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Optical absorption and laser output performance
of Fe’* :ZnSe laser crystal
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Abstract : The Fe’* : ZnSe crystal has been prepared by thermal diffusion doping technique. The iron ions doping con-
centration that was measured by Secondary Ton Mass Spectrometry ( SIMS) in the crystal sample reaches 1.27 x
10"®em ™. The optical absorption spectrum of the Fe** : ZnSe crystal was analyzed. The results show that a 2. 90 wm
laser is used to pump the Fe’* : ZnSe crystal at room temperature ,67 mW average power of mid-infrared laser output
at center wavelength 4. 45 pm is obtained.

Key words:Fe’" : ZnSe crystals;ions concentration;optical absorption;laser output

—_

5 2 %X I
A R AR DU (CVD) AlifE £ ( ZnSe )

o ELREAE A 2000 (3 ~ 5 pm) O HH A B0
A BB HAOEHF A 0.3 ~ 100 s, P IHIETE
FIh 3.7 ~5.1 pm, HAEMGIE 5 =8 T ¥ al s sl
LEAMEOGH R Y BN R AR R A R 9 HOE &
btk

AR ZnSe SR H TR L, FeSe 48 7%
Y1, R BB Je H R4 T Fe ™ : ZnSe ik,
GEHTT Fe' s ZnSe fi PR % 1 SRR , S5 56 T
BT Fe’" < ZnSe S A IIBOLH I PERE

A A Sy S JBRE RE, 4l D 99.998% Y il AL . Bk
(FeSe) By A B, i3 P HUB A B il % 1
Fe* : ZnSe A, [ 1 2RI HOB e HoR Bl 4
(¥ Fe’* : ZnSe R BT il 1 il LA i, il 4%
¥ Fe’ " : ZnSe AR IRbRE 6, (RIS, SR RGE

A @22 mm x2 mm,

EEE A Z 1261972 ) 55 Wb MR LA, EFNFL
HhAE £ % b ORL Rl & 5 6 % P BB BT %Y. E-mail: xiashixing
@ oet. com. cn

5 HHA:2013-11-26



Bt 5 44 No.9 2014

HAEE Fe’™ s ZnSe B AR A =W O Pk E

1001

% ] Perkin Elmer %15 Lambda900 [ UV/VIS/
NIR Spectrometer 1 BRUKER 7! -5 EQUINOXS55 [
LEAMEIEAUIER T Fe*™ : ZnSe AR (1 21505 i
o SR ZUCE 7 B X (SIMS) M 1 A4 i 5
AR 1 Fe? ™« ZnSe SHUAKE S PR THB 24k
BE o R 2.90 wm EOLES NS Fe’ ' 1 ZnSe
iR T Fe?™ < ZnSe fi R MOH H 1 RE o

L

\ n
IS SERPSRE SR S

E

Bl 1 Fe** :ZnSe f{kIR
Figl Photo of Fe** : ZnSe crystal

3 GRSt
P 2 A BB AT AL ZnSe 1A 5 A0 L

PBAJG Fe' ™ ZnSe FRILL AN 1o 5% B 1A
80

70 1

60

50

40

Transmissivity/ %

30 H

204

Al pm

2 ZnSe ity Fe?* : ZnSe fiiAfyif it 1
Fig. 2 Transmission spectrum of ZnSe and Fe?* : ZnSe crystal

B 2 AT LA ) I B 2% 5 Fe’” © ZnSe
A R SZE I R /NPT TR 2R TR BT ZnSe SRR
BILF, HIAFH Fe'™ 1 ZnSe ghIATE 2.9 um FHHLH
BT B LAY Fe® " BT RAAE TR IR, MRS i BE 1y
2.2 ~5.3 um,

T 2.5~3.0 wm BEBGUEZE Fe* : ZnSe §hik
SEIRHOC A £ 2 AR DB, A STR AT Fe®* -
ZnSe i RAE ) G B BEYE L N O 2415 i 1 IR, AR
SCHETLT PR B 2 A3 1 Fe’ ™ : ZnSe SRR
—3k ZnSe FHRXS HALANE S 1E AT T o0 b, MR
Fe’ " : ZnSe A 10 %55 430 hy 1#F0 24, Jorh 1#
(Fe’™ : ZnSe) FhMAHKE S kB T8 24U BE G5 9. 13 x

10" em ™ 2#( Fe’™ : ZnSe ) #OM i AFE & b 2k 85
Buik ik 1.27 x10® em ™,
el 3 2 35 B T R A HIHB 24 Tl A5 Fe

ZnSe fh A Fl ZnSe FHAKRTE 1.8 ~3.0 pm I By [
Lo E L, B3 R DLE W, 1# 2#
(Fe’*: ZnSe) ShRTE 2.2 ~3.0 wm ik Bt B N AH
XF ZnSe {44t BT 8K W, 33X EB 3 I I A
Fe " B FHEAE W Wi ) — 3543, H 2#(Fe®” : ZnSe)
fify P (4 I S 3 W KT 1# (Fe® ™ < ZnSe) AR
W WA iR B

100
90
80
70
60 - .
504 N

40 4 RN
30
00 o (reXiznse) -
104 s

o] 2#(Fc2+:ZnSc) AR S

Transmissivity/ %
7’

ZnSe \

T T T T T T T T T T T
1.8 1.9 2.0 2.1 22 23 24 25 26 27 28 29 3.0

4/ pm

B3 ZnSe 5 Fe’* : ZnSe fiyfA) 2.2 ~3.0 wm P BLET 1

Fig.3 Transmission spectrum of ZnSe and
Fe?* : ZnSe crystal at 2.2 ~3.0 wm

SrHTIEL 3 1.8 ~ 3.0 wm P B A OEA I
W, BT Fe ™ B TRAERIAL , AT BB IR A Fe' " BT
SIE R 20" BT (4 SLELG R, Fe®* /Fe’ B T
M SLRIAALERE Fe® : ZnSe ShAEIETE 1.8 ~3.0 pum
DS B BT A R R A i B8 % o, LB Bk s T 1B ARk
JERYHIR 1.8 ~ 3.0 wm PEBEIE Bl A Y ISR
TESE

WFoEd fe b R B, BE R B 118 20 W Ay 1
K, Fe’ "t ZnSe fiy PRAE 2T AN X B W I 77 38 K o
& 4 J& ZnSe 5 Fe’* : ZnSe ffif&7E 0.45 ~0.6 um
e B B P (35 ek 3 . IR 4 WT DL Fe
ZnSe FHREEINBISIARXS ZnSe S A 5 SMR A
CoNEAN: MEN R/ 23713 A< DN TS U EAR
B, K 4 R RPN T AR BB Y 2#
(Fe’* : ZnSe) SR MWL GA LIRS a3 HE 14 (e’
ZnSe) f R ISCL LI A B ., J3 BT R AELLFS
MJE , 22 T H 4 Fe’ ' ZnSe A2
ZnSe SRR IEFMRE, #E ZnSe iR B2 Fe?
BRI T ZnSe AR RS SUOLE 1 2o’ BT
B Fe® B F WU, ZnSe 14 K 2B T 23 0 Bk
Vo, IERZS LB Vo TEAE B Fe’™ © ZnSe fhik



1002 WOt 5 4 sk

B4

SONR M D AR RS ZnSe fi (R 58 S Wi R AR T AL
¥, ELRBRES 115 2 W B 304 O, W MAc s 21 % 1
IR

100
904 — ZnSe

80 - - - 1# (Fe?".znSe)
70 - 2# (Fe2 znSe)
60
50
40

Transmissivity/ %

T T
0.45 0.50 0.55 0.60
Al pum

14 0.45 ~0.6 i WEREIHMA Znse 15 Fe* - ZnSe Sh{KGHELIY
Fig. 4 Transmission spectrum of ZnSe and
Fe?* : ZnSe crystal at 0. 45 ~0.6 um

PIEUR 514 4 mm x4 mm x2 mm [ Fe** : ZnSe
A R i, R A6 FS A AR T 0 B 1Y o7
o R 2. 90 pum H A AR 1 kHz (14 22 1/ I
BOLARMIZ Fe’ : ZnSe Sl 44, 24 FE W IR F- 4 o R
i 1.4 WO ARAG T A 4. 45 wm, R 9E
Ji 25 ns, E T 67 mW [ AT AN G
[l 5% Fe’ = ZnSe (ih {4 FF i 380 B I TR

f(EAEER
AN

Intensity / a.u.
S
1

T T T T T T
430 435 440 445 450  4.55 4.60  4.65
A/ pm
K5 sk
Fig. 5 Tuning wavelength

4 it

RGBS AR R AT T Ot MR B ar 1Y
Fe’* : ZnSe (A, Hil#5H1) Fe’* : ZnSe Sk PEE T8
ZUR PR 1.27 x 10" em 7 s I AR ARRE SR TE 2.9 pum
UEH BT W Fe® ™ B R AE 58 WA, R i B
B 2.2 pm £ 5.3 pﬂl;Fe“ : ZnSe fhiAEL AR WH
AHXS ZnSe SRAARZEIMR WD KA T 418, HBEE G+
BAWRE IR WGh 2T B i B 8 5 IR AR,
Fe’* : ZnSe fhfRSLEL T A 4.45 pm, P Th
67 mW [P LMo I

SE 3k :

[1] JKernal,V V Fedorov,A Gallian, et al. 3.9 - 4.8 um
gain-switched lasing of Fe:ZnSe at room temperature[ J].
Optics Express,2005,13(26) ;10608 - 10615.

[2] V V Fedorov,S B Mirov, A Gallian, et al. 3. 77 - 5. 05
wm tunable solid-state lasers on Fe** -doped ZnSe crystals
operating low and room temperatures[ J |. IEEE Journal of
Quantum Electron. 2006,42 (9) :907 -917.

[3] N Myoung,D V Martyshkin, V V Fedorov, et al. Energy
scaling of 4.3 wm room temperature Fe:ZnSe laser[ J].
Optics Letters,2011,36(1) ;94 - 96.

[4] J W Evans,P ABerry,K L Schepler. et al. 840 mW con-
tinuous-wave Fe: ZnSe laser operating at 4140 nm [ J].
Optics Letters,2012,37(23) :5021 -5023.

[5] U Demirbas,A Sennaroglu,M Somer. Synthesis and char-
acterization of diffusion-doped Cr** ;ZnSe and Fe’* : ZnSe
[J]. Optical Materials,2006,28:231 - 240.

[6] V V Fedorov,D V Martyshkin,M Mirov, et al. High Ener-
gy 4.1 -4.6 um Fe.ZnSe laser[ C]//Conference on La-
sers and Electro-Optics,2012.

[7] ZHANG Liming,ZHOU Shouhuan,ZHAO Hong, et al. In-

troduction of Fe’* doped mid-infrared solid state laser

[J]. Laser & Infrared,2012,42(4) :360 —365.

SR, JE A5 A, X, 4. Fe ™ 5 2% i 2141 [ A 80k

TRARLEARLT ] WOLH2146,2012,42(4) :360 - 365.
[8] N Myoung,D VMartyshkin, V.V Fedorov, et al. Mid-IR

lasing of iron-cobalt co-doped ZnS(Se) crystals via Co-Fe

energy transfer| J |. Journal of Luminescence,2013,133;

257 -261.





