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TOM TAT

M6 hinh laser rin bom doc bang laser ban dan di duoc trinh bay. St dung biéu thirc mé
ta hé s6 bién ddi quang nhiét trong hoat chat laser rin, bai bao khao sat bang sé anh hudng cua
d6 rong xung bom 1én phan bd bién ddi quang nhiét. Két qua cho ta mét sb binh luan vé viée
str dung xung laser ban dan bom doc cho laser ran hoat chat Nd:YVOs.

Tir khod: Laser ran, bom doc, d6 rong xung, bién ddi quang nhiét.

1. MO PAU

Buc xa laser 1a mot chim 4nh sang két hop, don sic voi d6 phan ky nhé va co thé co
cuong do rat 16n. Ngoai cac tinh chat trén, con c6 mot sb laser c6 thé thay déi dwoc budce song
lién tuc trong mot ving phd nhat dinh. Nho d6, tng dung cua laser trong khoa hoc, céng nghé
va cudc séng ngay cang da dang, phong phu.

Khi laser hoat dong, ddng thdi v6i qua trinh nay 1 qué trinh sinh nhiét trong hoat chét.
Qua trinh nay chu yéu do nang lugng bom du thira khéng tham gia vao qua trinh hip thy cudng
btic va do qué trinh chuyén dich khong birc xa (phét xa phonon). Ning lugng du thira d6 gay
ra qua trinh dao dong nodi ctia hoat chat laser va két qua 1a qua trinh sinh nhiét xay ra trong
hoat chat. Hién tugng sinh nhiét khong ddng nhat trong hoat chét, thong thuong & tim nhiét
d6 sinh ra 16n hon & bién hoat chét. Pay la nguyén nhan gay nén hién tuong gradient nhiét
trong moi truong hoat chat, két qua 1a anh hudng dén ciu triic chum tia, anh hudng dén tan s6
lam viéc cua laser [1-3].

Nhu vay, van dé dat ra la trong cong nghé ché tao laser, 1am sao c6 thé han ché tdi da
anh huong khong tét ciia hiéu ung nhiét dén chat lugng chum tia phat? Mot trong nhiing
phuong an dugc lya chon d6 13 han ché téi da phan ning luong bom chuyén héa thanh nang
lugng nhiét trong hoat cht. Hay noi cach khac, béng cach nao do6 co thé diéu khién duoc hé
s6 bién dd6i quang nhiét trong qua trinh hoat dong cia laser. Trong nghién ctru nay, thong
qua khao sat anh huéng cua do rong xung bom 1én hé s6 bién ddi quang - nhiét, bang két
qua nghién ctru ly thuyet nhom tac gia da dinh hudng thuc nghiém cho viéc nang cao hi¢u
suat lam viéc cua laser ran.

2. PHUONG PHAP NGHIEN CU'U
2.1. Phuwong phép nghién ciru 1y thuyét
Trong nghién ctru nay, nhom tac gia da nghién ctru nguyén ly cau tao va hoat dong ctia
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laser ran bom doc bang laser ban d':m nghién ctru hiéu img quang - nhiét, qué trinh chuyén doi
quang - nhi¢t trong hoat chét laser ran. Trong qué trinh nghién ctru, ching t6i da ké thira va sir
dung mot sb thong tin, két qua nghién ctru ciia cac tai liéu lién quan da cong bd trudc day.

2.2. Phuong phip mé phéng sb

Tir viée dan ra biéu thirc mo ta phan ning luong bom chuyén hoa thanh nhiét trong hoat
chét trong qua trinh hoat dong cua laser. Nhom nghién ctru da sir dung phuong phap mé phong s6
bang phan mém Maple dé md phong anh hudng cua do rong xung bom dén hé sb bién doi quang
nhiét trong hoat chat laser ran.

3. KET QUA VA THAO LUAN
3.1. Chu hinh laser rin

Tir ddc trung phd hép thu cua cac hoat chét laser rin, thiy raing néu dung bom 1a dén
phong khi thi hidu suét rat thip. Phan 16n ning luong 4nh sang cta dén (khoang 75% dbi véi
dén Xenon) gdy ra nhiét trong hoat chat, tir d6 gdy ra cac hiéu tmg nhiét c6 anh huéng khong
t6t dén qua trinh phat laser [1]. Su dot néng hoat chat s€ gay nén nhiéu hi¢u ing nhiét khac
nhau: giam cong sut phat, gy bat 6n dinh cong suét, gy bat 6n dinh cu trac chum tia va
tham chi 1am hong hoat chat.

Pé tranh duoc cac hiéu img nhiét bat loi nhu vay, trong c6ng ngh¢ laser ngudi ta tim cac
ngudn quang hoc c6 phd trung véi phd hap thu cta laser ran.

C6 hai phuong phap bom cho laser rin, d6 1a bom ngang va bom doc. Bom doc tir ddu
vao budng cong huong c6 1oi 1a nang luong trong hoat chét phan bd déu trén tiét dién ngang.
Tuy nhién, hiéu suat bom khéng cao vi kho tap trung nang lugng bom vao hoat chét. Bén canh
d6 thi ning luong bom s& giam dan theo chiéu dai hoat chat.

Dbi voi cac hoat chat laser ran c6 kich thudc bé va yéu ciu phat cong suat thap c6 thé sir
dung mot laser ban dan ¢ cong suat 1én bom doc theo chiéu dai hoat chat. Cau hinh laser ran
bom doc dugc trinh bay trén Hinh 1.
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Hinh 1. C4u hinh laser rin bom doc [1]
(1): tia laser bom (3): guwong phan xa 100% (d6i v6i song bom)
(2): thau kinh (4): guong phan xa 50%

Chum tia laser ban din cong suat 1én dugc phéan bd lai nang luong twrong d6i déu trén tiét
dién ngang bang mot hé quang. Hé quang sir dung duoc thiét ké sao cho vét chum tia bom
bang hodc 16n hon mét it so véi tiét dién ngang ciia hoat chét. Vi phan bd chum tia laser ban
dan khong déu nén thuong phai sir dung tich hop mot thau kinh try va mot sb thau kinh cau
nham muc dich tai phan b6 nang lwong chim bom. Véi cdu tao nhu vdy, chum tia bom c6
phan b déu sé& chiéu vao hoat chat laser.

3.2. Hoat chit laser ran

Hoat chét cia laser rdn thuong la dién moi dang tinh thé hoic vO dinh hinh c6 dang hinh
tru tron. Lop phan xa thuong dugce phi ¢ ngay dau thanh, nhu vay dau thanh thuong dugc danh
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bong va duge phu bang 16p dién méi da dé dam bao hé sé phan xa can thiét cho budc song laser.
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d ]
| |

Hinh 2. Hinh dang thanh hoat chit laser [1]

Pudng kinh thanh chi khoang vai milimét téi vai centimet. Hoat cht thuong co hai thanh
phan: chat nén va chat kich hoat.

Chét nén 14 chét co ban s& khong tham gia truc tiép vao nhirng qua trinh tao birc xa laser.
Chat nén c6 thé 1a don tinh thé hoac v6 dinh hinh va cé chira cac nguyén tir hodc ion cia chat
kich hoat.

Chat kich hoat thudng c6 ty 1& rat nho chi khoang vai phan trim so v6i chit nén. Vi vay
tinh chét k¥ thuat co ban cia hoat chét s& do chét nén quyét dinh. Laser ran sit dung hoat chét
1a cac tinh thé ¢ cdy cac ion kim loai dat hiém. Céc tinh thé Alexandrite (BeAl2Oq- -Cr*),
Fosterite (Mg,SiO4-Cr*"), Saphie (Al,0s- Ti**), YAG- Neodym (Y3Als01-Nd**), hdp thu manh
ving phd tir 400 nm dén 850 nm va birc xa ving hdng ngoai gan, tir 700 nm dén 1600 nm [4].

3.3. Qua trinh hinh thanh trwong nhiét trong hoat chit

Duéi tac dong cua ngudn bom céac tdm hoat hip thu cong huong mot phan ning luong
ngudn bom, phan con lai s& bj hip thu khong cong huong cua chét nén dé dao dong nhiét lam
nhiét 6 hoat chat ting 1én. Nang luong cuia ngudn bom thong thudng phén b khong déu trong
hoat chit, dac biét trén tiét dién ngang. Diéu nay dan dén xuét hién gradient nhiét trong hoat
chat. Sy xuit hién gradient nhiét trong hoat chat s& anh huong dén qua trinh lam viéc cua laser,
co the gy ra nhleu hiéu tmg khac nhau: Giam cong sut phat, gay bat 6n dinh cong suit, gay
bét 6n dinh cu trac chum tia, 1am hong hoat chit,.

Trong Hinh 3 mo6 ta qua trinh tang nhiét trong hoat chat laser. Mot chu ky hoat dong cua
laser gom hai chu ky nhé: chu ky bom va chu ky 1am lanh (khi dén bom dung).

T[K] Tos

T

tbd t1 t2 t3 t4 t5 t6
Hinh 3. Qua trinh sinh nhiét trong hoat chat [3]

O thoi diém ban dau (tee) nhiét d6 cta hoat chat 13 T (nhiét d6 ban dau).

- Trong chu ky bom thir nht: t, = t; — ts, nhiét do sé ting 1én dén Tw:. Sau khi dimg bom,
tuc 1a trong chu ky lam lanh, ty= t; —t;, nhiét 46 giam xudng T>.

- Bit dau chu ky bom thir hai: Tai thoi diém t,, chu ky lam viée thir nhat két thic, bat dau chu
ky thit hai, tirc 1a bom quang hoc hoat dong trd lai, nhiét d6 lai tang 1én Thy, dimg bom cho dén khi
chu ky hai két thuc thi nhiét d6 giam xuong con T3 (T3 > T, nghia la nhiét do thanh hoat tang 1én).

Nhu vay ta thiy, theo thoi gian 1am viéc thi nhiét do ctia hoat chét laser sé& ting 1én. Qua
trinh nay 1ap lai nhi€u lan cho dén mot thoi di€m, trang thai nhiét 6n dinh, dang va gia tri
truong nhiét 6n dinh, goi 1a trang thai tya On dinh truong nhiét trong hoat chat [3].
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3.4. Phwong trinh mé ta ning hrgng nhiét trong hoat chit laser rin

Nhu da trinh bay 6 trén, hiéu ung thau kinh nhiét sinh ra tr sy du thira nang lugng bom,
d6 13 qua trinh hap thy khong cong hudng ctia chat nén 1am ting mirc 46 dao dong nhiét, dan
dén nhiét d6 trong hoat chat tang 1én. Nguoi ta di chimg minh rang phan ning lwong bom bién
thanh nhiét chu yéu 1a do sai khac giira ning lugng photon bom va ning lwong photon laser,
sai khac lugng tir do nhiét dugc cho bai [5]:

v, =V,

Oy = v, 1)

trong do: v, la tan s6 bom va vV, 14 tan s6 phat laser.

Céc qua trinh quang hoc xay ra trong cac tim hoat bao gdm cac chuyén doi kich thich va
btrc xa. Ta c6 thé kich thich cic tim hoat & muc nang lugng co ban 1én mot trong cac muc
ning luong cao hon. Néu chuyén doi tim hoat xay ra gitra cac mirc ning luong c6 khoang
cach du hep thi tim hoat s& trd vé trang thai co ban, khong phat laser ma chi xay ra phat xa
huynh quang (chuyén doi khong phat xa). Khi d6 0, trong phuong trinh (1) dugc thay thé bang

8., - cong suét nhiét huynh quang.

Trong hoat chét laser rin ciu hinh bom doc, phan ning lugng bom chuyén hoéa thanh
nang luong nhiét dugce cho bai [6]:

Pheat = (1_ (1 o 5n| )7) Pabs (2)

trong d6: Py, 12 ndng luong nhiét, p, la phan ning lwong hip thu tir ning lwong
bom, va y la tham sb dic trung cho sb ion phat xa (cm®/s):

—1+\/1+4W2'2I’p(l’,2)
2Wrzrp(r,z)

(3)

y(r.z)=

trong do: T 1a do rong xung, W 1a hé s chuyén ning luong va I, (r, z) 1a ban kinh thanh
hoat chat.

Thay (3) vao (2) va tich phan theo toan bo thé tich chum bom ta s& tim dugc phan nang luong
bom chuyén hoa thanh nang luong nhiét trong hoat chat. Str dung chiim bom ¢6 phéan b6 Gauss,

gia str toan bd ning lugng chum bom dugc hap thu ( Pabs = P) thi phéan ning luong bom chuyén
hoa thanh nhiét dugce cho boi [6]:

Pheat = P+ (1_an)8{1_\/mln[l+ 2ﬂ+1}><

(4)
x(1+%|n(2+2 ﬁ+1)j+@[m(m_l)_m[§jj+%lj %dt
2P
trong do [6, 7]:
_ 8wpa,7’
ﬁwghvp )

v6i: p landng lugng bom, a, lahé s6 hap thy, Vv,la tan s6 bom, , 12 ban kinh mat that
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chiim bom va h 14 hing s Planck.

Tir (4) va (5) ta thiy phan ning lugng bom chuyén hoa thanh ning lugng nhiét, hay noi
cach khac hé sb bién d6i quang nhiét ( Preat /P) Phu thudc vao nhiéu tham sd, trong d6 c6 do
rong xung bom. Anh hudng cua tham s6 nay dén hé s6 bién doi quang nhiét nhu thé nao, chiing
ta s€ khao sat sau day.

3.5. Anh hwéng ciia d9 rong xung bom 1én bién ddi quang nhiét trong hoat chit
Xét cho trudng hop laser ran hoat chét Nd:YVOq (ham luong Nd 13 1%) bom doc bang
chum laser xung Gauss, stir dung cac tham so:
p=1W,a, =3000m",7 =100us, 1, =1064nm,W = 3.5x10*m’s*[8]. Két qua khio sat
anh huong ciia d6 rong xung bom (t) dén hé sb bién dbi quang nhiét dugc mé ta nhu Hinh 4.
Tir két qua mo phong ta thy, khi d6 rong xung nho (trong khoang 7 < 20 s - Hinh 4b)
thi hé sb bién d6i quang nhiét ting, giam, bién thién lién tuc. RS rang trong truong hop nay thi

bén trong hoat chat laser s& xay ra nhiéu qu4 trinh phi tuyén phirc tap. Didu d6 s& khong tdt
cho qua trinh hoat dong cua laser.

Pheart/ P
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Hinh 4. Anh huéng cua d6 rong xung dén hé sb bién doi quang nhiét

Néu do rong xung 16n hon 20 ps - Hinh 4c, lac nay hé sO bién d6i quang nhiét s& tang
khi d6 rong xung tang. Diéu nay 1a phu hgp vi khi do rdng xung 16n, nang luong du thura khong
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kip suy hao ma n6 s& "chong lan" nhau sau mdi lan bom, nhu d trinh bay & myc 3.3. Pay la
nguyén nhan lam cho nang lugng nhiét trong hoat chat tang 1én. Ket qua 1a c6 thé gay ra nhiéu
hi€u g bat lgi trong qua trinh hoat dong cua laser, nhu da d¢ cép & trén.

4. KET LUAN

Trong qué trinh hoat dong cua laser, dong thoi véi qua trinh nay 13 qua trinh sinh nhiét
trong hoat chit va két qua 1a c6 thé xay ra cac hiéu tmg bat loi cho qua trinh hoat dong cua
laser. Bing cach din ra hé s6 bién d6i quang nhiét, ching t6i khao sat anh huéng cta do rong
xung bom dén phan bd bién ddi quang nhiét trong hoat chat. Két qua cho thay, khi d6 rong
xung nho thi hé sé bién doi quang nhiét bién thién lién tyc (ting, giam). RO rang trong truong
hop nay thi bén trong hoat chat laser s& xay ra nhiéu qua trinh phi tuyén phirc tap. Pay la
nguyén nhan din dén nhiing anh hudng khong tét dén qua trinh hoat dong cua laser.
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ABSTRACT

INFLUENCE OF PULSE DURATION ON OPTOTHERMAL COEFFICIENT
OF LONGITUDINAL LASER PUMPED SOLID LASER
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In this work, the configuration of longitudinal semiconductor laser pumped solid laser
and the optothermal coefficient are presented. The influence of pulse duration on the
optothermal coefficient is numerically observed and discussed for the Nd:YVO; laser.

Keywords: Solid-state laser, end-pumped, pulse duration, optothermal transfer.
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