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Abstract: The aim of this investigation was to achieve stable and high-energy repetitive pulsed mid-in-
frared HF laser operation. A systemic study of pulsed energy stability based on a compact, closed-cir-
cle, electric-discharge nonchain HF chemical laser with a repetition frequency of 100 Hz was per-
formed. Initially, the three main factors that influence pulse energy stability in an electric-discharge
nonchain HF chemical laser were identified based on chemical reaction kinetics and experimental re-
sults without gas flow. In part, the experiments involved the nonmaintenance of uniform volume dis-
charge and the intense de-excitation effect of excited HF molecules via collision deactivation with
ground state HF molecules, in addition to the consumption of the working gas. Then, using circular

flow, the working gas in the gain region was replaced. Moreover, by maintaining a uniform volume
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discharge, a 100 Hz repetition-rate HF laser was realized when the gas {low rate in the gain region was

9 m/s. This resulted in an average laser power of approximately 55 W at this repetition rate. Finally,

the pulse energy stability of the laser was notably improved when the molecular sieve only absorbed

ground-state HF molecule to purify the working gas, which is replenished in real-time. The experi-

mental results show that the pulse energy stability of the HF laser was feasible for operation periods

of 30 s, and the average decrease in energy is less than 10%. It is possible to operate for longer peri-

ods at a high repetition rate with little loss of the average energy via a combination of recirculation gas

flow, selective removal of the ground state HF molecules using a molecular sieve, and by allowing a

small replenishment of the working gas.

Key words: mid-infrared laser; chemical laser; HF laser; discharge initiation; energy stability

1 51 =

I T KRR R L H o 2T AP BEEOE S %
FED L A A AR A Tl B AT )Y
wok. FALE (HE) ¥ B0 K R 2. 6~
3.1 pm, PR B E Y R LD AN ORI 2 —

HF fb22 380t 51 & 7 X F5 46 00 f et
KO RIR, B HE BOCR RS TN FE A
e e AL 2 RS IR ORE T TR R B L Ho OB R
ZZ AR G| K e B 0 B AR R B AR
s {H R A 7R AS T 3 14 43 S BN S A BRI fE B
BB 7 8K, 75 252 22 M R R 40 IR
Pe k. dEsEaX HF Al 3ot 28 8 & s r= A
B FIRF 58 H L& Wk 17 B ee 1k 5 g
BT HR G AR A RO R HHORROR R
% H A T 880 HE (b2 B0k 88 it 51 &2 4k
HE HF BOG 28 78 K Bk vh B 5w 06 8 2 5 il
ANEIAR A A AT AR R Dy T B AT B B, A 20
2 60 AR AERE X HE {2 SO #8324 LUK, fk
B 5% [ A AL A OR B a7 ROt
TR B S 05 TR TR g T Bk b e
ENZEEGRAFET, LB EET, 20
T4 90 AFAR S L A5 T ik ol oy 3R R B & e LA K
Tk R A ok AR BE 28 HEF b2 306 2% /Y 40
BEER RIS R T B, 7E = IS B AR OF 35 )
SRE A T S T RCR R PR R L 7
J7 18,1998 45 [ B i 174 5 AT 98 )R 9 HARRIS
WFFE /N 8 T I ER 1.5 kHz B9 E A HE #%
JeAs L bk vl RE B A 2 AR G 2009 AR R 2 T
5 fE H 0> Velikanov W /DA HEH T — &
F A kol HE $0% 88 817 40% h 2. 2 kHz, F

BT 3Ry 40 W, £ RIHRJ5 I, 1993 4k [ 5
UG AT O Tl 2 7 Brunet B9 /NAHN T ST
FAN 110 Hz ~F3¥ T3 K500 W HE B0t i
151998 4F 3 [E 1 Lacour 5% /N4 35 45 5 45
12 Hz, ik s g & o 20 19 HF 3% s
2010 4EHk % #r 9 Bulaev BF25/NEVY R A SR
TR H R GRS T E A 20 Hz, bk vh 88 &2 N
67 I 1 300 W B HF B0tk . &
XL B & AR R HF BOG M BF5T S0, 75 L
B ARBEZE T TR BE B T2 T RO S
PR NI ARSI PS5 S I [ S -
FEH Gk g i, P (TG b A% R AF 5 BT SE
1100 Hz M E iz 7% .

ERRLY I N Gt Y s S W= R N
Dy 2t il ARAE G X BT 5 N A 07 HE
SEUROG AR T I A 7 22 88 A 12 #% . Brunet 451
SR FH AR 24 0 B 7 12 25 B R 7 40 5 4145 T 100 Hz
B HAESE R HE #0061 min 3% 225 1 (0 2%
HiegicE BOotRE R R ek, 2016 M E
S5 R 1 7 B R AR 25 B O RO R, S
T EEHEN 50 Hz Bk BER 24 400 m]
HF #OG#E il 20 s, OCRE = T 20T
10% ., 7EHEESL K I RS AT )i, B Ab2 T
100 Hz B B8 17 . {0 JC B 7R A0 A = 500 s L
W R T HF WOtk e s 18 AR, vl B 1750 %
W AR, BT, A SCHE G R T R HE
2B WO E SR 100 Hz K ]2 % Fa e i 1 R
MIFIE .

2 MAEERE

BT R AREE S HE 6223801 8 5% 1 ) 36 5



1062 B iR

T TR

527 &

X, BRL S 150 L, K@i 1 i, ot
SR AT B 45 1 A BB A AR C
100 nF; #5955 1 25 XA R S 480 mm X
14 mmX 17 mm, %l XA T 58 3 #0685 N8
TAEA I 16 P45 38 DA 3 3 3l o RUBIL Je AR B
WK 80 L/s, U351 i ad i s X de KOF- 1
TR 2R 9 m/s, T DR TR I 3 45 A 1
SEOG A5 AN 2 BTN . A 0 O 2
FBR B ) A W B U SO T 1]
E R DX Al 300 AL 22 T80 5 22 A4 B 2 0R 40 F O
PR AR, R34 0 340 F 0 R X 0k 8 AW X, 43
T R R XA SR T IR/ G O R
SR B TT L B AR 4 O R B S ST 2 5006, 4
UL 3, AN 25 25 B 45 SO 7% R0 S A b 25
TAESR, SR & TS K E RN
10 SLM,

2

= Axial flow fan

Gas replenishment

device
Molecular sieve

Separation device

K1 SR HE L2 B0Las BSME 4ty

Fig. 1  Schematic diagram of electric-discharge HF

chemical laser

Flow rate/(m-s™)

Bl 2 sk HE A5 BOGE8 G 45 X A SRR 431
Fig. 2 Flow rate distribution in gain region of elec-

tric-discharge HF chemical laser

Pl 3 4030 % e s R 1A

Fig.3 Schematic diagram of molecular sieve separa-

tion device

SR % EG 2k B ) R R O EE B R B
0.35 kA/ Vi &L 2N F B PYM-5 BIJE 2%
T R R R, A8 R EE O 1 000 5 1. I Ik 22
VIGO /A ) PDI-2TE-5 T 45 4% Fi #4148
IS BOGTE 5 W PR 3~5 ey R R S i) /)N
F 20 ns, WIS R REFHA A QES0-LP B
A A B T kR e L R KRR 10 ],
FRFE AR 20 WL B ISR N 200 Hz,

3 Mkt EHEaRAE

100 Hz it 51 A AR & =CE 4 HE b2 30t

75 K R 7S S AR B (SFo) AL Z0BE (C. H) TR & SR

YER TSR, CoOHBE R A 10%0, B = A1

R BEFL 5 SFolf 8 i 25 Ak W BT AR B F JA

TFLMiJE F IR 5 C He & A L 2 5 A= B

WOERASN HE 43 F, A S HF 5 FERiE 211

AEATE BRSO Y Y RN Bl g2l R T R

SFi +e(™> 9.6 eV) > F+SF; +e¢, (1)

F+ C,H, > HF () + C,H: (v = 1.2,3) (2)
AH =—31.5 kcal/mol,

HF(v) +M — HF(v— 1) + M, (3)

HF(v) — HF(v—1) + hv. 4

KD ML FIRFASE, Hhw

FRem KT 9.6 eV; 2 (2) F4E MK A& HF

B2 nm el R A= 3R VAP U N A 3 VA O

31.5 keal/mol; R (3) N iH M & it 12, Hof M AR

# SF, . C. H, M3 HF 20 1 %5 2 (4) o % 5t

W3R B Bl Iy R L R SR g HE



Ho B KETHEE 5 100 Hz ici 51 & AEBEC HF B0t 1063

)i QUIPIAS Bu s L AR oy N R P =S R =
B F 7, HOicH XA 7B 2 Co H
JAh et B A PR AR R 3L A HF 4
5 O LA S8R AU TR RN

BISIH F R F 7= 5 800 28 0 B R S &
YIMESE . 28R B LIRS T X HE BOG3 &
BT LIRS R R R R R R AT T A b B 4
SRy S50 U  2 SRL SE AN O AR TR L R
24 KV, TAESHK B E p=16 kPa, & 4 £,
LA 2 Hz B2 1T 30628 00 i IR S 3 4
A DK ol 52 B0 T ¥ A0 PR, B O R R AR
SE BT R THROG RS I B AR B 10 Hz B, 5843
ik e A Fi Ao AR v BT R I R X i A i o
T2 KA PRI 24 Ok 2% 10 T B R 15 F) 100 Hz
B B 1 Ik v 552 0 35 ST A SRR A o A ik ofr 35 2 81
H 7™ 1 H SRR H L SO B A DR L A A
ik of B e A 22 1 Bk b Y 20 Y0 AR L JiE £ bk o fiE B
PEFFTERMK T, BULE LA B, MOk E iz
TR v R Y 2 50 PR PR A AR R AR AR R Y
BOtRe BN EHNE,

FETCHL B & AR BE S HE #0688, A4 ko
¥yope g — g B A HF 40 1. %50, HF
Wt &8 P R 17 45 ik b 7= A i3S HE & 1
SR AR B, ok B R OR W TR . SR, BE S HEF
a3 Pt SO AT 5 BT R RN R S 5L
A R RO RE ORI RE AR, RS HE o F
R E R A HEF #O% 2% g8 & e M 3 —
HE.

HRE SO Bh g 2 1 B AT, O 5 | R Al 4
HE 6 2% d # R AT 30 47, A A Ik b 2 25 T FE
—E T SF Ml Co Ho IR A AR, X 1 2 fik b
T HE oG es b5 kb3 Z 80 MOE 88 M
1) SFs Il C, Ho TR & S Mk BE AR I B, SCilik
(19045 H B 51 & HE SO 8877 78 — A i e
A H L S HOERR IR Co H W AR T3 — 4
ERS WOGRE R B I RER. 53 4b, SF AR vk B
R OGRS B CIR S L 7R I8 AT R AR 1 Ak 1
T L BEE SFs vk FE KRR, OGRS 150 R ik
ARE LAERS . 3T DL B A O A TR O A
HFBIR A SR SF Ml Co Hy UM e 13 B0 13- 75 2
R A T HE S0t 8 foE b s = A
M=,

0.5

04+ ey \..-I—'.h.'.\I-.'.-“.—.—I‘-' ‘-

03F Laser

Energy/]
¥
!

—

| —
D | A AArtm—
0.1 "

500 ns/div

0.0

0 s 10 15 20
Pulse number

(a) /=2 Hz

0.45

0.40+

0.35¢
- 0.30f

g 0.25+ | 500 ns/div
0.20+ m

. / \.

0.15F \_/' E

0.10F

VAA

0 5 10 15 20
Pulse number

(b) /10 Hz

500 ns/div

i—-,._-—l’.“‘IH.,I-|—|-l‘.-.)"l-".‘l

0 5 10 15 20
Pulse number
(c) £100 Hz

B4 #EFIT HF Botss AR EEHREITH
AE 15 ffy 28 0 0 A Dk

Fig. 4 Energy curve and discharge waveforms of HF

laser without gas flow state under different

repetitive rates



1064 i KB TR 527 %
G gk ~
4 K o 25 %&% 7}:)? Laser f \ L) ! " [
4.1 ERHSMEE %

HE 30 2% T4 s 17 i, i i ik b il e ot
25 X S I 4G Gk B 5 W L I 4 ik o B
S RN RN D5 NNB ) I N 15 A |
PR H L 3 SO RE B R IR BOAS BB P A . R
TP — ) {8, SR T4 25 XA R
Bl AR IR 25 XK 48 G A AR R
JERR R E AR RS, B 5 A T mEH R
U,=24 kV,IBE KM E p=16 kPa, EH N
100 Hz B, R4 T ot ie i g, nf
DA, Rl 5 SR A RS 1T R R AR
SEPEAS B3 s M SR A B — S B E (7 m/s)
Jei » B 2 AT (4 R R R U A AT O L O R
TV U S A5 A I RO 25 5 A FRLIR S R
BEA Ik BT B T ¥ A0 AR FRL A R ) R R D TR
UL 6 kS8 TH AR 2 9 m/s, OB RE = R
MM — L EE, AREEMLT 1. 5% (RMS),
HIFH AT BOLREE M R IEFKEEL TR
ARE , R IA B BAA (7 m/s) Ja » SR
T R DX AR 4 R B2 A R SO R R L R
FE L AR BRI E MRS R AR 785
WOGRERAT SR A B KA 0k 3 . 2k 52 8 s SR 7 ok
S MR AR AT 141, BE B O T RRE .

0.5
04F
— 03F
=
2o
2
w02k
0.1F —A—v=8mis
——1=9m/s
{ 3 L i i i
40 0 5 10 15 20
Pulse number
&5 ARWwE T HE #Ot# 100 Hz 3550 A9 6E

£
Fig.5 Energy curve of HF laser at 100 Hz repeti-

tion rate under different gas flow rates

\| 200 ns/div

—

Bl 6 7 m/s N HF BOGEE 100 Hz &40 ) S256 0%

Fig. 6  Oscillograph waveform of 100 Hz HF laser

with gas flow of 7 m/s

SCHERL20 48 L s 51 & R HF S0t & i
SRR A A 5 g H L R A SRR SR A R
TEBE fm BTR 5 SAR SR A R T st M Y 4 24K
SVERE  BCE BOE A8 R IR S RO e R R
FEME B S SRR AR BOGRE = . 59 Ah
WO TAE R R SO B R 3 K SR LR A 3
Tt 3G KT AR 48 Gk A2 B M BE L R R T OG AR
By o) i s i e FE R B AR e . PR A A
HF OGRS KRR E R 9 m/s. TR T
JE4% 100 Hz FA Iz 7 i e i TAE S, SE = o
FRE Ry HE Ot i, w8 SR T #Ob A4
100 Hz SRR AE 18 17 19 5 K LR R 12 3O 19 i
B, SRR 12~20 kPa Iy HF 0% #8100 Hz

31 1.15
30F ™, —m— {_,."” e
ol B, _ 41.10
28 D, -..’_/If 41.05 ;“;
= 27F o =
z ped 1.00 2
=526 //‘ \ ;
25 - g 1095 %
= “"i
24t - o &
3 Jo.90 ™
23F =
22 1 1 1 1 1
12 14 16 18 20 08
PlkPa
B 7 AFSEFAMT HF #Ot# 100 Hz fRRE

By I AL DL AR BB E/ p
Fig.7 Critical voltage and its corresponding E/ p of
100 Hz repetition rate HF laser with stable
pulse energy under different total pressures

of gas mixture



505 1 B

LA I s 5% 100 Hz fi 5| 2 AEBEN HE B0t A8 1065

R iy A I R LA A B B BT A i
(E/ ps E by 32 s b 8] 19 L 37 5 ) AN &1 7 B/ .
ATLLE s B SR B 38 K I A R R 42
XY E/ p WA W AR . 3 2 (R Ry 78 L A R
R B PR R TR Bl A A, i H K
O T PRI M 75 48 1 TR A A A SR A SR 1Y
AW . B8 4l T Bk LA AL f Il kA
TWOEER 100 Hz 3% 25 20 A~ Bk b i e i i 42
ATLLR Bk AR SUR RS & L O ER 100 Hz fE
i ) BB 1 T T K, FE U 20 kPa HE K 30 KV H,
WOLRS 100 Hz S5 1 P RE R A 2 T 550 m].

0.9
08| —a—30 kV/20 kPa
- —»— 28 kV/18 kPa
0.7 F —&— 27 kV/16 kPa
I = ;
06l e, v—25kV/14 kPa
+ Ao o A a .\--.—l - =i
o . . R % 5. o
3 0.5 i =N }i’»}fﬂ - :;:(._n )
5041
8 I
03F
0.2F
0.1+
0.0

0 5 10 15 20
Pulse number
K8 ARSEARMT HF #OtH IR E 100 Hz
BATHYRE R I 4K
Fig. 8 Energy plots of 100 Hz HF laser at critical
voltage under different total pressures of gas

mixture

4.2 EFSHF ERBRER

RS & HE BOEE G247 — & 2y AR
SR, O B A s B i, B F e A A HE
Gy TR RS T 1 G PR A 30 1 45 XA AUE
AR A 4l () SEL A Co HOR A SR, HER R
IR Sk RE SE IO RE R e . SR NI Bl
% 1z B IR B 3G I L 228 HF 2 T2 £ 806
TR R e R 25 KR S2 B S HE 4T Y
M, 0B RN TR R AT R R
TR TR A TE B M PR . RS ERS HE
B4 FHZEZ K 2.8X10 “'m.SF, #1 C, Hy 194y
FTHBEHKTF 3X10 "m BYFEE, R H 3A B
A5 F 0% IS HE 5T 3F 17 W4 55 L 4 1k 3%
SRR, B9 b TAERIE N 27 kV. AR
KRy 16 kPa i, A T 53 F 0 54 HF #0%

#8100 Hz L8417 10 s BFOL e A9 10— 1k il
. BRSO Ot ie R T RS
B SR RE R AR T 50% 5 A 6 )2 1 i ¢
B PR S5 - SO 28 34 i T R R 1 R PR AR B T e
HLREE TR N 309 M A 9 J24r T I IR, 34
JCRE BT BRI — LN, 2 2090, LER 4G
REW L 3A 7 TN B T2 HE 701 8 30k
B TAEA AT e Ak o A0 A5 30O 25 25 50 4 1 B9 B
E PEAS BRI B 5 15 0 43— 0 A5 L IR AICR
B THRTE HE $O6 R B8 R M ik — 25 st
B2 HF HOGER 100 Hz ELLIEH 10 s NAER
AT 6 R B2 B A, J50 B T RE S 40 1 O 8 B 3 2
HF 43 F AT TAE SR 2Ll #E .

1.0k With 9 beds absorbant
. D9F

=
E
E 0.8
2
o 0.7
bt
= 0.6
£ /
=1
S 0.5F
= /

0.4 With 6 beds absorbant

0.3 !

0 2 4 6 8 10
Time/s

B9 AT T4 HE #OGHE 100 Hz E 4Lz
1710 s WRgEH— 1L £

Fig. 9 Normalized energy plots of 100 Hz/10 s HF

laser with a burst mode with and without mo-

lecular sieve

4.3 THIERHEISEHER

BT & HF #Oot#8 K B ) 8 0 i3 5 o 12
L BR TR AR RS HE 4140, i TR RO
A FEATT W, TR (SF Il C Hg RSO
FEARWIHFE . Ptk , SCELCR 51 & HE BOG K B
) A5 5 i o L R TR B X AR SRS AT LR AN
WOL T AES R SFs A Co He 19 B /R 4 8Lk ok
10 = 1, SFpy 248, D256 U4 T Co H
SR, AN, I R MO E 1T 10 s J5 . A
B TAE SR R B2 300 Pa, R FRFEH RN
30 Pa/s, HTF#OGRE & X T/F S8 2 80U
B A T 08N AR SR SRR A8 AR 0O g & 1Y 52
Mal , Co Hg SO Y i P 4D 45 3R 28 H30 Pa/s,



1066 b=

T TR

527 &

BONRBUR A BIA 45 mL/s, 10 BR T 44
Co Ho SR B N i 51 & HF #Ok 2% 100 Hz &
WG S22 AT 30 s AYHOG AR L iR & L AH 6 I 1 52 55
LN SRR AR 27 KV RS SR MIE 16 kPa
% 20 kPa. 25 A 9 2 T . AR WHEI m/s.
10 H, TAES AR SR 16 kPa X7 Y BE B #h 48
HIRBER R 30% .76 10 s kb iifie & F R K
1A% BBAMNARE LT CREER R 20 M B R T
Rofe o 36 8 0/, R B AR 4 C, HL AR T A 34 T
WCH S| & HE #O6EE 100 Hz B IS 4T 89 fE 2 Fa
FEME. RO N TS B SR, AT
UOGEHOLRE R MRS S TAESRMKREE R 20
kPa If . WOGHAF B = T RER AN 9. 52,8 16
kPa IO RE AR E A I 3R T,

PR HOCH TAERR M RS E AU T
PR NI AR L R TR I R AR T O B8
SEEE L /I T K PO A TSR Y T AR B R
L7 7 BRI T R I B R G SR R
i a A B M A5 LU T L B SO A DK v RE ik
ESIESRIAN

— p=20kPa
—— p=16 kPa

o o
o0 O

Normalized energy/a.u.
o
o |

0.5

0.4r

0> 0 <} 10 15 20 25 30
Time/s

10 #hen C HUME LT HEF #0O6AS 100 Hz
2817 30 s WIAEE M

Fig. 10 Normalized energy plots of 100 Hz/30 s HF

laser with a burst mode under replenishment

Of Cg H.;

S Ok

(1] &BE.HFAL.HFET.E 9.3 pm kb COWOL
SR []]. b4 45 % T 42,2009,17(11) 2684~
2691.

LID]J, YANG G L, XIE J J, etal.. Experiments

of second harmonic generation of 9. 3 um pulsed

AR SCH) i AL P B 5| & R85 =X HEF %
Je#S ST T 100 Hz A HF #OGE A R iz
et . 25a0ch g1 & 5N HE SO0 6 8)
T2 3 P R A S 08 L A AT AR A T RS )
g1 %8k HE S0t MR e i b i =4 E 2R
Fo o, HARE AT Y A R OL AR
R R R s RN Y — LS HF &
THE AR EBOCREER M ETHNZ #LT
PEAARISZ T A 5 2 BOE R B M R A = &,
Il It AL 3K Bl T A A Pl 478 2 0 30 (3 25
KBRS R 9 m/s) . S0 T 25 X K
o b e A EOE R 100 Hz 8402 5 #2
W o iR A5 IAR I 0 e F5 . SR 3A 40 T i 43
B BB RN =Y A SR S HE 2 F LB
T OGS NS HE 4> TR0, SOk e &
RoE e 2] T WA T . BOLRIESLETT 10 s
Y g RS M R WS O TR T T 50% . @l
LSRN Co H TARAUAR 2 — 28038 T 5]
K ARGE R HEF 0 % 1 i 18] 4 1 A8 = f9 R e
SR FH 34 25 DX AR PR 48 431 O IR R TR R
TR IZ B b 25 = RS e . O 51 & HF SO #8508
TRKEHBEZETT. £ TESEHR 20 kPa, T H
RN 27 kV B&M T BOGE — il & % 4k ia
30 s MRER PREFLN 9.5%.,

FE8E A Pk op HE fb2# ot 88 fE m Ak i i . &
HIUE A R B[R] B 2 32 AT O T B AR T B R
kA A& B AT A W RE S I 1 8 LAy
WOt 28 W HE , 53 A B Bk 4 2 HF fb2# 30k
YOG AOCR B, e, Ak R AL K
li1) 45 A 2 i B AT AR J Ok R Ty 1) . A I Y
HCHL 5] & e W AE A LR F R TS L R
WOCA TR % BOGA TR 40 32 61 5 4% R Rk 15
B g

CO. lasers[]]. Opt. Precision Eng. .
(11):2684-2691. (in Chinese)

(2] &RE.ZM.R446,F CHHOCRERBMZ KD
MBS RIEG ML) sh 5%k T4, 2018.47
(4):0404003.

2009, 17

YU G Q, WANG P, SONG W, et al.. Fiber laser



5 BOHLE KIS 100 Hz il 5] & dE4E X HEF #OGER 1067
pumped multi-wavelength mid-infrared optical para- GUO J Z, WANG J, ZHAO H T, et al.. Output
metric oscillator[J]. Infrared and Laser Engineer- spectrum of continuous wave hydrogen fluoride laser
ing. 2018, 47(4):0404003. (in Chinese) [J]. Laser & Optoelectronics Progress, 2018, 55

(3] 4%, F & F, Bl 0. & 2L T8 B R 00 Bk 2 1k (2):021404. (in Chinese)

R AR Y SRR IR B S AT I S m IR A LT . [10] L. 49 E. 390 2%, %, 66 m] £if Fe’
R HE T42,2013,2106) :1404-1409. ZnSe heT MO B8 L) 1. F BBk, 2018, 45 (1)
SU H, LI ZH P, DUAN Y M. et al.. Intra-cavity 0101011.

singly resonant optical parametric oscillator based KONG XY, KECHJ, HUCHF, etal.. 65 m]
on magnesium-doped periodically poled lithium nio- Fe¢  : ZnSe mid-infrared laser at room tempera-
bate[J]. Opt. Precision Eng. ,» 2013, 21(6):1404- ture[ J]. Chinese Journal of Lasers, 2018, 45
1409. (in Chinese) (1):0101011. (in Chinese)

[4] ME%E. %37, % %%, % Fe: ZnSe f kB U1 (111 k35, Ak &, T IR IR 5 Nk ik

W Kt L)) R E R, 2018, 9(2): HF #O6t R s b e [T ], & B %k, 2017, 44
020302. (4): 0401002.
TAO M M, HUANG K, WU T T, et al.. Meas- ZHU F, HUANG K, ZHOU S Q, et al.. Laser
urement and calculation of the absorption spectrum beam quality optimization of no-chain pulsed HF
of Fe : ZnSe crystal[ J]. Modern Applied Physics, laser using unstable resonator[ J]. Chinese J ournal
2018, 9(2):020302. (in Chinese) of Lasers, 2017, 44(4): 0401002. (in Chinese)

[5] e, k& F. 2, F & TENAERER [12] HARRIS M R. MORRIS A V, GORTON EK. A

YK TEA CO. G ] L5 #H% 24,2018, closed-cycle 1 kHz pulse repetition frequency HF
26(2):293-299. (DF) laser[J]. SPIE, 1998, 3268.:247-251.
WU SH S, ZHANG H Y, WANG T F, et al.. [13] VELIKANOV S D, EVDOKIMOV P , ZAPOL-
Single longitudinal mode TEA CO. laser based on SKY F, et al.. Pulse periodic HF( DF) -laser of
transmissive unstable resonator[]J]. Opt. Precision atmospheric pressure with pulse repetition rate up
Eng. , 2018, 26(2):293-299. (in Chinese) to 2 200 Hz[J]. SPIE. 2009, 7131: 71310.

(6] RIFFF. £33, K 2o, 5. F A7 WE B 2 (0 21 41 [14] BRUNET H, MABRU M, VANNIER C. Repeti-
WA m k] RF 59 F 45k, tively-pulsed HF/DF chemical laser with high av-
2018.35(3) : 466-472. erage power[J]. SPIE.1993. 1810:273-276.
SONG D D, ZUO Q, WU H, et al.. High-order [15] LACOUR B. High average power HF/DF lasers
harmonic generation with single mid-infrared laser [J]. SPIE, 2000,4071:9-16.
field by a phase-chirping[J]. Jouwrnal of Atomic [16] BULAEV V D, GUSEV V S, KAZANTSEV S
and Molecular Physics, 2018, 35(3):466-472. (in Yu, et al.. High-power repetitively pulsed elec-
Chinese) tric-discharge HF laser[J]. Quantum Electronics,

(7] FA Kz &L F P2k & 2010, 40:(7):615-618.

FR#RELT]. P BALFE, 2016,9(6):615-624. (17] AT F .ok B i 30 AL 5 TSRO 51 % 1Y ik
LI CH.XIE ] J.PAN Q K. et al. . Progress of mid- wh HE(DF) SO 2217, 409 5 3# £ %2, 2007, 36
infrared optical parametric oscillator [ J]. Chinese (6) :36-38.

Optics, 2016, 9(6):615-624. (in Chinese) KE CH J,ZHANG K H,SUN K, et al.. A peri-

[8] EA.¥FE¥,E V48,5 FALR LK PG odically pulsed HF/DF gas discharge laser[J]. In-
EREMER)]. P BB, 2017,44(4) 0411002, frared and Laser Engineering. 2007, 36 (6): 36~
WANG J, GUO J Z, L1 SH H, et al.. Study on 38. (in Chinese)
gain characteristic of long wave spectral line in hy- (18] Ekpk.iapAl &, 77 R, 5. E LR A ) &4
drogen fluoride laser[J]. Chinese Journal of La- LB HF BOBRE [T Bk 54 F k., 2016, 28
serss 2017, 44(4):0411002. (in Chinese) (8):081003.

[9] Spadg. 4,884, F. ESWH BB WANG Q SH. YOU L B, YIN G Y, et al.. Dis-

TCERF T[T, Bk e F 3R, 2018.55
(2):021404.

charge-pumped joule-level HF laser with ultraviolet

spark pre-ionization[ J]. High Power Laser and Par-



1068 e TR 27 %
ticle Beams. 2016, 28(8):081003. (in Chinese) [21] #F. %2, 80.5. WA EIR HF 30Ok

[19]

[20]

®IF, B, HEF. & IEEERBEk HF
ot as[1]. 4osh gk 42, 2010, 39(6): 1026-
1029.

HUANG K. TANG Y, YI A P, et al.. Charac-
teristics of non-chain discharge-pumped pulse HF
laser[J]. Infrared and Laser Engineering, 2010,
39(6): 1026-1029. (in Chinese)

JEH LI SRR M E E R HE %
Jeas e E i i LT[ ]. P BBk, 2012, 39:
0202004.

TANG Y, HUANG K, YI A P, et al.. Experi-
mental study on stable output of discharge-pumped
repetition rate HF laser[J]. Chinese Journal of
Lasers, 2012, 39: 0202004, (in Chinese)

EERN:

BH OB H ERITIM AL @
T B BRI SE 51, 2002 4F T 10U 1] K2 3K
2422 0. 2009 4F T 78 LB 3 AR T
SR 247, B0 O
AR B IO FH A0 ik i )y 32 45 R T T A AR

E-mail : huangchao@nint. ac. cn

[22]

AELL AR E i ih mg s ma LT ]
2016,45(1):0106007.
HUANG K, HUANG CH, ZH L, etal.. Effects

st 5 oM ok LA,

of flow field uniformity on energy stability of dis-
charge initiated repetitively pulsed HF laser[]].
Infrared and Laser Engineering, 2016, 45(1).
0106007. (in Chinese)

Awd. Lk, e, 5. e Ukl HF OGS
WO BUs L AR LI ] 5 F 4k, 2016, 45(3):
0314004.

ZHOU S Q, MA L. Y. HUANG K et al.. Purify
technology of laser medium in non-chain pulsed HF
laser[J]. Acta Photonica Sinica, 2016, 45(3):
0314004. (in Chinese)

B W9, H. AR EHF S AW
+ . RIBFSE B . 2000 4F T [ B A k2
AR A, 2006 4E T B RHE K
SEARAGA 27 B R BN RO HE AR
K RE FH 7 W) B 5¢ . E-mail: huangke

@nint. ac. cn



