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(Bai nhdn ngay 17 thdng 6 nam 2002, hodn chinh sita chita ngay 22 thdng 7 ndm 2002)

TOM TAT: Laser Ns la logi laser dich chuyén dao dgng dién tir. Py la logi laser hoat djng
theo so dé 3 mikc vdi thoi gian séng ciia mitc trén cao hon so vdi mitc dudi; Vi vy chi cd thé
lam viéc & ché d xung. Co ché kich thich chii yéu xdy ra do va cham vdi dign tit. Tix phuong
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trinh vén téc ¢ thé tim dugc nhiét dé 187 wu ( T,)opt » mdt dg ddo Ion to1 wu ( AN)ope va ti 56 F

161 uu.
I. Mé ddu

Laser N; 12 mot ngudn sdng UV manh dugc st dung trong ‘nhiéu lanh vyc Wng dung
va nghién cttu khoa hoc, trong dé dic biét d€ 1am ngudn bom cho hé théng laser mau, diing
dé khio sdt cd ché€ phat quang ciia cdc chét cling nhut xdc dinh d6 nhi&m bdn cla biu khi
quyén... Chinh vi nhitng d3c tinh ndy nén trong thyc t&€ c6 rat nhiéu cong trinh nghién citu vé
laser N dugc thuc hién nhim tinh todn (vé mit 1§ thuy€&t) hodc do dac (biing thuc nghiém)
cdc théng s6 lién quan — chiéu dai budng cdng hudng, 4p suit khi, khodng cich giita cdc
dién cuc, t6c do thdi khi, tAn s ldp lai... Tuy nhién, cho d&€n nay vin chua ¢c6 m6t 1y thuyét
nao dé cip dén viéc t8i wu héa cdc thdng sd dic trung cho laser Ny. Trong cdng trinh nay
chiing t5i dwa vao cd ch€ kich thich, dudng cong th€ ning va phuong trinh véan t&c cia mitc
laser trén va dudi dé rit ra cdc théng s§ dong dang t&i vu.

Trudc tién chiing t6i khdo sat cd ché kich thich phin ti¥ N, trong mdi tridng hoat tinh.

1. Cd ché& kich thich

Hinh 1 v 2 m6 t& cdc dudng cong th& ning ciing v6i cdc dich chuyén chd y&u cda
phan t& Nj. Cin cif vao cdc mo6 hinh ndy ching ta thdy ring d€ tao ra dao dong clia laser
(phat xung) ng vdi chuyén ddsi (C — B) cén thi€t phdi ddi hdi mdt ning lugng cao hon
so vdi trudng hgp chuyén d&i (B —» A).

Trong thuc t€ chim bifc xa phdt ra tir laser N, c6 budc séng A rdi viao ving UV sé&
tuong ng v4i qud trinh tao ra sif ddo 19n do bi chi€m giita hai mitc C’I1, va B,II, va dudc

thuc hién thong qua cd ché kich thich phan t N; tif trang thdi kich thich cd ban X' Z; 1én
cdc mic trénC’[], va B, [1; . Tuy nhién, vi N, 12 mdt phan ¥ gdm hai nguyén t& gidng

nhau nén momen dipon dién P=0.Vi viy, dich chuyén giffa cic mic dao dong trén 1a bj
cdm (vé spin). Nhung theo [1] thi sy cAm nay s& khong bit budc chii yé&u trong trudng hop
x4y ra su va cham trao ddi dién t¥ trong dé mot dién tif tdi c6 thé dugc xem nhut thay thé cho
mdt trong s6 cdc dién ti hod tri clia phan tlf trong sudt qud trinh va cham vdi spin cda dién
tit tdi song song vdi dién ti¥ hod tri khic cia phén tit. Sy va cham trao ddi dién ti nay s& 1am
phét sinh cdc chuyén ddi do c6 su thay ddi d6 bdi ( lién quan dén spin toan phdn cia tat cd
cédc dién tif hod tri) va theo [2], [3] dugc xem nhu 12 cd ché€ kich thich tryc ti€p & mifc trén
clia laser. Lip ludn nay mot lan nita da dugc x4c nhén trong 1y thuyét vé su gin diing bao
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Hinh 2: Céc dich chuyén chinh trong phan t& N,

hoa do Gerry dua ra [4]. Trong d6 dé cdp dén viéc kich thich trang thai C [I, do va cham

trirc ti€p vdi dién t mang ning lugng. Céc k&t qué thu dudc tir 1§ thuy€t ndy hodn toan phit
hdp v6i cdc s6 liéu thuc nghiém clia Leonard [5]. Mt khdc thyc nhgiém [6] ching t6 ring
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khi lam lanh laser N, d&€n nhiét d6 khong khi 18ng thi s& Iam ting cong sudt phat ra mot cdch
déng k€ so vdi khi & nhiét do binh thudng. Piéu nay khong phai do ting ndng do phan ti

(No) khi 4p sudt khong ddi va nhiét do thdp hon (N, = %) vi cOng sudt ngd ra sé dat dén

gid tri cuc dai tai cd hai nhiét do.

N€u céc va cham 12 khong dan hdi loai 2 va k€ dén trang théi gi4 dimg (a'], ) déng
vai trd chi y&u trong qud trinh kich thich trang thdi B va C thi c6ng sudt phat ra s& gidm khi
tdn s§ va cham gidm theo sy suy gidm ctia nhiét d6 [7]. Tuy nhién , khi 1am lanh dén nhiét
dd héa 16ng ciia khong khi thi cdng suit phat clia laser ching nhitng khong suy gidm ma trdi
lai con ting 1&n. Mt khédc sy bic xa ty phat tif trang thai C’[], dudc hinh thanh ngay khi c6
dong xung kich thich cling v6i sy xudt hién ctia chim bitc xa dudi dang (mode) phét ra trong
sudt qué trinh tdn tai xung kich thich cho phép khdng dinh cd ché kich thich do va cham truc
ti€p phan tif v4i dién tif 1a qué trinh chd y&€u. Tuy nhién, Bonnett [8] di ¢& ging sit dung md
hinh kich thich gidn ti€p trang thdi B, [1, ctia Matrios va Parker [9].

X'y +Ea'll +e
1 1 + 3 1 F
a' [T, +X Zg - B[, +X Zg +E
Dé gidi thich qud trinh kich thich trang thdi C*I1, nhung cudi ciing bi thdt bai do trang thdi
a' [, nim dudi trang thai C’TJ, .

T6ém lai hoat dong ctia laser N, (UV) chi ¢6 thé dudc gidi thich dva trén co ché kich
thich do va cham tryc ti€p vdi dién t mang ning lugng.

2. Hé phudng trinh vén téc
. C6 thé xem laser N, (UV) hoat dong theo sd dd 3 mifc vdi cdc trang thdi dién ti
X'Z; (mic 1) 1a mic cd bdn, B,[], (mic 2) 1a mic laser thdp va C'I], (midc 3) 1a mdc
laser cao. Do ddi thdi gian cia cdc dic trung dién quang chi ¢ vai chuc ns va hoat dong &
ap sudt thap (p<100 torr ) nén sy va cham gifta cdc phin tif khi hodc tdi hgp ion giita chiing
1a khong ddng ké. Sy ion hod va kich thich chii y&u 1a do va cham vdi cdc dién tlf trong khi
phéng dién.

3 H 3
¢’ I1, & :
i hv=3.5eV Biic xa laser
! 7=40ns
k) V 2
Kich thich bang ~ B’[],
chum dién ti
Bic xa ty phdt | 7=10us
It v .
X'y !

Néu goi Ny, Nj, N3 13 mat d6 hat tdn tai & 3 midc (1), (2) va (3);
Xij1a vén toc kich thich phan t& do va cham vdi cdc dién t d€ chuyén tf mici — j (i <j)
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7, 12 thdi gian sOng bifc xa tif j —» i.

77! 1a t6c dd phan hdy bic xa.

n

Khi d6 phudng trinh vén t6c vé mat d§ hat tai cdc mic theo thoi gian t 1a:

dN,

";};"zXlsN:_st;zl (1)
dN. G
_&t_z_ = X,N, "Nz'le1 (2)

Trong d6 s6 hang thit nhat bén phéi cla (1) dic trung cho s6 hat gép thém vdo midc 3 do sy
chuyén mifc clia phin ti¥ tf mifc 1 1én mifc 3 dudi tdc dung cla dién tk, cOn s§ hang thit 2
trong (2) bidu thi s6 hat rdi khéi mifc 3 do bifc xa tu phat. Tudng tu nhu vay d6i véi 2.
Mit khdc , theo 14p ludn da dua ra trude day thi qud trinh chuyén muc trong phén ti
chii y&u do va cham tryc ti€p vdi dién tit do d6:
X13=Ne <O13Ve> (3)

Xpp=Ne<oppve> (4)

Véi

N.: mat do dién t

< o1ave>: hiing s6 vén toc kich thich phan tif do va cham vdi dién ti dé chuyén phan
tl tif mifc 1 1€n muic 3.

< o1ve> : hiing s8 kich thich do va cham vdi dién tit d€ chuyén phén ti tit midc 1 1én
muc 2.

Thay (3) va (4) vao (1) va (2) ta dudc:

dN. i
’d_; = NiNe(O-BVE) - Nyt &)
dN. .
th = NlNe<0'nV£)"szz1] (6)
L4y tich phan theo bié&n t trong khodng thdi gian tit 0 d€n ¢ ( vdi 7 1a thoi gian bom) cho ta
N; = N\N(oyv, )7 - Nytyy7 0
N, = NlNe(O-IIVe)T ~Nytgr (8)
Suy ra
NN, t(o,v
N, = _!_.__(_%E)_ ©)
14—
T3
N\N,t(o,v
N, = I_LTIZ_E)_ (10)
1+—
T
Ngoaira
Thai gian bom 7 << 7,, =10ns: thdi gian s6ng clia hat & mifc 2
do dé
T T
— <<l — P 1+—#1 (11)
1'-21 TZ!
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Mat do ddo 16n giita hai mic 2 va 3 12

AN =N, - N, =N,N,7 <G'3V=) N <0-12V¢> (12)
T T
l#— 14—
27} ™n
Va s& dat d€n gi4 tri t81 wu khi va chi khi a’i]N =0

e

o NN, (ﬂs_‘ﬁ_(%ve)‘ -0

T
Fole—

13)

DéE dang nhdn thdy N, #0;7#0
Suy ra

(ov.) = [1+ ](cruv,) (14)
T3
Dua vao cdng trinh nghién ctfu cia Cart Wright [11] vé ti€t dién va cham kich thich tir
v’ =0 (thudc trang thdi cd ban XIZ; ) 1&n cdc trang thdi kich thich thdp nhit clia phan t
nhu 12 m6t ham theo ning lugng dién ti va ding thém biéu thic [10]

(05v.) =18.10°Q5, . (KT, V2. F(T, V.V, o 15)
vai
Bl v
Flr.v.v 24 p—L .
(.v,.)= b’ (+ KT)EXP{ KTJ
va b=1+ 37 =1+ el
AV, =V,

Cho ta gi4 tri t&i vu clia ning lugng dién ti 12 mot ham theo thdi gian bom, cu thé 1a:
Khi t=0ns <—> ——=0 thining lugng dién t¥ i vula (7,)  =6elV

Ty -
Khi t=12ns <> ——=003 thi (T.),, =6eV

Ty
Khit=16ns <> —=004 thi (1), =7eV

T3
Khi 1=9.9ns €<> —=0.248 th (7.),,, =8eV

Ty

Biét dugc gi4 tri t8i wu clia ning lugng dién ti¥ thi tit [12] c6 thé suy ra dugc cudng dd bom

61w (B/P)opt
E 08
KT, =0.1 1[—] (16)
P

khi d6 véi

Trang 26



TAP CHi PRAT TRIEN KHCN, TAP 5, 80 10/2002

(T.),, =6eV thi (E =148V / cm.torr
i P opt
E 3\
(T.),, =7eV thi (— =180V / cm.torr
: P/npl
: E)
(7,),, =8eV thi [F =212V /cm.torr
opt

IL. So sianh cdc két.qua véi thyc nghiém:

Theo [12] thi chi ¢6 nhitng dién t c6 ning lugng (Te)op >5€V thi mdi tao ra su ddo
16n d6 bi chi€m giita hai mitc C*I], va B’ [1,, k€t qua nay hoin toan phi hgp véi Iy thuy&t
trén vi khi 1= 0 thi (Te) = 5eV.

Mit khdc theo [12] thi (T,),, =6eV va (%] =130V / cm.torr
opt

Codn theo 1y thuyét thi
(T, )op, =6el — (-{2) =148V / ecm.torr
P opt

theo [13] thi
(7.), =6eV va [%J =154V | em.torr
opt

EXCITATION MECHANISM, OPTIMUM CONDITION AND
SIMILARITY PARAMETER OF THE ULTRA - VIOLET (UV)
NITROGEN LASER IN A PULSE DISCHARGE

Tran Tuan
Faculty of Physics, University of Natural Sciences — VNU-HCM

ABSTRACT: The UV nitrogen laser is the vibronic laser. It is based on the three levels
pumping scheme. The lifetime ( radiative) of the C state is shorter than that of the B state.
Therefore, the laser can be excited on a pulsed basis on the understanding that the electrical
pulse is appreciably shorter than 40ns. The direct electron impact excitation appears to be
the dominant mode of excitation. Then, thanks to the rate equations involving the population
densities of the upper and lower laser levels, we can determine theorically optimum electron
energise (Te)op, Optimum population inversion (AN)op, optimum value of ratio (E/P)yp.
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