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ABSTRACT

All-solid-state Q-switched lasers at 1.3-pm wavelength are of practical importance for
numerous application such as medical diagnostic, fiber sensing, distance measurements,
intracavity optical parametric oscillator, intracavity.Raman conversion. Because of thermal
effects, CW laser can’t be used practically: If using Quantum Wells/barrier structures be
absorbers for Nd:YVO, lasers, it can produce a high peak power, high pulse energy, and
stable Q-switching laser. Nowadays, the saturable absorbers for 1.3-um lasers comprise
V3*:YAG, Co*":MgAl,04, and SESAMs. However, the overall performance of the DBRs on
InP substrates are hindered by disadvantage of small contrast of refractive indices. Despite
that, the DBRs is merely an optional structure for the cavity design of the passively
Q-switched lasers. In this work we present two kinds of barrier’s materials, InGaAsP
QW/barrier and AlGalnAs QW/barrier structures. Using any of these respectively grown on
a transparent InP substrate to be a SESA for Nd:YVO, 1.34-um lasers. We study and
compare with the two different SESAs as passively Q-switched lasers. Trying to find the

physical characteristics of both and design a stable 1.34-um laser.
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~ Es(To) e ~Eu(To) > A BEF F e e jcE P apl /RiiT- R 2100 § &
PR R AR B PR RS B §IRACR4. 12 (D) As F o
d b g S IR A4S0 o F A b At hdn DT E S X B ahd e e
feofeda 3 0 B @ - B EN LRI RGR LSOO M T M L ER

bem~10cm2. BF 5 Boif § k3t o

24-2 BARFTHEIFELT > 24 LI3un kT HinE AL

Cavity | Threshold | Ave. Power | Pulsed With P.E. Peak Power Time

length (w) (mW) (ns) () (w) Domain

1.4 cm 0.22 477 ~ 50 1.73 26 unstable

5 cm 0.45 460 ~ 120 3.37 25 Stable

10 cm 0.51 337 ~71180 5.65 28 Stable

20cm | 0.78 186 ~ 400 6:17 15 Stable
(mode locking)

(PR %EH
FHEHARA 14 25 - FREGA 0 e LR IS F L 220
- T S kKEREI Il EeEE (R HFIEL)  BEEIE
550cméz 3 808nmB 7 &£ Wt 2 1342nmB F Sz gk 0 £ R E A e ¥R
1342nm & % 5 %a-cutsNd : YVOu 7 5+ f8 + o 5 545 8P Nd 3+ chiB ek &
» 0.5 0% A ¢ RAF)F o dp R el R R ¢ o BT oK AR R 324137 25°C
HHRT O HMGEE LT B AL d AR TR Y by fok il S SESA
o TG g PR F s4Le S (Distribution Bragg Reflection # 4+ DBR)
FlAt R E M e- e B B e BM2LB T G B0 T o s 48 1342
A £ 4B F SC(R=96%) 0 1 % 1064nmég B % 3% w(T>95%) & $tipcw £ &R ( 808nm)
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M HE S 2P > AP RN E LA NEE S b 2 E e foen il
(SESA) & AlGalnAs/InP #j=eh i K &+ & B K- 23 A BEF 2 R+
T i kB4 (16x2QWs) o k3t - L e foa T 0 B R E S
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1) i e ot o419 7k BRI L F4.20 TR ST LW 0 7 L

PERMEY R BES A PR ERERR S F LTI R 3 AL AR

(s

FE RRFEIFOTEBARBRET - o T B 2 do@ B Y A7 Ei(To)>E(To) &8

FE(T)<E(To) » — Bd - Bd A ik B Fa BEF P S I%

TR IFWRIEF VA G EPEFF - KB F AR e g R
A B R BY NI FR DT S EIREFI4 19 (a) hEE AT S 4P
F¥ o g mrg s g 3 2 S s Faar{os joil (SESA) i o 4eFl4. 20
Porron ool R 3 e s K N ERe S IR S B Y B kR R
#h T kg B OE(To) ~ ExTo) ~ Es(To) ~ E4(To) ~ Es(To) ...... ~En(To) » & B
B3 E o o PR - Ko 9 ¢ apiS b R B ik
MR EE S0 & IRAcR]4. 19 (b) ofE TR MERES A F o d AP anp R 8 G

DB KA O] D P A AR IR e A 43I R R T

AN

B By E AP AR T AR kgt ¢ o AP RF R S
2 X e fos et g e i JgRk R L B R L. 3um R

Tt

4-3 3 £F 2 fe2 S fos ekl 0 A4 13 um R #RE Menk

Absorber | Ave. Power | Pulsed Energy | Pulsed Width | Peak Power Time
(material) (mwW) (®J) (ns) (W) Domain
AlGaInAs more
(15x2 QW) 171 13.6 257 530 stable
AlGaInAs

(2 QWs) 477 1.73 50 26 unstable
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4.3 HF3EF AR 3 unit & Q0F B F 52 B

* 3 5% %

T R H Ao 0 hE AR (e B4 21, 4. 22) o o iR < B
Mt 55 2.2Wens AT S - R G S LR S 808 Y Rdg e T
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g PR LG i (Distribution Bragg Reflection #f A DBR) 1t 7 &
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AR SR FTE(D0M 8B KRS MER PR 951400 AR

l
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15x2 Quantum Wells)¥2 g it 4F gz A 4 4L B 15 e g + # &7 o fe s (InGaAsP/ InP
- 15 Quantum Wells)i® % Q-F b 3 52 4 fos et > » 7 &
TR G S
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( InGaAsP QWs ) 10, 73W

4.24> 3%

L
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55 % 480W 150W - ®] 4. 26.°

3 1342nmid B 4% 2
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& fosn o 4l
DR e E Stk £ 48 5 4 %) 5 50KHz % 10KHz - @]

AL 13,62 3.6 B 4.25 F &% B

24-4 2 R EF AR Efesfiil AL L 3un "REFS Send F

Absorber Ave. Power | Repetition Rate P.E. Width | Peak Power Time
(material) (mwW) (KHz) (xJ) (ns) (W) Domain
InGaAsP more
(15QWs) 131 45 3.6 25 195 stable
dsaams | 17 136 136 | 257 | 530 | 1%
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A LR RFAT 0 A R TE L S E & - S B
Fl it A erid * chAlGalnAs/InP ¥ InGaAsP/InP &h4e foex jz 48 ¥ 5 SESA
Bl R FEFERF H45 S (Distribution Bragg Reflection f§
DBR) » Flu* 3 & *h4cdi§ 13420m B & BP0 D48 & BRI RER A & i
FAREE L EMA oSt BT o TR h X e o i
(Semiconductor Saturable Absorber Mirror f§ #SESAM) & & & 48 & e iz
ﬁia?J ! 4 (Semiconductor Saturable Absorber Mirror Output Coupler # #
SESAM-0C) - “5ﬁ*ﬁﬁK/p_éHPﬁ %ﬁﬁ%ﬁgﬁﬁﬁaﬁﬁ
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# 4-5 AlGalnAs SESA fe & # kb & &4 mﬁ Mg A2 1.3um RS st IF s

Output

Coupler Threshold | Ave. Power Re%ettition P. E. | Width | Peak Power | Time

(Reflection) (W) (mwW) ( K?—I e) (nd) (ns) w) Domain
@1342nm z

much

98% 0.84 159 26.7 7.9 33 236 more

stable

96% 0.96 171 13.6 136 | 257 | 530 | Me

stable

94% 11 211 14.65 14.6 25.1 579 stable

# 4-6 InGaAsP SESA pe & 7 k& st enfg ik » 22 1.3 um "R g Stent 4t

Output

Coupler Threshold | Ave. Power Reg;tti:ion P. E. | Width | Peak Power | Time

(Reflection) (W) (mw) (KHz) (nJ) (ns) (w) Domain
@1342nm

98% 0.59 115 535 29 | 30 97 more

stable

96% 0.70 131 51.4 3.64 | 186 195 more

stable

94% 0.75 172 48.3 477 22.7 210 stable
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7500

6000

a.u.)
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~—"

3000

Intensity

1500

1342nm

| (| N U

900 1000 1100 1200 1300 1400
Wavelength(nm)

B 4.1 Nd:YVO: & 808nm & f % sk ™ e k%2 )

0.5% Nd:YVO, bsorb Oscilloscope
. R= absorber -
M1: R=50cm AR/AR AlGalnAs
@1342nm @1342nm 20Ws

3x3x7 mm?®
a-cut ‘
A

e /8

Beam split Powermeter

Cavity length

M2: Output coupler
L= 14mm

Flat mirror
L= 50mm Si1: R=96% @1342nm
S2: AR@1342nm,1064nm
L =200mm

F14.2  13420m 35 ' *F 6 F 543 5 % 1)
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CW output Power
AlGalnAs-2 QWs
0.5% Nd:YVO,

96% output coupler|
—=—L= 14 mm
—e—L= 50 mm

L=100 mm
—v—L=200 mm

587mw

oo

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Pumping Power(W)

4.3 2 FFHERpET o b S ddddonm OV § st i 5 i

Intensity(a.u.)

Intensity(a.u.)
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350000
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&
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§ 45000 -
£
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1000 [ 15000 |-
0 #’ » ’ ” » 0 T T T T T
1000 1100 1200 1300 1400 1500 1000 1100 1200 80 gth (nm) 400 1500 1600

W 4.4

Wavelength(nm)

R 0 R R RE S QB M ST
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plo] 477 mW
AlGalnAs-2 QWs
0] 8 —a—L= 14 mm
—o—L= 50 mm
L=100 mm
OF | —y—L=200 mm 460 mw
Op
)[0] 3 337 mW
Op
(0] 3
Op
[0] 3
Op

0
0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Pumping Power(W)

B 4.5 1342nm Q-F & F & A4 3 SFHIRVEE T 2 kg # ﬁ,:gﬁi’faﬁ] dr e &

AlGalnAs-2 QWs
400F |===—L= 14 mm
=—e==| = 50 mm
L=100 mm
=—v==|=200 mm
300
200
100
0 Y ) Y 'l re I Y 'l Y 'l Y 'l Y 'l
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Pumping Power(W)

Bl4.6 2 FasLdRipgs  FEEHFEQRMT LA M RF
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AlGalnAs-2 QWs
400 F |—a—L= 14 mm

—o—L= 50 mm
L=100 mm
350 | —y— =200 mm
300 F
g 250
c
5
= 200F
=
3 150}
=]
[a

100 b Kﬂ\w

S0 M—M—“—D‘a‘ﬂ-u—m-—[l—uhﬂ.—ﬂ

0 'l 'l 'l 'l 'l 'l 'l

0.4 0.6 0.8 1.0 1.2 14 1.6 1.8
Pumping Power(W)

B 4.7 7@ sfxRpilo pogd # FEQ B MG SR E T R M R

AlGalnAs-2QWs 6.17ud
=—¥=200mm P.E.
100mm P.E.
—0=—50mm P.E. 4
—O— 14mm P.E.
5.67pd
~
)
3.
N
> 4}
o 3.37ud
(O]
c
L 3k
()]
0
S [
o ok 1.73ud
]
1F MWG
0 N ' A 4 L 4

0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Pumping Power(W)
Bl 4.8 1342nmQ-F B 3 527 I § 3 & RIPE T o o 5 B % ira £ g B
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Peak Power(W)

323W
29.1W
30F o 25.7 W
i m o
fa
25} i
[ o
20F
15.6 W
15F w
7
10F
5Lk
0 ] ] ] ] ] ] ] ]
04 0.6 0.8 1.0 1.2 1.4 1.6 1.8

Pumping Power(W)

Bl4.9 &7k g5k BIEE T »5 8 § shE B M R

mode — size(pm)

cavity length - mode size
400

320

o2(L)-10* **°

160

80

0 5 10 15 20 25 30
Li
cavity length(cm)

Bl 4.10 &2 k3 EEEET > BEHS <4 SRE
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2 g
20 ps I 50 ps
20amy + 200 my

Regular , 1=2.4 A (Chaos) 1=2.8 A

B4 11 %7 4 % 5 10om s 0 » T ik & 2 13420m% 03 SH8R 21 2 P 2 i
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7] |

= T ) I
20 s T 20 ps T
legny T 100 ) T
H <]
2 g 2
T T

B4.12 (1)# 7% "% 5 l.4dcm> i~ 1. 04WA 2 1342nmt B% ey Sty S 3 A T )

Y}
[t

( Regular ) 1=2A,P=286mW

Bl4.12 (£ 75%% 5 2 cm> 313?] 1. 04W2A 2 1342nmik £ 7% e g ET@?] d) P 8 A T )
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[ &l
L .-‘I'z
47 sweeps: average o high slgma
Regular, 1=2.0 A P= 203 mW period(d oo e
width(2) 283.5 ns 144.1 £233.7 23.8
F4.12 (ID 47 % 925 5 10 em o 4~ L OANZ 3 13420mid £27% 60 S99 41 chpt s 2 G
N e TN

1
1 As
Pl
208y

¥ 20 ps ‘

AN

Reg[_"ar , |:2.0A ’P:98_3mW 30 sweeps:  average low high =igna

perind(2} C . .. I
widthig) 382.2 ns  3SE.1  418.1  17.2

Bl4.12 (IV)# 7 % 2% 5 20 cm> ﬂig?l »1.04WA 2 1342nmk £ 5% 5 ﬂ'ﬂ‘ﬁ‘.’z%] Eli=gl= AT
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* short cavity

QW~7nm , To(2)
Ei(To), Ex(To), = E1>E, or Ei<E; d

A
? Chaos

t LU

saturable 1 e, time domain

* long cavity A Ve

»{

N

E1(To), E2(To), Ea(To), E4(To), Es(To), -.... En(To),
— E4~Es ~E3~E4~E5 ...... ~E, — transmission !!
A

Regular
T
»{ : .
saturable time domain

Bl 4. 13 #Fteipdr £ vp 2 T o SIS 2 T 1R
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0.5% Nd:YVO, Oscilloscope
M1: R=50cm AR/AR

@1342nm @1342nm ')

3x3x7 mm?®
A

T H={—8

—>

Beam split Powermeter
Cavity length

M2: Output coupler
L= 14mm

Flat mirror

S1: R=96% @1342nm
HT@1064,T>95%

S2: AR@1342nm,1064nm

Bl 4. 14 2 AlGalnAs(15x2 QW) @ed, 2 4 fon ki 2 T 59 5% 2% 1)

500

AlGalnAs as SESA
—_—— 2 QWs
—J1—15x2 QWs (MQWs)

400

300

200

output Power(mw)

100

0.0 0.4 0.8 1.2 1.6 2.0
Pumping Power(W)

T

B14.15 7 @ 5 2 k32T o ew w5 T o N 5 o )
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AlGalnAs as SESA
—_—— 2 QWs
—<J1—15x2 QWs (MQWs)

400

320

240

160 |

Repetition rate(KHz)

80F

. e e e e e e K
0.3 0.6 0.9 1.2 1.5 1.8

Pumping Power(\W)
B 4.16 7 g+ 2 k2 F o BB S ER T AT SR REB

15
AlGalnAs as SESA 13.6 uJ
—— 2 QWs /ﬂ
—J1—15x2 QWs (MQWSs) g A Y
12} 4 TN
2
)
2
(]
c
w ek
[}
0
&
3} 1.3 pJ
0 Il Il Il Il Il Il
0.3 0.6 0.9 1.2 1.5 1.8

Pumping Power (W)
B4.17T FRaeFF EBRF2T 0 s FEREmL M 2H
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600

AlGalnAs as SESA 530 W
—0o— 2QWs
500k | —<—15x2 QWs (MQWs) M
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