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Wavelength Tuning Characteristics of Nd : YAG/Cr": YAG Laser Based on
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(Key Laboratory for Space Laser Information Perception Technology of CAST,
Beijing Institute of Space Mechanics & Electricity, Beijing 100094, China)

Abstract: In theory, the tuning characteristics including tunable range, spectrum, energy and pulse width
were simulated under different pump power, volume Bragg grating central diffraction efficiencies and
spectral widths by setting up a rating equation model including volume Bragg grating wavelength property.
A laser diode pumped Nd: YAG/Cr*" : YAG laser with a volume Bragg grating as output coupler was set
up. The laser wavelength, linewidth, energy and pulse width were measured at different volume Bragg
grating temperatures and pump power. The experimental results and theoretical results are in agreement.
At the repetition rate of 10 kHz, pump pulse width of 40 ps, pump peak power of 10.7 W, tunable range
from 1 063.77 to 1 064.48 nm is obtained. When the volume Bragg grating temperature is 50 ‘C, output
energy of 109.5 nJ, pulse width of 1.71 ns, wavelength of 1 064.432 nm, linewidth of 38.3 pm, M? factor
of less than 1.2 is achieved. The investigating results can be a reference of volume Bragg grating
application, spectral analysis and design of laser.

Key words: Solid-state; Diode pumped; Tunable; Nd: YAG; Cr*" : YAG; Volume Bragg grating

OCIS Codes: 140.3580; 140.3480; 140.3600; 140.3540

HEEW A 54 W R BHE KA £ 4 (No. 6141B060305)
FE—1EHE EWIERE) SV (1987—) , &, w G TR, W+, =058 7 [0 R 28 [ N O 25 #5 AR . Email: pbmeng@163.com
Y fE HH3:2020-11-25; R A A #:2021-01-18
http: // www. photon.ac.cn

0514005-1



0 355

[N R N 2 (e R R =3 QUL M2 R 1 ) ) o0 € o R 4 6 ) 3 =B (B 8= R SRS DA 3 R
o T AR T DA g A5 R WA ) R A R G I RN, 2 Tk b i A R R RS L AR R A RO
SEURUE WD SR P TR R TG SO IR AR DT C 48 S B RO . WO T A (Laser Diode,
LD)ZEMNd: YAG/Cr' : YAG WOGERHA MRFR/IN SR8 17 B AT 00 5, 2 52 90 fe 1 520 00 30 R g U ) S5 113 P9 A 4
TR, XSS 2 T s bR LR B ST S i AR AR RIS S (V olume Bragg Grating, VBG)#
SEAG (R L 544 AT 5 RERSAT A% SNk 58 PR 4 AU KRS 0 BRI, 3 VB G IR RS (1% R 0 LD 223 Nd:
YAG/Cr' : YAG BOGHE AT ME OO TR A HOGIR . S258 7718 ,20104F ,PAVAL N44iE T LA VBG Ny
R LD AW Nd: YAG/Cr' : YAG BOGHS i 2E VBG AIN: YAG R, SE8 7 0.7 nm B PRI 06
FEENHN 10 Hz, BE 5 R mI m, Pk 588 R 3~4 ns, 856 /NTF 100 pm™. 20124F LFEIH % 4GE T LA VBG i
HBEINYEIT M Nd: YAG/Cr' : YAG W BABIEOLRS , G AR N 1 Hz, BB 50 20.8 mI, ki 96 R 13.2 s
VBG 75 & F A AROCAS N R E R . BE T 1, HE F2 B b T T S Qs B (O A e
Ak b 5E BE AR VBG BB B B ST VBG R T RO RE R D6 SRR B AR ST .

ARG i ST % R VBG I KA E M MEIESE LD 23 Nd: YAG/Cr'™ : YAG BOG 2% 3R J7 R B AL, LR
BT OGRS BRI R T AT TSR IR

1 SLGESE

SR E AN 1) s o ZE TR O Kl 808 nm ELTHE S LD, B4R 85420 100 pm, (LA 012,
LD TARFEHTE Bk PR 8 E ARy 10 KHz, B b 58 B2 2 40 pso SCEFRRA i 7Y 808 nm i GIE i A &5
BRAEIY . R CCD MR HOEA TP R A R AEROCEEEAR , 200 185 pme BOGAA R 3 mm X 3 mm X 5 mm A Nd:
YAG fafk. Nd: YAGBIWKEEH 1.1 at. %0, 280 P HOEIAE 1064 nm & SR (U3 R™>99.9 26) AL K
808 nm M iFE ML (S R<C0.1%0) 0 o5 — HIFEHOGI K M K BB (R<0.1%0) . HOLR IR IR,
I P E R2 , SR LAY T B R AR TR 2R 45 I 7E 25°C. MR IR Cr'  YAG I IR B3 % 8 68.13 %, K
FER1.95 mm, Cr'' : YAG B HE 1064 nm B (R<<0.1%) . RO VBGIERFINEE. VBGHuOEK
1064.18 nm@25°C, FrLRTHRCE R 70 % 4 56 60 pm, RS} 28 5 mm X 5 mm X 12.3 mm, P A 8% 1 064 nm
BB (R<T0.1%) ASARMA /N T 1.5°, R R i 1(b) Bz . VBG 4R 40 28 J5 222 70 24 Pt rh Tl
JE o — B R A e . ABENA:YAG.Cr' . YAG M VBG KB, B4R K254 1 mm.

0.8
0.7+
LD fiber L1 L2 NdYAG VBG 0.6}
v z0s|
2
304F
3
~ 03+
/ 0.2F
Cr:YAG 0.1r
00 - 1 ol
1063.8 1 064.0 1064.2 1064.4
Wavelength/nm
(a) Experimental setup (b) Reflectivity curve

M1 ZHEERREEd %

Fig. 1 Experimental setup and reflectivity curve
2 TERBEMET

2.1 VBGE K4
AN VBG A R, )58 VBG BT S 80CE p v LR R A

0514005-2



SEAE T 25 I T RAG R RS E I Nd: YAG/Cr'™ s YAG B0 78 1 4 8 155 4

—1
2

. Pof\?(zl /10)]

2n,0,
=<1+ - (1)
2
., || 2700, nﬁz‘v(}ll—/l@)
sinh 5 _
Ao” fu Ao
2n, cos 0
Ao = £ (2)

1,2, VBG B DI A BOE K 5 /0 VBG Y23 TR, 0y o8 VBG BT S 3500 8 VBG BT 5 %
PAHI B8, 6, 0 VBG IERE 0 0 NS RS . o B A%t R B A7 S 280, B AR A3 0K o, 36 2

— tanh? 21n, 1.0,
" Pa

(3)

RT3 R B 5E 0,6 2

. /lo\/(arctanh\/%)z—ﬁ—n2 (4)

A nfot,

VBG E‘J%%{j"ﬁi"ﬁfg szt;ﬁ/%m]
Vo

— (5)
2 arctan hy/ 7,

lype =

22 EERFE
PLVBGAE J i 685, A% e F%50,1 064 nm Nd: YAG/Cr' . YAG B0O'G 28 16 U fie 2% o % )5 i kg1

do () 1 N
— = ZJWVZC—ZUKNgZ,.—Zo’cNCZS—ln()—6(} + = (6)
dz l, 7 T
dN N 7M. 9 s Pr
=~ = —yco, ®N — — + LTI
dz ree T wwp’l, hv, (7)
dN Ng,— N
d; :_“Jg@Ng_‘_ %T : (8)

K, O N NIETEEE ;N A ERESR TR ;L Nd: YAG WK 5 0., 9 Nd: YAG (152 340 % 5480
W Nd:YAG W EREHFF i ;0,0 Cr' :YAG 1 B ORI ;0.2 Cr'' : YAG W3R S WO T 70k Cr'
YAG W EReZFE A L0 Cr YAG IR ;N A Cr'  YAG RS R P AR FE s NN Cr' ' YAG 1930k SR
THOEE il Ne=No— N, N b Cr'  YAG Ok 508 B il 2

Ng, = _ZETO) (9)
T,oH Cr' :YAG W/NME 535 1 5% 5 0. 0 I IR IR B FE s o o0 A & & SRR G F A BOBBE R0 sy A I 7
¢ G s A WTFE TR Tl =2,/ A5 A, R BTG 5 F o 23 0 D Nd Y AG X Z 3 O 1 W s %
F TR0 5 O R VS FCRCR 5 0, 0 S G RE A 5 2 o35 B e o it 5w W BOEHIUR W6 e v—=c/ A0 G T1E
R B[R] il

I 2(nel+ nlo+ Lone + Al) (10)
C C

X L oNIEIREOCFERKE 0. 8 Nd: YAG A5 R 50 8 Cr . YAG BT 5% ;AL MR Nd: YAG .Cr' 7 : YAG

I VBG Fh 0 ) A il ik s K5 PN ZE I D02 RO ST 6 A JE TR ik o, ik o 5 42 00K Sy f, ik o v B Ry o, W

{EZIR g Py, W — A F A P il A2
(11)

WO Hh bkorh D R P () FIRE B E 3 2

0514005-3



T AR

/wlALIn(l/n)

; (1) (12)

P(1) =

E= [ P()d (13)

KA BRI . B N BOE R 0 BRI, o LA R A=rw’s RIE PO T LIS R BOE
ik b G i (U~ v 42, fAT AR FWHMD 710
23 HABHUEMITERZE

BT Nd:YAG (9 & SHE R VBG BYAT S 805 K B UG R 82 0 18 s e 20 22 4y Jr iR AL, R
WARBR A B AR AG=1,2, - )XW W EER E(A) . FTF EQ) 32,7863 HIACE A4,
A 2 63 M 2 o AR BB 3 i e T DA OB I K A FIR 98 (FWHM) o A0 2

A= S2,4(2,) (14)

=1

R SR 0., 1 2

= So, (2)a(a) (15)

DA o, PO AE B Rk b BB . 07 LA SRR 1R
®1 HHESH

Table 1 Parameters for simulating

Parameter Value Reference
Plank constant (/) 6.626 X 10 % Jes
Velocity of light (¢) 3X10°m/s
Pump wavelength (1,) 808 nm
Pump beam radius (w,) 0.185 mm
Pump frequency (/) 10 000 Hz
Pump duration (z,) 40 ps
Upper level lifetime of Nd: YAG (7)) 230 ps
Refractive index of Nd: YAG (n.) 1.82
Length of Nd: YAG (/) 5 mm
Degeneracy factor (y) 1
Coupling efficiency of spontaneous emission into lasing mode (&) 1x107
Absorption efficiency (7,) 0.78(measured)
Pump quantum efficiency () 0.95 [16]
Beam match efficiency (7;) 0.95 [16]
Initial transmission of Cr*" : YAG (T,) 0.68
Length of Cr'": YAG (/) 1.95 mm
Cr*": YAG absorption cross section of simulated state (s,) 2.2X107" cm? [16]
Cr'" : YAG absorption cross section of ground state (o,) 8.7X10 ¥ em?® [16]
Cr'": YAG simulated state lifetime (z,) 3 ps
Refractive index of Cr* " : YAG () 1.82
Other cavity length (A7) 1 mm
Cavity loss (8.) 0.01
Beam radius (w,) 0.15 mm
Refractive index of VBG@25°C(ny) 1.486 7 [17]
VBG spatial frequency (fy) 0.001 5 nm™" [18]
VBG central wavelength@25°C(4,) 1064.18 nm
VBG central diffractive efficiency (,) 70%
VBG diffractive efficiency spectral width (4,) 60 pm
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Table 2 Wavelength tunable range (7, =40 ys)

Mo 0./pm P,/W Wavelength tunable range/nm
70% 60 10.7 1 063.77~1 064.48
70% 60 9.5 1 063.81~1 064.29
70% 60 8.5 1 063.97~1 064.25
70% 60 7.5 1064.10~1 064.23
65% 60 7.5 1064.12~1 064.19
80% 60 7.5 1 063.98~1 064.26
70% 20 7.5 1 064.09~1 064.22
70% 100 7.5 1064.09~1 064.24
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AR HEET VBG 8 B LD F0H Nd: YAG/Cr' : YAG BOGES K WS B AT 7 BS F S s B 9% .
BN TS VBG K R f v 2 22 LD 223 Nd: YAG/Cr' - YAG 3O6 88 8 R J7 R, R FH % K 35 ik
FA PR 22 53 SR g 7 vk R A5 1 OB & dan G L RE &= A0 DK b v B B BUE A L o3 B TR R ARSI 2R VBG
AT SR A ST OGRS I TR R M A 46 B 1 R R R LB B R kb B B A OB AR TR E T
. SRIGSERIERE T UL VBG A BB A LD Bl Nd: YAG/Cr' : YAG Bt #% , MR T AR VBG i
T YRR B BOGIE K (LR TE L RE R ik b TE R, SO0 4 SR R BEE 40 A 45 AR AR AT, 16 W O AR TR Y IE
PE . BEE b, 7 H O AR N 10 kHz, Bk b 56 B 8 40 ps, E(E R N 10.7 W B9 48 Bk b 22 3 T, 18 1 4 %%
VBG M, B —33~68°C, a] L9231 063.77~1 064.48 nm B I K438 . S286 v, 3 1 4% VBG IR, |
10~50°C, 3513 T 1 064.020~1 064.432 nm 11 3 £ I8 LL L /N T 85 pm B 26 5 fi Hh , OB KR VBG R %
Z 010 pm/°C, P K VE 1S 2 7 b, BE AR L Y5l 56.5~109.5 I, ik i 58 A8 AL YL Bl R 2.7~1.71 ns. VBG
T B N 50°CHT, K43 T REHE 4 109.5 pJ, Bk #h 58 B 1.71 ns, 0K 1 064.432 nm, 28 55 4 38.3 pm A9 3%
JEH 6T N WA DRk 64 kW, R I AOR 25.6 %0 G R T i MP IR F /N T 1.2, TFREES SR AT VBG 1)
N BOGES I OE RS A SR TR HE S . BRI T W 2P ST DU I A SR, O R

B HC WO 10 pro, ZEHOR B T30 75 SR AR (R 28000 5 69 il b B 7 35 2 — 20 4R o B R O — O T, AR
B 0 FH i 2, AT LR BE S OK e X O e UE— UK .
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