) 18 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 7 (2016) 074207

Itk FENT RN BIE PPMgO: LN &1F
ErEd AL

KL AER MF IERT

(BT 5 RE T E R E AR E (5K, PR EHEB TR, K 030006)

(2015 4E 11 A 23 HeR; 2015 4£ 12 A 15 HYKEIE 5k )

2 k7T PPMgO:LN SR £ T 2.06 W ) 780 nm AT 3% (L5410, %M 1560 nm 7316 &%
5120 (DFB) 2 SR RO 35 JeMoh i 2 SR O 2% (ECDL) M4 A & 1512045 86 47 0% %% (DFB-EDFL) 4
BIVENBEICEF UK 3 (EDFA) FIVEAOGIR, B B0 EDFA B {57 75 28 58 O Th g, DRk AT L 200 & o 3 il

298 10 e vE

LRI T OB 2R i B GE i PPMgO:LN & A2 1) £ 4

SR IR, ] = B HOLR S BIEA

EDFA B’JIJJK 3, F R FF EDFA % ohR, R IhE N 12.42 W It [ DFB - S4REOERIEAN

EDFA I 735] 7 1.36 W ] 780 nm 545

D, HRER N 11.0%; 14 ECDLE AR TR 521 T 1.78 W

() 780 nm 5 H, FE BB N 14.3%; 18 DFB-EDFL AFE At 7R3 3] 1 2.06 W ] 780 nm 545t
i, AR 16.6%. MR =GR HOBE L TE 4 28 1.2 MHz (DFB), 200 kHz (ECDL) #1600 Hz
(DFB-EDFL). £k %080, R, sein st R 5 #ig i —5

RBRIR): 5O, WO, R
PACS: 42.50.-p, 42.65.-k, 42.65.Ky

15 =

BEOLRH LR, e/ T ERA RS
Z BN AH AR S PR N, SOt At LB
BOLBAIFARE L P 7oK, U0 — 2 A RE
HiBOEa B . A ARZR R e A ot
PR BEAT AR HANY e, R VISKATAT A T B, X
7528 T A IR AL SRR G LT B0 &8 5 IR A )
N DL FEAR RN 24 Tk e, AN SO R ORI £
BRI SEER T I

X B I TR IR AR e AR B A s B,
T4 v AR LR MR AL AL AR R AR H BB [ R 4R,
SRR AR IR IR 2, Bl inAF ke
i R B AR R EEAAR AL VL S, SO
WA D) 25 T R TR B AR, S 4h, WOB4

DOI: 10.7498/aps.65.074207

T o AR AL R AR AT S, AR AR S R A
. TR R AR % R HAE — A4t
VFRIZR e P, SR g Rk 98 KT SR SR 4R
%, FEALRCR S R . RIUL, ik A IS T
WO AR A5 A S5 Hh R B R )

2009$ SCHR [3) ) A s 15 A 7 145 B
TSR T80 nm £ A, WO AR I T A
1.5 MHz, f£1.1 WM GLE N, 6% 15 3
700 mW 5 50Ot B ¥ R N 65%. a3k £E
Fabry-Perot [l % 0% &8 2k %8 2T R4, K2 54
% 200 kHz, 7EFRIFERIEATEIEN T, A4 32
RALUEPE R A 66.5%. HULTT UL, WokZk A, £

Mww\q: FATIE T A A A A R s =R
(DFB) 3 SR MO 28 el o i 2 S 1R 3Ok 2%

w [E K HREFER S (IHES: 61475091, 11274213, 61205215, 61227902) A1 H 5 F A RFARF 78] (S 2012CB921601) % Bk

FRBRAL.
T EEEHE. B-mail: wwjjmm@sxu.edu
© 2016 FEYIEF S Chinese Physical Society

http://wulizb.iphy.ac.cn

074207-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.074207
http://wulixb.iphy.ac.cn

) I % 3R Acta Phys. Sin.

Vol. 65, No. 7 (2016) 074207

(ECDL) 1 43 Aii Jx 15t 2 45 #8 J 25 WOk #5 (DFB-
EDFL) 73 IE N BG4 K 48 (EDFA) 7N
J6UR, £ EDFATICK DI, 15312 W /i A 1) £ 50
), SR LK EE i PPMgO:LN &4k, 7%4: 780 nm
(225, SN i ORI L 2 N IR S B Our - N0
B R ] DL — P 1R BIEOR LR 98 5 5 Ak R
Z AR R,

2 B
JEAEA B L7, T I RIER, $ Ak
1, IR ARAG BREE P AT RN
P =coxV - E+4¢0x? : EE
+eox®EEE +--- . (1)

X T 1 A SR DL, A 5 R 2 O 1A A%
Fo 0 L0 By R O BB & H R B BT R
"5

dBy(2)  iwn . ;

dz JldeffEﬂZ)El(z)eXp( i4kz), (2)
dBEs(z)  iwp 2 -

= %deffEl (z) exp(iAkz). (3)

TEME ST, B 54 B E AR T R b A 1 1R
N, AR, B dE,/ds = 0. [ Bt
SETEBE L R B A LR/, T LIE 5 7 4045 8 s
R T B T R RFOAE A0, T (3) 3B 40 48 3
G AR KT L 1 S

iwl

FBy(r) = ——degE?(r)l. (4)
Cno
FEm R AT R IR N
E\(r) = Eyexp(—1? /wp). (5)

2 wo AR O RBP4, A5 MO B
TR LR A

iw1

By (r) = —degE?lexp(—r? Jw?). (6)
CNo
TEPT IR ny BB, FESHOL T R %
Po1
I = Zl = §n1050|E1\2, (7)

A AN RO R A, A 0 T AT
RN
21 oo
Py —1socn2/ / |Ea(r)[Prdrde
2 o Jo

I LS R i sin?(AkL/2) ®)
ceonng ) T mw2  (AkL/2)?

T, g H g S5 I AT A A5 50 B 3T 56 8, M\
NEEFOCAE LA PP, PLNEREIDGIIE, ¢l
HAPROGHE, eo NET TN BT, deg WA
LN REL, LNRIARIKTE, Ak VBRI R BC &
TR e T s e e oy 18
P s 22 b sin?(AkL/2)
P ceonPng)? M mwg (AkL/2)?
(9)

Ui

b T HEAE A DC R R, Ak Fon iy 1)
Ak =ky — 2k, — Ky,
_2nn2 221‘(n1 21m
T N A
o, m N UERE AL VT BE B H, S2a6 A SR B — B e AR
SLUCHEE, Bl m = 1; A AR B AL 3.
XH AT R s 10
E®)(#) = \/(n) explif(t) — ivot], (11)
Horr, (n) ASRE vy P T30
e, TATRE A RS
(EOGEM (t+ 7)) = (EC(0)ED (1))
=(n)e "7 (e?), (12)
X, X AF AR E R, 2 RS
(EDMEWD (¢ + 7)) = (n)e 07 PT (13)

(10)

Horh D oot 258
M, FEPE T Zn] LR IR N
P, « (E1(t)Ef(t)) = Pe D7, (14)
RN (9) AT 15
)= 82 0212 Pie b7 sinZ(AkL/2). (15)

cegning A2 Twi  (AkL/2)?

M (15) AT BLFE 2, iz ol 2k v 18 | %, =
BULAL BB A, P DART LA SRR 3 AN 25 B 4l
Bt 5 iz b T A g n i 3 K DYt R g e Th
G TN x e A K R B T PR R MR R B R T R B K
X RO AR B FE AR S, IR0 B il iz D D) R
UNIIFEHEE o RPNy ESUR i AR
W $ 3 L 2 O B D' Dy ARG e A R R
URCMREIE, A S miis T3, P e
A B S v S M 4338 A8 BRI, 150 B iz Y 2 5 A
58, CANEEAE I B i) 54

T34, N (15) sk TT A B, 5 IR0R 5 2058
Eeff Bk R, MLTHE T ERAER, M (15) 33
N (9) R, X gl FARRPIR A, (H R AE S Bk i) it

074207-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

)3 2 )}  Acta Phys. Sin. Vol. 65, No. 7 (2016) 074207

RIS AN 2 BE O 2k T8 1R TG BR A2 7 T A4k 4
BN, S, ERVE R MO I DR, MOt T
K, WhE o Ba, 3T ek ra iR
IR, B R PR, BOLZ T 7,
LM RET, B R, T Rk
ARBINFHAAT US H SRR, HI R Bk
TR LA, RGN S, o, L
Il FIEAS P U A .

3 XBEE

Kl 1 A8k % i PPMgO:LN & 4 £ 4 2 4t 1)
N, Hod ACh 14 £ TE 2% 1) DFB 43 A1 = 15t
2 SRBOL S (JDS), B A ECDL Yo &
KBOE R (New Focus), C N DFB-EDFL 43 i ) 15t
KRBTGS (NKT photonics), =3 43 il
RSB E LT UK 28 (Keopsys A 7], EDFAQ15W)
W E R A )UK #S (MOPFA) &4, X B
K EDFA BA RFFE L TE D) RE, BT LA
R FEAT A 2 B B R B SR FH B 2 A
HE B, PRE EDFA fagig i, i i AR AR %
51 PBS T 1560 nm FEAOE I ThER, RNt
FATHE I R A e B s P, LA 2 PPMgO:LN
(NN EROR(EIIE >

ISP RENTEEHMMMERN KR, 4
¢ = 2.84 0, B RAERK BRI Fr DR K
B AR A A5 FE 9 50 mm B MBS (WA X L
J 1560 nm AESHE 780 nm 3% H N 98.5% I
JRIED), FEIASEE AR IEBE N 35 um, 5 SLE T
25 mm K PPMgO:LN #4455 (£ L ECESE 33 pum
B, SEUG AR ERATH I & 4O& PPMgO:LN (HC
Photonics), R~} 41.0 mm x 3.4 mm x 25.0 mm,
WAk JE 149 19.48 wm, 0 ZEPLHR (3 9% A1 % 1
PRI AT T AR 1T mm #i4), 1.0 mm x 3.4 mm
{140 7 A 388 Y ity T 4% A6 0 647 1560 nm FAE A9
780 num (19 XU i A o L. e e A ) R AR T AR
BT LME Ak = 0, BB RIS AHICE. PP-
MgO:LN gy #4780 E 72 B il (#2880, 4538 0 H
SAANERE R R AR AR, 8 R s
T4 (Newport 350B) A# A b4 il FLiR B2, 3@ 115
s P PR A L B OA B A AR I A A2 T IE, % i) PP-
MgO:LN g AR N $F BB D58 12.42 W, 17 &
IR, R F1ZTh % N PPMgO:LN i 44 f% 43 UL i
MEEZI N 81.4 °C.

TEBATZ A0 TAE A, SR a4 iR %
W N E = G WO LY. DFB Sk
Jt %8, ECDL A1 DFB-EDFL iX = & It 28 (1) £k 5%
433N ~1.2 MHz, ~200 kHz F1~600 Hz.

A:DFB
A
B:ECDL
B /2 PBS1 A2 PBS2
¥ |
PM Fiber
PPMgO:LN
780 nm output DM2 DM1 ﬂ ]lﬂ' A
C:DFB-EDFL W ‘_’_k 0 -
Lensl
© Lens2
P f i
. I Temp.
I - controller

1 SKERERER, H, A:DFB, 1560 nm 73 R 520 368064, B:ECDL, 1560 nm YeHllshi ¢ 5
Ju#s; C:DFB-EDFL, 1560 nm 734 R BB HDELTHOLA; OL, Juli i 4s; PBS, ik /r 6 E:; EDFA, 4D
LKA, PPMgO:LN, IR MgO:LiNbOs fif4; DM, XUy

Fig. 1. Schematic diagram of experimental setup. A:DFB (distributed feedback diode laser) @1560 nm;
B:ECDL (Littman-type grating external-cavity diode laser) @1560 nm; C: DEFB-EDFL (DFB-type erbium-
doped fiber laser) @1560 nm; OI, optical isolator; PBS, polarization beam splitter cube; EDFA, erbium-doped
fiber amplifier; PPMgO:LN, periodically-poled MgO:LiNbOs3 crystal; DM, dichroic mirror.
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Influence of laser linewidth on the conversion efficiency
of single-pass frequency doubling with a PPMgO:LN
crystal”
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Shanxi University, Taiyuan 030006, China)

( Received 23 November 2015; revised manuscript received 15 December 2015 )

Abstract

We report on the generation of 2.06 W of tunable cw light at 780 nm by a single-pass frequency doubling in a
PPMgO:LN crystal with a seeded high-power fiber amplifier. A 1560 nm distributed feedback (DFB) diode laser, a
Littman-type grating external-cavity diode laser (ECDL) and a DFB-type erbium-doped fiber laser (DFB-EDFL) were
separately used as a seeding laser source of an erbium-doped fiber amplifier (EDFA). Here we use the EDFA which
has a narrow linewidth option, the fundamental frequency light will not be obviously broadened. The influence of laser
linewidth on the conversion efficiency of frequency doubling is investigated. The injection power and output power of
EDFA must be consistent. So when temperature of the PPMgO:LN crystal is fixed, the conversion efficiency for different
seeding resources can be obtained as follows. When the fundamental power is 12.42 W, using the DFB as seeding resource
yields 1.36 W of 780 nm doubling output, and the corresponding conversion efficiency is 11.0%. Using the ECDL as
seeding source yields 1.78 W of 780 nm doubling output, and the corresponding conversion efficiency is 14.3%. While
using the DFB-EDFL as seeding source yields 2.06 W of 780 nm doubling output, and the conversion efficiency is 16.6%.
The measured laser linewidths of the three seeding sources are 1.2 MHz, 200 kHz, and 600 Hz for the DFB, ECDL,
and DFB-EDFL, respectively. The experimental results show that the narrower laser linewidth, the higher doubling

efficiency, and the experimental results agree with our theoretical analysis.

Keywords: frequency doubling, laser linewidth, conversion efficiency
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