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ABSTRACT

Output characteristics of a laser composed of two
Yb:YAG disk laser modules

Hyun Chul Kim
Advisor : Prof. Hyun Su Kim, Ph.D.
Department of Photonic Engineering

Graduate School of Chosun University

In this thesis, we propose the new laser resonator composed of two longitudinally
pumped Yb:YAG disk laser modules and investigate its output characteristics.

To optimize the output of the new designed laser, we firstly design a laser
resonator with single Yb:YAG disk laser module and analyze its output
characteristics. The designed laser with single Yb:YAG disk laser module has a
slope efficiency of 17~19% and a beam quality (M?) of 1.10~1.40. Also by
coupling a semiconductor saturable absorber mirror (SESAM) to the designed laser
with single Yb:YAG disk laser module, we generate mode-locked pulses. The
mode-locked pulses has an average power of 0.68 W at the pump power of 17.8
W, the pulse width of less than 262 ps and its repetition rate of 37 MHz.

To increase output power of the designed laser resonator with single
longitudinally pumped Yb:YAG disk laser module, we insert an additional Yb:YAG
disk laser module inside the resonator. The two Yb:YAG disk modules are placed
at a symmetrical position inside the resonator to increase stability and efficiency of
the laser. The output of the proposed laser with two Yb:YAG disk modules has a
slope efficiency of 11.6 % and a beam quality (M?*) of 1.05~1.18. We find that the
output power of the laser with two Yb: YAG disk laser modules is approximately
two times of the output power of the laser with single Yb: YAG disk. We
additionally perform Q-switching pulse generation by coupling SESAM to the
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designed laser with two Yb:YAG disk laser modules. The Q-switched output has
an average power of 1.76 W at a 36 kHz repetition rate and the pulse width of
about 960 ns when the power of a pumping laser diode is 14.6 W.
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A\ )2 1/2
w, = (A ng + (—) Bg) (13)
T
giFte FZge gFrso] 93 Top-hat Y-S 73 o} g 2= 3
Z e A27(w,)= Gaussian® HZ3Fe| 7|9 g3 22 AAS =t
w,, = Mgu)p (14)

A(1)e v% 2=d #AZ B A7)(w,)E Fa7] dads Ud 22 MPE 1
gafFolof Frh. Aol AHEE BRI EFE LD Mo FAe 12185 7HA

sofel A 9] Gaussian BE=9] A7|(wy)= ¢F 20
m Aol 2(13)¢ A(14)S ol&ste] "L d, dy dzoll HI o B TF F
U dy, dy, dy= o] A E=o] FHAo] HEE AFPHom WHIAZ|HA et
dold Fo| 7t E& W d,dy, ;= ZH7ZF 28 mm, 5 mm, 33 mmo| At} o
d ol Agel WE w,= 19 99 o] Wity Iy 9olA e w,, W slE] $A A
o) dE WE(f)ERE Yb:YAG @elA mA7A e Az ot}

0.50

045

0.40

035

0.30 -

025

Radius (mm)

020

015

24 25 26 27 28 29
d

1

a9 9. 4,9 Al wE Yb:'YAG oA whdeA e g A7) (w,,) ALt
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AGAM G o] AxE BzZpe]

ATH WE(f)EHE Yb:YAG d@olA vl
B A717F 2A W3 HolA = A )l

1.1-3. @ ¥ Yb:'YAG #HolAY T 2=

slgle] 91X = 26 mmolA 27 mm Abol 9l

[e))]
AN

AA e A dol mAAL el we @ =

P
T

]

At

50

H A7 A4

@l YhYAG U243 REE FAE &S folx 3279 32 RErb 7F$-A¢k
Holglw 71AE w == W 37=ABCD dFHAS o|gste] & 4= o}l FolA
mjAo A Re W A7)|E 57 93 dd YhiYAG tAa REE Y #E 9
oA Fx7]¢] ABCD 42 t}S3 2}

10 10 10 10
AB\ | _ 1d, 12ds\| 1dy\ 12d,
CD_—1101 1101—1101—1101 (15)
f 50 5 f
(15)& 223 23l thygshd oA Fx7] ok 2713 o)A wdoA Fx =

12 At Atk 29 (1002 Yb:YAG € - do|gt dy9 ZHolol wE mjdore ¥
A wE W WAL Arg Aol

€ 0:16:_dz=80mm//— € o6}

3 0_15/ 3

Yb:YAG Heat focal length (mm)

a9 10. Yb:YAG

A z4dolsh d,o) Aolo] W v Aol F3

d

, (mm)

W} 7

pude}

wE )
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a7 10914 fE= YbiYAG @ ZHAololal, AM=(f)FE HARANE (M) 714 ¢ A
glolty, 4 @ dold wet WMa}sle T R ¥ A7|WEE dolr ] &) A4t
AH4E YhiYAG @ Z2EAol(f)E 300~1000 mm HAZ At A=(f,)5
AWMAL (M) 7HA 9] Al (dy)e] 9A M3 30~160 mm WA= AAsAch 28 10

I

Gd =z
AAl(f)7F 1000 mm of wjdel o] g3l me W whd 2 oF 158 ym= WM. u
2 YbYAG € 2ol (f)i7h Zofdss a3 e 5 wAEE SUMEE o 5 9l

At
1.1-4. A9 @Y Yb:YAG d oA &8 EA
B A= HA(MHE A3 Y98l CCD 7heE o] g3te] v Yh:YAG Ul

=
2 REE TAY A4 B BE ) 43L Fgsel Tt 2 41602 ol

(M*)E A% sl

i)

(16)

W(Z) :2w0\/1+

AA6)NA wy= WleldM W] AAom, 4,2 W slee fAolal Z= 54 91A 0]
oo ve2 fe 4U6)e olgstel HZF AVlel wE @ YhiYAG Hia e A"

dol A 1719 WAWMHE 24 gk o] A% 19 119 2 A4S A
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20

19
18
17
16
15
14
13
12
11

1.0

Pump Power (W)

a9 11 Bx33 A7) & 9 Yhi'YAG U2a REE A9 dol4 337
WA (M?)

HA(M?)e ©F 1.05~130 o]3t9] g 7k o] ol sdEE dolA W Aw ¥
= & Gaussian Y E olt}, H=Z3} A7|o] ©rE WY YhiYAG tAA RERE FAH
dolA &9 7127 28L& 19 129 2t}

251+
__ 20}
=
g 15k
g
5 10}
2
3
0.5+
00 1 1 1 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Pump Power (W)
a9 12 HEZ3G A7)o] wE ©d YhiYAG H2a REZ FAY oA =9

a9 12004 HEZ A7 7 &2 dd YhiYAG tl23 REE 7AW doA &
g =7} 39t 9 Yhi'YAG Y23 EEE 7Y do)lx &4 7187 282 17 % 9]
=
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1.2. &Y Yb:YAG o)A 71
1.2-1. ©¥ Yb:YAG #o|A9g 2

dsg

I3 13 9Y Yh:'YAG U 23 2 E

a9 139 Yb:'YAGY Yb =3 &S 5%o°|il =7

AWANA(M)L 3 940 nmol A
= A

7y

o]

a

-

o=

Ry

o] 2¥AYE L,L 35 mm, L= 254 mm, I,
Yb:YAG wi&7h41¢] Ae(d,
WA (My)7hA] 2] A (d,)
Z(Ly7hA 2] A (dy)

al

+ 146 mm, =&

Ell

Ry

= 3500 mm©o] t}.

1.2-2. @49 Yb:YAG #olA TR7] HZ=xH
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T3 (>90%)38t L

(M) A=

)E 10 mm, Yb:YAG & ol A

494 300 mmA

5 mm, F7 35 mmeo|th
77 1030 nmol A= HREAL
} 940 nmol A s
400 umol ot z%,] 4
qAE 2 o] o

°ol-&

=
)

bz
=4
F217)
& o183

=

50 mmeo|

HEA



3} 2y,

Ko
=]

Jol4 227]¢] ABCDHE S t}

e

e
™

jze]

o
oy

Yb:YAG Y223

=

A=

= —
= 3
[ 21
— O — O
~—— e~
o 4 o -

i — | o
— —

;f ||
NN ,
gl [l
= = —
— O — O
~—— e~
S = O
N [\
1_7R1_;R
RPN Y
_
<= S
— O — o
= - A
S —H O 90—
— —
1_TJ1_TJ

|

R AQ

<O

— =

Jo]4 E71719] ABCDHAE e A2 o

ath 1% 14

e

]

€ 7

%

:_[_L

REE

Yb:YAG H&==

—

T

o

i

d, o mAl Aol Wste] uwf

f
R

12.5 mm

-
A A
L) o b | © €
-+ N * Y- o
- = Y =

11.5 mm

d=

w D (3] o
z e u - =
(ww)p

48

d, (mm)
2% 14, dy o) mAl Aol Wste] uf

50

48

d,(mm)

48

50

46

sto] @l Yh:YAG tl~= 2

d

2 d,°] VA dolg =

LXM=}
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08

06

04

Radius (mm)

021

52

d, (mm)

4

a9 15 Yb:YAG € - 4dole 4,9 mAl ZHolo] mE o A9

a9 15904 (f)ie Ybi'YAG € HAolola, dyv H-EFAA(L)FH ARANE (M)

AR e Aglolt). dyo] WA Aold] we wAclqe] A mE W 7] WalE ooluy]
[ex]

A8l Yh:YAG
o wt WA FF R W =7 WzgeA wWE HeEd 89l

3ttt

Z34ol(f)= 150~400 mm HH = A4 stk d,8 WAl Zo] Wz}

=Sy

Yb:YAG & Z-Zol(f)ell wel oF Ad, =4 ~ 5 mm B W FL& A Jgo] EA

3kl

1.2-4. AAE @Y Yb:YAG #olA &£¥ 54

2 AT E QWP 3d7E Wt Al &
QWP 3 A7tS W3E AA YhiYAG dolA £8& 24 & 4 v F
Zt7] 98l QWP 3] zbo] wE oA & =3
A7lel W& v YhYAG tl2a RERE Y golA 49L& 1

)
g
o9)
[0p!
Lo
rtf.

>~
i
ot
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- e
O N
—rT

-
(=]

——
>

Output power (W)
o o
(= (=]
—r——
L
n
-
-
-

(=

i
[
o

([
=
(=
=

ccccc

(=]
(3%

»

I
—=
&
5]
=

=
o

QWP rotation angle (*)

a9 16, 1/4 33 4y Hzg A7l uhE oA &9

a9 1694 A7 (9)= PBSHI o tig QWP =88 el Abe] Zojth, 1
# 16914 Yb:YAG #HelA =8 QWP 34 Zho] of 7° & wf Hoj7t Hitt. QWP
o g Hzte] 7Y W FIHEL ¢ 58 % oty wEbA 2 AFelME QWPS T2 AA
st 9 YhiYAG tl2=a RER 7AE 1 golA 37 ¥ 545 XA gtk o
o Ad, Aglet FxF A7l @& Yh:YAG #elA &89S 19 17 =3

)
s

14}
1.2f : A
1.0k 'y
- ' -
2 osf - .
& &
Sosf 7 A
é’ /' ‘\"\\
04} . . B
5 —a—p_ =116W|
o 02F . =134 W |
00 1 L L L L
15 -10 -05 0.0 05 1.0 1.5
ad, (mm)

a" 17 Ady A Bz A7 wE YbiYAG #HolA &9

27 179014 YbiYAG #lolA &go] Al AHE Ady = 0 mm 274 s o] A
oA ZAH dE 48105 mm °lth d,, dy, 4,9 Aele A= T, B 2z vLE B
— 23 —
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2 ol A 7o MA(M)E 19 1837 Zt}.

20

—a— P:l_p=11 BW
* =134 W
18F i =152 W
16}
(5]
=
14
fg] A e e
—
+ - -
*
1.0 i i

-1.0 05 0.0 05 1.0
Ad, (mm)

1% 18, Ad, Agst BZF A7lel W2 YhiYAG #olA wA(M?)

WA (ML oF 1.10~1.34 ol3ke] S 7Hxth v H=Z33 A7]o wE dd Yh:YAG

=

Usz wEe 7AW dold 28 7197 5L 19 199 2ok

ra
T

Output power (W)
-

0.0

02 4 B 8 10 12 4
LD power (W)
a8 19, BEZF A7) WE g YhiYAG A3 REZ FAE HolA &
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9 Yh:'YAG Y23 ZEZ FTAHE golA
TAE dolAq &9 71e7] 28219 %

17y 271 g5 94
Yh:YAG U223 EEE
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Ho

4d Yb:YAG Hx=

A24

d Yh:'YAG fl~==

oA AAE <

A
A

i

(18)

2LP,

= mww,\ FLEAR

cT

SESAMel| A 9] #o] A

L
w,—

)

H

Al
A

dol4 299, F,

)

591(P,), SESAMO] A

%9

o[(L), #lolA

7} A7) a1, SESAMe]

Njo

Blw,)e] Fol 2N A=E A

gk

]

mj el o] el A i

=
=

94 Yb:YAG #olA 37 #+&

s

EE 9

2.1. 2=

207} o] 1% 139 M, $1X|e] SESAM

=
)=
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¥y M, SESAM
- M d 0 d
s B[ 71 é).:l
5 I\
Mg A/4 PBS

A RER TAE 2 delA w719 BE e 23S
wA X

L&A AS(SESAM) O] AH= 3 29 2}

F 2. AFel AHEE wEA E3LEFA A& (SESAM)

oA 90 T 3= 1010, 1100 nm
srk A=1%#ZE20[AR=06%
Hj4= Zof =4 Ans = 04 %
Z8| fluence (hsat = 120 pl/em?
AT Y7 7~ 300 fs
&d THU ® = 4 m/cm?

22. 2= A=< A% (w,) - (w) 71AZ

“

BE FF 20% WES] 95 SESAMOIA Y delA W WA (w3 ol 5rhaAA e )
oA W WAw,)S F 2N AES Al B wie] F-EHA=(L)S] 2HA

g w& SESAMelA ] #olA W v (w,)3} o] S5uldol el #HolA ¥ R
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g 21& d,° A9 YbYAG € =4

* o, (mm?)
* o, (mm?)
* o, (mm?)

o,
|
ik
i
)
[N
&
1o,
PN
faot
X
i)
N
S
i)
2
i)
N
i
€
£
©
o
N
)
N
2
£
N
o,
|
ik
i
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Fle Edt Veikal Huwicq Tog Dispiay Cusors Measwe Masks Maih App Lbities Help Buons Fie Ed Vecal Horiicq Trg Display Cursors Measws Masis Main App Ubities Help Bufons
Tk Sicoped 0 Acgy e 02 030920 Tk Siopped 4545 Ay 8 Feb 02 030233

(a)

Fie E6t Vel Horgidcq Tg Displey Cusors Messure Masks Maih App UWities Help Butlons
7 Wz A 1 Feb 02 020,59

Fie Ed Vecal Horoikcy Trig Display Cursors Measwe Masks Main App (tities Help Butions

(b)
% 22, A=xg A7) 138 WY uwf 229y g HA
(a) 9= 50 mm (b) @= 75 mm

(Ly)e] =4AE7F 75 mmY o H2de] A7I7F Et4sin e Fad H42%e
618 psoldl, WHEES o 377 MHzolth BAZe 9w~z
35 (<500 ps)o] Ao w Fg3 4T + At wepA B S
OSA(Optical Spectrum Analyzer)E o] &3sle] R= #g AHEHS 5—.“—7‘3 st H-

A=) 23AYe H2F AVle wE R ga AHERS O9 233 2

=

+ 4&
Fel
i
" %
fo
[
o,
ME
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= AL = i 5 -
£. 0.38 nm g, g,
s £ £
) e s e Ay
(a)
g ﬁl = : R ﬁ)l = <
E £ o &
= 0.40 nm =l 0.44 nm z
£ : -

a9 28BS =)o 23 H2g ATl e BE e AF9EY

(a) 9= 50 mm, (b) A= 75 mm

H-BEA=(L)S 277 50 mmY W PEG AV} B BEE HEE F

A T

)N, Avis Fo4 AZold. g9 4190l W NI BAEL wuld BAS

Aar e}, H-EE5H of Z2AALUZ 50 mm & wj, HEF Al7] 122 W oA A

e
N
£

[k

Z(ANLS 038 nmolx Fx3F Al7]7F 170 Well A A Z(ANL 0.76 nm = oF 2]
AEol AF(ANeo] F7FstAnt. 5 H=ZF Al7|17F 170 WollA A28 Har g A7
122 W oA H2Z mo of 2 = ZoErh o AWZYH H-BFd=(L,)9
ZHAAE7E 50 mmoll A= HaFo] 525 pse Aukel 262 psolstE ¥& &
=

Qe B-REAR(L)e 2AAN 5 mmd wWE BEa AL FEE A%
3
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(ANS Z7b8tA srokey, web] BAZ wg Walsl Qloks A Shelatqny Wous
A=(L)el 2AALS} B2 A7le] e wE B B YhYAG Usd RER

TE HelA 32 19 249 #Zh

07 - E
f=50mm
06k ® f=75mm i

Output Power (W)

T T T
10 " 12 13 14 15 16 17 18

Pump Power (W)

a9 24 H-EFA=(Ly0] 23S HEF A7l WE Yh:YAG #elA &9

2 ZAFE YhiYAG #HolAys HxG A7|7F =718 weEk Yb:YAG dolA =
o Ed B-REAA(L) 2AAU 50 mme W YbYAG @A

9o H-E5UW=(L)9 =AALY 75 mm¥ W 2o} =4 vERsth
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A)

A3A F /MY Yb:YAG 23 REZ FAH FolA A7

old

a8 19 YhYAGE &4 2FEHS B YhiYAGY 233 JogdoA] &4 9o
EAser, a9 79 #olAd AHEE Ybh:YAG vl 1030 nme] &4 oF 30%°] ik uf
A A& E FH7)E o] 8T Yh:YAG #HolA As $H& W FEES 7 €k 1
g 7o) AMEE o)A RES o]&d 2% HAE FEZVE Gt 245 FES A
55 &

5 1 9717 gl 2B o)A &9

o

o] Yh:YAG "3 ZEE FAE dolAe fFx3 Arle w2 WAM)3} dolA &
A3E 9 YbYAG Haa Za2 7449 dolA 719 &9 543 v 2

=]
X ATE S8 sslh
3.1. F /19 Yb:YAG #olA Fd7] 7%

T 789 YbYAG H2a BE2 dE dolAS 11 2563 22 FEE s

Yb:YAG M

aaile

|2y By

% 25 F MY YbiYAG t&3 B2 749

=)
-
2
o

A7) FAEE

a9 259 Yh:YAGY Yb =3 &2 5%°lx A7+ A4 5 mm, +74 35 mme|t
ARARE (M) 37 940 nmeoll A 53 (>90%)star 342 1030 nmoll A& A REA}

(>99%) ste=x A HwWAolv. HEE LD+ T4 3 940 nmell A Hxlskar

iy
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L= 254 mm, Ly= 50 mmolth, o] F2= 18 79 YhiYAG #lold 8¢ =o]7]

dal w7 Wel tF A YhYAG Hxd wE §

WNE(L)E 7lEow AUAAM,), (M) Ade dHow A7w $17] Fxolt
14 m

AWANE (M) F-E Yb:YAG "1&A7bA 9] Agl(d)E 1
—22 W=(L)7AA S Ael(dy)E 60 mme]th.

2. 7 /1Y Yb:YAG #HolAY F3 2= ¥ A7 AN

T 9 Yb:YAG "3 BRE2 A" 7 #olAd F7e ¥ RE W A7|=
ABCD A& ©]&3te] Yb:YAG A e &z e W A7]& A4t st

7 M E i S s I

0.135

0.130

0.125

0.120

0.115 F ——d_ =40 mm
—d
—d
—d
—d

=50mm

Radius (mm)

f

0.110 =60 mm
=70mm

0.105

2
2
2
2
2

=80mm

0.100 L L
0 200 400 600 800 1000

Yb:YAG Heat focal length (mm)

a9 26 YbYAG @ 2HHele dyo] Hojel uhE vz e] o)A

fates
i
N
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a9 262 Yb'YAG &

}\

%3

Zlo

3 9 ACE vk meb 2
Ao HolA &3l
AE HolA T e w b

Q7o) A

4=

o ® wbge oF 125 umolt). o]
B3 A9l Apol7t AT

3.3. A8 F /M9 Yh:YAG #olA &9

20

oo ug wj

I grolth 19 26914 d,7F 60 mm% W dxH Aol

g —E—E—m -
\/ g

~
1 \/I

20

25 30 35
Pump Power (W)

40 45

a9 27, BHx A7|9 2 YhYAG oA WA(M?)

a9 271 F 19 YhiYAG YA3E BE
2 YhYAG #HelA WA(M?)o]t} F

Collection @ chosun

F 1.05~1.18 ]8}94
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Output Power (W)
o

0.0 1 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45 50

Pump Power (W)

a9 28 HEZF A7lel mE YhiYAG dolA =9

I B4 ZF AL S B5E F A YDYAG U232 BER FAE delA

=92 Z7F stk 7 19 YbYAG Y2z BEZ A HolA &9 7€ 282 116

oolth, B ATNAE F ] YhYAG U2sa mER PAE dold ¥77] ¥ 4%
oF Aol A 24 H9H B YHVAG t23 mEER 7Y dold ¥ds] 28 548 )

wakgek g FzZ 7o) wE 9 YhYAG #olA WAMY)I T e Yh:YAG ¥
olA WA(M*)L T 19 293} 2t}

20 T T T T T T T

—o—two M2

M2

Single pump Power (W)

a9 29, BEF A7) wE vl YhiYAG dolA WAM)T T e YbYAG #HolA
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1% 208 B Al7]e] wE 9 YhYAG deolA WAMHT F e YhYAG #el
Aol gk HA(M?)9] HuE HolFth HluE 98 712 & 3 so YhYAG t]=3 ®
Bol FFHE oA thole=(1D)9 # AZIZ etk YhYAG #@lolA WA M)
@ YhYAG U3 #do]d RERT F 719 YhYAG U2 do]d mEY u £ 9
(MAE 7Fga =4 29 wste] da] M gel 2 sy} g 9 g3 A7jd w
2 9d YhYAG #olA 83 F 79 YhYAG oA & tig vjundas 27 300

)

Output Power (W
o
T

o
T

1 1
0 2 4 6 8 10 12 14 16 18 20 22 24
Single pump Power (W)

a9 30, @Y HEF A7l wE 9d YhYAG delAd &¥H T e YhiYAG #elA

&
[&l
o
=

:L

17} oF 12~16 W A A F W9 Yb:'YAG Eﬂo]?ﬂ =dgo] @ Yh:'YAG
o 2 W A= ugkth v YhiYAG EES 31719 =
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A4Ad = M9 Yh:YAG t23 REZ TAH dolA 227
Q-29%14

o] Aoz Q-2=9A ExE TASy] Al F /e YhiYAG H2a RER FAd
gdolA &7 SESAMe A -&st3ith. SESAMS] 9s TAHE= Q-29% X2
SESAMS®] =3, dolA &x17]e x3d wt st Q-429F 4 WA =12
21(11) =49 wrolth. = thg 4199 22 =AM Q-29% 2 gEo] =4 dvh

2o aE fe 4 Qe 2Ag wEs] A8 TH7] Lol(L), el st
(P,), SESAMeIAI<] @014 M WA (w,), 15wl Aol dol4 W WH(w)E 2Hsteuh
399 R FFE U2E WA A% YA WhE Q-29F 21 UF ) s

719 Aol(L) &e°liL, SESAMOIM ] zlojA W W (w, )2t o] Sujdel Aol zo]A W
(w,)o] el A717F ax= AAlskdd.

4.1. Q-2=8A & A% F /9 Yb:YAG dolA FA7] +&

Q-29%H<S 98 % A YhYAG tU2= RER TAH fHola A= 19 313 2
o 74 stk
M Lg
1 < SESAM
My vpvag 45 Ls d3 YbYAG M
-—\@ ﬂ@/ A dnvdhi Dﬂﬂ
T Ve U ul Pl C LD 2

Ll | Va4 PBSY M4 Lyls

29 3L Q-2=9AS A% F Ul YhYAG H2a BER FAE dHolA Tx17]
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B AL & Bddd 28 399 F e YhYAG U2 RER PR dol
A 37 T2 o §AAT Q-29% BAE WAHI) AN QWP WAL (M), F-

i
i
1)
~
w2
&
w2
o>
=
N
)
2
o
fil
X
B0
ol
R
=
o,
|
i
i
&
[N
&
J
a
o,
|
i
i
1)
[N
GS

AR Ad(d)E 46 mmelth 71Eel AAHUAY QWPE AL 457 5 A4
QWP elol4 ol FuAe ) 90° = Adol HAFEE Ak 90° AW ARE o
o4 W& SESAMel o8] wAlE L delq Az AARES Hedrh Az F7hD QWP
o AZHO)E 107 olth WS Wl 2AFAA o)A Feol Arjrt NEF WY
oho#@eld Eel AU wWel 0 ge 37 olA 4784wl ATk BE A=(L)) 2

>8

AAYE 75 mm, 100 mm, 125 mmBE3IA| 71H A F M2 Yh:YAG Y23 BEE=2 7449
dolA #1719 Q-9 =9 SAS A Sk Q-2 AMSE WA E3kE
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