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Wavelength-Temperature Shift of a Pulsed TEA CO, Laser
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Abstract The output wavelength would change according to the change of the temperature of the gas mixture in a
pulsed TEA CO, laser, which is called the wavelength-temperature shift. A theoretical model based on the six-
temperature mode rate equations is suggested to interpret such a phenomenon, which is used to calculate the
wavelength-temperature shift relation of a TEA CO, laser with plano-concave stable resonator. The numerical
results indicate that the laser simultaneously generates several transition lines at one laser pulse, and the wavelength
keeps positive change with the change of the ambient temperature. In addition, the laser's wavelength-temperature

shift occurs merely within the 10P branch no matter what ranges the temperature varies. So a grating resonator can
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easily eliminate the shift and keep the laser output spectra stable.

Key words laser technique; pulsed TEA CO, laser; wavelength-temperature shift; six-temperature mode; plano-

concave stable resonator; grating resonator
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Fig. 1 Schematic diagram of a pulsed TEA CO,

laser resonator

UnTEL 1 7 B TRT R IR M v ST -4 A
G B S PR 812 A B30 2 (F-P) T3 H I B2 78
PR A B A v 46 51 A 1Y 74 A 52 T i H R A B
AR . PG Ok B 1 B 2 ) 3 3 Al R 3 Bk b
TEA CO, #Ot » 24 5 ZAT 5Tl T BOHOLH 90
AAS I R HCY AR TR TEA CO, ot a4k
M,
3.1 TWiEE TEA CO, #NXR/EXRFIEA

SCRRE3 %5 i T — A" T35 al 98 i TEA
CO, Ot AR i AR R 1 7S i B8 AR TR 5 7 FE 4

dE,

E, —E; (T)

E1 *ET(Tz)

dt :N(‘([)N(j()ZhVZXZ - . (T) 0 (TZ) +
th E3_E§(T9T15T2 @Es_Eg(T9T19T2) (4
hvs Z's(TleyTz) hV5 Ts(Tlesz) ’

dE47 7E4_EE(T5> MES_EE(T9T4)

dz 7Nc(t)NNZhV4X4 7_{43 D +hu5 (T T s (5)



666 H b B4 35 %
dE5 E;—EE(T’T;) ES_EE(T9T15T2> Eg_Eg(T7T4)
R hy- X — _ _ ,
dt Ne(@) Neohvs Xs 753 (T T5) o (T, T,,T,) 50 (T, T)) 6
dE _E, —Ei(T) EO*ES(T)_F<1_V71_V72>E3*E§(T7T1a7‘2)_’_
dr Tio (T) T20 (T) V3 V3 T3 (T9 Tl 9T2 )
oN\NEs —Es(T,T,,T,) v \Es —Es(T,T,)
1_1471_1#7 5 5 1 2 1— 5 5 4
< Vs Vs) Ts(TvaTz) +< V5> TS'I(T’T'I) .
3 E' _Ef\ (TaT )
17))7 5 3 3/
< V5> Tss(Tst) e
dEli 7E1_E?(T)7E1_E$(T2)
dt 7N(l(t)]\fcoz hulX] Tm(T) le(Tz) +
MEstE(TvTMTz) hLES*Eg(T9T17T2)_~_
lllJ_g Z':g(TaTlaTz) /’LV5 Ts(T3T|9T7)
)? I( )
hvlF{§2[ANmP(])mf|:vi <10P>(]):| Vi }+
2 I
hmF{ngNmJ)%mf[u], ONE }+
h)/lF{EZANE)P(])#f[W s Vo o (])jl(w }+
Tk D)
1
hv]F{%ANgRU)%(])f[ v () ]/ (”’ } (8)
dEa_ _E37E3(T!T19T2) E+*E4(T3) hys E{;*EE(T’Tg)_
dt _NEQ)N(‘()Z th% T3 (T, Tl 9T2 ) Tu3 (T) * hys Ts3 (T, Ts )
i FSS AN () ”(30” hlf[ P (D T G —
A;)° (10R) _
hV3F22AN10R(]) (1(R> h fl: Vj s Vo (])]I(V])
o FES ANy (1) “’;W) i Dot (DM )=
(/1/) R
s FES AN (1) g s 7 - Lt (T . (9
i%fzﬁ‘ﬁi&?#ﬁ%lm%ﬁj‘ﬁj‘ﬁ%wﬁﬁﬂﬁﬁﬁﬁ
dIiv) TG FAN, (J) Q) I() @ i
dl‘ — TC(V,') +Chu, 87[/11./,‘[2,?) (]) f[Vi’AO (])] +th,v[NomP(a> (_] )S(V[)]o
WO~AOX P ESHMY B E X LFREX W EE
MSCHRLA~7 b 2L BR TR A —— 5. %0y 3) BT MAEE X, (1=1,2,3.4,5) WIENS
PR RAESCRRLS~7 10 TAE By Rmck, ol Fl T3t IRBETECH AL

PNER=N

SEATEE bk o TEA CO, 0 & a th /9 ik o 58 &
WOGETE i OGS i O 6 TS IR 40 A
L5 55 Bh 1 2R

2 RS B TR P R i) T RE Y R A xR (4)
~ (10) iy — 2 SRR Ay X LA 3R AT HL Bt R AR R 1
B eI U R TR EE O P AR G R R

DL BT e i 7% 2 % % B 45 Bl B A2 Ak
VN

2) P 3R A BRI I A B K A A7 A

A FaRiE s a ik ol TEA CO, 0% #8 fi
HB Ik v B R I R AR R A D0 5 S 58 A5 R 3 AR A
FF L X UL FEAR SCAT S TR T RN, i
LA — 1 A B
3.2 Bkid TEA CO, e S HER

ik TEA CO, ot 28 = 2 i ik =
g3 3G 25 T S T AR I

1) 382540 BT« BPSOE TAEARA B CO,-N,-He-
CO 25 DU BN AR 2 B, 1T 3 5 B2 8 B SR F 4 4y

A~ B



51 ES

HEAF: kol TEA CO, BOG R K 0 R 667

Foo i35, Bk 4l o SRR B S VICO,) ¢
V(N :V(He):V(CO) =1:1:7.7:0.3, S JEH
101. 3 kPa,

FETHSR SR AR R S 0% TAESURM R
PREEARAE . B 1R 2 5 R OB IR & T 5T R 11
ARAE L M 51 S 385 0 s 25 A K B R A Ak IR T 4%
RO BE 178 Al 23 5 R O i BRI AR Ak L (ELZ
X PR 25 | 1 I8 K AR A BR T ) — BR AT 3 £k 8 1 P
AN TIN5 A S B 1) 98 ' i 5 3% 42 1) Bk 2 A
oL BN Z R 8 R AT 2000 T AR
AT S5 e i T AR Ak R SO B R R

2) iP5 bl T RUE E R B N H iR
N (o) FEL PR A BCH A 5 0O TR SR A AR R
SHK., M T LB E TEA CO, #OtH.itA
P EL A

Nc(t):Noexp(ﬁ»(

[ mee(gEme) ] av
i N, HRIEART %] ¢ = 0 By TR .
3) IR BRI BN L. A R0t K
Hh L. BARA R SR D, AR EIEE R D, B
W5 RF L, X D, X D, % TEA CO, #0645 . ik
P P A2 TR AR I 1) e /D BRSE ST 47 o B 1 230 B 3 e s
SN E AT B D, X D, 2 i At 45
FE o
YT TR TEA CO, MO6 2% OG5 IR 1
U REAE IR EZR R ik 2R B50pE B CUn IR B 40 1 B O
B b o B i s A 32 B O 32 1 25k W D 22
WL 1 BT 7R Y 7 e 4 s B s U1K T 4 S 5
Sy 4 Ja A ) S5 S o R 5 1o ) P R TR P A Al
5| A 4 I 5 1 23R 2 A2 RN RS R A AR AL T DL Z
E 8 iR s o T B B A - A LY
RO U R A& SR
R, + Rye % —2 «/We 2“"005(2@)
1+ R Ry —2 JRR e ™ cos(2g)
(12)
K Ry Ry 4350 Sy it B8 1) BRLTRDG RE . d Sy
i 1358 ZnSe fIAJEFE ca By ZnSe MOBH UL R L
= 2mwnd v WO . n 2 ZnSe f PR A BHT S %
S AL 2 S AU R ZnSe 1A HA o6 B W
1
MR T AL LTE 8. 0~12. 0 pm (Y 3K ¥ L Y
ZnSefty B AT 5 3 B ik 1 I B2 R AR Ak L X T ik

R()=

# 1 ZnSe FuIRA AR
Table 1 Data of ZnSe crystal

Formula ZnSe

Growth method Chemical vapour deposition

Structure Cubic

Thermal expansion 6.4~7.6
coefficient /(X107 °/K) (Calculated value 7. 0)

Wavelength /pm 5.0 10. 0 12.0 15.0

Refractive index 2.4296 2.4067 2.3936 2.3662
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a/cm™? 0.005 (10.6 pm)
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Fig. 2 Calculated output spectra of laser (a) with double coated coupler and (b) with uncoated coupler
at ambient temperature 298 K
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Table 2 Calculated laser output wavelengths versus ambient temperatures
T Laser Energy /]
t
le;(;a are Uncoated ZnSe coupler wavelength /pm Double coated ZnSe coupler wavelength /pum
10. 53 10. 55 10. 57 10. 59 10. 53 10. 55 10. 57 10. 59
228 3.13 1.48 3. 14 1. 49
238 2.09 2.27 2.08 2.27
248 1. 29 2.79 1.29 2.79
258 0.78 3.01 0.78 3.01 0.11
268 0.48 3. 00 0. 47 3.00 0. 20
273 0. 36 2.93 0. 26 0. 36 2.94 0. 27
278 0.28 2. 84 0. 34 0.28 2.83 0. 34
288 0.16 2.52 0.57 0.16 2.52 0.59
298 0.10 2.04 0. 88 0.10 2.05 0. 89
308 1.52 1.26 1.52 1. 26
318 1. 05 1. 54 0.10 1.05 1. 54
328 0.70 1. 69 0.16 0.70 1.68 0.15
338 0.43 1. 67 0. 25 0.45 1. 67 0. 25
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Fig. 3 Laser output wavelength (a) and energy (b) versus ambient temperature
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