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Thermal effects in continuous-wave and pulsed operations :

comparison between conventional and diffusion-bonded crystals.

Student : Shih-Wei , Yeh Advisor :  Dr. Yung-Fu Chen

Department of Degree program of Applied Science and Technology

National Chiao Tung University

Abstract

The composite crystal, which is fabricated by the diffusion bonding of a
doped crystal to an undoped crystal as a heat sink for the pump surface, can
efficiently reduce the thermal-induced problems such as thermal lensing,
thermal distortion, thermal fracture and so on. As a result, the composite
crystal is expected to be potentially beneficial for laser power-scaling as well as
power-stability enhancement.

In this thesis, we design a scheme of a diode-pumped solid-state laser to
comparatively study the thermal effects between the conventional crystal and
composite crystal under continuous-wave (cw) and pulsed operation. In cw
operation, the maximum average output power of composite crystal were 42%,

74%, 99% larger than the results obtained with conventional crystal in the cases



of L=200mm, L=300mm, and L=400mm, where L is the cavity length. In
pulsed operation, the improvement of laser performance with the composite
crystal was also realized due to the reduction of thermal effects compared with
the conventional crystal. Furthermore, we observed that the mode-locked
pulse width obtained with the composite crystal was considerably broader than
that obtained with the conventional crystal. The pulse broadening was
experimentally verified to come from the length of the undoped part that brings

in a reduction of the spatial-hole-burning (SHB) effect.
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= % drdk #a-cut N&YVO4 & 82 b 1R12 5 o ik ol ~ KL > ¢ "R

SR T F

14



FE#IFE{ Nd:YAG Nd:YVO,
FE'#[FE%)% Cubic Zircon Teragonal
Fﬁ#[ﬁ?ﬁﬁ%‘\f 12.01A a-axis=7.12A , c-axis=6.29A
BREaRY 0.9%~1.1% 0.1%~3%

HRT 1970°C 1810~1940°C

ik 4.65 g/cm’® 4.22 g/cm?
PR 8.5 ~5

Propfa 1.82 @ 1.06pum n=1.96, n:=2.16 @1.06um

# 2-1 Nd:YVO, £ Nd:YAG 2. #3235}

Fﬁ#ﬁﬁ%} Nd:YAG Nd:YVOq,

8.6x107%/K [100],0-250°C
EUPISFEE  |7.7x10%/K [110],0-250°C
7.8x10%/K [111],0-250°C

a-axis=4.43x10°/K
c-axis= 11.37x10°%/K

S 14W/m-K @ 20 C c-ax%s :5.23W/m-K

o 10.5W/m-K @ 100 C a-axis: 5.10W/m-K
-6 .

Zok (e 7 3x10°/K 8.2x107°/K for a-axis

3.9x10°%K for c-axis

# 2-2 Nd:YVO,¥ Nd:YAG 2 # 5 25

15




fipf

Nd:YAG

Nd:YVOq,

E R

946nm, 1064nm

914nm, 1064nm

2.8x10"% cm® @1064nm

3 g W -19 2
EJ?’F“%’E«HEFI 2.8x10% e’ @946nm 25.0x10"" cm® @1064nm
s 10 cm'; @807.5nm, | 31.4 cm’(n), 1(3.5 cm‘}(o)
1 % doping @808nm, 1.1 % doping
W Bl 0.6nm 0.96nm
FRAF e = 807.5nm 808nm
b ([ eske e 15nm(m), 8nm(o)
155 [
[ S L Inm @ 807.5nm @ 808nm
FIER R = i 2 230pus 90us
. ? ey (i AL Ay (i
il /A T 1 e
| gy ST

# 2-3 Nd:YVO,#

16

Nd :YAG 7 % 5 4514




TR 3 » ik
(Light input)

(Gain Medium)

Nd:YVO,
a-cut

Nd:YVO, A = 700~1000nm

c-cut

B 2-1 F 5 S A fc 7 4o hdReL * 2 B S % HEH -

FHAY ﬁ » &k
(Gain Medium) i i
I (Light input)
AN baxis #him %
Nd:YVO, C-axis e %
a-cut

Nd:YVO,
c-cut

A = 700~1000nm

Bl 2-2 F 85 MESjTie iR Y 2 TR FHR =

17



a-cut Nd:YVO« doping:0.2% 3mm x 3mm x 12mmr

110 T T T T T
100
90
80
70
60
50
40
30

Absorption (%)

0 1 1 1 1 1
700 750 800 850 900 950 1000

Wavelength (nm)

B 2-3 a-cut Nd:YVO, doping:0.2% 3mm x 3 mm x 12mm ¥ {3k 3¥ ]

c-cut Nd:YVO4 doping:0.5% Smm x Smmx10mm

110 T T T T T

100 + total b

0-polarization
90 —— 90-polarization
80

70
60
50
40
30
20
10

0 1 1 1 1 — 1
700 750 800 850 900 950 1000

Absorption (%)

Wavelength (nm)

Bl 2-4 c-cut Nd:YVO, doping:0.5% 5S5mm x Smm x 10mm ¥ < 3 33 ]

18



Nd:YAG doping:1.1% 5Smm x 20mm

110 T T T T T
100
90
80
70
60
50
40 1
30
20 .

total
0 polarization
— 90 polarization |

Absorption (%)

0 1 1 1 1 1
700 750 800 850 900 950 1000

Wavelength (nm)

B 2-5Nd:YAG doping:0.5% 5mm x 5Smm x 20mm % T & 2 ]

19



2.2 - 4 & & %4 (diffusion-bonded crystal)s 4 5

H - 4= & & 18 (diffusion-bonded crystal) € 45 — B 5 5 f B fo— B4 op
ERF T AR E ERBELEE DR FREFSE - AE 5 o

L BT O MAEBETTRF T HERDET o I T AW

PRGN HERIZFAFEE (P iEET > nE - 44
aBB %ﬁ : YVO4-NdYVO4 ? i~ @ SFLNd: YVO4 1) ’Eﬁ v H - ﬁé = HE. %ﬂ" L @ U
NdZYVO4aEH ’iﬁ?’ Ei—‘;'.: BEB '?g Efj%l" 7‘5:),)% 1 f’s”‘ v é234%> °

M hﬁ‘??ﬁi—r g0 ¥ i & /‘]}K" ﬁéﬁ | # fig}},%@i—@ rﬁﬂ,ﬁ:z%(;%ﬂzi@# ﬁ-—

SURECAE L) WS MBS S M - SRS R
Phti- s AZE TS KY  RELHLMEFRASL > AR EH TS

BHfed RafFRT A8 A AL PRER P AfrE BE

“mk-
1)

B 51
NH B AR FIEHM > 22T 4eYAG ~ GGG~ YVO, 53 5 £ F 58
Fugk b P TH-H B B0 FEARS o
1R A A A & BB S DR SR 0 A U F (YAG GGG~

FL %% F) 4 it (YLF~LuLiF ~ SFAP) ~ 4 42 (YVO,~ GdVO,)

20



BRI o hAp B RS T Ou4EL 5 0YAG/A B F C YAG/EF F »
YAG/35 o @ B # 5 ¥ @ * hie & 5 4rYVOYNd:YVO, ~ Nd:YAG/YAG -
Yb:YAG/YAG% -

BT AT RMORAEL T T BB

H - 46 St m gy 5 b e anle FAA R > & - B hg i1

Wi R GRS S DT 5 (A0 RI2-6)

R4 ol Ro QMmoo TAARMEN

An'S
E
)
&

i
3
@}‘
¢—\-
1’-“‘5'»
%
g
N
W
ﬁ
3
)

PSSt 8 A (4o B12-7) o
SR kR AL L BB R NT SN B R A
L3 fpa 2 end it S Ao B (2-8)

PR ast s S LY P RNA BT R e Rt

BRORTHRE R B EEELE D & s S (ArR)2-9) -

21



WO  Nd:YVO,

Bl 2-6 H :h4E & S i &P

WO, Nd:YVO, qu

B 2-7 Fehat s RlT g

thr
=

B 2-8 S RiERIEESL LT RE

B 29 ¢ wiFest s Sl

22



2.3 Q-7 B ff 4

ERY O FFIEEDTR o L Y AP LRI fEagp 1 S
TR L F P TG AL Fe R AR R TN o B AR TR &
BB U R R AE kR R RE o F R T RIER > K
g3z g’:’ﬂ%;-ﬁ&tb j2 2 T —Fj T LHERE R ehig o b PE R AT ER
e@ka&%’ﬂﬁﬁ@@%kﬁﬁﬁ’tw&%ﬁﬁg@ﬁmgﬁﬁm«mo;;
T3EOR {7 powersw 24eE Bl e B £t B A F] B B (Q-switch) >
TRFRE R Ak g R Ak R B REEE [ L l
ok ARl 2 Is i ket A BB 0 T U BT g ehle
oy RE ok @7 #3]-@p 90% ?@?ﬁ%l 1 (pulse wave) > i{ ¥ ¥&
FIL 50k & o PR G HA-QRE M 5 Steh1 (FRIL % hie ek B R - 3
FIF I EIRIFQE - MHEF R F DN TRAHF T R ENR

EORER(GR T AL IO 2

\4

R ko A 4 B B F R EED o
Q &7 I X JRr¥panmH ¥ (quality factor) » ¥ & 5
Q= 2Fppr 32t /| HEEFER PN 2R F 20 E
TR B MOFFRE » KB R 3T e e E 3 Ve b f o fg 6k 3 0

—i’—i’)ﬁgf_F\j\‘?”%jf 2= ;jr)‘?"iw z"rg%j..;}ﬁ'rn' \?Z.ar,r.%ﬁ"’]-+’f“¢(Low_Q)o

% FEE TR PROEN R R R S AT E R A G R e kR
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B M E ATl B R R G S F Y R R e
2 BRI E AT E N X RVEGUE AL Ao B2-10(0) 9T o § T ST F B T
LIRVPAE AR P EB M i BB 5T 1 (High-Q) > E & HRR
wAR Pl MAF AL R T o D g F i s ﬁ%l 41 & (output coupler)
R SR JRAER R RF 0 oo AT F S F 3R S AL 0 Tt kR Peen
BRTA CMTAFARE SRR Nk A2 - EHF

1B g SHER Brie §12-10 (b) 957 -

2.3.1Q B B che 58
EQFE M T HY o REIP S T A LA

I a8 Q RE . BMOEAFIF ud hIRsiird] o 6o 8% 5 4
(Acousto-Optic Q-switch: f§ #- AO) ~ 5k & B B (Electro-Optic: i - EO) ~ #%
WA AR QFMT SHEMET VAR 2-4 P77 o

2. F-fi#d QBRM BHOEH I I d Hilak b Fpk
Ao @ A oaed bR o B Y R AL (dye) G AF ok
Y48 (saturable absorber) » fed ** %l 5 > 2 F AR R F > T E R
SR A TG FR LA AR PR o F 0 1T

;’—g'ﬁ j\%‘#'l_g, W}t%%%%ﬁjrﬂﬂ«%%ﬁizﬁ ?%'fé-ﬁ"fbfgz’%}'aﬂa’gg

24



(Cr:YAG)BP~ it o o N QB R BE S * H 3 SR T S Ao W Rl & >

232 2 #50 Q B BB T
AE S EL QB M AR LSHEREE » & - FH TR
¥ RFGLEM R LT A S R o R~ SR SUA 2 Yebt o )0 2 2 infF

3%12\{— BB gk B RILS AP RG4S b - BT ~ 2

—\

F1* RF Bk fd] A-O S M ends (5> F1H A-O St~ &2 374 g
H o Fengifd ¢ B1F A b RGUELA s A A R LB R
THE CETAEIRS AT A0 KM LHEF AL E
SR ARV RS TN S S A AERE S RER AL B ol
B- o x Tk 5 BE 107 B 0 hrn g ki~ B HEF > A-O sk
g KA AR R o § R xSk U kT G ARG
BB A e 9 Ao Bl(2- 115757 > 4o 2% £ #2474 (Bragg Scattering) =3z

B B
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2.3.3 B8 Q BB B T8

Wb Q B M X fltrforjedl 0 B Y X 1 O YAG { AR L
o FIH S EE S A EE A P AR EL 82 500
MW/em® 12 + = Cr*":YAG 2 #7102 it % 15k do 5% Q B M el 4 5 # et Jt
BB E(900~1150nm) ~ A ik 2esofed f ol 0 2 AR 4R PE R 2B (ns) o
HRIZ S G~ Sk % IRA e fork TR s T pF 0 Ap fos Tl L B R
Moo HF e kA D e o Tl ol - B PR AoR
2-12(a) o @ F B ARETF A B4R TREFLET Y
i 4 &8 (Life time)iE v AR sl 18 FIr Sk (g AT 3 2 L B4
g RpeF G AT A BT PRER D R i el &
kT r Bk o T B S S F 0 HT M A T o
Fes el dele — B ON ek B B > 4o B 2-12(b) o #7120 454 » 64k 53 35 7
fom s E 5 v RAFIFT RPN HQE T A2 - i

g g wik itk .
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Q Filfrs (R G
%Eféﬁ@ SipbE L %
S b 0 ELE EITRE"
Q-switch & 5k 3 \4i ;LIE]F@*WEJP Hm
 Ziikd] J:Tﬂﬁf";"ﬂ Pockel cellf?f
cpane L SIS AP R S ik
Elet #Qff tr’fdl ﬁv‘u 'ETJ Lk ‘I'"Iﬁﬂﬂ?éﬂ?’?g:—k
ectro- otphlca QP SRR @®Pockel cell J*%Elﬁl%
Qeswite ﬁ‘ﬂ?’f’rrﬂﬂﬁl YE T T R QR
ikl
QPMW?E'E P fw
@7{“~QQ " 3 HEKHIEE FEF”E ﬁ@gﬁ,‘[@ lﬁ
s QU o }ﬁigﬁﬁ‘l RS :
cousto-optic HE‘? s
Q-switch & E%E}JF* uﬁt Ay
#
5% [BH
@?Z:lgelﬁd :%Qjﬁﬂ O I R B
= B ]
Q-switch ﬁ J%g%:f ﬁ’lf‘ﬁ &1 T’EE‘JfﬁJ Ll

£ 2-4Q MM ISR R
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AN E loss

A E loss

P t........(d)

Bl 2-10 (a) Q- B = =25 A fFac £ 7 X B

A

AN E loss
% {3l
% s gain
& 4
? %ﬁ] el p t
A Laser output
L ¥ T loss
i ffF s\
K @"q gain
g S
Rk treeieens (b)
Laser output

Bl 2-10 (b) Q-FF B & 2 *% b3k iy 1 7 R, ]



Laser
beam

Diffraction
beam

~——
-
e ——
——
-

RF signal

input
B 2-11 2858 Bk Q B # 1557 £ B

. . N
b B T 000000 FF EATE
PN £¢;E * Bk
> @ e @
gﬁﬁ f? iﬁ;z rléb

000::00
(a)%® M OFF (D)% @B ON

B 2-12 4k d 5% Q BB 12 Cr'': YAG 47 o fcfl & b2 3 (TR 1 (a) %
B B OFF (b)*% # B ON
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FZF BFRATHINRRR

3.1 4 %

Rl

o g P BT ST RS o d 2t B Fong - B
?ﬁ%‘f‘—"? Foerdf (TR > APET R G o FIA S BT St R e
B EE S BT Wiy RO T MR ERE g R AR ST o hihG EE
Fi - BT My o4 T M AN I B R e B 97iE = (thermal
lensing)# s fis » & & 5 ZEF BT 0B AT o T ST S AR G TS 1R ke
Lif o R LRGN R AT LMY e R HLHER A - K
Ao T - BRFAFESIBER LT o d BT o F RIS

jL—g B R g l’v‘fr’vi’m AR ST eIE R ;\:’*’B&TEBB%@—Q?PE— B A Bt

~

B bR FEFHIEET O FHLMBGERT - RDOL G ERBRY

TR R AT E LMY KX RUE > F 54 f8 33 = (thermal
fracture) 4 B3k crdf 3k > F]Pb B od ¥ 53 &0 thermal fracture (&L iE >
# R R T e Sl e e el AR S BT el e 71 0F
SR TN S BN T R TR F oK foBan G R BT E S F sk R

rr,?,‘rm—r %, —%’K—E\ EL P g Fp R D o S E ] F S ndg A

Wit - BB FE AL - BT e R RERREE R -
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EAMARG F e E o v R 2 T SRR aite o 1§ S
WME D23 it B3 TR cEFRRER? ] REFER
RiC - RO T R F R OE U SR 0 5 g

Flot o AR R KT o AP - B O R FE -
e ind ot REFEY > AP BALY NEYVO & 8 - 425 L4l
YVO,/NA:YVO: & 3| 54 ehF St S 8 0 A Be S H L T 7 0 A fg
TAVEE T 0 BRG SHHWEEE KM ET L e E o FRIEE

DBLEAET S MR S TR O o R R
»t’;ig; BHJgé‘r,ﬁ\. 3 lL,J;:)f@;, J ng.w-'?:‘ ,uﬁ,‘ﬂ.lyzﬁ%]»hﬁ % ekl
FodE s SR B AR R A B 4 T 42%T4% o 99% ME F ek e 4 o
thermal lensing i = F 43 (T A7 22 HFF M4 { & 3 Flpt gt L Fa k

$EE G E o AR Rand MEOURSE (P E 0 £ A 341 4T

3.2 CW(Continuous Wave)i i 5 2% % 1

FEHACR 3-1 477 o b e B BT LR R
CW NA:YVO, ehg & 5% T3 EIRVER & 77 - BodEs -~ WM 5 4
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Fosimes - HEAFRY NAYVO, 3 &bl > v &5 e ih
BB WA TE R RF SRR NP R %KY B S
AN nF SRk R - BELBROL > K% P oacut
Bk R 5 0.25% at Nd:YVO, > ® ~:3x3x9mm’ » ¥ - B % 2~ 4x4
x 12 mm’ YVO/NA:YVO, e 8 » 5 24 22 430 ey # 554 YVO, > 1 *
AR L B BIEER S 0.3% at Nd:YVO, 3 55, 8
FEa SigEE W 3 AR T SN WO 4~ B4 808nm &
1064nm ePfEfF S0 0 T hE LR H A AR ¢ B MR B
HPTE o RIS E AR WA RPN o BT A 2 m’f?n%gr* dF B ET
SRR B AR Fracd o s LR R * 808nm k48 & 5 en T i R AY
B By et 327 Wo ¢ 22 400pm ~ BBt L 0.16 sk A g o &
TR EACE - Bd o F L4 R=5 mm he 2T G (CX/PL)E & eh
W Ve (front mirror) » CX 345+ 808nm ek 849 > PL 45
1064nm # & S+{c 808nm % 7 F % > FHd CX =@ g % A i i -
Mg & mRI|IT ML ME G 0 DS S WERE D 1064 nm ) £
g Btk 3 0 @ % PR:80% R4 K &I g ﬁ;f] 41 4% (output coupled) » 2
TN - BEF R IRk s RINHIERIEN 5 G § R L
BAF FF AP Rk o R EF kv R dRTx (5 d

32
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By B D E 1064 nm i CW F BHE o sk R T BT o
CW it 5 41 ek e > 24 i 2t 58 output coupled ¥ front mirror 4 B ¢

‘&E%ﬁt ’VF* EE’é}E v ‘:"'J’\;L: 200mm 300mm ‘)[:\'-" 400mm %@ 57"—,;\, y 1] g
S AE S AN 2 S 0 (e ] 3-2:3353-4)
Tl APRRBIGR O RT 0 TR g AT S FAT R

% GEE Al k% B~ 5 TR Rt @ (Critical input power) ~

* ﬂig%] i34 F enig (Critical output power) ~ #1225 ch SR B 2L 5 4P

g&,ﬁ-iaﬁ’ -4‘: o

3.3 CW(Continuous Wave)d § & § & 7 H L § ~ * 2 42

i.  Diode Type : Fiber-coupled 808nm Laser diode
d  Coherent 2 & #f % A& > ﬁ%l vk o4 £ 808nm 0 H A B
:FAP-81-16C-800B - & =% 800B #7#k77 & & 5 B k& éui;—l Ak )
(code size) =800um > #7112 sk G 4 code size e7:E $# - 7 iE # 12 800um =

ii. 8& %M : Armo-800um-2m

d Coherent = 2 #724 Z chfl i & FE L84 & & > H4E7 4150
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111.

1v.

V1.

% :Armo-800um-2m>- -k % 4R £ & 2 F > code size =800um =k 8 & 4R o
70 22 4% (front mirror) : CX({h4%)/PL(F 4%) » AOI= 0° > Diameter: 10mm
x 2.3mm  CX=AR@808 nm (R < 0.2%) » PL=HR@1064 nm (R >
99.8%)&HT@808nm (T >95%) -
Conventional Nd:YVOj : a-cut > Doping : 0.25% > W x H x L : 3x3x9 mm’ >
S1/S2:AR/AR@1064nm+808nm -
diffusion-bonded Nd:YVOj, : a-cut> Doping:0.3%> W x H x L:4x4x12 mm’
S1/S2:AR/AR@1064nm+808nm -

31 #1148 (output coupled): PL(-F 4 )/PL(L 4% ) » Diameter:0.5” x 6 mm

PL1:HR@808nm & PR80% @1064nm > PL2:AR@1064nm -

3.4 CW(Continuous Wave):d 4 & 9 5 & % & 4 15

o] 3-2 407 o AL R~ 3 SO e 3] 2IW P SR R IER A

|
3
e

PEBE 0 R RRIEDAR F F IALE 2IW e gl
RO LR LT G NS TR AT g~ S EXE
@.] ~ 7 F gt 8h(Critical input power) o 2% if# 12 %] SRR E=Y 1 A T I 3

=i 56%39:3}7%» s Iod A4 3-1 QJF—EM, L H - 4l SRR BT 3
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o % ﬁﬂﬁ;fi)\ﬁz}"??ig% 0
d B 3-27 g3k L200mm B - 48 S8 273 65 7 FRF

b1 ﬁa?l » 7 3:;3@?15:;4 Xend MEI- B L e e 5 B ag

WA 2IW B RS ki 2 T MR TR AR R BRE
J‘ﬁ’%mﬁZ% RS ﬁ'ﬂ)‘ﬁﬁi&ﬁ2lw %J“"ﬂ AL ORE o T (g
Yoy KY mﬁﬂ b Hge R s s A 21W o @ TR T "R m@l ETEF T

ﬁi%] At # Z gt @ (Critical output power) » 42 & SR8 @ AL S HE < T i”ﬁiaa]
FET A A42% A ant B M A 7% R 3-3 DAL S
gag%gﬁvﬁi%]/\ﬁ .b_ﬁig?lﬂ'. B &Aoo %wE L=300 mm > B¢ ¥ B IS
SR B AL R enAlseE s S u 5 0358 032 X R4 o %‘J X qR R B
wlE_21IW & 158W: H - 424 5% ’a‘ﬁﬁ%] rF gl B DI RARR . E
uﬁizﬁ,,«lim%] Fent g o H- 428 B8 B i S i
T4% o 4o 3-4 #5510 F EFREE P L P L=400mm > RSB I B S F
PR BT AT R R DA S v B - 4L R e G ,uaagﬁgig,]»ﬂ
Teft 4 B 5 F 9.56W & 8.5Wo b pre Joaf s F TR S0 4 R
2.69W 2 1.35W » d v #onfg g b o B - 424 DA AL B A5 M 4
T99% o FlEJRIEE X E 0 3 A HIRVEASESIT L £ R A 0 T AR H
LR SVEE LR R @?151;4 FRREEIER G d F RS AT
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g d > ¢k L=200mm £ L=300mm ¥ > i@ L5 f8 742 & 5 R ALl v ¥
WEIRAR AR F o X R RS 6%~ T% 0§ Y& L=400mm % 55§, 15 4

F o M ATI O B R 66% 0 FIAPEITEIEL F S i SRR 2

&3 1V g ﬁrﬂﬂ%ﬁmgkr"t’ﬁ%])\ﬁ CqR B R TF R

ppuu

£ % 200mm ~ 300mm ~ 400mm P¥ > &2 %] 74 F R A B 2 max(Q7TW)
21W ~ 9.56W » Mg ¥ ¥p & T 4o %‘] »FHFRR BT R B Rk B %J
> FIRh Bl ke W 5 21W ~ 15.8W ~ 8.5W 0 & BE F VR i 4c§i§J »
FiRAETE o Rk L_%J » s R BT R et gk “rﬂ)f%m%] s
FaLar %] Jy 74 Z gt i@ (Critical output power) > 2% 7 ¥ o F 2% #icyp B LY
REE IS ITRR EM R s IR R NS SRR T
P e R R @TE R EN R i @ EQEIE -8 .ri’ﬁg?l » 3 Fge it fgfr@?] 41

xR E R KRl oo

3-5 &

5

i g—%] /}f]? F i T .&/T/, Lo W BALWMEEE LY

SIS EE I LR E P SR By N T
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%ﬂﬁﬁ%@#ﬁmﬁﬁﬁ%ﬁw@’ﬁmkﬁﬁﬁﬁ&@’d&?%?
CW o ot ik 1G> % H- 4L MV G sl 35001
FlEr e # R EBIM G 0 TR F T S DI o aF &g kO
P RdRVEE AR @GRS G4 BT L PR L

B~ ¥ SRR B Aod N SRR B F O Ol
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diffusion-bonded Nd:Y VO, conventional Nd:YVO4
Critical input power : max (27W) Critical inputpower : 21W
PR
Critical outputpower: 10.5 W Critical output power : 7.4 W
L=200 mm
HI53:0.41 I3 0.38
Critical inputpower : 21 W Critical inputpower : 15. 8W
PR
Critical output power : 8 W Critical output power : 4.6 W
L=300 mm
I3 :0.35 H¥53:0.33
Critical inputpower : 9.56 W Critical inputpower : 8.5W
PR
Critical output power : 2.69 W Critical output power : 1.35 W
L=400 mm
¥4 :0.37 ¥ 0.23

# 3-1CW s §4 7 o ficdp ~ 474 2 4
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Laser Diode

Size: 800pum

Nd:YVO,
Front M?rro_r Output Coupled
CX/PI.R*Smm P1/P1: AOI=0
Dia:10mmX2.3mm Dia:0.5”X 6mm

B 3-1 CW(Continuous Wave) & 5 it F 5 % 1§ Bl

L=200mm, continuous wave

12 T T T T T
—@— conventional Nd:YVO4
10 + —oe— diffusion-bonded Nd:YVO, -
2 5t ]
[
(]
2
g or ’
H
5 4T 7
o
2 - -
0 1 1 1 1 1
0 5 10 15 20 25 30

Input power (W)

B 3-2 i 44 E L=200mm ﬁ%l%ﬂ i?‘—é'i?ﬁs?]:",ﬁ ¥ B
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L=300mm, continuous wave

10 T T T T
—e— conventional Nd:YVO,
g L —o— diffusion-bonded Nd:YVO,
2
& 6r
B
o
o
B 4r
&
=
o
2+
0 1 1 1 1 1
0 5 10 15 20 25
Input power (W)

30

B 3-3 @ M vpE L=300mm 5~ # & & di e
L=400mm, continuous wave
3.5 T
—e— conventional Nd:YVOy
3.0 F —o— diffusion-bonded Nd:YVOy,
Z 25¢
=
2 20r
2
= 1.5 F
&
3 10r
0.5 r
00 1 1 1 1 1 1
0 2 4 6 8 10 12 14
Input power (W)
Bl 3-4 @A vpE L=400mm i » 3 5 2 0
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Q-FR B "% ek T 54 % 3L

41 4 %

- g Sengy I 5 @ HL(CW Lasen)3st > FRERF Ay
i { papdFthEgLlaes B335 %ﬁ#mﬁﬂﬁ$7§
P2 2 e S AR o 0 2 R F NS FEEORE S TS WK
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CEF TN E R E T R T PR PERPE PR

43 Q-F MR ibridk F R E R E L2 A
i.  Diode Type : FAP-81-16C-800B
. k%48 & M Armo-800um-2m
iii. w0 g4(front mirror) : CX(¢44%)/PL(L 4%8) » AOI= 0° > Diameter:10mm x
23mm > CX=AR@808 nm (R < 0.2%) > PL=HR@1064 nm (R >
99.8%)&HT@808nm (T >95%) °
iv.  Conventional Nd:YVOy : a-cut > Doping:0.25% > W x H x L:3x3x9 mm’ >
S1/S2:AR/AR@1064nm+808nm -
v.  diffusion-bonded Nd:YVO, : a-cut> Doping:0.3%> W x H x L : 4x4x12 mm’ >
S1/S2:AR/AR@1064nm+808nm -
vi.  Q-Switch : NEOS 33041-25-2-1
d NEOS = 2 #r4 & » #-k#f ¥ (Acoustic Frequency) : 41MHz > 5g#% 5
% (Driver Power) : 25W -
vii.  Output Coupled Lens: PL1(- 4t)/PL2(-L 4t) > Diameter:0.5” x 6 mm

PL1:HR@808nm & PR80% @1064nm > PL2:AR@1064 nm -
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S0 L=400mm d 3 EEIEE 5 K o stid S H R A § 0t R
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PR LARS diffusion-bonded Nd:Y VO, conventional Nd:YVO;,
Critical input power : 25 W Critical input power : 18.9 W
10KHZ
Critical outputpower:3.86 W Critical outputpower:2.74 W
Critical input power : 24 W Critical input power : 20 W
20KHZ
Critical outputpower:5.64W Critical outputpower:4.28 W
Critical input power : 24 W Critical input power : 21 W
L=200mm | 30KHZ
Critical outputpower: 6.26 W Critical outputpower:5.16 W
Critical input power : 24 W Critical input power : 20 W
40KHZ
Critical outputpower: 6.7 W Critical outputpower:5.16 W
Critical input power : 25 W Critical input power : 20 W
S0KHZ
Critical outputpower: 7.05 W Critical outputpower:5.26 W
% 4-1 PR fbe gy &) L=200mm,PRF=10~50kHz 3 5 #chp 4 74 #d
P B diffusion-bonded Nd:YVOy4 conventional Nd:YVO;,
Critical input power : 16.9 W Critical input power : 14.8 W
10 KHZ
Critical outputpower:3.81 W Critical outputpower:2.85 W
Critical input power: 16.9 W Critical input power: 15.8 W
20KHZ
Critical outputpower:4.33W Critical outputpower:3.3 W
Critical input power: 17.9 W Critical input power : 14.8 W
L=300mm | 30KHZ
Critical outputpower:5.03 W Critical outputpower:3.74 W
Critical input power: 16.9 W Critical input power: 15.8 W
40 KHZ
Critical outputpower:5.24 W Critical outputpower:3.75 W
Critical input power: 17.9 W Critical input power : 15.8 W
S0KHZ
Critical outputpower:5.83 W Critical outputpower:3.91 W

Z 42 "% fir?iﬁtﬁﬁl d1 L=300mm,PRF=10~50kHz § % #icyg ~ 47 +* # &
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= LER diffusion-bonded Nd:YVO4 conventional Nd:YVO4
Critical input power : 8.51 W Critical input power : 7.42 W
10KHZ
Critical outputpower: 1.77 W Critical outputpower:0.83 W
Critical input power : 9.56 W Critical input power : 7.42 W
20KHZ
Critical outputpower: 1.72 W Critical outputpower:0.79 W
Critical input power : 9.56 W Critical input power : 7.42 W
L=400mm | 30KHZ
Critical outputpower: 1.67 W Critical outputpower:0.72 W
Critical input power : 8.51 W Critical input power : 7.42 W
40KHZ
Critical outputpower: 1.6 W Critical outputpower:0.63 W
Critical input power : 8.51 W Critical input power : 7.42 W
S0KHZ
Critical outputpower: 1.53 W Critical outputpower:0.57 W

%t 45 41 L=400mm,PRF=10~50kHz # 5 #ichp & 17 #e 4

input power : 15.8 W 10 KHZ 20KHZ 30KHZ 40 KHZ 50 KHZ
LS d‘ff““;';l"l’ﬁdeg‘gfwo“ 278 W 4.42W 520W 542W 5.56W
L:200 mm putp
conventional Nd:YVOs 252 W 379W 475 W 4.86W 4.92W
output power
input power : 15.8 W 10 KHZ 20KHZ 30 KHZ 40 KHZ 50 KHZ
= d‘ff“s“")':;‘ﬁdeg“ifwo‘ 381W 415W 47TW 5.05W 5.83W
L:300 mm p
conventional Nd:YVO4 2.74W 33W 3.68W 375W 391W
output power
input power: 6.32 W 10 KHZ 20KHZ 30KHZ 40 KHZ 50 KHZ
R d‘ff“s“;':b‘;"tdeg‘;fyvo“ 124 W 12w LIW L16W 1.07W
L:400 mm tputp
conventional Nd:YVOy 0.64 W 0.59 W 0.5W 0.45W 0.4W
output power

SR PSRN E R R R R R L (S
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Laser Diode

Acousto-optic Q

switch
Nd:YVO,
Front Mirror NEOSAO Output Coupled
CX/Pl:R=5mm 33041-25-2-1 P1/Pl: AOI=0
Dia:10mmX2.3mm PRF:41MHZ Dia:0.5”X 6mm

Bl 4-1Q B B #% fheik 1 2 28 1]
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Output power (W)

Output power (W)

L=200mm , PRF=10 kHz

T T T T T
—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO, -

5 10 15 20 25 30
Input power (W)

(@)

L=200mm , PRF=30 kHz

T T T T T
—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO,

5 10 15 20 25 30
Input power (W)

©

Output power (W)

L=200mm , PRF=20 kHz

Output power (W)
w

—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO,

5 10 15 20 25 30
Input power (W)

(b)

L=200mm , PRF=40 kHz

[ —o— diffusion-bonded Nd:YVO,

[< RN I

—e— conventional Nd:YVO,

5 10 15 20 25 30
Input power (W)

(d)

L=200mm , PRF=50 kHz

T T T T T
—e— conventional Nd:YVO,
—o@— diffusion-bonded Nd:YVO,

Output power (W)
B

0 L L L L L
0 5 10 15 20 25 30

Input power (W)

(©)

B 4-2 92 & L=200mm, # % (a)10 kHz
()50 kHz ) » 54 5 1 iy 154 5 1 e

()20 kHz ()30 kHz (d)40 kHz

50



L=300mm , PRF=10 kHz

L=300mm , PRF=20 kHz

T T T
—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO,

10 15 20 25

Input power (W)
(b)

L=300mm , PRF=40 kHz

T T T
—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO,

10 15 20 25

Input power (W)

(d)

5 T T T T 6
—e— conventional Nd:YVO,
4+ —o— diffusion-bonded Nd:YVO, 5F
~ ~
g Z 410
5] r o
: :
=9 8 3r
e g,
= =]
o o
1r 1k
0 \ \ \ \ 0
0 5 10 15 20 25 0
Input power (W)
(a)
L=300mm , PRF=30 kHz
7 T T T T 7
—e— conventional Nd:YVO,
6 [ o diffusion-bonded Nd:YVO, I 6
g st 1 gt
= =
2t 158
=} =3
Sat 1 o3t
= ]
& &
gt EERL
1+ E 1+
0 \ \ \ \ 0
0 5 10 15 20 25 0
Input power (W)
(©)
L=300mm , PRF=50 kHz
8 T T T
—e— conventional Nd:YVO,
7T o diffusion-bonded Nd:YVO,
—~ 6 r
g
57
2
4r
23t
5
C 2t
l -
0 , , ,
0 5 10 15
Input power (W)

B 43 K

L=300 mm , #f
(e)50 kHz ﬁ;f] b K L»'i’ﬁ%] A X

(e)

v IR
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3.0

L=400mm , PRF=10 kHz

2.5

2.0 r

Output power (W)
&

T T T T T T 3.0
—e— conventional Nd:YVO,
—o— diffusion-bonded Nd:YVO,

2.0

Output power (W)
"

L=400mm , PRF=20 kHz

—e— conventional Nd:YVO,
—eo— diffusion-bonded Nd:YVO, B

1.0 1 1.0 4
0.5 1 0.5 1
0.0 \ \ \ \ \ , 0.0 \ \ \ \ \ \ \
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Input power (W) Input power (W)
(a) (b)
L=400mm , PRF=30 kHz L=400mm , PRF=40 kHz
3.0 T T T T T T 3.0 T T T T T T T
—e— conventional Nd:YVO, —e@— conventional Nd:YVO,
2.5 b —eo— diffusion-bonded Nd:YVO, 4 2.5 b —e— diffusion-bonded Nd:YVO, 4
~ ~
% 2.0 1 % 20 r 1
S s
5] o
: :
g I5r B g 1.5+ 4
3 ]
£ 10t 1 ot .
o o
0.5 F 1 05 F J
0.0 . . . . . . 0.0 \ , , \ . . .
0 2 4 6 8 10 12 14 0 2 4 6 8 10 12 14
Input power (W) Input power (W)
(c) (d)
L=400mm , PRF=50 kHz
3.0 T T T T T T T
—e— conventional Nd:YVO,
2.5 + —o— diffusion-bonded Nd:YVO, -
\% 2.0 + 5
5}
Z
g L5t b
Z
£ 10t E
©)
0.5 b
0.0 , , , , , , ,
0 2 4 6 8 10 12 14
Input power (W)

©)

Bl 4-4 & L=400 mm, #f 5 (a)l0 kHz (b)20 kHz (¢)30 kHz (d)40 kHz
(e)50 kHz ﬁ;—] » 5 _’%Eﬁ%} AU s ROl R )
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e B(Nd:GAVO,) 2 42 & 5 #8(GAVO, Nd:GdVO,) & f& > 4 &)t s &
BB AT el o d ML BRSO ok o s e

[LCIECE i e M et FoghE S BSR4 T 30%

0
‘ﬁ

FIMEE S MEFEF R AR P FHHT Mo AP L - HFR
F* 4 & f 2L e et e > ¥ R0 spatial-hole-burning(SHB) 3 s » &
BLRIRETR S APIRSSET > ZEDHRT SR EFL TR DB

Fit e RS RS S RINL PR R -

5.2 % %%

% 7 e ®]) S5-1 om0 ARE N X AT MR dREe 3R E
Fo- BRES - fr- BREITEHIBEEDET b o il
(SESAMOC) © 3 ¥ /1 B 2 * Nd:GdVO, h§ 58 4 - $20 = 158 § 5tehype
FEL D B3 RFBNOLEF > RS PEFE RS ERE  B R PR B ES
EE<I0> S e o AP AT %Y HE A BN E TTREAY 0 -
BRGS0 BER S 0.5%atNd:GdVO, > &+ % 3x3x8mm’ 4
Bl 5-2 %77 5 ¥ — B % 3x3x 10 mm’ GAVO/Nd:GAVO, et & &4 > o

£ & 2 mm 224852 GAVO, snf 2 - B kR 0.5 at % Nd:GdVO,
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N RIFICR A St S BB 5-3 AT o A AN T A A
fo R B o & Bl4E ] - & 808nm B 7 5 - £ 1064nm 0 F KOS
Fo— e BlA G4 1064nm [LFLE S ©o L E G & 0,587 & i
%o ez F 2 o378 B i (Fabry-Perot etalon effect) - 5 & 48 * & &
shegm)t @ R o B AcR B g o B R hf M E RN AR
P KA R R4 Er s 1 TR R R T 20T o e kAR T 10W 808nm &
B E N g s gl ¢ oo 2T 100um ~ HE It S 0.16 Gk g @gﬁl o B
ThH LM - BREEAR S 25mm g S 4 g F kR - K
fhenig &2 X T L WG 0 T ET] 85% g o ¥ - AT I RCE AR
EE A5 125mm > 45 w48 1064nm e Fuk 50 o

Gk £ 1064nm A REHET SRS > AP qlr BT 8

AR E 0 BB 45 (GaAs) B b & % - B SESAM i

A
v

‘1\\-

H o B SESAM KB @ Sk & e fomk jo i & b%ﬁiﬂ SR
% SESAMOC % % - SESAMOC X #4846 fos jc 8 £.d & B 8 nm Ingsy
GAges AS cHE F 2 (QWs)e & @ & » H&efeii £ 2 A 4 80ul/em® » H 2 &
ARG 15% T R RASHES 710 B AlAs/GaAs ¢hfg & % 35+ & 1064nm

7 96.3%hF BF5 > P A% 18 35um GaAs (A B4t 1064nm fE

F 59> - SESAMOC B2 fe s E e A B8 0 Frendf i + o 4 T B E &°x



BEREN B F AR 2 SESAMOC 20 fF » 2238 F A et = o A HHEEARE
L1=500 mm » 2 SESAMOC # & 5 6 g $HEE4E L2=166 mm » % 4= "% & 3
666 mm > ¥/ | € f 3 225 MHz 4 H06i ) chife iF > &5t 2427 SESAMOC
FE L ) 0 A R E 160 pm fr 50 um e 2R F - 5B ik sk iR
® o WBIH T Sl iﬁ%] B e el o R-H i ﬁﬁ%] e BLg T B
% (Agilent,DSO 80000) > T+ 3 & 12GHz » B4, F 5 25ps AAfaH 7

WENE Fr 0 17 1345 & 0.003 nm £k ¥ B (Advantest,Q8347)F § H ki
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Optical spectrum
analyzer Autocorrelator

N7

Laser diode
Digital
Convex lens oscilloscope
Coupling lens Laser crystal High speed
SESAMOC photo-detector
<€ >€—>

L1 L2

B S-1 Ak 3 2 HAGHCT 5 % % W

R

|

3x3x8 0.5-at. %
Nd:GdVO,

B 5-2 @4 Nd:GdVO, §: ¥

BN

3x3x2undoped  3x3x8 0.5-at. %

Bl 5-3 44 H 1 GdVO4/Nd:GdVO,
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L8 mﬁg?] B Ao B 5-4(b) T o il Sk g R T Fotk € ERE S
%J » 7 g 8 (Critical input power)¥ ﬁ_\ﬁ_% s ] o F gzh] ~ 3 AR
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TP - Bl SR an2h g eItie > (¢ spatial-hole-burning(SHB)
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Pulse width ~ 8ps 00 Pulse width ~ 24ps
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