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I. KHAINIEM & CAC TIA LASER PAU TIEN

1.1.KHAI NIEM:

Laser nghia 1a qué trinh khu€ch dai anh sang bang phat xa cuGng blc. Laser dugc sit
dung nhu 1a m6t dung cu phat ra tia ning lugng tap trung rat manh ma trong tuong lai
gan trong mOt sO linh vUc nao do, né 1a mot cudc cach mang kY thudt trong gia cong
kim loai. Hién tai thi c6 th€ s dung thanh cong trong viéc gia cong siéu tinh, trong cong
nghé han nh{ing di€m rat nho va trong luyén kim. Gia cong chum tia laser 1a qua trinh xUr
ly nhiét trong do tia laser dugc dung lam néng chdy va boc hoi vat liéu.

May tia laser 1a mdy cat bang tia sing hoat dOng theo ché d6 xung. Ning lugng xung
cUa n6 khong 16n, nhung né dugc hoi tu trong mOt chuim tia c6 duOng kinh khodng 0.01
mm va phét ra trong khoang thoi gian mot phén triéu gidy tac dOng vao b& mat chi tiét
gia cong, nung nong, lam chdy va boc hoi vat liéu. Tia sang ay dugc goi 1a tia laze, viét
tat theo ti€ng Anh la LASER (hght Amphﬁcatlon Simulated Emission of Radiation) va
thudng dich nghia ti€ng viét 1a may phat lugng tU 4nh sang.

1.2.MOT SO TIA LASER PAU TIEN:

Tia laser dau tién dugc phat minh vao thang 5 ndm 1960 b&i Maiman. N6 1a loai laser
hong ngoc (ran). Nhi€u loai laser di dugc phat minh ngay sau laser hOng ngoc — laser
uranium dau tién béi phong thi nghiém IBM (thang 11 nim 1960), laser khi Helium-Neon
dau tién bGi Phong thi nghiém Bell vao nim 1961, laser ban dan dau tién bGi Robert Hall
& phong thi nghiém General Electric ndm 1962, laser khi CO2 va Nd:YAG dau tién bdi
phong thi nghiém Bell ndm 1964, laser hoa nam 1965, laser khi kim loai nam 1966,...
Diéu ndy cho thay nhi€u loai cé thé tao ra laser.

DE s dung gia cong vat liéu, laser phai c6 dU ning lugng. Ngudi ta thuOng ding cac
laser sau d€ gia cong vat liéu: laser CO2, laser Nd-YAG hodc laser Nd-thUy tinh va laser
excimer. Trong linh vuc gia cong kim loai thuOng ding laser ran vi cong sudt chum tia
tuong doi 16n va c6 két cdu thudn tién.
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1. NGUYEN LY GIA CONG BANG CHUM TIA LASER

May gia cong bang chum tia laser dugc ché tao vao nam 1960, va ngay nay phuong
phap nay thutc su co gia tri trong gia cong ¢ khi.

TU laser la viét tat cac ch{(r dau cua cac tU “Light Amplification by Stimulated Emission
of Radiation” — Su khuyét dai anh sang bang bUc xa cta chit phong xa. Loai vat liéu co
thé gia cong dugc lam tU tia laser khong phu thudc vao do dai song. Nang lugng cua
chum tia laser tdp trung vao phan nho cua chum tia laser lam cho phan vt liéu d6 bay hoi
di. May gia cong bang tia laser dugc sU dung trong khoan, xé ranh, cdt, tao hinh...

Gia cOng bang chum tia laser la qua trinh x( ly nhiét trong do tia laser dugc dung lam

nong chay va boc hai vat litu. Nguyén ly hoat dong cta chum tia laser dugc trinh bay trén
hinh 5.1
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Hin
h 2.1. SO dd nguyén ly hoat dong cua chum tia laser

1. Méi truOng hoat tinh. 2.Nguon anh sang Kich thich.

3. Buong cong huéng quang hoc.

4. Guong phan xa toan phan (dd phan xa anh sang 100%)

5. Guong phan xa ban phan trong sudt (d6 phan xa anh sang 50%).

Trén hinh 2.1 c6 thé thdy mot khong gian quang hoc 3. Trong khong gian nay & hai
phia la hai kinh phan chiéu(4 va 5) va gi(fa chung la mdi truOng hoat tinh 1 (hay thanh
laser), nhiing nguyén tU trong moi truOng nay bi Kich thich bdi den s6 2 & trang thai 6n
dinh, nhiing proton dugc phong ra va huéng vao truc quang hoccua thanh laser. Cac
proton nay va cham nhau va tiép tuc phong ra cac proton khac, cac proton nay ndi két nhau
vé pha cung nhu vé hudng. Qua trinh nay tiép dién cho dén khi cac proton chuyén dong
doc theo truc quang hoc va sau nhiéu lan phan xa cac proton nay c6 du nang lugng dé roi
khoi thanh laserqua Kinh so 5, phan con lai bi phan xa tr@ lai va tiép tuc qua trinh nhan
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proton. Khi tia sang da chiéu xuyén qua kinh phan chiéu & hai dau ra thi hinh thanh mot
chum tia ndi tiép nhau. Chum tia nay sé di qua mot thau kinh hoi tu dé tdp trung nang
luong tai mot diem, néu dit vat can gia cong tai tiu diém nay thi nhiét do cuc bd tai do co
thé 1én dén 8000°C trong 1ms.

+ Sau day la nguyén ly gia céng cua mét loai may dién hinh:

- Hinh 2.2 chi ra nguyén ly gia cong tia lazer trén may K-3M:

10

b& phan cung
cap va diéu

khién dien_

Hinh 5.2 Nguyén ly gia cong chum tia laser.
2)Budng phan xa anh sang
3) Pen phat xung
4) Thanh hong ngoc
5) Guong phan xa toan phan
6) Guong phan xa 50%
7) Théu Kinh hdi tu
8) Chi tiét gia cong
9) Ban ga
10) Té bao quang dién
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- Nguon dién cong nghiép 1 qua bién thé va nin dong dugc nap vao hé thong tu.
Dién ap t6i da cia tu la 2KV dé dieu khién sy phong dién tGi den phat xung 3 dit & trong
bd phéan phan xa anh sang 2 ( ti€t dién ngang hinh elip)

- Khi den 3 phat sang ,toan bd nidng lugng sé tap trung tai vj tri co dit thanh hong
ngoc 4.

- Nh(ing ion Cr* cua thanh hong ngoc bi kich 1én mUc ning lugng cao, khi tut xudng
chung se phat ra nhiing lugng tU.

- NhO hé dao dong cua cac guong phang 5 va 6, nhiing lugng tUf nay sé di lai nhiu
1an qua thanh hdng ngoc va Kich cac ion Cr*® khac dé roi cung phong ra chum tia lugng tU.

- Guong 5 co do phan xa anh sang gan 99%, con guong 6 gan 50%. NhG do, mot
mit ta van nhin dugc chum tia laser & phia dudi, mit khac khoang 1% chum tia phat ra
qua guong 5 sé dugc té bao quang dién 10 thu lai va qua hé thong chuyén doi ta biét dugc
ning lugng cua chum tia da phat ra khoi may.

- Chum tia nhan dugc qua guong 6sé dugc tap trung bdi hé quang hoc 7 va tac dung
1én chi tiét gia cong 8 (dit trén ban may 9) c6 kha ning di chuyén toa do theo 3 phuong X,
Y, Z.

- Khi tap trung tia laser vao vi tri gia cong can chon hé thong quang hoc va ché do gia
cong nhu nang lugng chum tia t&i, thoi gian xung tac dung cua chum tia, tiéu cU cua hé
thong quang hoc va s xung laser.

- Qua trinh tac dung cua chum tia laser vao vi tri gia cong dugc chia ra cac giai doan
sau:

+ Vit liéu gia cong hut ndng lugng cua chum tia laser va chuyén ning lugng nay thanh
nhiét nang.

+ POt nong vat liéu gia cong t&i nhiét dd co thé pha hong vat liéu do. Giai doan nay Ung
v@i qua trinh truyén nhiét trong vat ran tuyét doi bi gidi han vé mot phia theo phuong tac
dung cta chum tia ké tUr bé mit tac dung ...

+ Pha hong vat liéu gia cong va ddy chung ra khoi vung gia cong. Giai doan nay Ung v&i
qua trinh truyén nhiét ma bé mat tac dung ludn luén thay doi theo phuong tac dung cua
chum tia laser.

+ Vit liéu gia cong ngudi dan sau khi chum tia laser tac dung xong
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Hinh 2.3. Cit bang tia laser
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III. THIET Bl VA DUNG CU

IT1.1.Cac loai Laser:

C6 nhi€u cach d€ phan loai Laser, nhung théng thuong ngudi ta thudng phan loai laser
theo vat li€u cau tao nén méi truong hoat tinh cUa chiing. C6 thé chia laser thanh bon
loai chinh nhU sau: laser ran, laser ban dan. laser 18ng va laser khi.

*Laser ban dan:

Mbi truOng hoat tinh cUa laser ban dan 1a cac ban dan loai N hay loai P (gecmani, silic,
axenit gali,...).

Loai laser ban dan c6 hiéu sudt cao hon han bat ky loai laser nao khac. V& ly thuyét,
hiéu sudt cla cac loai laser ban dan c6 thé dat tGi 100%. Tuy nhién, trén thuc té hiéu
sudt cUa loai laser nay chi dat d€n 70%. Viéc ché tao loai laser ban dan ciing con gap
mOt s6 khé khan ky thudt, do dé hiéu sudt cla ching chua dat dugc cao 1dm. Tat
nhién, so vGi cac loai laser khac nhu laser khi (hi€u suat 20%), laser ran (hiéu sudt
5+7%), laser ban dan uu viét hon nhi€u. Tuy vay, cong sudt blc xa cla loai laser ban
dan con nho, chua thé so sanh vdi cac loai laser khi hay laser tinh thé khac dugc.

*Laser ran:

Trong laser ran thi moi truGng hoat tinh 1 chat ran. Vat liéu cla chat ran kich thich c6
th€ 1a florua dat kiém, wonfram dat ki€m, molibden dat kiém, hong ngoc tGng hop,
ytri- nhém- granat (YAG), Neodim-ytrinhém- granat (Nd:YAG),... Tap chat tich cuc
chifa trong cac chat k€ trén thudng 1a cac thanh phan dat hi€m, crém va uranium. Vat
liéu thuong dung 1a hdng ngoc nhan tao.

Nhugc di€m cUa loai laser ran 1a hiéu sudt thap, chi ¢ 5+7%. Tuy nhién, loai laser ran
c6 kich thudc tuong déi gon nhe nén dugc Ung dung trong rat nhiéu linh vuc khac
nhau nhu trong thong tin lién lac, vo tuyén truyén hinh, trong cong nghiép, y té, quan su,

*Laser khi:

U'u di€m cUa loai laser khi 1a cong sudt 16n, tinh don sac va kha ning dinh hudng cao,
thich hgp cho viéc st dung ching & ché€ do lién tuc. Dai budc séng cUa loai laser khi
kéo dai tUr séng mm cho dén ving tU ngoai. Mdi trudng hoat tinh cla loai laser khi 1a
cac chat khi hay hon hgp khi khac nhau. Thong dung nhat 1a khi nguyén t( neon, agon,
kripton, xénon, hoi kim loai cadimi, dﬁng, selen, xézi, va khi phan tU nhU oxyt cacbon,
cacbonic, hoi nudc, ...

So sanh v&i chat ran va chat 10ng, chat khi c6 méat d0 thap va cé tinh dong nhat cao, né
khong gdy ra su khiic xa luOng anh sang vi vay tinh dong hudng cla su phét xa laser
trong chat khi rat cao. Laser excimer 1a laser khi diing trong vi gia cong, gia cong chat ban
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dan va phau thudt mat. Chat khi ding d€ tao tia laser 1a hd hgp khi trd vGi halogen.
Trong mOt lan phéng dién, mOt nguyén tU khi tro (Ar, Kr, Xe) va halogen (CI2, F2) tao
thanh m&t chat nhi tring

*Laser 10ng:

MOt trong nh{tng hudng phét tri€n mdi cla laser 1a laser c6 méi truOng hoat tinh chat

10ng. C6 hai loai chat 16ng thudng ding 1a cac hdn hgp hitu co kim loai va chat mau.
Loai hén hop hitu co kim loai ch(ra mOt s6 nguyén t& hi€m nhu éropi. Méi truGng htu
cO déng vai tro trung gian, nhan ning luong cho ngudn anh sang kich thich, truyén lai
cho cac nguyén t( éropi. Nhugc di€m cla cac loai laser h{tu co 1dng 1a moi trudng hoat
tinh khong bén viing, chat hltu co bi phan hlly dudi tic dOng cla anh sang kich thich.
Gan day ngudi ta thay chat htu co bang chat vé co d€ tranh su phan hly néi trén. Loai
laser chat 1&ng vo cd c6 cong sudt blc xa va hiéu sudt khé cao, c6 thé sénh vai cling cac
loai laser ran v&i hop chat néodim. Hién nay loai laser vo cd 18ng c6 thé cho cong sudt
trung binh gan 500 W G ch€ d0 xung, va & ché d0 xung don v&i ning luong hang tram
Jun.
Tuy nhién, chat 16ng oxit clorua selen 1a mOt loai chat ddc, c6 hai cho ca thé con ngudi,
do d6 khi 1am viéc v&i n6 phdi tuan theo nhi€u bién phép an tOn phUC tap. Noi chung,
cling nhu cac loai laser khac, laser chat lOng cling co nhu‘ng uu di€m rieng cla né. biéu
dé dang nhin thdy nhat 1a viéc 1am ngudi madi trudng hoat tinh rat don gidn, bang
phuong phap luu théng dong chat 1&ng trong laser.

*Laser Gama:

MOt trong nhitng hudng phat tri€n mdi cla laser 1a laser c6 méi trudOng hoat tinh chat
10ng. C6 hai loai chat 1&ng thudng dung 1a cac hdn hgp hitu co kim loai va chat mau.
Loai h6n hgp hltu co kim loai chita m6t s6 nguyén t6 hi€ém nhu éropi. Mai trudng hitu
cO déng vai trd trung gian, nhan ning lugng cho ngudn 4nh sang kich thich, truyén lai
cho c4c nguyén tU éropi. Nhugc di€m cUa cac loai laser hitu co 10ng 1a méi trudng hoat
tinh khéng bén vimg, chat h(tu co bi phan hly dudi tac dOng cla anh sang kich thich.
Gan day nguoi ta thay chat h{tu co bang chat v co d€ tranh su phan hly néi trén. Loai
laser chat 18ng vo 0 c6 cong sudt bltc xa va hiéu sudt kha cao, c6 thé sanh vai ciing cac
loai laser ran v&i hop chat néodim. Hién nay loai laser v6 co 18ng c6 thé cho cong sudt
trung binh gan 500 W & ché d0 xung, va & ché d0 xung don v4i ning lugng hang tram
Jun.

Tuy nhién, chat 1&ng oxit clorua selen 1a mOt loai chat dOc, c6 hai cho co thé con ngudi,
do d6 khi 1am viéc vGi né phai tun theo nhi€u bi€n phép an ton phlc tap. Né6i chung,
cling nhu cac loai laser khéc, laser chat 18ng ciing c6 nhling Uu di€m riéng cla né.

Diéu dé dang nhin thdy nhat 1 viéc 1am ngudi méi trudng hoat tinh rat don gidn, bang
phuaong phép 1uu thong dong chat 10ng trong laser.

V& nguyeén 1y chung, laser Gamma lam viéc ciing tuong tu' nhu cac laser khac. Tuy nhién,
hi€n tugng vat ly xdy ra trong mai trudng hoat tinh cUa loai laser nay philtc tap hon
nhi€u. Khd ning tiém tang cla loai laser nay rat 14n. tuy nhién kY thudt ché tao né rat
phUc tap, va do d6 viéc Ung dung cla n6 chua dugc phd bi€n rOng rai. Nho su ra doi
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cUa laser Gamma, chiing ta da md rOng dugc dai song, tir hdng ngoai cho dén budc
s6ng mOt vai amstrong (Ao). Tuy nhién trong tuong lai, khé ma néi rang dé la phuong
phép cudi cing cUa kY thudt laser.

I11.2.C&u tao may laser:

Nguyén 1y cau tao chung clla mOt may laser gdm c6: budbng cOng hudng chita
hoat chat laser, ngudn nudi va hé théng dan quang. Trong d6 budng cOng hudng
vGi hoat chat laser 1a b0 phan chl yéu.

Bubng cOng hudng chilta hoat chat laser, d6 1a mOt chat ddc biét c6 khd ning
khuyéch dai anh sang bang phat xa cudng blrc d€ tao ra laser. Khi 1 photon tGi
va cham vao hoat chat nay thi kéo theo d6 1a 1 photon khac bat ra bay theo cling
hudng v&i photon tdi. Mat khac budng cong hudng cé 2 mat chan & hai dau,
mOt mat phan xa tOn phan cac photon khi bay t&i, mat kia cho mOt phan photon
qua mOt phan phan xa lai lam cho cac hat photon va cham lién tuc vao hoat chat
laser nhi€u 1an tao mat d0 photon 16n. Vi thé cudng d6 chum laser dugc khuéc
dai 1én nhiéu 1an. Tinh chat cla laser phu thudc vao hoat chat d6, do d6 ngudi ta
can c vao hoat chat d€ phan loai laser.

DudGi day 1a so d6 nguyén 1y mdy laser
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Hinh 3.1. s0 d6 nguyén ly may laser
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