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(57) Abstract: The present invention relates to an appar-
atus for stabilizing pulse laser output and to a method for
same. The apparatus for stabilizing pulse laser output in-
cludes: a directional coupler that receives output light
from a pulse laser and decouples the output light into

- == tirst and second optical paths; an optical detector that re-

9

=

ceives the light decoupled into the first optical path in or -
der to output a current according to optical intensity; a
current-to-voltage converter that converts the output cur-
rent from the optical detector into a voltage and outputs
the voltage; a function generator that provides an output
having a predetermined frequency and proportional to an
output signal from the current-to-voltage converter; a
time delay unit that is disposed on the second optical
path and provides a predetermined time delay for feed-
back control; and an acousto-optic variable modulator
that receives an output signal from the function generator
and an optical signal output from the time delay unit as
an input, modulates the optical signal from the time delay
unit according to the magnitude of the output signal from
the function generator, and outputs the modulated result.
(57) .2FA:

%]

(oS & A



WO 2014/054869 A1 |IWAL 00T 000 T R AR

EuHE ga YojA &8 s AX 2 2 S ARtk o] I Yolx &8 A S A= P4 YojA g
s FSs ATl SHBS A 1T A2 A2 F JEE Br|gte W A7), A1 3 2R 2V FE AlE
Wol 3F AlLecl ME AFE EFsls F AEV], B AE7Y S8 AFE Ao R est S¥sts AR R
7], 2o Fupg 7 AL A7) AF-Ash B8] 9 A5l HlEste £8S Alvsts g e, A2 @
Aol v E o] Hel AojE 3 Ao AT AAE AFste A AAT-, B T dAdv) e 5 gl A7)
ALQFNA Ags = F AT E g o s Aol S WAV o] 7] S8z A7) wht G7] Al A A7l
M ATE s FAEE xst SEste 2% 39 7 WxrE T30



PCT/KR2013/008661
jow. 1 7Aoo m AN

©] 200 nm W #] 400 nm~ & ¢J

=
L

slo] 7]

S

7 A A
A

o

of 7jet
=

=

j

SER=EWS

& A (nonlinear crystal)

[€)

=

A
A I54

v 747 &
SOA
] 413

WO 2014/054869
H

of o A — —
3 W T P
sEl ge R v ww BN TN
Gl HE T o X B Gl S =) Mw ° MM
— —— =T ) ) T
9Tg NEEBE o G ErgPE g o
PrHg wEXD X %ﬂatﬂﬂﬂwrﬂi
= 0 o o i o)~ N H x
TEe NSux. 0w EuESezowe
ey o XM = 2 of o+
Qe ® Lawmo 4 5 BT %
F o TemE L NSl
%Nxo 7C,m1__1&ooT o N T 07 X
R T e R TN e
” Do o B . o o A
Ema ®3g 2% U obﬂdr%ﬁzﬂﬁx
o r ~ X = < =) —
w D QWOMﬂ i) T EEs SLOR
dﬂo«A _Zrﬁwﬁem. %O JIEﬂJleNroﬂ/VﬁA
AR R T = R ) e R ® o % =< )5 B
Eo e B Emod o S Am pwE
ST 5 T 5we G G B R
4T %0 = oL i o o G T I N g ® <
FE X e R T
ﬂ 1= < _17_A| Oaﬂ £
e .oﬂﬁomﬂﬂﬂ mmaﬂ %ﬂo%mﬁ?w%%wg
£ D o e T T B Ho B - ol
nﬂMﬁMMﬁZWM@;V %%A ﬂ_zgiﬂozTﬂﬂ@L]
e 4 ) ﬂmﬂﬁoyﬂomﬁoﬂaﬁwwﬁ
TTWPE T TP E omy we liw
TENTEgREETW gl wo o g XX
O d g TX TR Wﬂ%@%ﬂﬁﬂw%@ﬁ@
ThgiEcT e g T TEH S 4
I i e i I M P N S N
Equ%mﬂwurﬂxﬂA Jﬁmoxo.woumo%ﬁ%m.ﬂmﬂiu
FogoPomsrpd N ooy a®og Vs g ®
PR T e © PAW T w e wm ok T A
MR T H PETODWRIHE TR T N

[3]
[4]
[5]



PCT/KR2013/008661

WO 2014/054869

1 Aol 29 A g o) 75 o] g7 Gt

] A
A %

H
37

1
ol
=

50 usec U] A]

EREE

A AL G dRR 274

o

5}

be

2718

Agkol g2 2719 F A=

e
=

=9 3

Ag ol 7] A2 kel A7)l el Al Y

olLo
H=

A RG] A2 A

3
—_—

fiie)

X

LN

ool

3
—_—

Alellel] loj A, 7] A1 Al 72 50 usec W A] 70 psec?] H 5

o
Ho
53
o
n_AlO
i
T
A
ol
o
ﬁo
o)
=
o
o
it
-
53
oH
T
ey
~
ma A
CI L
0 J
)
N ok B
= A+

T8

7} M Z7] (Acousto-Optic Tunable Modulator :

T
Y
o
T
M A
M
m =
o W=
W
O o Ey
= Jlo o
R RO o
<HoN RO
o BN
F oo B
~ = o
w5 =
R L5
NE o <
ou &
T '
ur A =
T B oF
= N &
] A
T R 2
w1
o BK EK
P
5 M
<
©

SERERE

.mo

1}
=



WO 2014/054869 PCT/KR2013/008661

[21]

[22]

[23]

[24]
[25]

[26]

[27]

[28]
[29]

[30]

Foe o] A2 Aol os) F el ER ¥ 7] (Optical Parametric
Oscillator;OPO), 7 ¢1 <3321 (Super Continuum Source;SC)5 250 nm W] ] 2500 nm
oNA A= ]ﬂﬂ N ATk BFA|RE o] & #lo] A= HAY 1]l
1] A & (nonlinear) 574 W3¢l 143 (Continuous Wave; CW) ]| ©] 4 ol] 1] 3
S8 AA 7F - ek shek, kA G wlo] A o AARE e Qg st
AR 7 8-
- 2 2 250nm W 4] 2500 nm 9] B ¥ ;é} FeolM 2tE sk A
A 22 AAEOR oY ohA 7
ol o] A2 o)A &9 hEst ]
%}_7]/] Ex]- Oja /ﬂ A ?:Zﬂ‘.
12> G4+ 'Q‘?’?} %}-@ 7P M7 & A sk otk
15 =z T =8F &%t 7 ¥ 2 7] (Optica Fiber Acousto-optic
tunable modulator; AOTM 140)= F4 7(144), =35 Q716 5= o3}

£

2

WA B (acoustic generation part, 142), W AV 53} 2 Q18] 1| Al 55 o]
FTEHJE W 53 A WA E F538 5 &3 AlF 7] (acoustic damper,145)F
gk}

B i B AR(142) = S-S A 7] = Y Bk
S+ 41 271 (piezoelectric transducer,142a), = 4 #| 91 (142b)& 28 7
AT}, 7] 4 WA 37] = shear mode PZT(lead zirconate titanate) 2! <= AT} A7)
oA W 3 7)(1422)9F A7) A A DB (142b)2 A 2 7 2He] o] Qi) A7)
I AWM L7 (142a) L Aol Al BEETS L 3ata, A7) G214 L2 (142b) 9
ERa e xﬂz Bees I 7] FAF144) = 37 Al BEE H A

7] o] A] o] A }_A}% }%MOL el LPO1 BL=9] F2 7] B4 f(144)5
e} 2183k 4= Q). o] 4 -, ¢k A 7] (Function generator, 180)+ A4 2] &
ool ARLE Sk 4158 A7) QAW 8] (1420000 <17belE, ]

SFA M B (142a) = A7) A% Fupgrol] U %01 ot o BFo g FuE
WAL = QA ofol] whel, A7) /b gk (142a) ] A 2FE o] = A
SA QB0 T HA 02 27 oA 554 Aeh thebA], 371

wF MR = 7] FA (1440l F714 Q1 R & vhEo] Witk 7] 4 <l
TR F=717F Y4 vl 27 (phase matching condition)S 5<31H, LPO1
REZFLPIm RER Hd = RE Wekd = ok 7] 98 vl 2412 47
= 3}9] 31-°d(Acoustic wavelenegth:A)©] LP01 =9} LPIm X =9] 4§ w453
A5 o} A o]k, =

Bor - P11=27/A

o] 714, B> LPO1 E.E 9] A 3} AF<(propagation constant)©] 3L, ;<= LP11
WX 9] A3} A<=(propagation constant)©| T},

A7) B (1445 whet A7) A A 92(1420) 3 F1H-3] o] 4w o] A7) &-u)



WO 2014/054869 PCT/KR2013/008661

&3 A 571 (145)+= A7)

1
=2 &2~k 2=
A& 5T A

A& 7] (acoustic damper,145 )7} ¥l 2] © T}, 7]
A (144)E met R8st = A7) 53 oY
[31] ok W3y LPIm B 313 B A A 7|0l B AE ﬂ«ﬂ(mode stripper,
HE=ANE F8l AAE < FLF*LVQ, g o] A ol A 7] AOTM(140)01 | &
LPOl REo] Bafo A5 2= 9t} 2 A7) AOTM(140)S Al 7] M 22

;
o
ful
rlr
N
~
: X
rO
-
—z
uic)
o

(321 Z71A TM(140>° &7 g A 71(180)°)
& 9= = 9 (Frequency;f) 9} 151 o] X145 243k

(Voltage;Vyoll o]l i dho] Faba-& WA Z == vk

[33] E2 g e A AA oo M2 H 2 o)A F3 b et AR E Ak

2L N
2 ruZi
m

[‘

[34] w28 Fxshd, da do)A &9 bt AR = A2 oA 10)e] F 4
L A1 G Aol A2 g A w2 ) e kA

(120), 7] A1 3 F 22 )5 38 A gnkol 34 oo 2 AF=
7 B HE71(150)8] £8 AFE Ao

AF-AL 8371 (160), 24 2 FukRE 7FA] o A7) AF-A

[l }t %E’—ﬂ, = Al & ok

o @ L oot
N o
: -
>

=

1o

it
%
2

ol ot

-

B
o
o
il
é
s'é
E
2

}E] js

(130), 2 471 st Ay 1( 0)° % 25 B A7) ARk
(130)oll A Al &5 += F A3 E ]

(180)9] 7] &4l =

= A7 FANEE

i XN N2 Tl me iy 2

N
1o ok ox 2 2

o 1 N 4z e

ol

b

>,
>
g
o
il
E

ﬂ

[35] Ewjo] 7h5 gk g o] A &4 Jﬁﬁ} X = 35}
Y2 5 (Electronics module) 2 -2 I~ v}, 7]
H 2~ 5 U0 Z‘:iﬂmm(feedback)ﬂﬁg&rlﬂfﬂ
361 A7 B Ol A0)7E B HE B e, A7) B Hel A7) Akl
7] B2 o] A (10 4 v EE 2R 7](0PO) Hvs
2% B A0 5 ATk ) A 2s o)A o] L 1w 7H55, 250 nm

WA 2500 nm 2] WY ol A o i AR oA w4 rpHE

[37] A7 H 2 2 A7) R A7) (120)00 Al-sd v ) Wk
A7(1200> F A2E Al % 73?_9} A2 F A =Z dr A A SR, AT
"2 o] A(10)9] EH 33 G+ T ARV E Fohol 27)9] F A2

[38] A7) Al A RE Q8= Al 3 7] AOTM(140)0l Ao Al 3=
A-&53t7] Yate] A7) & 7 g71(150>oﬂ ATHA A7) A2 G ARE 73

2 1 she
A2 42 7] AOTM(140)0l H 2t} 3-8, A 7] AOTM(140)0 #| & 5 = A2



WO 2014/054869 PCT/KR2013/008661
FS WA 7)) 98 A 7F A AL 1 adak 7] Y akol, A7) AOTM(140)3 77
Wk A5H71(120) Abololl Al ZE A A5(130)7F vl 2] € T}, 7] ARk
A AT (130)= FA T YL 7 Ak A7) A RE A A 5-(130)7F Al S k= Al LE A A2
= usec A =4 usecd = k.

H
[39] A7 A G2 37 F AE=71(150)00 AFH T A 3 A E7](150) = =
E1}o] @ = (Photodiode)¥ <= At} 7] & F=71(150 *E
Al Fo] Fed AF=2 lskst = v, d7] F A1=71(150)0 &8 s e
=

PN
o
-
A
N
ofr
s
b

[40] A7) AR we(160)e] =94 %

[41] &7 TEF71(170)9] =4 2)
WA 71(180)8] &9 28+ Ao FIE 7HA AL, 7] &9 AEe Y
2ol vl # e 4= vk, 1500nm T
qz—quéL 2.23 MHz W] #] 2.27 MHz¥ <~ Q)

[42] A7) g A 71(180) 2] &8 A= Y] AOTM(14O)0ﬂ A -5
AOTM(140)% 7] g A 71(180) ] - ahoF F471(170)8] &4 {?}gi
st ghol & s Al 7o Faba& 24 g

[43] o & 5o, 7] A2 Aol A(10)7) =& =8 o] H2E FH sk, 7] ARk

] %(130) A S A 4}
AZ=71(150)N A A 5359 dshol A7) sk A7 (180) ¢k Ajtalo] 7]
AOTM(140)°ll Alof A 5& A& 5HA Ho Fa&S Wk ¢, A7) "2
Aol A 1072 8o A e, W2 ute dske] 54 FaarE
k4= A 71 (180) 0l A A o] 81o] 7] AOTME F3&S o] =t} whal A, A7)
AOTM(140) L3k &3 H 2 F opibg St
[44] Ao 2 g Ewo] 7hgsk dlo]| A &9 bg sl AR E eV YA 7HE

88 AL v =W A S H A4S A7) = Sloltt o] & 8k, Y]
AOTM(140)°] 5 H717F a4 d vk

[45] A7) AF-A W37 (160), F7) FE7)(170), = A7) &5 1A 71 (180)7F
2Ry = Gu|Ql A9, W o) 7F Fa H = AR G ms B o]t whelA,
7] A A ARE AR A A Heke] A7 km A E7F & E
& & 1 ms®] A7k A A o] WA 5}HA Hfﬂ,law ol SdEo] 1.459 A5, #
o] do]= 200 km7} Frh LukAQl 334 2] =242 1550 nm2] ol A 1
km 9 0.22 dB A o]t} whelA], 200 kmE R3]St} 44 dB7} =4 H o] A7)
AOTMel e 3k 42 A4 0 2 A &4l

[46] w}aw AAAZF E o)L 93 BE w2 LR Wao] 9l 5% 4

g 2 == 1o nhskA skt o] B¢, 7] A5-219k M ek (160), 47

%—% 1(170), 3= 7] T 2R 7](180)7F 4 8.8k Al 1 psec G Lo vk,

ol



WO 2014/054869 PCT/KR2013/008661

&, Fabpol A gtol whE A7) AOTME] 2He A7kl T

<k
i\
o
-
i)
o
ol
i)
O

[47] T4, 7%37] AOTM(140)2] F3}5=0l] w2 215 A {HS ARSI 747
AOTM(140)°] & 1] = FA Frell = 9h8 7hell 71491 -1 & e o]
WS DAA A Go] Aol A gJH el &8 REQLPOI EEE §lol& 93-S
3= Alolth F7]1 4 9l TR & A7) sk A 7] o A Q1 7HE = 3t
upebx] Hskd 4= Q)

[48] % 3av= AOTM O] F3H& Alo] 5AS 4317 A 243 T4 ot

[49] % 3b K 3¢t Figrd E AOTM O] W2 A5 S YEh]:= miEo|u,

[50] =328 Fxshd, H2 ol A10)+= 52 A2FEHS B 7] 93] 1530 nm W A

1600nm 2] F ol & o = -3 ¥ = ASE(amplified spontaneous emission) <
AREekelth 9 o] B R Fabs 2l EAS S48 Y8l F5 29 E
41 7] (Optical spectrum analyzer,12)5 A& U Weky] A3V 3 H2 &
7138k, 3lbo] # 7 23 AOTM(140)0l Al &3} ar, v} 2 3 3 2= gk
A 7] o] A F gkt

[51] % 3bE rxshd, sk A7 (180)7F 2Ht v F Ik E 7] AOTM(140)9)

A7}3k= A5, 7] Fabel uhel o2 F4 gl A W ol <17t

A QHE 5.6 Vppit L4 H AT} 2.2600 MHzE <1716} S 75, 4] k40] 1549
nmol| 4] -10 dB (2F 92 HAIE)e| Hlo] A H g ¥ o] 2hed=| AT}, 2.2570 MHz7}
A7 NS 785 1551 nmol| A B o] dojdr}, 2.485 MHz7F 1 7FH &
74t 1554 nmol| A e[ ¥ o] dojdrt. =, 1550 nm &l o] A & A-&-381% & 745,
5.6 Vppo] Sk, ® 2.260MHz 2] =375 <178k, 7] AOTM+= 92 ¥ 4l E 9]
1o 2peA] 7] a1 8§ HAE Q] 4S8 FapA]Z 5= )

[52] % 3cE rxskd, 9 915421 1550 nm & 0] 1249_ 3RS A5, T
Wslol] w2 A7) AOTM(140)9] F3&o] Wttt &1k &= HAE 9] 9
Fago 13,% 7} 2 v A (dB) @9 o] FbE-0] T}, 2.240 MHz 9] T35
A7Fa S A5, BE g E347F AL 1 HAE 717k9] 99 HAE 9] Hlo]
&3 vk, A RE, 2.260MHz 9] F 35 Q1718 S 785, 90 HALE o] 4]
AE HH o] 10 HAE o] 39| Yol Fugkr), whaba Q17bsk= A9k
AAA 5L F I W o 2 7] AOTM(140)2 —1 )8 FA58 Wxd
T At

[53] S, 7] AOTM(140) =342 Mgyl o 2 = W27} 73k}, 18U,

1A 7Fo = ¥ 9 Q& A& atr] Hato], AF-Fubg Hgr] e dh-F ks

17F Fasteh e, 9 o] gnje] S SR sl o] 4 g ] of of 3f=
55 % “g1] ¢l FPGA(Field Programmable Gate Array)7} 2 Q 3}t}, o] ] gk
FPGAT 375 WA AT = e A gl whe} g 5ol Qlar, T2 0
o] & ol F=AE W i o] 8 ARkl F ms@ ] E ol ] wiiel WE
W2 o 2= A kekA] gt
[54] upebA] e o] e AJE e H Q) A IES FFAA] 7] 7] Y to] gl W

>

N

(2

<
=
&)



WO 2014/054869 PCT/KR2013/008661

[55]

[56]
[57]

[58]

[59]

[60]
[61]

[62]

AOTM?| W27} 4 8 3},
% 32t AT A A & 7MW, #9505 22625 MHz R 5178 H Tk
AOTMO| 1718 = A 42 W skA o]l e}, 47] AOTMS] W& 4 5 0]
ZEALE AT
%4 2 4= Aol uhE AOTMS] WE A5 LEh = B S ol
% da B I 4bE Sk, 1.2 Vpp WA 5.6 Vppel A5t 17 A -, 37
AOTM(140)°] W2 F 37} A1 € th 1.2 Vppel S 27k lS 45, 90
A E o] Hlo] b vk 3hA R, 5.6 Vppo] HSHE <17F8k S A5

, 8
Al Al o] Wo] Fu ] glr), Fapg2 Q17 ol vl sle] 7hAgit) 53,2
Vpp WAl 4 Vpp o] HAStell A= T2 Q17 kel A 9] A8 v gho}. mhatA
o] 2 A&, &9 HFsHE Alv e = AU
2 o] A0y =332 F AE71(150)00 4 A= Bk o, 7] &
7,j§ ](150)/] A B A BoAQk %%7](160)01] /]OPoﬂ At Az 2 mekE,
g2 o] A (10)2] &3 F o] 2 49, AOTM(140)°l 21715 = C17F A4S =
3, AF7] AOTM(140) )8 A &5 A A Fr A7)0 93, w23k, H
gl o] A (10)2] F 3] Fo] ZH& 5, A7) AOTM(140)°ll C17}¥ = <17} Agte
ZHA| &4, 27 AOTM(140) %= 4 : ﬂ%—“%—”& FIAIA FH A

G| F2 ﬂi
olol w}e}, 7] AOTM(140)2] = .
= Whﬂhgﬁloﬁ 44 }741 A A

g

AR R 599 TR R

59 =9 A s) %M %164 0}71 Aatol, A7) AOTM(140)9] 25 A&
Alzko] s#4] usec o] 8k7F vlgEA &} o}, B Q& ol A 7] AOTM(140)<
g s =) 74 Al AlZko] v A, A A A8 AES ah A 9
o Ul X &4 o] YA A X, whelbA 7] AOTM(140)2] <Hs A <1 Al ko] &7 o]
9 g 3},

% 5a W X 5be Ak mhE AOTM O] A A1 AlZHS YER = =i Eolt)

%52 W X 5bE FEEHd, A7) AOTM(140)9] 2 A A1 7HS =4 6} 7)
3k, # o] 1%% 15504nmoﬂxﬂ =) s}AFo] &) 5= 71A 7] o]

U} 0] @ =(Tunable L
IS Hdy e

B ARE ST T3, T4 A1 (180) A 0.5
I 9)\ 2.2625 MHz®| T35 A&}t B3, A7) §h4

WA 71(180) 2] &8 % 8 5.6 Vpp©] 3L 150 usec 2] <=7] = ON/OFF Al F t}, 47]

Sk A7) (180) 2] =8 2 7] AOTM(140)= 527] 4 ©. 2 ON/OFF A Z 4~

o] o) w}, A7) AOTM(140)/] S ol v x| a1

<% 7] (rising/falling time 300 psec 4 5=91 fast PD )7} &7 SF Fo] Al 7]+= Aol

whel WP A7) B A E7 9 /81 A {Hrising/falling time)- 300

3] 5. Z(psec) A L0l L ET}o] @ ol

A7) = 1A 71 (180) 71 7] AOTM(140)0l A ¢S 9178} a1, Ab7)
AOTM(140)0] B4 02 523l A% Al {H(rising time)<= <F 60 usec©] T}

E& rlr ﬂl



PCT/KR2013/008661

WO 2014/054869

H

A 72 60 usec 4

}

N

of| &= &}

7] AOTM

}-

»AO

o

2

™
B

2

1__,(;
O
IT

+ 1550 nm °l| A1 0.22 dB/km©] T}, wha} A,

10

= Al THE 1 usec O = o

o] 4 AF7] AOTM A 7}A] 4]

==
&

g

ﬂx

o]
=

%]

[63]

A
is |

61 usecO|t}. 61 usec] 7] A1 A A7+ 12 kme] %

A}, w A,

4

A 28

o)

N

IR

s A A

2}
S,

Foll whe} 4 7] AOTM(140)<]

271 AOTM(140)]] ©17}

it
=9

HolEt) 1WA 5.6 Vp



PCT/KR2013/008661

4T

2 g0l A o] 28 $S A

WO 2014/054869

A1 g 7 ek

e
=

=9%

7]

Ak

g o}

ool

& 1]

i+ 1

er

[

it

I
—_—

fiie)

A2 G 73 2ol wf A o] EH <]l Alo] & ¢

mK

N

ol 91o1A,
ol 91o1A,
ol 91o1A,

1

[}
1

[}
1

[}
1

[}

k)

k)

k)

k)

A1
A1
A1
A1

|
|
|
|

}2

[}
}3

[}
L4

[}
}5

[}

k)

k)

k)

k)

er
er
er
er

[74
3|

[7

3|

[e)
[e)
[8
[



10

PCT/KR2013/008661

WO 2014/054869

whol F-5-2 7o F AR=E

Ho

—_—

2ol Ao HE He A

o

s} 6]

er

[

)
e

fiie)

N
i

S A

Al d e 27 3

)
e

fiie)
T
N

mK

Ag ol 7] A2 kel A7)l el Al Y

oL
H =

A7 A2 A

it

)
e

fiie)

ol 91o1A,

&

A6

sk 7]

er

[

ol 91o1A,

&

A6

s} 8]

er

[

ol Slo A,
7] Al A ZE2 50 usec W A] 70 usec?! A= &

&

A6

s} 9]

er

[

<]
o

BN
Y

fiie)



1/4

013/008661
WO 2014/054869 PCT/KR2
[Fig. 1]
142 140
142b

Fig. 2]
e 100
r--- - - -"-- - - - -—-—"—"—"“-“-"“—"=“—"“"—""”7 Z __________ A
10 : 120 130 140 :
|
| |
/ ! Ho &z= Ho z=
> " |=g24q
|
|
| M1 A2 :
|
| |
| L~ 150 180 — :
| |
| |
' 160 170 |
| |
L/ )
| 5| =l |
| |
- T |
[Fig. 3a]
140 19
10
/ 121 e (o .
|
|
: H\M:
. |
|




2/4

WO 2014/054869 PCT/KR2013/008661
[Fig. 3b]
0 ——— -
@ 2
o A A 2.2600MHz
_ ! —-— 2.2570MHz
o 4r b ——— 2.2485MHz
7] .
E 4l L
)
[ s l| I' \
!
|
i
10 F v
I , I . I \ I . I
1530 1540 1550 1560 1570
Wavelength (nm)
[Fig. 3c]
100 ' T T
L A—aA ., 70
80 - M\ .
= 4!5555‘ 4 -2 m
= =
> 4 ey
2 oo -
o ©
— 40 - -4 -6 b
Ll . Ll
= / {8 2
- 20 I -
L _® L
. 4 10
_ e -
ok @
| | | | ] —12

2.240 2.245 2.250 2.255 2.260
Frequency (MHz)



3/4

WO 2014/054869 PCT/KR2013/008661
[Fig. 4a]
Foa T
0 - 7 —
/‘
_2_
= — 1.2 Vpp
= 0 AN 2 Vpp
s 4 ——— 3.2 Vpp
'% i — 4.0 Vpp
£ -6} y & ——————— 4.6 Vpp
S “ﬂ —-— 5.6 Vpp
— -8 \(J//
10f J
| L | L | L | L |
1540 1545 1550 1555 1560
Wavelength (nm)
[Fig. 4b]
100 T T T T T T T T T T T
A——aa, _eee0e 0
A, °® ]
. 80r A ® —~
=2 A o 1 -2 <5
) >,
5 6o 14 5
© S
s 40F 1-6 <
IS 5
o 20F 178 -
=4 =10
0_
| | | | | | | _12

0 1 2 3 4 5 6
Applied Voltage (V)



4/4

PCT/KR2013/008661

WO 2014/054869

[Fig. 5a]

AOTM
——-—Applied Frequency

200

150

Time (us)

[Fig. 5b]

—1 Vpp
-———-2 Vpp

—-—3 Vpp
-—-----5.6 Vpp

~~

L ! ;
300 400 500
Time (us)

!
200

!
100

abe] | oA

0.00



INTERNATIONAL SEARCH REPORTY

ntemational application No.

PCT/KR2013/008661

A

CLASSIFICATION OF SUBJECT MATTER

HO1S 3/10(2006.01)i, HO1S 3/13(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B.

FIELDS SEARCHED

Minimum documentation scarched {classification system followed by class

HO1S 3/10; GOIN 21/64; GO2F 2/02; GO1B 11/24; GOIN 21/65; HO1S 3/13

ification symbols)

Documentation searched other than minimum documentation to the exient that such documents are included i the ficlds searched
Korean Utility models and applications for Utility models: IPC as above
Japanese Utility models and applications for Utility models: IPC as above

non

"pulse", "laser",

converter", "function", "delay",

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

eKOMPASS (KIPO internal) & Keywords:

" on

modulator" and "amplifier"

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A JP 2011-158413 A (OLYMPUS CORP.) 18 August 2011 1-9
See abstract; figures 1-2, 7-10; claims 1-10.

A JP 2012-510645 A (FEMTOLASERS PRODUKTIONS GMBH) 10 May 2012 1-9
See abstract; figures 1-6; claims 1-25.

A JP 07-027526 A (CHINON IND. INC.) 27 January 1995 1-9
See abstract; figures 1-4; claim 1.

A US 6654394 B1 (SELLIN, Peter B. et al.) 25 November 2003 1-9

See abstract; figures 1A-4, 7 and 10; claims 1-20.

D Further documents are listed in the continuation of Box C.

* See patent family annex.

*

N

w7

“oy

wp

Special categories of cited documents:

document defining the general state of the art which is not considered

ng th
0 be of particular relevance
earlier application or patent but published on or after the international
filing date

document which may throw doubts on prierity claim(s) or which is
cited to establish the publication date of another citation or other
special reason (35 specified)

document referring 1o an oral disclosure, use, exhibition or other
means

document published prior 1o the international filing date but later than
the priortty date claimed

wpr

wy

ey

“ R

fater document published siter the international filing date or priority
date and not in contlict with the application but cited o understand
the principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

document of particular relevance; the claimed invention cannot be
considered to mvolve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

i £

docurment member of the same patent family

Date of the actual completion of the international search

22 NOVEMBER 2013 (22.11.2013)

Date of mailing of the international search report

25 NOVEMBER 2013 (25.11.2013)

Name and maibag address of the [SA/KR

Korean Intellectual Property Office
Government Complex-Daejeorn, 189 Seonsa-ro, Daejeon 302-701,
Republic of Korea

Facsirile No. 82-42-472-7140

Authorized officer

Telephone No.

Form PCT/ASA/210 (se

cond sheet) (July 2009}




INTERNATIONAL SEARCH REPORTY
Information on patent family members

International application No.

PCT/KR2013/008661

Patent document Publication Patent family Publication

cited in search report date member date

JP 2011-158413 A 18/08/2011 NONE

JP 2012-510645 A 10/05/2012 CN102265214 A 30/11/2011
CN102265214 B 11/09/2013
DE 102008059902 B3 16/09/2010
EP 2374041 A1 12/10/2011
US 2011-0235661 A1 29/09/2011
US 8416819 B2 09/04/2013
WO 2010-063051 A1 10/06/2010

JP 07-027526A 27/01/1995 NONE

US 6654394 B1 25/11/2003 AU 2000-60618 A1 22/01/2001
AU 6061800 A 22/01/2001
WO 0103259 A1 11/01/2001

Form PCT/ISA/210 (patent family annex) (fuly 2009}




ER LIk
A & AFH LA PCT/KR2013/008661

A, 2o &3 7| ERF(FA S EFaPO)
HO1S 3/10(2006.01)i, HO1S 3/13(2006.01)i

L
2 A2 EAGASHLHE 1A
H01S 3/10; GOIN 21/64; GO2F 2/02; GO1B 11/24; GOIN 21/65; HO1S 3/13

EAFEL /SR ok Sote 22 o] 9o #-
FRETUSAUNTR YL FIFAYSAG TR 2R HAEH e 7 A 1P
PEFFAEAMTR A dEFALEUAT R 2AE oDl 1A=E IrC
TAZAL] o] &= 24 o g o] A (H o] EH o] A~ 2] WA ul A Aol et= A1y
eKOMPASS(%ﬁ LHH 7{,"‘“/\],/_\_%) & 7] 045: u‘\—jeqv/:yu ”Eﬂo]xi,“ "ﬁ%7]," u-%!__/Fyu ”X]oi,” ||Eﬁ&7]u \;g u%_i:_z;7]u
c. IEY
7hel el NEEAY D AU PAE D= A9 A1) el 37
A JP 2011-158413 A (OLYMPUS CORP.) 2011.08.18 1-9
gk a9 1-2, 7-10; A7 1-10.
A JP 2012-510645 A (Femtolasers Produktions GmbH) 2012.05.10 1-9
ook 29 1-6; A7 1-25.
A JP 07-027526A (CHINON IND. INC.) 1995.01.27 1-9
2ok 99 145 73 1
1-9

A US 6654394 B1 (SELLIN; PETER B. <] 47) 2003.11.25
9k I% 1a4, 7, 10; A7 1-20.

F7 5 6] (A% 71 AH o] gt X asssie) a3 s dxsii e
T EREYY BE $AY T TAE FHo e 295 457
Sn QWA e Ee g R ga  FOF BRAVIZAAS delel g clsfab] Al dgd
Ul
OE%O}LO%7Z Z9]e¢] o]
AES PSP EASAL T L g e g v 09 B9 shiwios Apa wae 4l
- T B HRAe] gl Ae® B
= 5e e gE dgrde B4 e )
152 ugt])g W) lohel Sgn 2e Y SR A = F G £ s} ool e w33}
Zatebs 7 1 ko] R A AW e A4S A7 w
)R RRg dgele s £ sARdelglEden £
&7 ELH QSR S L3

TAFAR A Y

11.2013) 201341 11¥ 2569 (25.11.2013)
AAb
A] AT ZAL=Z 189, e Ry
) A} SN
v—’%‘ 2o W T 182-42472-7140 TS 182-42481-8462 N

A2 PCTASA210 (- 1A £41) 2009 7€



TAZdN 2

<E = PCT/KR2013/008661

R R Py S o e nis e

ﬂ%%%a};@j s u-$ 534 S

JP 2011-158413 A 2011/08/18 A

JP 2012-510645 A 2012/05/10 CN102265214 A 2011/11/30
CN102265214 B 2013/09/11
DE 102008059902 B3 2010/09/16
EP 2374041 Al 2011/10/12
US 2011-0235661 Al 2011/09/29
US 8416819 B2 2013/04/09
WO 2010-063051 Al 2010/06/10

JP 07-027526A 1995/01/27 s

US 6654394 Bl 2003/11/25 AU 2000-60618 Al 2001/01/22
AU 6061800 A 2001/01/22
WO 01-03259 Al 2001/01/11

X2 PCT/SA/210 (F) -5 53] 5718 %]) (2009 79)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - claims
	Page 12 - claims
	Page 13 - drawings
	Page 14 - drawings
	Page 15 - drawings
	Page 16 - drawings
	Page 17 - wo-search-report
	Page 18 - wo-search-report
	Page 19 - wo-search-report
	Page 20 - wo-search-report

