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Advanced of Solid-State Laser Technology and Appilication

student : Chi-Wei Chen Advisors : Dr.Yu-Fung Chen

Department of Degree Program of Applied Science and Technology
National Chiao Tung University

ABSTRACT

The research and development of high-power Q-switched all
solid-state laser pumped by semiconductor laser is presented here.
The gain medium is Nd”:YAG for lasing wavelength of 1064 nm and
1123 nm. By use of nonlinear crystals, KTP or BBO ,
frequency-doubled laser of 532-nm green light and 561-nm
yellow-green light can be obtained with the average output power
of 10 Wand 3.3 W. We design the resonant cavity to achieve the
output of fundamental transverse mode and high power
simul taneously. At last, we report the results of applying green
laser on micro machining, and the comparison between our laser
design and tradition laser design.
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4 3 ffi 57 Nd-dopped pwﬁmﬁﬂmul“i»’%ﬁ FOHTBL o i PSR
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SARHERRS R EL  H R TR
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(3.3um) - IJZEEE G € BBO fV AR FIRLGER » (HURLFYSAEE o 2l
P (S = f sl i > e S 5 BBO PuR M IRURLE TR > 1
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KTP

Mohs hardness

~5

Density

2.945 g/cm’

Thermal conductivity

0.13W/cm/C

Transmitting 350nm~4500nm

Refractive induces A Nx ny n.
1064nm 1.74 1.7469 1.8304
532nm 1.7787 1.7924 1.8873

Absortion coefficients a<1% @1064nm & 532nm

phase-matching Type Type2

phase-matching angle(deg) 6=90,¢p=23.3

acceptance angle(mrad-cm) 20mrad-cm

Nonlinear coefficient(pm/V) 8.3pm/V

Temperature bandwidth(C-cm)  [25°C-cm

'Walk-off angle(deg) 4.5mrad

Optical damage threshold >450MW/cm’

*2.2 KTP’F\?J‘I‘SEE?*%Q?

BBO

Mohs hardness 4.5

Density 3.85 g/cm’

Thermal conductivity L 1.2Wm/K I 1.6W/m/K

Transmitting 189nm~3500nm

Refractive induces A Ne No
1064nm 1.5425 1.6551
532nm 1.5555 1.6749

Absortion coefficients a<1% @1064nm

phase-matching Type Type I

acceptance angle(mrad-cm) Imrad-cm

Nonlinear coefficient(pm/V) 5.3pm/V

Walk-off angle(deg) 3.2°

Optical damage threshold 5GW/cm’

# 2.3 BBO 'F“ﬁ [EE2=3arg
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BEFIOARE R 3.8 -

FI 25 R TR B Al e 3 RO ST 7 532nme TG 0.30m
SR 3.9) + b (PIRR I H R £ 10K z BT 23 b e o £
10.2W(PH! 3.11) » B ES ™ [k 0.8W » [ RLE! IR | 3554 2 80n sec ©

i 81:ir=-750mm, |
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| HR@808nm |

-
| S1:HR@B0BNM
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CEQ pump module
i Nd:YAG 0.6%) i
{ Rod size 2X63 mm
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Timebase:

500ns/div

Measure P12 wvicth( 30 P2:freqlc3)
valug 162139 n= --
(a)

Timebase:

| 20us/div

&3 \ X L, \

Measure P1wicth(C3) P2:freq(C3)
valle 247 263 ns 60204523 kHz

(b)

[ 3.7 ETHER 85 60KHz - KTP (3 » ok &

(b) Firk EHHIE 53 7

23

R R




12
==L~ | 86mm
10 F ~—1,=200mm
~'=1=2|5mn
L=230mn
L=245mm

output power(W.
[ ]

10 13 16 19 22 25 28
Current(A4)

1 3.8 KTP {10 st . e b

Waveform Graph FlotD m J
180000.0-

160000.0 -
1400000 -
120000.0 -
1000000 -

20000.0 -

Intensity (A7)

BOO00.0 -
400000 -
20000.0 -

00—
s300 5310 5320 5330 5340 5350 5360

e i

[ 3.9 KTP 4.0 it

24



Timebase

100ns/d1

" et it il Lot o s s byl bty

&
Measure P wvicthi(C3) P2 freqgl3)
value 82823 ns -

(@)

Timebase: é
200us/div |

: |

Measure P wvicthi(C3) P2 freqgl3)
value 8733ns 10011213 KHZ

(b)
[’ 3.10(a) 1 FiZ £ 10KHz 1 KTP (R AT sk S| R EL BT
(b) JFi G L5 17
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g 200
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E 100
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10 13 16 19 22
Current(4)

[ 311 KTP (1. Ferfis=iosts - REHLL il
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[V BBO e Al i = SRR o S e g £
KTP iy » 5| Asp! B 422 KTP (8T - IBRSpRg=e - Lo B
5195 URLA KTP AR 55 BBO H BRI IF A - - 9] [ £5 BBO =% £ 3x3x
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P A N HH 5 R £ GOKH R 7 22 i 21kl st 1 2.13
S RS 8% T ETHIERTEE 10KH [ o OS2
AU 3.12) 7 GOKHz [REFL AL JiE 0 -SSR (- ik
A e PTG R Fﬁrﬁ | SRS 3.13 E{[’Q I %, 10KHZ B -
PR BN U s+ TSR YR ORI b 60KE [ 00+
18 :‘“{fﬁfj FiS 10KHz [ » a1 R ES 260 sec 4 5= KTP iV 80n sec ] 7 %
0P S A2 e R SRR KTP 26 T % o 7 DT o 532 1R -

LR PASEL 0.30m ©

26



= =H0KHz
10K Hz

(] c2 o~ o =p
T

output power (W,

0 L—. i i i i

10 13 16 19 22 25
Current(4)

[ 3.12 BBO {31 51T [ i o el

Timebase: ]
200us/div |

C3

Measure P victh(C3) P2:freg(C3)
walue 211 ns 49413535 kHz

[p 3.13 FikEERED 60KHz I BBO (il - 9% SR ] Al
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Timebase:]

200ns/div ﬁ

C3

F 3
Measure P victh(C3) P2:freg(C3)
value 2565326 ns -—-

(@)

Timebase

200us/d1

3

F 3
Measure P ik C3) P2:fregiC3)
valle 2083ns 10007974 kHz

(b)
[A' 3.14()E1 3 EG 10KHz V7 BBO i1 - Ao St R B T i
(b) FFi S L5 17 b
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Crystal name BBO

phase-matching Type Typel

phase-matching angle(deg) 0=22,¢9=0

acceptance angle(mrad-cm) A 0=0474,A ¢=large

Nonlinear coefficient(pm/V)  [0.122

Temperature bandwidth(‘C-cm) |55

Walk-off angle(deg) 3.2
#3117 ]E;?&L‘[‘ikﬁﬁlil‘ﬁ% BBO%‘]@%@L‘:\T 1123nm

duty | unit {power| unit jpulseWidthf  unit
9 us | 112 | W 1000 ns
8 us | 108 | W 1000 ns
7 us | 112 | W 905 ns
6 us | 112 | W 811 ns
5 us 11 w 651 ns
4 us | 105 | W 472 ns
3 us | 9.26 | W 284 ns
2 us | 734 | W 147 ns
1 us | 324 | W 91 ns
%

3.2 ik 100KHz ~ Pl 25 4 o (IR T2t 7
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