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Investigation of the characteristic of Nd:YAP crystal laser

Student:Shi-Yung Lin Advisor:Dr.Yung-Fu Chen

Department of Degree Program of Applied Science and Technology

National Chiao Tung University

Abstract

We demonstrate Nd:YAP crystal laser in both continuous wave and pulse
wave operation in this thesis. Experimentally, the investigation of the
fluorescent spectrum in the *Fz, —*liis/transition, from Nd:YAP crystal laser
operation in continuous wave from-manifests the feasibility of tunable single-
and multi-wavelength operations. The passive Q-switch and Self-mode locking
pulse wave laser were used and studied their lasing performance, respectively.
One can realize the Nd:YAP crystal laser with tenability and feasibility is
capable to perform the function of continuous wave pumping, PQS, as well as

self-mode locking.

Key words :Nd:YAP crtstal ~ passive Q-switch laser ~ self-mode-locked laser
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Yri RENQFEMBFAT N
(PQS laser)

A1QBRMEF A
FI % ohde e Q B M (Q-switch) » # Bl G St JReh Q i &
L TR RS PO S I S SN E T

F) 220 > A4 B R il 21 Q

47 LG S R e

S ESNE S S
Q= $Ririk 2 il BILEwE CBFp 2288 (4-1)

¥ QP M OFF QBB IS e 58 p #F {5tk &
HARVEN R v RO ot R RS BT AR (high loss) » Q

BT E(Low-Q) o p R T o pg R SRk S FlEZ R IRER R e &

FRAp o BARVEN PR EEFFF LR A A BB 0 E 3] Q
BB 2 R TR 1 4 i B ER(ON) M # & Q i (High-Q) -
A& R T I (low loss) o w5 > p g g B 3 K By
4548 £ (0.C)ehF B3t L RN kw £ 4R o F STIR S F g A

A T o B ERR S R R R 0 IOMREM R R (9

B AR A R 2 B2 - ROk T SRS

Bl 4-1) -
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41.1Q B M iy

QR Mg EH 4] ;8% & 5 1 # 5% (Active Q-switch) & 4t
¥+ ;¢ (Passive Q-switch) = #& :
1id: QR 7 %’ﬁ“s’ IR AR B NEAFF o P A & oD
w4l F WS Q B M (Mechanical Q-switch) ~ % k% Q B M
(Electro-optic Q-switch) ~ #k ;% Q B B (Acousto-optic Q-switch) %
(%R 4-2) -
2A4xF N QBB BB LA F AR £ %’%E’ kIR g
Flddl o 5 # & * L pL(dye) iF 5 4 fow b (saturable absorber) - e

R R R ARFad IH. B8 BARLY

-

V SRR AR R BT 5 R © AR TR SR 1 (4

4+

Cr 'YAG - % Rl 4-3)
%4-1 5 546 Q B MRS i -
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412 183 Q swﬁvf'rww

A Q BRA Z A B Q ® A (Mechanical
Q-switch) ~ & % ;% Q B i (Electro-optic Q-switch) ~ #-sk ;¢ Q B A
(Acousto-optic Q-switch) -
1.5+ 7% Q B & (Mechanical Q-switch): & * 3 &% 5 L& 3 4004
E IR LA A fﬁrﬁs«] Mo BB S AMR R E L
BEErE -BFHERER - 7 HHETLL -
2.7 % ;% Q B i (Electro-optic Q-switch) : >t X 3r¥Ep ¥ ~ 7 5k 5 48
R ’%ﬁ" %J)‘q”k e R ENT R N B DRIR S e
B KRN AL E TR QM T o HIREER L F ik B
Pos i * 3B M o YL T SE B QRS PR EET b A BRE
PPES RS CFRRER -
3.8k ;4 Q B B (Acousto-optic Q-switch) = >* £ 3Rz p & » Bk 5
W B f 4l ~ et (RF S Radio Frequency) » $13% 8% & M A
BRA AN F R E R L ¢ F]E,Tafggiﬂ N
M A2 T I hSESTI R o * G oho— R F g kg o o~ &
g gt kAR > < IR0 € FIEESS RALR A e o A8 F P AT
(Bragg scattering)zi»c% o Higghg  BFIMEE M P Q M PF
FAEH S MP RFAELTF i S L T 6 A2 BRE D g
(6% ISy
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413 38 Q B M Td {841

AN Q B A % T & {4 | (saturable absorber) i® & #5741
Q BB chihd o BB enE A7 S oML R AR P IB
Fod] o e e h T B F AT F SR & B m B e (SRR
B 4-4) > & » 5tk £ <P o ey B F R W g

ek R e ST o P Q BB OFF 3 W% »~ kil 8 558

—Ls

P A s Tl 0T i 5 TR A 0 R RIS F RN
P o e enF R A T mE e ik > QBB T4
N> P B R Sk 5t R JR VRN PR i R R £ GRS
TR R R R R AR - R BT SR
Br(5-PE B 4-5) o e fro e iBEE R T A AR SR T H R
(3 SEHAMT) B4 R B BT AR e A S
P R 3R 0 B B (jitter) B ped o me § TEARB N Q BB AL > 2 D F R
BT R

B R R 4 S (R T AL R PR T B G A oy )

-k A E(EET AR E)

=

-2 B e B eSOl B G i (o) >t A PR eI R B (O
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Rmo RREANE q‘* C RS F SR A LS L - RO RO
BA 4T E T (Ty) 7 B héefos |zt > fjﬁ;’i F#3 ON(R 28
PR AE) > Mg R B A enag R4S 0 2 - AR AL S A AT
(residual absorption) » /i Fli & kg 3t 2 5
SRR F A F RR o F QB A st ON(High-Q)pF » 28 i it

P T RGO TR SRR R T o
-FEE BT IS T B 0 AL F A frER o SRR TE

Excited-State absorption(ESA) -
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42 RHEH

Fo Rk 803 nm F & imAY

B o Ntk | %N s (Duty=42%)

4k B /2 1 600 um

48 £ 4.(Coupling lens) : =25 mm/1:1

HEAE N YAP/b-cut/1%/2 /= 5 3.7 mm/g %8 & & % 5.85 mm
Mt QR L Cr'YAG IR (4% 3 5 To=90%)

kB X Rve n v E 65 mm(id FAk EeE) ~ vEE 70 mm (P RN o)
= g (Input mirror) @ & ZF % 500 mm

#ij 148 & 4 (Output Coupler) : £ &5 % 90% > Bl 4-6 =777
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et i e A g A NAIYAP g5 4 o fo bl Cr*:YAG

BIoAD N Q BT 5 o Ak agufiey » — BaeN it By

Ao kR kTR B AP I NAYAP il 800k P £

ST € 38 18 R JBdF T AR TR
# ¥ #5-(High order transverse mode)

WREE F A R Eeng 4 o Fpt o AP
A

AFREFRF IR LT ] F 4w fﬁrmﬁﬂ NS 2

N SN
=55 119W-
WAk ds N Q B R T S e BRIP4 At e L R |

L W% fireni 2P B
50 L R Rtk PG o AP Rl L e kR TR

2g) S N B S TR RS- SR SR A P oy
R R 39 s R Ep B oM TR AN ] B TRl L R R R R

FopF RRATA R E S QRMT MOT KL R RS
ek IR
(1) i ot kR

AR R e FL e 2 R e SN P S G

119 W ey » 54 50) 20 119 W anfi iR ™ #rjk 7 et R g i 5 4
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64.9 ps(® 4-8 #757) ~ 19 ns(®] 4-9 #7571 ) ~ 145.5 nJ(®) 4-10 #757) ~
7.66 KW(R) 4-11 #757 ) 22 2 us(Ml 4-12 #775) »

Yol 4-12 45T o AR NUABEHCE T O W IRE LT F
R e R SRR SR L F R R L AT
dvd PORE R 1L
(2)7% # 3" o LR

AP il R s KR AR B g R Reh 5 ¢ dp e
Sl CriiYAG it 43 35 B9 chpd 2] 4 B P A 5% sl e sk 9% B2

D BPERFE 0 A for OIS P Ak i 59 (AR 2 o B

Eay

lizEal) so Sl ORI I T & 1oL LR FENR R W - e SN P T S

1A

BEEHT AP R R RSB D Kl R
T RN INAE A R Fg o AR R S Y P Rk 65
mm g & RFR T o — B AR IEFE B PR B AR g ek 4R OE
fOEIRE BRI IRST T R Y - gk R BT
BFAREEBED G FARMBDADL o 30 WEF 2R PR
ek AR ke 65 mm 3 4 2 70 mm o

A i % 5(3% #p = 200 ps)~ 7(3E #F = 142.8 ps)~ 10(iF #F = 100 ps)
12(3 87 = 83.3 ps)qr 15(3 7 = 66.6 ps) kHz % 7 B & 4F & erv% i
FORRR Bk o0 T B LA F R R R RTH R T R
A %)% 84~ 60 ~ 42 ~ 35 4 28 ps(Duty~42%)+4e ] 4-13 #75F o %
g g > N2 P EAF SR LT o BN Q BT ik

B F A 5 4 1~2 uso Ao 4-17 #5580 b ¢h o fdi 0 v% B () 4-14)

¢-——\

% % ic B (] 4-15) ~ % % 7 (] 4-16)30 s i A e & 50 engh &
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time

Bl4-1Q B (t7 % B -
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Input mirror Output coupler

Laser crystal Q-switch

®A4-2 185 QEMT LW -
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Input mirror Output coupler

Laser crystal Saturable absorber

Bl 4-3 - QF M7 LB -
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£OAL A8 QMM .

QFF BE 857 TRt e B e
B QR B g
3 % N 2 s s 1&3' e~ 2
(Mechamcal 3 s EENICY, SO STl ‘B‘ix—%@’z,@héﬁ}i
Q-switch) FHo FEAETEL
Tk QR B 1
(Electro- SEN FRERP G 2R |, P
optical %#E?fg iﬁim@?/ﬁ»ffﬁq‘ﬁ’% i; - ;\'%'ﬁ"g"% i3
Q‘SWitCh) - 35 _“’? E—f—*]ﬂ({ ’@n—_g, '&’T 3 B 1
Bk QR B BATHA E B PQR
(Acousto-optic Bk B gy B COFF)Frapd= i~ B Atk I g
Q-switch) S pRras e g D17 TRAETH
ok F st
NPT o
%fh* o , = AR Rl R | R EFE A S
Passively | G fetd (%o @8R WA PR B8R Gitten
switch) TN REGREE B
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Laser diode

Input mirror Output coupler
4+
Cr :YAG

Coupling lens

B 4-6 4hdosC QB M T WA HKEH -
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Output power (W)

4 6 8 10 12 14
Input power (W)

@] 4-7 0°-wedged Nd:YAP » =i 4w & 50cm > 48 & ﬂis?] IaLF B 90%K B T o

0 7 55 1LOW i feo 5 Q B M T SH I A T L o
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Input power (W)

%] 4-8 0°-wedged Nd:YAP > =i 4w & 50 cm > 48 & ﬂi%l MEF B 90%K B T o
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Pulse width (ns)

190 f
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Input power (W)

@B 4-9 0°-wedged Nd:YAP » = 4.4 % 50 cm > %ﬁ;@ﬂi&l N F S 90%% B T o

P~ S5 1LOW 58 Q BB G SR B A 7 L B -
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Pulse energy (uJ)

80 } ®
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Input power (W)
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g~ 7 55 1LOW i fe 5 Q B M T SR itric £ 7 LW o
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Peak power (W)
o

~
(0]

5 6 7 8 9 10 11 12 13
Input power (W)

B 4-11 0°-wedged Nd:YAP > = 4.4 & 50cm> 48 & ﬂi%l N F S 90%K B T oo

g~ 7 55 1LOW priiihfe s Q B M T SR 2 57 L o
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100ps/div . |200ns/div

MINW

10ns/div

Input power of 11.9 W

Output power 2.24 W

Period 64.94 ps | Rate 15.40 kHz
Pulse width 19 ns

Pulse energy 145.46 uJ

Peak power 7.66 kW

Standard deviation 2.01 ps

B 4-12 0°-wedged Nd:YAP > % 48w & 50 cm» 48 & ﬂis?l DB F S 90%3% B T o
gy~ F G 119W peivpds 3¢ Q B B 3 5+ 7 100 ns ~ 200 ns ~ 10 ns & T |+

N
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uat o O  Pulse pumping i
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c 23 B A
N
% 22 | o o ]
= ot A .
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L
S 20 F A O -
o
19 F A
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4 6 8 10 12 14 16

Repetition rate (kHz)

B 4-14 8 55 Q B B & bt 82 5% st AL B2 58 3 SHenE 2R R R

T R B e
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Peak power (KW)

B 4-16 Ak ds 58 Q B B T 542 5% e AL B N F i e e

T R B o
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\I
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A Continuous wave pumping

@  Pulse pumping

6 8 10 12
Repetition rate (kHz)
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100ps/div 200ns/div

o

Repetition rate 15 kHz

Output power 2.48 W
Pulse width 20 ns

Pulse energy 165.29 uJ

Peak power 8.26 kW / PU mpl N~
10ns/div i Standard deviation 1.38 ps

B 4-17 0°-wedged Nd:YAP » % 4t d & 50cm > 48 & @?J JgF B 90%3% B T
, ﬁ%l »F L 1LOW pFepk s 38 Q B RBE T B g2 PR iR RAR B 38 Q BB
& 5% 100ns ~200ns ~ 10 ns #& =7 L B -
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¥I % pEHT 524 R (Self-mode-locked laser)
5.1 % %%
Fo £k 803 nm F & imAY
kg 8 47 1 200 um
H & A F - Nd:YAP(b-cut doping:1% = /£:3.7 mm g5 %8 & /& 5.85 mm)
kB X Jrar ok 2.1 cm( -TovE)
-m gx(Input mirror) = & 5 50 cm ~ T & AL (4R 808 nm £ B T B

Bl 0 1L0BA UM B & F St

\

-$i5 41 48 £ 43 (Output Coupler) : * &% 5 94% - wedged 2 degree (45 %%
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Laser diode

Input mirror Output coupler

Coupling lens Nd:YAP

W 5-1 p 4% 554 (self-mode locked laser) & = 7 1R -
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Laser diode

Tilting. gain medium
Input mirror

Nd:YAP

ling |
Coupling lens Wedged output coupler
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