¢ thanh binh

)
\/\
ARRCA wm

it

He Ne
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CO SO PONG HOC CUA LASER

» Nguwong phat laser

Néu goi P’ 1a cOng suat mat mat trong BCH thi: P = AW _W_ a)(\sv

dt ¢

Trong d6 W 1a ning lugng du trit c6 trong BCH, 7, la thoi gian tat buc xa,
@ =27v latan so goc cua buc xa, Q la hé so6 pham chat cua BCH.

Nhu vy, tia laser chi phat rakhi: P >P

\'

oW
Suy ra: (N, By, —N,B,)hvp(v)g(v)V = ?



CO SO PONG HOC CUA LASER

» Nguwong phat laser

Trong do: W= p(v)V; hzl; w=2rv
27
, B 1
RUt gon ta duogc: N, =N, ==>

B,, N nQB,,g(v)

Dau bang trong cong thirc nay dugc goi 1a ngudng phat cia laser.

Piéu kién ngudng phat phu thudc vao dé pham chat cia BCH, sy mé rong vach
pho va hé so Einstein.

Pé ngudng phat nho can lua chon: - BCH ¢6 mat mat nho tirc Q 16n; - chon
duoc hai mic ning luong hoat dong sao cho hé sb B,, 16n; - lam giam d6 rong
vach.



CO SO PONG HOC CUA LASER

> Cau tao ciia may phat laser

May phat laser gom c06 3 bd phan chinh: 3 e
- Hoat chat (1). —
; |
Bubng cing huime (3.4 P—

- Bo phan kich thich hay nguon bom (2) /

6/8/2015
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CO SO PONG HOC CUA LASER

» Hoat chat \ | A
%: |

Hoat chat 1a moi trudng vat chat (ran, 16ng, khi, ban ( y AR l

dan, ...) c6 kha ning khuéch dai anh sang di qua no. 5

+ Hoat chat 1a chat khi gom c6 cac khi don nguyén tir (Ar, Xe, Ne, ...); khi da
nguyén tir (CO, , N, , CO, ...) va cac hon hop khi (He-Ne, CO-N,-He, ...).

+ Hoat chat |a chat ran bao gom dang tinh thé hay thay tinh dugc pha tron thém
cac ion nguyén t6 hiém nhu Sm*3, Nd*3, Cr*3, ... Loai laser ran dién hinh Ia
laser Ruby c6 hoat chat Ia tinh thé ALO, tron thém Cr*3 hay laser YAG c¢6 hoat
chat 1a Y,Al.O,, tron thém ion Nd*3 .



CO SO PONG HOC CUA LASER

> Hoat chit N
%=( |
J 1

+ Hoat chat la chat ban dan nhu GaAs, PbS, PbTe.... Vé co ban, nhirng hoat
chat nay phai la nhirng chat phat quang.

+ Hoat chat 1 chat 16ng c6 thé 1a cac chat Chelaste nhu Peperidin Eu (BA),
hoa tan trong dung moi rugu ethanol+methol va c6 thém it ion nguyén to hiém
Eu*3, Nd3...; hoat chat c6 thé 1a cac chat mau hitu co nhu Rhodamine B (RhB);
Rhodamine 6G (Rh6G), ...



CO SO PONG HOC CUA LASER

> Budng cong huéng (BCH) i Py s
v
- BCH ¢6 vai tro 1a 1am cho biic xa do = Cy
hoat chat phat ra c6 thé di lai nhiéu lan o
gua hoat chat dé dugc khuéch dai I1én. -

[ 1

- Thanh phan cha yéu ctia BCH 13 hai guong phan xa. Mot guong ¢O hé sb
phan xa rat cao, c¢& 99,99%, va mot guong ¢ hé sé phan xa thap hon dé tia
laser c6 thé thodt ra ngodi. Mot trong cac guong cO thé duoc thay bang ling
kinh hodc cach tir tly theo yéu cau. Hai guong phan xa c0 thé dé xa hoat chat
hoac gén chit v4i hoat chat.



CO SO PONG HOC CUA LASER

> Nguén bom

Nguon bom 1a bo phan
cung cap ning luong dé
tao su dao 1on mat do
trong 2 muc nao do cua
hoat chat va duy tri su
hoat dong cua laser

6/8/2015
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CAC LOAI LASER

» Cac phwong phap phan loai
Tiéu chi phan loai laser c6 thé cin cr vao:
» Trang thai cia méi truong hoat tinh: ran, 16ng, khi, ban dan, plasma, ...
» VUIng pho cua bude séng laser: ving nhin thay, tir ngoai, hdng ngoai, ...
* Phuong phap bom (Kich thich): quang hoc, chum dién tu, ...
» Cac dac trung cua buc xa laser: lién tuc, xung, ...

» S6 mirc ning lugng tham gia vao qua trinh phét laser: 3 muc, 4 miec, ...



CAC LOAI LASER

v Laser ran thuong hoat dong v4i mot tan s6 hay mot vai tan so.
v M@i truong hoat tinh la chat ran.
v Vi du: Laser Ruby

v’ Laser 16ng hoat dong voi mot tan sb hay nhiéu tan s6 phu thudc vao
dung moi va nguon bom.
v' MO0i truong hoat tinh la chat 16ng, cac dung dich thuéc nhuém mau.

v’ Laser khi c6 ving buéc séng phat tir viing tir ngoai dén hong ngoai.
v M0i truong hoat tinh la chat khi.
v" Vi du: Laser He-Ne

v’ Laser ban dan dugc cau truc tir cac 1op tiép xuc p-n.
v Buirc xa cua nd co thé bién thién va diéu khién mot cach lién tuc duoc.
v' Vi du: Laser GaAs



CAC LOAI LASER

1. Laser ran
2. Laser long

Ti:Sapphire

Dioxide Laser Mode Locked Laser

3. Laser khi Argon-ion .:
4. Laser ban dan. )
Lasers

Semiconductor

Laser  Helium-Neon
6/8/2015 Laser



CAC LOAI LASER

> Laser ran:

Hoat ddng & ché do xung hay lién tuc déu duoc, hoat chat gom chat nén va chat
kich hoat. Chat nén c6 ciu trdc tinh thé hodc vo dinh hinh. Chat kich hoat thudc
nhom cac ion kim loai cua cac nhom chuyén tiép vai 16p dién tir 3d, cac ion dat
hiém v&i 16p dién tir 4F (Cr, Ti, Nd). Chat kich hoat dé ting mat d hat burc xa do
d6 tang cong suat phat laser.

Components of the first ruby laser

Vi du laser Ruby gtthe!
(Hoat chat |2 oxit R T Quarts flash tubs
nhom Al,O; pha
v6i 5 phan van

oxit crom Cr,0,)

Ruby crystal
.

Polished aluminum 95%, -roflective
reflecting cylinder SFRTOOE

6/8/2015 31



CAC LOAI LASER

Laser Ruby

Do mtc thit 3 trong hoat dong
cta laser c6 d6 rong pho 16n
nén c6 thé dung cac loai dén
bom khéng qué don sic

Laser Ruby phat
liEn tuc

6/8/2015
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CAC LOAI LASER

Energy A arowpol [ 210
[EU] Energy b [ E Fast
L'&""'EIE E43 N , (Mon Radiative)
o Transitions
e Fumping

Cac mirc nang lugng hoat i od Laser
~ ) _ ' Optical Transtions
dOIlg Cua Laser NdYAG F"|_|r|"||:|.||'|g 1,06 [um]
0.73 [um]
os{ O8Lml
Egm—ﬂf"'m
0.0 E | el
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CAC LOAI LASER

» Laser 16ng:

Dé dang tang nong do tdm Kich hoat, ting khoi luong hoat chat dé tao dugc
cong suat 16n

Dé lam lanh hoat chat nho sir dung viée cho nude chay quanh hoat chat, dé
thay doi thanh phan cac hoat chat.

Nhuoc diém |4 hoat chat nhanh bi ndng nén laser khdng 6n dinh vé tan sb
va cOng suat phat

Bom bing dén xung hay bang laser ran phat dang xung

Laser mau 12 laser 16ng c6 nhiéu tmg dung trong khoa hoc k¥ thuat

Hién nay c06 hang tram chat mau di duogc tong hop, cho phép phat laser
truc tiép tir ving tir ngoai téi ving hong ngoai

Tin hiéu ra cua laser mau thudng 1a bire xa két hop c6 kha nang quét trong
1 ving pho nao do (do chat mau quyét dinh).




CAC LOAI LASER

Mot s6 hinh anh laser mau bom ngang

Rhodamin 6G

Rhodamin B

35



CAC LOAI LASER

Laser mau bom bang laser N2

Laserstrahl des
Farbstofflasers

AN

Kilvette mit dem Lasedatbstoff

Lylinderlinze
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CAC LOAI LASER

Co ché lam viéc cua laser mau véi so do 4 mire va cac dinh chuyén theo
nguyén ly Franck-Kodon
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CAC LOAI LASER
» Laser khi

« Hau hét nguyén to & trang thai khi déu co thé phat laser.
e Rat nhiéu nguyén tir, phan tir c6 thé phat laser.
« Pa so6 laser khi 1a 4p suat thap (vai milli-torr).
* Lydola:
« D¢ co theé tao ra sy phong dién trén mdt khoang cach xa gitra cac dién
CUcC.
. Dé thu duoc vach phé hep (khong bi mé rong do va cham).
« Mot s6 laser khi dic biét co ap suét cao (hang tram torr)

e Laser khi dau tién (Helium-Neon laser) dugc ché tao nam 1961, mot nam
sau khi laser dau tién trén thé gidi ra doi (laser Ruby).

e Laser khi dau tién (Helium-Neon laser) phat budc song viing hong ngoai
gan (1152,27 nm, Near Infra-Red).



http://web.phys.ksu.edu/vqm/laserweb/Ch-6/F6s1t1p1.htm
http://web.phys.ksu.edu/vqm/laserweb/Ch-6/F6s2t1p1.htm
http://web.phys.ksu.edu/vqm/laserweb/Ch-6/F6s1t1p1.htm

CAC LOAI LASER

BU'GC SONG MOT SO LOAI LASER KHI

{Approximate)
Wavelengih Power (W)" cw
Type (nm) or Average Operation
Electronic Transistions
Muolecular luonine (F;) 157 1-5 Pulsed
Argon-fluoride excimer 193 0.5-50 (avg.) Pulsed
Krypton-fluoride excimer 249 1-100 (avg.) Pulsed
Argon-ion (deep UVY) 275305 0.001-1.6 Continuous
Xenon-chloride excimer 308 1-106) {avg.) Pulsed
HeCd {UV) 325 (0,002-0.1 Continuous
Nitrogen 337 0.001-0.01 (avg.) Pulsed
Argon-ion (near UV) 333-364 0.001-7 Continuous
Krypton-ion {UV) 335-360 0.001-2 Continuous
Xenon-fluoride excimer 351 0.5-30 (avg.) Pulsed
HeCd (LI'V) 353.6 0.001-0.02 Continuous
Krypton-ion 406416 0.001-3 Continuous
HeCd 442 0.001-40.10 Continuous
Argon-ion 488-514.5 0.002-30 Continuous
Copper-vapor 510,578 1-50 (ave.) Pulsed
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Nguyén ly hoat dong cua laser He-Ne

« M&i truong hoat tinh 1a khi hiém Neon
(Ne), va la laser 4 murc (khi He la khi
dém)

» C0 2 mirc siéu bén ¢0 vai tro la cac mirc
laser trén, va 2 hai muc laser dudi. Do
do, co thé phat ra vai budc song laser.

 Cac budc song chinh:

0.6328 [um] (632.8 nm); 1.152 [um],
3.3913 [um];

* Vai tro cua khi He: ting hiéu suat bom
(~200 lan) nho hiéu tng truyén nang
luong:

— He hap thu tot song bom
— He c0 murc nang lugng Kich thich
twong tu mirc Kich thich cua Ne

Energy A Helium Atom Neon Atom
[eV] Laser Transitions ™
X ~'3.391 [pm]
20.65- Esg— <> Es E,
A
18.811 B4y <o BE £32.8 [nm]
T ( 1.152 [pm% E;
Energy Transfer 600 [nm)
by collisions Lt -
between aloms - Fast Transition
¢ (Spontaneous
ok mission)
Excitation by
— Electric Decay to
¥l Discharge -, Ground Slate
(Accelerated "= (Collisions with
.;_ EIE‘WGHEJ ": T‘Libe Wallﬁ:l
Eq = Ground Lavel H-:"r

Energy Lev@%iagram of He-Ne Laser NE
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Laser khi CO,
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Nguyén ly hoat dong cua laser N,- CO,

« Cac chuyén doi phat laser:
e Chuyén doi tir mure laser trén (co glan phi doi
xtng) xuong muic dudi (mode co gidn d6i xtmg):
10.6 pm.
* Chuyén do1 toe mure laser trén (co gian phi doi
xtng) xuong mac dudi (mode udn): 9.6 pm.

* Pdo 1on mat d¢ xay ra khi:

» Cac dién tur do dong phong dién khi sinh ra, kich
thich chuyen dong cua N,. Cac phan tir N, ¢ cac
murc nang lugng kich thlch SIéu bén.

e Su va cham truyén nang luong gitra N, va CO, co
hiéu suat du cao dé cac phan tir CO, du:oc bcrm lén
cac muc Kich thich dao dong, va tao ra dao 16n mat
do gitra cac muc laser ciua CO.,,.

,3.4} Nitrogen Na Carbon Dioxide CO»

Asymmetric Symmelric Bending
stretch stretch

. lLaser
= Transitions

0.8 =f— -

Energy [eV]

Pumping

0.1

Ground Level

0

So d6 cac mirc NL hoat déng clia Laser N2 -CO2
- laser 4 murc
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> Laser ban dan (Diode laser)

Diode Laser Anatomy

- Kich thudce rat nho, gia thanh ré

- Hiéu suét cao Elliptical g

- C0 kha nang tao dai song phat kha rong e

- P6 don sac va d6 dinh hudng kém

- COng suat phét phy thugc rat 1on vao &p
suat, nhiét do...

Semiconductor
Laser Diode

Protective Window _

Metallic

Wires Strip
Base Monitor
Photodiode
Comnector=y Figure 4
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> Laser ban dan (Diode laser)

< Mot LASER ban dan co cau tao 1a mot tiép xGc p-n c6 dang hinh
hop chir nhat.

% Chiéu dai BCH ¢& 0,5-1mm, chiéu cao c¢& 0,05-0,1mm, bé day 16p
tich cuc ¢& 1-2 £/, cO chiét suat 16n dong vai trd nhu mot ong dan
song.

% Hai mit phang gidi han doi dién dugc danh bong va.song.sang voi
nhau co vai tro la hai guong phan xa.
< Cac bé mit con lai duoc lam
nham dé ngin ngtra viéc phat xa ‘,,
& nhitng hudng khdng mong ~ Vemeledim v o oang
mu 611. Ving hoatdong 5, ==

< Dé tan nhiét dit duédi cac
16p ban dan 1am bang kim
loat.

B¢ mat nham

Vung 16p dém

Cac mat song song va
bong nhan



CAC LOAI LASER

> Laser ban dan (Diode laser)
< Khi cho hai 16p ban dan tiép xuc nhau, dién ttr (e) tir ban dan loai N
s& khuéch tan sang ban dan loai P. Tai d6 dién ra viéc tai hop giira dién
tr va 16 trong (h).

< Ngay sau d6, trang thai can bang duoc thiét lap, tai mién chuyén tiép
P-N mat suy bién. ——
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> Laser ban dan (Diode laser)

< Khi dit dién 4p vao moi ndi ndy, ving chuyén tiép lai tré lai trang thai suy bién,
cac e tir vung N s€ phun vao vung P. L3c nay, cac e phun sé tai hop véi h va birc xa
ra photon.

<+ Tic 1a: electron tir trang thai niang luong cao (ving dan) roi xudng ving hoa tri,
két hop vai 10 trong va phat ra photon- tia LASER.

< iecIror
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> Do don sic cao

Do don sac ctia mdt chim sang cang cao tirc 1a pho
cang hep. Nguoi ta da tao duogc cac laser cO muc
chénh 1&ch budc song co thé tai 0,1 A°.
Tinh chdt nay rat quan trong Vi hiéu qud tac dung
ciia laser khi twrong tac véi vit chat, véi Cac té chire
sinh hoc phu thudc Vao dé don sdc nay.

» Sw héi tu cia chum tia

Chum tia laser ¢ thé hoi tu tai mot dién tich rit nho, c& A° .

Vi du: véi laser He-Ne c6 cong suat 2mW ding thém thau kinh co thé héi tu chim tia trén
108 cm? do do dat dwoc mat dé cong suat 200kW/cm?. Bé cO dwoc mdt do nay, neu dung
mot nguon dién thong thuong thi nguon phai c6 cong suat 20kW.
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» DO dinh hwéng cao

Tia laser c0 d6 dinh hudéng cao tirc la goc méd cua
chum tia rat nho, khong bi loe ra theo phuong truyén
Vi vay c6 thé chiéu di rat xa, co thé dung laser dé do
nhitng khoang cach trong vii tru.

> Tinh két hop cao

Tinh két hop cua tia laser biéu hién & do don sac (két
hop thoi gian) va tinh dang pha cia mat song (ket
hop khong gian).
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Thong tin lién lac

Lunar Lasercomm Ground Terminal

| | g

Optical Ground Stalion

I i

Optical Comm Telescope Lab
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»> Trong thong tin lién lac

Str dung tia laser dé truyén tin ttrc 6 C4c vu diém sau:

- Céc thiét bi vién théng laser co kich thudc nho gon, nhe va tiéu thu it ning lugng hon
S0 voi cac hé thong vO tuyén hién nay.

- S0 véi song vo tuyén, dai song truyén tin cua laser 16n gap van lan nén truyén duoc
nhiéu kénh théng tin hon.

Vi du: song vo tuyén tan so sir dung 1a 104 — 3.101 Hz thi véi tia laser trong ving sang
nhin thay c0 tan so tir 3.1012 — 15.10% Hz nén dai song truyén tang 1én dén 5.10* lan. Do
do, véi laser nam trong khodng 0,4 —0,8 pm va moi kénh truyén tin 14 6,5 MHz thi si
dung laser ta c6 thé truyén 80.10° kénh cung mdt lc, ting gap 10° lan kénh truyén khi
sit dung sONg cuc ngdn.
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» Trong thong tin lién lac
Str dung tia laser dé truyén tin tirc 6 cac wu diém sau:
- Tia laser mang nang lugng 16n nén cd thé di xa hon cac song vo tuyén. C4c laser hién nay
o thé truyén duoc khoang cach téi 100 000km.

Vi du: trong 1 gidy, khi ding song vo tuyén phdi tiéu ton mét ning leong 107 J dé truyén
mot bit thong tin, nhung vdi tia laser chi can dung mot nang lwong 10716 J tire 1a gidm hang
ti lan.

- Str dung cac budc séng thich hop co thé truyén tin & cdc moi trudng khi tuong khac nhau.

Vidu: khi quyén thich hop véi birc xa 10,6 um  ciia laser CO, ;
nuoc bién cho truyén qua, it hap thu birc xa 0,4880um cua laser Argon.
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- Laser YAG cua My, Trung Quodc, Nga, chi yéu duoc str dung trong phau thuat noi soi,
di€u tri va u xo tién liét tuyéen.

- Laser He-Ne, di duogc tmg dung sém nhat & Viét Nam. Cho dén nay tai VN da c6 hang
tram thiét bi Laser He-Ne véi cong suat tir vai mW dén hang tram mW duoc tng dung
vao cac chuyén khoa khac nhau.

- Laser CO2 6 cau truc tuong dbi don gian, gia thanh thap, rat phi hop véi diéu kién Viét
Nam, duoc (g dung trong linh vuc phau thuat vo tring it chay mau; phau thuat tham my.
- Laser ban dan, ing dung chu yéu la chdm ciru khéng tiép xdc, vo tring, it dau, cO thé
thay thé phuong phap cham ctru bang kim c6 truyén trong mot so6 trudng hop.

- Laser He-Cd ung dung dé tao cic anh Holography va chita nhitng cin bénh khd, dic biét
trong da liéu va phong...
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» Trongy hoc

Phowonchim | Tac dong g Hiewingkich | Manglal| ¢4 gan img
laser Cong it | > T chic sone | =) qmgh;‘l; = tichsihhoe | = | gphhoc
quang s -

= Trong chuan doan

CO nhiéu thiét bi chuan doan st dung laser nhu :

- May Dopler laser tham do, do dong mau trong co thé.
- May chup cit 16p laser.

- Cac may do tim, do dac, dan duong trong chuan doan.
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= Trong phau thuit:

Nguoi ta st dung cac laser nhiét nhu mot dao moé dé phau thuat. Bién hinh 1a dao mo
bang laser CO,. Tuy nhién, chum tia laser CO, khong nhin thay nén trong may phat laser
phai gan thém laser He —Ne c6ng suat 1-2 mw phat tia mau dé dan duong.

Nhitng wu diém ciia dao mo laser:

- P vO khuan cao Vi laser tao nhiét 6 cao tai duong rach va khong co su tiép xUc giira
dung cu va co thé.

- Laser CO, c0 kha ning vira rach dudng mo vira cam mau.

- Phau thuat nhitng bo phan & sau trong co thé ma khong 1am ton thuong xam lan.

- Thoi gian mo ngan.

- Chim séc hau phau thuan loi.
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Trong y hoc _

6/8/2015

Laser beam

| reshaping the

cornea during
LASIK procedure
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=  Trong diéu tri:

Khi chiéu laser vao to chitc co thé & mot nhiét do nhat dinh, laser s& lam déng protein cua
to chtrc d6. Hiéu tmg ndy duoc ap dung dé can thiép diéu tri it Xam 1an cac ton thuong
ctia co thé ké ca can thiép sau vao bén trong co thé. Ung dung cua laser trong diéu tri rat
phong phu, chang han:

- Da liéu: tay x6a cac dd6m sic to nhu not rudi, tan nhang, cac b4t bam sinh ...

- Nhan }(hoa: han gan c4c ton thuong vBng mac, diéu tri cac ton thuong giac mac, phau
thuat dieu tri cac bénh ly khac ctia mat, ...

- H¢é thong tiéu hoa: tan soi 6ng mat chi, han gin cac ton thwong mach mau ndi tang
nhu trong cac trudong hop ung thu, viém loét duong tiéu hoa, ...

- Sdn phu khoa: diéu tri cac ton thuong bénh Iy co tir cung. ...

- Than kinh: diéu tri cac ton thuong dang u, ...



'CAC UNG DUNG CUA LASER

» Trongy hoc
= Trong diéu tri:

Khi sir dung laser dé diéu tri thi yéu to
quyét dinh hiéu qua phu thudc vao cac
tham s6 nhu:

- Liéu chiéu,

- Cong suét;

- Do hoi tu (mat do cong suat );

- Thoi gian chiéu;

- S6 lan chiéu;

- Khoang cach giita c4c lan chiéu.
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» Trong nghién ciru vii tru

St dung tia laser trong nghi€n ctru vu tru theo cac hudng
ap dung nhu:

- Do nhitng khoang cach cuc 1én trong nganh thi€n van.
- Xac dinh vi tri cia cac vat thé trong vii tru.

- Theo dbi, diéu khién va lién lac véi cac tau vil tru.

Vi du: thong qua do khodng cdach tir Trdi Pat den Mt
1 mng (khoang 385000 km) ngwroi ta xac dinh dwoc
rang moi nam Mat Trang roi xa Trdi Dat 3,8 cm (tinh

trung binh).
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» Cong nghé vii khi

- M6t chum tia laser nang luong cao Khi
chiéu vao vat thé kim loai, trong nhay mat
s& lam cho kim loai néng chay, béc hoi,
tham chi bién thanh ion. Tac dung dé goi
la “hiéu tng lan chay nhiét”. Vii khi laser
phé hoai muc tiéu chil yéu nho vao hiéu
ung do.

6/8/2015
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» Cong nghé vi khi

Cac chum laser manh c6 thé ha guc
ca tén Iira trude khi tén lira bay dén
muc tiéu (chién luoc phong thu).
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» Cong ngh¢é vii khi

- Chum tia laser gay tac dung lan chay cang 16n hon
doi voi co thé song, tham chi gay tir vong. Cho nén I .asel /
tia laser timg duge ménh danh 14 tia chét chéc. LL.AaSCE

Green -

- Chum tia laser con c6 thé gdy mU mat hodc tam thoi | \\,@
khong nhin thiy gi. D6 1a vi khi bi cham laser chiéu >

vao mat, thuy tinh thé giong nhu mot thau kinh hoi tu k/ |
lam cho chum tia hoi tu 1&n tiéu diém trén véng mac,
lam chay bong vdng mac va co thé dan dén mu mat.

en Pointer

Vidu: _Jaser He-Ne cong sudt 1mW chua héi tu dé c6 do sang bang doé sang ciia Mt Troi
vao ngay nang (0,1W/cm?).
- laser Ar cong suat 1W, chwa hoi tu da co thé lam chay mot [6 trén ao.
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» Trong cong nghé lwu trir thong tin

“ LASER ban dan dwoc st dung trong viéc doc dia ‘ | ‘
Compact. '

-Trong dia Compact thong tin duoc ma hoa dudi dang ma
nhi phan, ghi [én mot dia véi cac tin hiéu la cac hoc va ranh.

- Nguoi ta ding mot LASER béan dan loai (AlGa)As ¢
budc song 0.83 um chiéu 18n cac hoc va rénh nay, khi dia .
guay tia phan xa trén mit cac hoc cia dia nay dugc truyén
qua mét hé quang hoc va thu qua mot photodiode.

Pia Compact voi wu diém luu dugc mot luong thdng tin @
chat luong tuyét hao, st dung bén, ngoai ra c6 thé tim théng
tin & bat ky o mot vi tri nao trén dia mot cach dé dang. Vi
vay ngay nay dia Compact duogc stir dung rong rai.

1

halbdurchléssiger
Spiegel Fotodiode

Substrat
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* May doc ma vach bang laser

Cac may quét ma vach dung tia sang laser cho ra tia sang rat manh cat ngang bé mat ma vach. Uu
diém cua cac may quét dung tia laser 1a quét rat nhay, chinh xac, c6 thé quét ma vach trén bé mat
cong va cO kha nang quét tam xa.
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ssMay in, photocopy dung laser.
Tao ra tia laser co cuong do phat xa thay doi theo cap do xam cua tirng diém anh (pixel). - Ban

tia laser trai déu trén sudt chiéu dai cua trong (theo timg dong anh) - Nhu vy, cudng do cua tia
laser la lién tuc thay doi (luc yeu/lic manh) phu thudc vao dién ap tirng di€ém anh.

dan

Rulé myc
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H¢ thong may san phing dong rudng dinh vi May xua dudi chim
bang tia laser. dung tia laser.
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¢ Trong trang tri nghé thuat

e SUNLER G 8 LS00 SO WRA S WIS SN WS TSR0 WIS N Wy

Hinh anh seagame 28
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