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ABSTRACT

A study on stabilization of high power fiber optic laser output

Laser is very narrow in wavelength and has very strong
coherence characteristics. Lasers have been used in a variety of
fields, such as communication that can send light away and signal
processing that uses the phenomenon of interference between

lights.

Development of devices required for laser configuration and
research on improvement of laser output have been actively carried
out, and demand of high power laser in industry - iron plate
processing, military laser communication, weapons, etc. - is

increasing.

Fiber optic lasers made of rare earth optical fibers with energy
transfer phenomenon can be made small and are easy to move and
are accordingly actively studied. However, the cross—-sectional area
of the core and the cladding of the optical fiber is so narrow that
the energy density is increased and the performance is degraded.
The output of a fiber optic laser or optical fiber amplifier where
high power light is emitted into the atmosphere is refracted and
part of the laser light returns to the optical fiber. If part of the
laser light remains in the high-power pump for amplification, the

temperature of the optical fiber is raised and damaged, which
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causes deterioration of performance and reduction of the lifetime.

Much research has been done to overcome this problem. There
is a method of efficiently removing the amplified light remaining in
the cladding and a method of delaying the damage of the output
terminal by bonding an optical fiber having a different
cross—sectional area and refractive index so that light spreading
occurs in order to increase the energy density at the output end of

the optical fiber laser .

In this paper, we propose an efficient method of removing the
residual light source using a grating structure on the surface of
the optical fiber, and a method of appropriately controlling the
beam size after fusion of different types of optical fibers. For
practical use, we added a temperature sensor and a residual light
source monitor sensor to fabricate a laser delivery module with
improved heat dissipation and performance. This result will
increase the efficiency of the commercial laser output stage and it

will be practical.
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¥. 3 Win Mark ProE &3k Zx} +x A7

o] %

Groove Szeep i‘ﬂ‘ A Groove Sweep Groove 3t
i o & Pepthlum] A% [mm] Zt4 [mm]
- (m/s) | (10W) (Fit) -

1 1129 100% 1.1 -20.00 0.4
2 1094 100% 1.2 -19.60 0.4
3 1059 100% 1.3 -19.20 0.4
4 1024 100% 1.5 -18.80 0.4
B 989 100% 1.6 -18.40 0.4
6 954 100% 1.8 -18.00 0.4
7 920 100% 2.0 -17.60 0.4
8 886 100% 2.1 -17.20 0.4
9 863 100% 2.3 -16.80 0.4
10 841 100% 2.5 -16.40 0.4
11 819 100% 2.8 -16.00 0.4
12 797 100% 3.0 -15.60 0.4
13 775 100% 3.2 -15.20 0.4
12
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14 753 100% 3.4 -14.80 0.4
15 731 100% 3.7 -14.40 0.4
16 709 100% 4.0 -14.00 0.4
17 687 100% 4.3 -13.60 0.4
18 671 100% 4.6 -13.20 0.4
19 655 100% 4.8 -12.80 0.4
20 639 100% 5.1 -12.40 0.4
21 623 100% 5.4 -12.00 0.4
22 607 100% 5.7 -11.60 0.4
23 591 100% 6.0 -11.20 0.4
24 575 100% 6.3 -10.80 0.4
25 559 100% 6.6 -10.40 0.4
26 543 100% 6.8 -10.00 0.4
27 527 100% 7.1 -9.60 0.4
28 515 100% 7.5 -9.20 0.4
29 503 100% 7.9 -8.80 0.4
30 491 100% 8.4 -8.40 0.4
31 479 100% 8.9 -8.00 0.4
32 467 100% 9.3 -7.60 0.4
33 456 100% 9.7 -7.20 0.4
34 445 100% 10.1 -6.80 0.4
35 434 100% 10.5 -6.40 0.4
36 423 100% 10.8 -6.00 0.4
37 412 100% 11.2 -5.60 0.4
38 401 100% 11.6 -5.20 0.4
38 393 100% 11.9 -4.80 0.4
40 385 100% 12.1 -4.40 0.4
41 377 100% 12.5 -4.00 0.4
42 369 100% 12.8 -3.60 0.4
43 361 100% 13.2 -3.20 0.4
44 353 100% 13.6 -2.80 0.4
45 346 100% 14.0 -2.40 0.4
46 339 100% 14.4 -2.00 0.4
47 332 100% 14.8 -1.60 0.4
48 325 100% 15.3 -1.20 0.4
49 318 100% 15.8 -0.80 0.4
50 311 100% 16.3 -0.40 0.4
51 304 100% 16.8 0.00 0.4
52 297 100% 17.4 0.40 0.4
53 292 100% 17.8 0.80 0.4
54 287 100% 18.2 1.20 0.4
55 282 100% 18.7 1.60 0.4
56 277 100% 19.1 2.00 0.4
13
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57 272 100% 19.6 2.40 0.4
58 267 100% 20.1 2.80 0.4
59 262 100% 20.6 3.20 0.4
60 257 100% 21.1 3.60 0.4
61 252 100% 21.8 4.00 0.4
62 247 100% 22.2 4.40 0.4
63 243 100% 22.7 4.80 0.4
64 239 100% 23.1 5.20 0.4
65 235 100% 23.6 5.60 0.4
66 231 100% 24.1 6.00 0.4
67 227 100% 24.6 6.40 0.4
68 223 100% 25.1 6.80 0.4
69 219 100% 25.7 7.20 0.4
70 215 100% 26.2 7.60 0.4
71 212 100% 26.6 8.00 0.4
72 209 100% 27.1 8.40 0.4
73 206 100% 27.5 8.80 0.4
74 203 100% 27.9 9.20 0.4
75 200 100% 28.4 9.60 0.4
76 197 100% 29.0 10.00 0.4
77 194 100% 29.4 10.40 0.4
78 191 100% 29.9 10.80 0.4
79 188 100% 30.5 11.20 0.4
80 185 100% 31.0 11.60 0.4
81 182 100% 31.6 12.00 0.4
82 179 100% 32.2 12.40 0.4
83 176 100% 32.8 12.80 0.4
84 173 100% 33.5 13.20 0.4
85 170 100% 34.1 13.60 0.4
86 167 100% 34.8 14.00 0.4
87 164 100% 35.5 14.40 0.4
88 161 100% 36.3 14.80 0.4
89 158 100% 37.0 15.20 0.4
90 155 100% 37.9 15.60 0.4
91 153 100% 38.4 16.00 0.4
92 151 100% 39.1 16.40 0.4
93 149 100% 39.6 16.80 0.4
94 147 100% 40.3 17.20 0.4
95 145 100% 40.9 17.60 0.4
96 143 100% 41.6 18.00 0.4
97 141 100% 42.2 18.40 0.4
98 139 100% 42.9 18.80 0.4
99 137 100% 43.7 19.20 0.4
14




100 135 100% 44.4 19.60 0.4

101 133 100% 45.2 20.00 0.4

102 131 100% 46.0 20.40 0.4

Win Mark ProZ %3] ul4 & A2 dAAsgon, o= ALsr]
3t Fiber 271 A& 7 a3t}

CLS 22 A& A Aad 2xd w2 HAo zde wEd &= 9=
Fiber 7oz BAL 3

Lasere] <£2o] glo] #X%7] $38l4d+= MFD(mode field diameter),
NA XD ump = NAfiber XDfiber
wEbd FE £A glo] nREER o5 FAHF AZHEr] HalAMe
Dlameter®} =2 E<] W& NA &S AFseE Hol $L3H, o8 TA=R
. 157 22 FAHAFE AHsH .

#®. 4 A%9 Fiber 54

<30.0dB/km
1060~ | 0.065 ~0.46 @1300nm <15.0 dB/km
1600nm | +0.005 - >15.0 dB/km @1095nm
@1200nm

>

: .f MUFERN : ; nurERN

a9, 9 LMA-GDF-20/400, 25/400 Fiber\
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¥. 5 NufernAte] LMA-GDF 25/400-M, LMA-GDF 20/400-M A}¥

Optical LMA-GDF-25/ Optical LMA-GDF-20/
Specifications 400-M + Specifications 400-M +
Operating 1060 - 1600 Operating 1060 - 1600
Wavelength nm Wavelength nm
Core NA 0.065+0.005 Core NA 0.065+0.005
First Cladding First Cladding
NA(5%) =046 NA(5%) =0.46
Mode Field 19.2+1.2um @ Mode Field 16.7+1.0um @
Diameter 1060nm Diameter 1060nm
<15.0dB/Im @ <12.0dB/Im @
Core 1200nm Core 1300nm
Attenuation <30.0dB/lm @ Attenuation <8.0dB/Im @
1300nm 1200nm
Cladding <15.0dB/km @ Cladding <15.0dB/km @
Attenuation 1095nm Attenuation 1095nm

¥. 6 NufernAte] LMA-GDF 25/400-M, LMA-GDF 20/400-M A}

Geometrlc.:al LMA-GDF-25/ Geometrlc.:al LMA-GDF-20/
& Mechanical & Mechanical
Ficati 400-M+ s 400-M+
Specifications Specifications
Claddi Claddi
Jacdms 395.043.0um Jacdms 395.0£3.0um
Diameter Diameter
Core Diameter 25.0+1.5um Core Diameter 20.0+1.5um
Coating 550.0415.0um Coating 550.0415.0um
Diameter Diameter
Core/Clad Core/Clad
< <
Offset = 1.20um Offset = 1.20um
Clad Clad
Non-Circularit < 0.50% Non-Circularit < 0.50%
y y
Prooftest > 100kpsi(0.7 Prooftest > 100kpsi(0.7
Level GN/m’) Level GN/m’)

2~H

o

99 MAE FiberE: &A&ste] B3 CO, 7|8re] #HolA A7tz Al
&

g3tel Al & A% A2S AWSHATHE4-92).

]
j=3
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Power [W]

20

304

—— Pump LD

<1

ok 2W o] 3}

/!

10 1.5 20 25 3.0 35 40 45 50

Current [A]

24, 21 Midas Al&dolAd A3 =

3#. 7 Midas Algdeld A3 3

Collection @ chosun

Input current(A) PCB Output(W) CLS Output(W)
1 13.8 0.047
1.5 29.8 0.096
2 46.0 0.145
2.5 61.7 0.192
3 77.6 0.239
3.5 92.9 0.285
4 108.4 0.330
4.5 124 .2 0.373
5 140.3 0.416
5.5 155.3 0.457
6 170.7 0.492
6.5 186.7 0.521
6.8 199.2 0.527
24




HEZF Q/PAFE 1.0 AdlA 4.5 A7 37712 2S¢ 223 d9e
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il
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LD 1 Pump
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Powermeter

LD
(370 A=)

Pump

CLs 2H (2 Al) Splice point Combiner

CLS

O™, 24 CLS 4% A3d<= A% AE

CLS A% A3 GAEE Powers ¥ 2 7319 R AAES £

%. 8 AW 100W AA CLS A% =%

1 5.39 0.07

2 15.7 0.15

3 26.2 0.20

4 36.5 0.27

1 5 47.7 0.34
LD 6 59.7 0.43
7 70.9 0.50

8 80.9 0.57

9 90.0 0.62

9.5 95.0 0.66

LD2 1 100.2 0.71

26
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Output power [W]
o o .

0.0

\ —=— Qutput power\

a%. 25 CLS 100W 7+ 4

p P 7|27

: 0.00662
T4n b CLSEHIZZ HHE
— :99.3%
L » TEST A2t
/../. : 102 R7|
_/"//
20 40 60 80 100
Input power [W]

T 54 2=

%. 9 U 200W #AA CLS A% =4

(“/Collection @ chosun

2 110.2 1.20
3 120.2 1.30
4 130.3 1.41
5 140.3 1.41
LD2 6 151.7 1.64
7 162.6 1.77
8 172.6 1.89
9 182.3 2.00
9.5 187.5 2.04
D3 1 192.2 2.10
2 203.0 2.20
27
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Parameters Min Typ Max. | Unit
Operating wavelength 800 1100 | nm
Cladding attenuation 10 dB
Polarization Extinction ratio 17 dB
Power Handling 60 W
Signal insertion loss(Maximum) 0.2 dB
Signal output beam M2 1.2 -
Operation temperature -20 +70 °C
Storage Temperature -40 +30 °C
Package
Cooling Alr cooling
Fault detection power supply 24 DCV

Fault Signal

Open circuit

a9, 28 AAE HEZF AAY] VFE AR

Collection @ chosun
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Parameters Min. | Typ. | Max. | Unit
Operating wavelength 800 1100 | nm
Cladding attenuation 10 dB
Polarization Extinction ratio 17 dB
Power Handling 100 W
Signal insertion loss(Maximum) 0.2 dB
Signal output beam M2 1.2 -
Operation temperature -20 +70 °C
Storage Temperature -40 +30 °C
Package
Cooling Water cooling
Supply power 4.5 5 5.5 DCV
Fault Signal LTTL(ACTIVE LOW)

a%, 33 AAE FBEZF AAY TE AR 1EE S

33
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Laser System® Ao+ Asr7]e= F& Q%lo] HH, Ztho|ro] 39
A717F stz o el JAl frel =
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E. 12 #olA

= |LMA-GDF_20/400_M

Optical Specificotions  LMA-GOF-20:400-M Wayplength | indexel | Wevslength | indesod Iﬂmhmu:
jnmj | PadracEon | [rumej Palrmcfcn fnm
Opsating wﬂmm ';D:;_‘ :Jﬁg-:.-.. 3003 148054 5520 148071 oD 14500
First Cludding T — MO4 1ATESE  BAEE 14006 1DBAD 1 e
Pory Aiarabs S 12.0 4B/ € 1300 5 1. 1 4767 6 145848 1000 14430
% 5.0 08/lmn & 1200 e Al 147513 5833 145540 12000 1 44E06
Cladding Attemuatson s 150 d8/km € 1095 pm w50 147454 (=1 14570 13000 AdEE
Biretninganca N 047 185853 #4318 145670 000 1L4dSTE
— L 4358 1,850 -] 18557 15000 148450
8 ;'F:iﬁmh“ 16 1 45627 a3 145547 15500 14800
*Te 14545 it 145585 16600 1, 48267
b i Recoronok SAR AR EAD 1 s B OE_) Lt
Cooting Diameiat 55002 150um 351 143303 200 185758 8000 148087
CeeClpd Offsas < 2,00 pm a0 1 a6 &30 145382 18000 TSt
Ciad Moa-Caulanty % 050 % A5 1 8043 = 145047 w000 1 45506
Proofrest Linel 2 100 kpsi (0.7 GNAm?] 5145 144158 040 {45170 21000 1ANSE
#. 13 End cap Zeold m& Ux B4 folH
LEnd caj
NAfiber| nsilica | 6 max P rbeam (um) |[Dbeam (um)| Energy Density (MV/ci)

3 144.7 289.3 1.52

4 189.5 379.1 0.89

5 234.4 468.8 0.58

6 279.3 558.6 0.41

0.065 |1.44963 [2.576995

7 324.2 648.4 0.30

8 369.1 738.1 0.23

9 414.0 827.9 0.19

10 4538 917.7 0.15

A

A=l IR el
=2 T

End cap #+& I

>:<
g0 1 WS 7|Foz A 3k
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= — Beam Radus ‘
ir— Bonm Diameter - ]
—a— Energy Density {§ Endcap Endlace
- 12 o
1 =
1.0 = = i El‘
B . ] =
= - 1 e
- - - 2 &
—1 - q =}
= ’ — 2
= bsl Y - -— =3
g -—" . E
= o i
- e L] ai?
J. N
] -
= L .
0.0 ¥ i L . e o
o 5 10 15

Endcap Langth (mm)

9. 44 End cap Zeold wE oz Hx A

2 (1)) AR o2 RE End capolA o] 4z, @A e ¥ =27] 3
G HA G YA HxE Fath. o] W olyx Wx=E End cap FHFIY
IkWE 7l 2 sto] Ak gto = 919 3ol 1 235 At A 2
H2HE End cap Zol7} AoASFSE drldxe] ®l =77t vl#Hste] AR 7]
Zol A End cap Zolvt &1 7§ ®W wibo] FE3S] o]Fojx End
cap @HAA L] dquUx] U E AA HE F U
1kW o]de] o & dolA &9& 838 A2 7t
o7 AHgat7] Hste] wd A2t AEE o] FoA ‘jr%k‘i %7]94 BAFE
ArEe Y. B H=717F 400, 500, 600, 800 ¥ 1,000 wmSl ti+74 34
5 o] &3l &oldtA End capg 7 F Us A2 ATHGoH o] &
7122 3l] End cap %2 . 149 & Aoz A3t
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=8 AES 9% End cap 74 AFY

High
Power
End cap

Specifications

Comment

LMA-GDF-20/
400-M

Precision
Matched
Passive LMA
D ouble Clad
Fibers

Operating Wavelength:

1060~1600 nm
Core/Clad Dia.
20+1.5/395+5.0 m
Core NA 0.065

Clad NA 0.46
Coating Diameter:
550+15 um

Coating: Low index
polymer NuCOATTM
Proof test: »100 kpsi

20/400
Pracision Mitchad
Passivo LMA Doublo Clad Fibars

i 0 e i e i il
e o s e e

e Bim

a0, A G R
o in 1
e —

‘wm e e wlai e

Laser Beam
Delivery Fibers

End cap
(Null Fiber)

Operating wavelength:

380~2200 nm
Core/Clad Dia.
400/440, 500/550,

600/660

800/880,
1000/1050 m
Core: Pure silica step
index
Clad: Doped silica

Core NA 0.22
s POleicro
olfnide Bufer Tec nologles

Silica/Silica
Optical Fiber Fl

Pure Silica

“ICollection @ chosun
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A2d 1&Y FHAF gelA 28 g AF
1. End cap & AA € A%

23 BAF dolA FAASRE ALS e ARHoz P2 4P
5% 294 PAL 9% 1% QAL $HACE o] FolHof Bt

End cap A Zdeol= 173mmet AA| £+ 40mm=E Fst9 o™, 3447
7b A¥E #AS FEFES g7 FA TS g3 0] o FolA s AAGN S
o, S WA 9 Abekd A A oF BRAAAAA, 5 AAEo] 23
A FEQ FIHE FE Ui dolE 110mm=E FAstuA AA sttt o]
T BARE T #HolA =Y Al 44 FESOl FE 1F mE oA
e FHA3 A7)7] Y FE22EA oyl 1Y, 452 End cap 2D ¥ =HI
o]E &g3lo] A4 H End cap 3D 2¥. 46L& ¥d =S el 9l

!
1=
K

9. 45 End cap 2D ¥ ¥g=H
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1%, 46 End cap 3D 9¥ =

End cap 9% wWlgat-+A4 3 WA Quartz Block Ateldl] 282 =37

“
AA, abeg A8 A FAF A58 2AE =4 AMdeE 385 339
djd/del mE Photo Dioded 22&<S FEAIZ]7] W&ol F34F 7ol
A =EEHA e A 4o AME HLA Ak Y, o]E u#3 U

- AAE APstdtt. 29, 47 End cap WHEHS UeEla o

U QAR Yy EndCap @ & {14

Hié BuR un
BAIR 54 Ay

Metal housing

a". 47 End cap W +4

ot

M

a9, 482 HFH o7 3D HAAEY End cap RES H

44
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S .

O, 48 kWH 34+ dol#x =4 End cap
Y. End cap 3F+F F+24A4 € AF

A AA 2 ARS

500W+ #elA =
il A&gPsiAtt. 2", 49 3D HAA=

e THH] Fx=
End cap 3% T2E YeER{ Ut}

2
o
tlo
Ao
o
o
)
r ¢}
ok
e
-
BN

2%, 49 End cap 3% 3D =¥
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D 9mm=

15.68mm, Y : 44.99mm, Z

24zt X

=z 4

= Al

gotlem, 29, 50

fol ggHoz P4

%

Z¥ End cap

9. 50 End cap

=1

d. 51

stach. 1

213

End cap®l

. b2e

E

46
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29, 51 End cap

JJo

kA3 A Ql Assemble©] 7}

S Ags e, End cap

S|
~

AzE 9]/

ek, 2", 532

3

B

Afe 2

=
=
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a9, 53 AlzE d/EH

WS vpgro 2 A 2E End cap
H4< 98 AxAE 2 =9

48




End cap 3% Ad 4 9 534 FHE 3 P44 AFE 5
g 23 dA A5 T AEY 717 fFElsid Z1AA TrEEA el A
Ao r dotgt & TSt weps A em TIELLS th YA
ZIAA 7tEEA 0] &ol3 Aluminum AZAL 7] FHES FA3IA] o= Z &4

o]Z mlgto 2 ZZF End cap Assemble 1¥. 553 s on, 19,
56< #H= AAE End cap WMEst$+A S Jehia gt

Id. 55 End cap 2% A
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a9, 56 HF A Y End cap W¥E

397

. 1=

g FAHAHF dolA End cap A

a9, 57 NufernAte] LMA-GDF 25/400-M

HolA =4 FdF9 Fo] Diameter @ NA(Numerical Aperture)2}
ol5olE FdH 1x3 FHW=9 Core Dimeter B NAZF Aol & 39 39
AtEEo] AASHA AR A 1, o] 7 Fol= Core Dimeter @ NASQ]

o] &= Mode Coupler A H7F Qo3

A A elelA &3] &3
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A5 B3t Fiberol Lasere &Aool glo] #XA1%H7] YalA= MFD(mode
field diameter), Diameter®} NAZLS] Ho 2 Hou = 2E& WA A 3
=3

NA XD ump = NAfiber ><Dfiber

pump p

uetA FE Ed glel nEER o5 FAfrol AEHsr]l A=

%% 2] g 299 g
s NA NA(5%) o A 4

<30.0 dB/km @

< 15.0
1060~ 0.065 1300nm
> 0.46 dB/km @
1600nm | £0.005 < 15.0 dB/km @
1095nm
1200nm

oo
o

< 400pmeltt. 9. 582 £ HA|dgA & C
Fiber® NufernAle] FUD-3443¢ A Z& HogF3 9},
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138, 58 NufernAle] FUD-3443

¥.16& 8o &89 coreless MMFY AZE EAS Ho Ft},
¥. 16 Coreless MMF<9l FUD-3443 A& &4
Parameter Min Max Unit
Operating
800 1600 nm
Wavelength
Clad Diameter 385 415 um
Coating Diameter 560 600 wm
Prooftest Level 100 120 kpsi

oS AFE FAdF dEde] MMFE =899 coreless& MMFZHY] &
AH &S AYgsl7] A M2 2 olF FA 19 SplicingS st Zzte] 3
Ao 2ud AdFAS AgstAdnt. 18, 59 AdE o AFg" A<l

52
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B

]

o

d& FelA ol HA

=2

1

S

|

B (26-29)°l whel B F] ZHo

o] &

g

Gl

~
il

o

]

FSM-100P+ FHlE &

28 FSM-100P+ UERR3 Ut}

A8t A& A}

-
o

=
[¢)
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%7] (FSM-100P+)

24

o

olF A

. 62<

2
=

[

S

R

Splicing ¥8< %
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7ol

2

0
il
No
oy

ool AFFAd st

Fl .

S

ATAH(13-19)5 A&

ki

17 o &

A
pd

sl

2 vhg)

1340

3f

_?,‘I
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of d9= A% o|FFAFE Hlojutoly ofwly AvpAad] AdE Ak
a9, 64= HlojgtolH ofHE Avpx]agl o]F3A frek AdtE RGS H
o

R

9. 64 wojtelH oY kx|

2Y. 65 o F BRI welstoln dAvkA el FHE wik

govl, doistol ogE dAriAad AFE o F
FHe A4 HH & TP F 4AE AH AP
o 29, 65 v Avizgel 289 At 4uE tehia ok

N
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a9, 66 ¥nt7] (Trig Fiber Shaping Workstation)

o] FFd 1 Core Polishing T oAE oS3 2
(o) FFAF @ Anp FH £A)
@O wlejgtolw o YE] o ]?%ﬁ% g HE 3
@ ZAzE o|FTFAAFE Avignl e} A3t}
@ 9um Polishing &% < 23 3t}
@ 3um Polishing 3% < 23 3t}
® 1lum Polishing &%= 73 3t}

® 0.3um Polishing &% & 23 3t}
@ % dn)AS 53 odH A S 892 3 F Re-polishing 955
A% gt

Hlojgtol olfiy dAnpx| 18] 1S T olF F =
Polishing 3t91aL, Polishing Filme =5 mAste] FAF J99] 3dW d=
7} 10nmelst7t ¥/ =% Polishing Z271=

Zkztel Amp AJZHe 1m 10sec 7HA Zledstslom

A zde ®. 179 2o

10
10
o,
_O|L
s
2
OOJ{LA'
_Ort'd
o,
ofN L

of
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E. 17 olF FAH W@ vk 34 =4
G A Polishing Film 9 o Polishing
Film A= Time
DR-5D
1 (Silicon 9um 300 g 1m 10sec
Carbide)
DR-5D
2 o 3um 300 g 1m 10sec
(Silica)
DJ5D-1U
3 1um 300 g Im 10sec
(Diamond)
XF5D
4 0.3um 300 g Im 10sec
(Si02)
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=K

O

(b) Silica ¥An}&

(¢) Diamond €nt&% 2

(d) Si02 <An}

Anp @™ (d) Si02

=i
=

%

Ant @A (¢)Diamond Aw}t

=i
ES

Silica AAw&%

Mo

o
o
o
]

ol
A
n’]

<
el

Jﬁmo
Ho

3
)
"
oy

ol

™

mjn
oF
TR
R O

o

4% Anpg of

. 68
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PAFL AHE7NE &5t §FE ol FAHFE Quartz Block
Z O

(s}
A3 Ayt o, o] ¥ A3ty 943 —?*ﬁ—ql 2 Quartz Block
o
=

QF coverF Aoz MA HW, JRZHEE Horl rbedt FHYE <
stAl k. 9. 69 olFRAF YF coverd A FHEF Quartz

Block WEehHa it}

H
&
FA7VeS st F43H FEE Quartz Block2 9l
_|(_)|_
_QE_

Y. 69 Quartz Block(X9A12)

olFF 4 Ft End cap THEHA E974 7FEE QB(Quartz Block)+
Optical Fiber B3 % W3 AHo| 7}%3 F23F aholn, 3T Zud
o] Ferrule 9&7tA Fdo] 7bestw, 27, 702 7F8E Quartz Block

-1 =

HE Yehl L e

H

60

Collection @ chosun



Part # HWCO017-

B A

OD (mm) LENGTH (mm)
3.0£0.1 4.0+0.15 55+0.2 6.2+0.25 300+10/-0 600+20/-0

ad. 70 729 Quartz Block =9

F7HH 2 71EA aFAEe met SMAE o] TR R AlAe Zgstr]
8l Metal Ferrules A% stlem, AlgH = AMEZ= Ceramics, Metal
4 Plastice@ FEE 1 JTH(30-34). &2 FHfF dolA &
< TAAIZI7] Wl Ee dutH o2 Zirconia Ferrules 283 4§
deol WstE 7 A =1, e A wet S 5oy A4
71 913l MM (Multi-Mode) Fiber®t 7H¢ & 33t Cupro-nickel#l
Ferrules %33t Cupro-nickelS UZAS /3t F2-UZAA

agA ol AXo] Hojya, Deep Drawing 7FA, E3F ©FAlo] £
om, YAAE $F37] Wi 2% @ nerld @ol AMSEE ABEA,
d 54 2 7k, WaAd 52 el YA % 25%9 Cupro-nickel
o A= F4E Metal Ferruleol®, %, 71& A%¥ Cupro-nickel
Ferrule2 Yehlla ¢l

ru>i ull
L o go rE

N
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9. 71 Metal Ferrule (Cupro-nickel A &)

HE AE 128 oy #o|x 8 End cap dlolA XA ;o] &
Aol FAFY @A T A BT F o] 2EE FAIE EYE Y
s, AAEE AAs] Y3 =AM E End capel F2EE 357
UM HA 2AlAN e A SAEAE JIPstden, . 182 A L&H
25 AME 545 JeEllz ok

62
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E. 18 €& AAE EA
Z9Y 34 MA100 MA200 MA300
0.762 mm 3.90 mm 9.52 mm
1.27 mm - -
£F 374 (D)
1.78 mm - -
2.03 mm - -
vt 4deo] (L) 9.52 mm 95.25 mm N/A
= do] (A) 9.52 mm 95.25 mm N/A
20, 30, 32, 38
gtolo] Aol 30 AWG 30 AWG
AWG
Heavy Isomid
Medical Grade
Medical Grade
PVC
g AAH A4 - PTFE PVC
Polyurethane
PTFE
with Nylon
Overcoat
49
ohebeta ARG
WY A= Ze 2o} sEQle] 2 7
LolF o
Kopton A
7NE L5
. 2,252Q, 3,000Q, 5,000Q, 10,000 (4 7FA Y
- 2%
A ¥ (25C)

=

gro] =713ty wEe AR

MA300 Ztzte] AME 54d= .

o] A7 A A3 mHste], oxHYE Hisela, FF AAAAA eFE 9
=

& Y T mdd wAE F U=

o,

GE-SensingAte] Kopton#A &2l MA100(=AlA])
HZE A3E L2 A (MA100)S YeER 2 Yt}

il
[
o
ol
R
£
]
i)
3
\)
rir
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: i | I ’(
\
a9, 72 Ae" = A4 (MA100)
2 AlA Qow Atekg A E 913 FAIA = Tkt FEZF o, g
2 BH I F/HE EFS g2y o] EREY. 5% g Ao FeolA7]
g SHole FHIHE ol &3 AR xETo|E, F dEFE SHHot=
g #AA] AAMQA 2HABHE o] &3 FHAA, EHE&H(thermal electric
effect) & o] &3 422 AR (thermopile) &°] AFEEH 1 glon =
A gggdadel Fe HAASY] el d A 2ATE obd FH AR EETHO]Q
o= AT . 19 HF AF3E XETHole= EXAEANS YeEla 9
=
¥%. 19 Photodiode 74
AL 715 ax
ul % H 9 A 800 ~1700 nm
I3 o7 Ap 1550 nm
A R(N) 1.003 A/W
e/ Azt
t./t, 0.30 ns/ 0.30 ns
(R,=50Q, 5V)
NEP, Typical
W/+/ Hz 4.50 x 107"
(1550 nm, 20 V)
0.05 nA (Typ.)
dHAF (5V) I,
2.00 nA (MAX)
ulo]o] 2~ Z 9}t (Reverse) - 20 V (MAX)
Wb AR/ - 2 mA (MAX)
A7l &% C; 2.0 pF (Typ.)
3 gy &4 Al gk - 18 mW

FEYHo] 2 =(Photo diode)& oA EAAtelol slBstes F= &5t

Collection @ chosun

64




Hotd B A/FE AAste d8=2 48, v dF 9 29 A E
a#ste] 7 A 3e PGA 01(Photodiode)E A sttt 29, 73L& HF
A% ¥ Photodiode(FGA 01)& YeRia ST},

9. 73 Photodiode (FGA 01)

9 HYY REES @

= 3t End cap "WEs$A Ui AFEH %A
A (MA100) A3 s} ] .

S ASAZEA S 98 Photodiode (FGA 01)
AT S AAsA T
A2 WGt g EEHo] e =AEY WEFEES] BIE
el BT AolE o =

J[m
o,
Me 2

33l Aol EEH

A& Hol £

#. 20 AelE w2 SAEA

227 (mm) A4 (mm) | ¥ 7 (mm) A HAE 9+e
7 (mm)
2.0 3.0 0.5 15 57
4.0 6.0 1.0 25 57
6.0 8.0 1.0 80 32
8.0 10.0 1.0 80 32
10.0 12.0 1.0 130 27

B4 A3 JYEZAZE 6.0mm, I5 27 8.0mm +ZF9 AolEFH PFA
EX Zebra Explosion-Proof Tubing= A3t o, ol FHaxe 7HAA
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A% 449 Aol

-
L

ok % 74

S

°| 7vs

EX #

2l 74 PFA

i

Aol &

7}8¥ PFA-EX

Ho

Ho

&

e

Al

APstd o 18, 759 High Power Laser % A% Delivery

FA et

%

B 5 240

9]

g

A8t

=
=

ANSYS Workbench

Eias!

&

°|

=
=

kA ANSYS Workbench® Design Modeler

o}
L
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ettt 19, 762 ANSYS Workbenchel
el it}

9. 76 End cap 3D 2% ¥4 =¥

dafde] 2o 2+ End capdl E9Ed 0.5, 1, 3, 5WHE 10x%E<H
o wE AN S FPstgon, A AIAE S HUAA

O
rlo
DO
(@]
@]
BN
Y
lo
fu
™
Og‘:",
QL
38
n

. 772 End capst+3e @ddg wdH 9l End capolA A= &
t}. 4 Datat End cap @49%
A

o] o)
=1 A =
A HeE EEEES UYEY, F WEgeR I AgHu e dY

2

o

67

)Collection @ chosun



P
)

0.5W

1w

3W

5W

2. 77 End cap

%ﬂﬂﬁim%zi%ﬂﬁ%%&

<. 0.5W ZgA] 1
ERER q
S 45%0| A ;<171—§_34_,4
¥ End cap Temperatureg Eo T}

TGS

ap “’ad

o

i
rUR
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3%. 21 End cap Temperature

End-cap 8 W
=z
0.5 W 1w 3 W 5 W
oFeE ¢ EE RLT I
Temperatu 20T 20C 20T 20T
re (C] MAX : 42.5 | MAX : 59.8 MAX : MAX :
(6 T 118.3 C 171.6 C

ul. End cap A% A&
HF AT Aol &¢59 End capd =8 ¥ 4 HT AEE
ow  ZZ Ho| Aoz A7t X:T765.4, Y:749.29 A¥ e =EE &
UATEH.

* End-Cap Measurement

Splicing Paint High Index Epoay End-cap !
——r — =

Powaer-Sensers
* Reference Measurement

Splicing Paint High Index Epoxy

Power-Sansor

9. 78 End cap A% 54 SHE 93 4=
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X. 22 End cap ol ¥ EA A& =3 7k

1 10.34 10.28 0.06 99.41
2 10.29 10.23 0.06 99.42

10.33 10.25 0.08 99.23
4 10.30 10.23 0.07 99.32
5 10.32 10.22 0.10 99.04

GAE 39 HAEE ¢35le] End capel Z2&°] € F49Y Caps F/I=
AFsto] A 2Tt
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71—
| 11.9
T T 3 [
o ® T 2
o| oo
P~ i®] O
o
B
I T R>
[ —
¥ | T
| [/
37.1

Y Cape] 2349 End caps AAA 2 HF5 kWH dolA A~
H3 WS 93k Ay Ala" S-S Y3 FvEr, <A A" S 9% Fst
go] &g g3t Pttt
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=7 geve kwHlolA ALY

End capd 9AYE 3¢ =2 AT

G
=
A Adgssion, ofget 22 Ads & F U0

>
rlo
Ofj
(]
e
)
1o
i
o
i
~
ofo
_O‘L
L

9. 83 End cap ©AE 19 HAE Ad
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¥%. 23 End cap 9AE 99 AT =3

300 396
500 559
600 683 1084 BN
800 890
1000 1030
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