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Study of the C—A transition exciner hser threshold condition

DENG Guo-qing, ZHU Zhi-qung, YU Yin-shan
(Labormbiy for Exciner Laser Anhui Institnte of Optics and Fine M echanics the Chinese A cadany of Sciences H efei230031 Ch na)

Abstract For the hser systan perbm ance the threshold conditibn & of great s gnificance The threshold cond itbon of C—
A transition bw gain bwoadband-pulsed excmer laser is cbsely relative to the punp pulse Based on the rate equations of four
level laser energy systans the analyticalmethods of gan switching and Q- sv itch are used to study the threshold conditbn of the
C—A transiton bw gan puked excmer laser While the threshold conditons mn the different gan duraton are gven The
analytical results shov te treshold conditbn of the C—A transition low gan excmer hser 5 fundam entally different fran the

CW hser in short gain pulse and depends on time integrated gain coefficient hat has to exceed a critical value
Key words excimer laser C—A transitbn threshold conditbn rate equation

[

( rare gas
C—A X' halile RH)

(ASE), :
C—A 10°® 5 107"
’[7]
1
(1976-), , , .
A7 X 9 B’ C‘a D 2 RH
* Email ysy@ aiofn ac (RH) >
1 2004- 06 24 : 2004- 0917 Ry



29 5

467
RH’ bound excimer ’ A ( 1)
101 molcule R A= o, (2) ni~ 0
N B.CD
%
3. 61 _
20 n N n=
'i_-: ‘i laser transition in UV . ’ (N (2)
<1 RH ground state &
scparale atoms ‘*»
O T 03040506 T W= BaP(V)n - Axn (3)
internuclear separation/nm
. , ¢ o
Fig 1 Potential curve diagran of excimer B
) 21
s F rank-C ondon , Ro .
F rank-Condon Ba = hVg (V) O (4)
? g(v)’
’ hV ¢ :
B—X, C—A Q(V) = Vg (V)P (S)
[ 8] C—A .
’ (4 (5 (3) :
dn n
— = — Od) - — 6
dit ¢ " T2| ( )
2 dé _ 2 L n
:n(0)=4(0)=0 1
;002 ,
pump strap
d, 100% ,
T, T.= 20 /d; 3
pump transition r laser © ; 4
W rad
I A(l)
TD )
ground state . X(0) T,
Fig 2 C—A transition excimer four level d iagran (7)
’ 8o d’o :d)o: k(Qd/C)
’ (Q/4T[)(g0/0~[rle)a :
dn n
L codn— 2 n(0) = 0 8
dt c n -517 n( ) ( )
C(2) : A _ oon- -t o
— = - 0) = ¢ 9
” n}z 0 D) dl ¢ " Tres’ ( ) 0 ( )
2
dn,
I W= BuP(V)n, = Asino + B®(V)n, (1) , (9)
1 9 cOn) Tr_esl 9
— = By p(V)nz - Blzp(v)m + Aon, _Alonl(z)
d On= g, )
B W 5 B 21 5 p( V) B
;A2]7AI0 ;Bl2 B C_’A ’
: A1) C—A



468

2005 10
no 6 , G = g0,
n(t)=noexp( -t/ , (16)
B 09 . G2K
b(t) = Poexp{— t/Tus + OcngTy X

[1- exp(= t/T) ]} (10)
( 10) bnax = T In((@o Toe)
o = Ty (T L2dgy) 1™ %
exp/ (¢go — d'/2d) Ty | (11)
P et [0T=0 T
2T exp(2d/dT, ) = 2dg,,
cTy /24,
(T /2d) exp(2d/d' by ) = cgoTa (12)

x=dT /2,  (12) xexp( 1/x),
x=1 e
T=1 )
) , 100%
(12) 1)
P 8o,
TZ]
go® ¢y > e @13)
; T
P et = ThoexpfgocT, - (cT,/24)T] (14)
: LA /2d =1
T=T,
go 2(T/2d) T,
: go* T, 21 (15)
T, T
T[) ’
(13) (15)
go* T, 2K (16)
, 1ISK <3 , (16)
) T T
Tg>> 'l;)h,
, C—A

(9)

b(1) = ¢0ex{— 1/ Tos + OC;J;(t)d} (17)
, Oc Jv(t)dt: G(t)

Q
[9]
6 ,n(0)=no, (8)
b oy Ly, =n
0 o T (0) 0 (18)
(9 (18)
d¢ (o - 1/T.)¢
dv (- PO 1/Ty )n (19)
:P(0)= ¢, n(0)= ny,
b— b+ (1/0¢T ) In(P/by) =
no— n— (1/09¢%.,) In(no/n) (20)
3

4.0 O

- W W
QW W O W

photon density ¢/¢,
NN
(=

max

S =
w

0,

-0.5
10'2 10 10 10" 10® 102 10*
inversion density n/m?

Fig 3 Photon densily as a function of the nversion density
C—A X CT=0Q01g-=
1

Q an” ,0 = 10_17(1112, TZI = 10_83 de = 10_7 Sd:
15am, Q/47=8x 10"

9
9 nopb

d)maxy ( 19) nnpt: 1/COTrPS:
T/2d0 nopt ( 20)

Buax — Po + (1/0¢Ty ) In( b /Py ) =

no—T /20 — (T 240) n(2d0n, ') (21)
P ext = TP
, ore,../
o= Q :
1 T 240 n
;0(¢,,mx+ b)) = Qd—OnO‘{Tﬂ ()
, b= 1/0cT,



29 5

469
2d0n0 ”12 e R 37 1,
-1
(Gt ) 0 S < (2 (1) (0= 00) Zmal LA ()
’ ¢max<< d)sat, (23) Clyn €

¢sat /n/O < 67 17

4
G 8o chy > o
(13) ’
C—A
3
P
6 ’
(10) (6) (7) ’
4
2.5 T
/\H).n [
o 2.0p i N [1] YARN A Instmuction o optical electronics [M]. Beijng Scince
—°>-\_15 /7’_20 1:5 \ | Press 1983 124~ 140
g‘i [/Npproh ate! [2] TCHERIMISKNEV I SENTISM L, M KHEEV L D Am plification
g 1.0 T/ \fxact\ of ultrashort hser pulses in the photolytically driven XeF (C—A) ac
05 T—fnl_n ‘ \ N tvemedim [ J]. A P L 2002 81(3): 403~ 405.
&\\ \\ \ [ 3] SENTISM L, TCHERENM ISKNE V I DEIAPORTE P C et al X &
0510 15 20253035404550 (C—A) hser pmped by fom ed ferrite open dscharge radntion
time/ns [J].A P L 1997, 70( 10): 1198~ 1200.
Fig 4 Nomalrzed intracaviy phoon density as a function of tme fr the [ 4] TANGK 'Y, LORENTSD C, HUESTB D L. Gainm easurem ents on the
differen tm irror transn ssions triatan © excmerXe, C1[ J]. A P L, 1980, 36( 5): 347~ 349
D gy = 0 02an” 1’ [ 5] DELAPORTE P, VO K M, SENTISM. Observation of triatan i onic
i ., 5 exciners em ssin gpectra of Krj Cs[J]. A PL 1997, 70( 19): 2526
0=10 B Tz] = 10 S m(l =10 S d= 150’11, ~ 2528
Q/4m=8% 10 4 , ¢5m = 1/0¢T, [6] KHAN A U, KAHA M. M echanisn of bur kvel hser action in sohr
tion excmer and exciled state protor transfer cases [ J]. Proceed ngs
of the N atbnal A cademy of Sciences 1983 80(6): 1767~ 1770
> T<O 3 [7] MANDL A RUSSELL J A, LIZENBERGER L. XeF(C—A) band
G = g0 CT21 < 10 ) ( 10) @ width controlmeasuranents [ Jl. JA P, 1992 71(4): 1606~ 1609
( 6) (7) [8] TAYLOR R § I"EOP(')LD K E TAN. K O Conl]fluu.us B—X excmer
fluorescence using direct anmrent discharge exciation [ J]. A P L
’ ! 1991 59(5): 525 ~ 527
d; [9] MAROW SKY G MUNZM. Excmer laser gain by puke shape analys s
®, C—A [J]. EEE JQE, 1981 QE17(7): 1281~ 1285
(E#H 451 ) (5] ; . et al
[]]. , 2000 26(1): 84~ 89.
’ [6] QAN M, LM IC, CHEN Z D et al Parametric studies of hser chd
WC ’ » ding processes [ J]. Joumal ofM ateriak Processing Technobgy, 1997
63( 13): 590~ 59%.
[ 7] s s . LD 10CS
[J]. , 1998 32(5): 91~ 95
[1] , , et al [8] , ) et al
[ 1. , 1996 4(4): 22~ 36 [JI. » 2000, 10( 4): 510~ 515
[2] s s et al [ 9] ’ ’ .
[J] , 1995, 22( 4): 309~ 312 [ . » 2001, 37(9): 971~ 974
[ 3] R , etal WG [ 10] s R et al ASi
[J]. , 1997 24(6): 570~ 576 Si [J]. , 200L 9( 2):
[ 4] R s etal TC/Ni+ Cr 117~ 121

[J]. , 196, 17(4): 1~ 6.



