ooooboooboood
obogoboood

ooo

ooo0o0ooooooooooo
ooboooobooo 11

TODOROKI.Shin-ichi at nims.go.jp

http://www.geocities.com/Tokyo/1406/

Abstract: 0000000000000 O0OOOOOOOOOOOO
O0000ooooooooooooboo0oooool4sumooogonono
Oiliwgogooowoooooooooooooooooooooo
000000000000000000000000000000
oooooboooboooobo0oobooobo0oooobooooon
oobooOooooOoobooOobOoboboOooboObOOoobboOooonn
gobooobooobOoooboooooobooOoobooboooon
gboooboboooooboood

a00:00 [17]0000000000000D0000O0O0OO

OCIS codes: (060.2290) Fiber materials; (060.2400) Fiber properties; (140.3330) Laser dam-
age; (140.3440) Laser-induced breakdown; (350.5340) Photothermal effects; (350.5400) Plas-
mas.

20050 70 6000020050 80 3000020050 80 5000

O 000 0O"Origin of periodic void formation during fiber fuse”, Opt. Expred8 [17]
6381-6389 (2005)9 2005 Optical Society of Americd] O OO O 00O
http://www.opticsinfobase.org/abstract.cfm?URI=0e-13-17-6381

http://www.geocities.com/Tokyo/1406/node5.html#Todoroki0SOEX6381

References and links

1.

2.

3.

R. Kashyap and K. J. Blow, “Observation of catastrophic self-propelled self-focusing in optical fibres,” Electron.
Lett. 24, 47-9 (1988)http://ieeexplore.ieee.org/xpl/akfsee.jsp?arNumber=8155

D. P. Hand and P. S. J. Russell, “Solitary thermal shock waves and optical damage in optical fibers: the fiber
fuse,” Opt. Lett.13, 767-769 (1988http://www.opticsinfobase.org/abstract.cfm?URI=0l-13-9-.767

D. P. Hand and T. A. Birks, “Single-mode tapers as 'fibre fuse’ damage circuit-breakers,” Electro25(E}t.

33-34 (1989)http://ieeexplore.ieee.org/xpl/akisee.jsp?arNumber=19651

. S. Yanagi, S. Asakawa, M. Kobayashi, Y. Shuto, and R. Naruse, “Fiber fuse terminafbhg ith Pacific Rim

Conference on Lasers and Electro-Optigsl. 1, p. 386 (2003). (W4J-(8)-6, Taipei. Taiwan, 22-26 Jul. 2003),
http://ieeexplore.ieee.org/xpl/abfsee.jsp?arNumber=1274838

. E. M. Dianov, I. A. Bufetov, and A. A. Frolov, “Destruction of silica fiber cladding by the fuse effect,” Opt. Lett.

29, 1852-1854 (2004 http://www.opticsinfobase.org/abstract.cfm?URI=0l-29-16-1852

. R. M. Atkins, P. G. Simpkins, and A. D. Yablon, “Track of a fiber fuse: a Rayleigh instability in optical waveg-

uides,” Opt. Lett28, 974-976 (2003http://www.opticsinfobase.org/abstract.cfm?URI=0l-28-12-974

. S. I. Yakovlenko, “Plasma behind the front of a damage wave and the mechanism of laser-induced production of

a chain of caverns in an optical fibre,” Quantum Elect®i{8), 765—770 (2004).

. S. Todoroki, “In-situ observation of fiber-fuse propagation,Piroc. 30th European Conf. Optical Communica-

tion Post-deadline paperpp. 32—-33 (Th4.3.3), (Kista Photonics Research Center, Stockholm, Sweden, 2004).
I. A. Bufetov and E. M. Dianov, “Optical discharge in optical fibers,” Physics-Uspégii), 91-94 (2005).



10. I. A. Bufetov, A. A. Froloy, E. M. Dianov, V. E. Fortov, and V. P. Efremov, “Dynamics of fiber fuse propagation,”
in OFC/NFOEC 2005 Technical Dige€ThQ7), (Anaheim, 2005).

11. S. Todoroki, “In-situ observation of fiber-fuse propagation,” Jpn. J. Appl. PHs.4022-4024 (2005),
http://jjap.ipap.jp/link?JJAP/44/4022/

12. S. Todoroki, “Animation of fiber fuse damage demonstrating periodic void formation,” Opt.3&®551-2553
(2005),http://www.opticsinfobase.org/abstract.cfm?URI=0l-30-19-2551

13. T. J. Driscoll, J. M. Calo, and N. M. Lawandy, “Explaining the optical fuse,” Opt. L¥8t.1046—1048 (1991),
http://www.opticsinfobase.org/abstract.cfm?URI=0l-16-13-1046

14. E. M. Dianov, V. M. Mashinskii, V. A. Myzina, Y. S. Sidorin, A. M. Streltsov, and A. V. Chickolini, “Change of
refractive index profile in the process of laser-induced fiber damage,” Sov. Lightwave Coyr298.(1992).

15. D. D. Davis, S. C. Mettler, and D. J. DiGiovani, “Experimental data on the fiber fus@7ih Annual Boulder
Damage Symposium: Laser-Induced Damage in Optical Materials: ,1199E. Bennett, A. H. Guenther, M. R.
Kozlowski, B. E. Newnam, and M. J. Soileau, eds., vol. 271&BfE Proceedingpp. 202-210 (SPIE, 1996).
(Boulder, CO, USA, 30 Oct. 1995).

16. S. Todoroki, “In-situ observation of fiber-fuse ignition,” ITONO/LAT 2005 Technical Digest on CD-ROM
(LSK®3), (St. Petersburg, Russia, 2005).

17. S. Todoroki, “Transient propagation mode of fiber fuse leaving no voids,” Opt. Exfr§sg248-9256 (2005),
http://www.opticsinfobase.org/abstract.cfm?URI=0e-13-23-9248

1. OO

ooooooopoooOoi198ooooboooooooooooooooooDoooogoo
oooooooooO0ooooooo (w)ooooooooooooooooo (Fig- 1
0O0)§ 0000000000000 00oO0O0UOOo0D0DoOoOoODUOooOOoUOooOoOn
[1,2[0 COoOO0OO00O0O0ODOO0OO0 ckw)DOOOOOOODOODOOOODOOOooOOO
00000000000 [8,4,50 0000000000000 0O0O0O0O0OO0OO0O0
O00o0oU0oooOoOoOoOoOOOoOoOoooooo e, 770cococooooooOon (~mls)
gooooooooooooDoOoOoOOs,9 10,111 0000ooooooOoOOOO
gobobOoooooooboboboooboooooooooobooooboooboooonn
0000000000000 0O0000O00O00DOO0oO0OO0OO0OO 1200000
00000000000000000000000000000000 0000000
obobobobooobooboobooboobooboboboooobobooboooo
obobooboboobooboobobobobobOobOobOobOOobOOobOOoboboOooon
oboooOoboooooboboooboobooooobooooooon
00000000 00O000O00O000O0O0OoOOoUoOOoOoooOOg [2,6,8,11,13,
14,1510 00 0000000000000 0020wO0O (OO:148umO0000O0O

http://www.opticsexpress.org/viewnedia.cfm?umid=18998

Fig.1.9.0WJ148umO 000000000000 0OO0OOOOO0O0DOOOOO
00000o000o0ooooooooo @.oomBOOOOO 1.2m/sd

00:00 [7]00000000000000000000



oboboboboobobooooooooooooboobobooooboobooboooo
gopoeowoOOOOOoOODOOOOOODOO B 11000000000 DooOg
oboboboboboboboboobooOoOoOoobOOobOOobOOoOOobOOooObooOoon
gbobobobobobobobooboboboobooboboobooboobobobn
gboboobooooooobooogoboon

2. 00

200000000000 DOO0OO00000OODOODODO0OoOODOoObODODOOOD
obooooobooooooon

21 00000000

Fig.20 000000000000000000000000000000000 (SMF-
28, Coming] 0000000000000 (1.48um)000000000000000
00000000000000000000000 (>7.0W)00000000000
000000000000000070WO000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000 CCDOODO (uitima APX-RSO OO, Photron Ltd. 1 0000
380-790nmy] 00001600000 3200 NDOOOOOOOOODOD 1u 00 04u
000000 128x16000000000

Ultrahigh-speed
camera

Zoom lens | |
Fiber | ND filter —

Laser @ww@ >
1480nm

Fig.2.000000000000000O00OO0OOOODO

22, 0DO00O0OOOOODOODOO

gbobooooooooboooobooooboobooooooooobooooooon
gbobobobobobobobooooooOoobOoOobOOobOOobObObOObOOOOOn
O7usO00000 [I2I0CCODOO0DO0OOOODDOOOOOD DODODOODOODOOO
obooobooboooooboooog

3. 00O
31 00000000

Fig. 300000000000 (1.5-9.0W)I 0000000000000 000000
OD000O000O0O00Fg. 4000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
010000000 40us)0000000000000000 vOOFig.50)0000
0000000000 00000000000000000 20w000000000
0000000000000 000000000009.0WOO00000000000



400 260
300us Distarce, £/um

http://www.opticsexpress.org/viewnedia.cfm?umid=16413

Fig.3.1.5W00 9.0WOOOOOOO00000 (1.48um 000000000000
0000000 (1.64MB).0 000000000 O0O0O0OO0O0OO0OOOOOOO

oo

| \\W\ ~—\A (b=1)
| N v
I P | \»\\\\7//\7 -
,,,,,, S N ( b— 2)
—
AN
\
.
J \\ ~
an SN (6=3)
,,,,,,,,,,, .
-
‘/\_ (b—4)
™\
c ‘ (b-5)
s |
~~ O /"‘

g ~ T T
22 = (b—#6)
<@ 8 2 N

o < [\

B AN

0 50 100 150 200 0 50 100 150 200
Scale (um) Scale (um)

Fig. 400000000 (Fg.3)00000000000 (0000000000
00000000000 (0000000000000 (1)9.0W, (2)7.0W, (3)5.0
W, (4)35W,(5)20W0 00 (6)1.5WODOO000000000000000 40
ps(1000)00000000000



Power density, P/MW-cm ™2 Power density, P/MW-cm ™2

0 5 10 0 5 10
L L 200 T LI |
0 ¢ € Length
§ 1< S R
% | ¢ x 150 T
3 e
) i 430 € < - I * J
- ] 3 3 r
o I ® ] X 100 |
g P -
g 05 O --5q20 _- < -
) [ <> 0 ] g N :
o 0¥ & . 50
< 410 ) A
£ N A .
Z o %] O Diameter
0 P R R S T 0 >5 0 .89 O Q4 Q4 Q]
0 2 4 6 8 10 0 2 4 6 8 10
Pump power, I/W Pump power, I/W

Fig.5.000000vO0O0OO0O0dOOOOOOOO (0)DoOoooooooooo
0000000000000o0o0oooooo00 (0)0 axFigd4OO0OOOOOO
O000000000000000 1090000000 Aol O: 0000000
0000 2000000000:0000000000000:0000000

0000000000000 (Fig. 4(b-1)00000000)000000 4005000
(16~20us)000000000000000 (Fig.300)0 00 10%0 0000000
00 AewD Fig. 50)00000000000000

32, 0O00OO0O0OOOO0ODODOOO

Fig.600000000000000020WO000000000000000000
O (Fig. 6(a)~(d))0 0000000000000 000000000O0O00000000
0015WO00000000 ()0000000000000000000000000
000020WO0O0000000 ()001.5W00000000000000000
0000000000000000000000dO Fig.50)00000000000
1.5Ww0000000000000000000000

Fig.50)0000000000000000000000000000000000
1000000000000000000000000000000018.7us (9.0W)
00 310us (20W)0DO0OO0O00O0O0O0O0O0O0O0O0O00O0000O000O00000
(Fig.6(a)—(d))0 00000 100000000000000 100000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
O0000O0O0O000Fg 70050W0000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000 [12]0

00000000000000000000000000000000000000
000000000000000000000000000000000000000
0000 (Fig. 7(b)0 000000000 (¢, d00000000000000D0O000
000000000000 (0000000000000 (f,g,h(=a)0000000
00o0o0o0oo (ko
0000200000000000Fig.50)000000000000000000
00000000000000(QO000)00000000000000000 (@O0
00)000000000001.5W0 20W000000000000000(00O0)
000000000 2(00)0000000000



@)

(b)

@

(d) (h)

Fig.6.00000000000000000000000000000000000
00000000000000000000()9.0W, (b)7.0W, (c)5.0W, (d) 3.5 W,
(€)20W, () 1.5W, (g~1.3W,000 (h)~1.2WI (a)0 ()0 000000000
00000000000000000000 125um0000()0 (6)000000
000 50umO000

1.5W000000000000000000000000000000000000
0000000000000000011-1.4W000000000000000 300
000000000000 000000000000000000000000000
0000000000000000000000000000000000000200
00000000 Fig.6(g)0 ()OO OODOODOOOOOOOFig. 600000000
000 Fig. 6(f)0 (900000000 Fig. 6(g)0 (OO OO OOOO00Fig. 6(g)
000000000000000000000000000000000Fig.70000
00000000000 Fig.80000

4. Discussion

oboboboobooboobooboboobobobobobobOoOobobOoOobOboooon
gboooooooo

41. J00O0OO0OO0ODODOOO0OO

Fig.60 Fig. 70 Fig. 80 00 000000ODODODOOCOCODOOOOO000O00O0OOOOO
ooboooobooooboooooboooboboooooooooooboOoooooboooonoo
00000000000 00O0(@O0OU 7usO0 [12)00000O0O0DOOOOOOO
boboboboboobobobobobobOobobobobOoboboboOoDbo
bobdoboboboboboboboboboboboboboobOobooboOobo
oooooobooooooooooobooooobOooooooobOboOooooOooboOoo
obobooobooboobooboobobobobobobobobobooboobobobo
obobooboboooooobooboooobOobOobobooooOooboOoboobooOonoo
o0oooooooo0o0ooooooo0ooOoo0ooooooD 10000o0obOoDOoO0g psO
bobobobobobobobooooooooboobooOoOoOobOO0oOobObOOooon
goooobo 1oooooooooooooooboooooOooODbOOODOOO
goboooooooboooooooooobooooobbooobooooobooboooobobooo



~—~
&

(b)

(d)

—~
D
~

—~
=

(9)

(h)

http://www.opticsexpress.org/vieunedia.cfm?umid=16414

Fig.7.5.0wOOOoOoooooOooUOoO0OO0O0OO0OoO0oOoooooooooooo
O000oooOo @ssmMBOOOOOoO 178uymb0000O0OOOOOOOOO
O00ooooo 1vy8uymO0O00000O0O0O0OO0O0OOOOOS0wOoOoooOoO
0000000000 00000 s50,000000000000O



(@)

(b)

(©

Fig.8.0 1.3wOOOoOoOooOooOooOooooooooooooooooooooo
O00oo0ooooooog sopumd

000000000000000000000000000000000000 Fig.50)
0000000AMAOOOOOO0O000O0OO0OOOO0000000000000000
0000 (Fig.50) 0000 A0000000)0000Fig. 4(b-1)—~(b-40 00000
O0000O0O0O0Fig.6(A~(d000000000000000000000000000
O00Fig.50)00000000000001=90W00 A 0000000000
00D000000035<1<700000 A1y 000000000000 0009.0W
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000C000Fig.4(b-1)000000009.0W0000
000000000000000000000000000000000000000
0000 (16-20us)0 000 1000000000 18.7us00000000

Fig.50)0 00000000000 2000 86um0000000000O0000
00000000000000000000000000000001>35w0000
000000000000000I<20WOO00000000000000000000
|>35W00000000000000000000000000O000000000
000000000000000000

42. OO0OOOOOOOO

0000000000000 00000000000 [12]00Fig. 700000000
000000000000000000000000000000000000000
00200000000000 (Fig.7(6€)00)0000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
0000000C0O0000000O0COFg.6(a)—-(d)00000000000000000
000000000000000000

20000 1000




00000000000000000000000000000000 1~13W(
Fig.6(g)000 Fig.800)0000000000000000000000000OO
0000000000 (Fig. 8(h)00)000000000000000 (000000
0oooooo (ao

00000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000Fig.6(e)d (HO0000000O
0000000000000000001>20W00000000000000000
0000000000000000000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000Fig. 80000000000
000000000%M00000000000000000000000000000
000000000000000000000001>35w000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
00000000000000000000000000000000000%0

O0000Fg. 60000 20000000000000000000000000
0000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000 [16000000000000000000000000
0000000000000 00000000000000000000000000
0000000000000000000000000000000000000000
Fig.6()0 0000000000000 0000000000OO0O0D000000000
00000000000000000000000000000

5 00O

goobooboooboooboobobobooobboooboooooobooonboonn
0000000000000 00000000000ODO0O0000O0OODODO0O0OO (O
00)000000dooo0O0OO000U0OOoOODOOO0O0O0DUOD0O0OOOOODOOOO
gbooboooboooboobobooooooobooboobooobooooooonn
gbobobobobobobooboboobooboOobobOOobOOobOOobOobOobOoon
goboooboooobooooboooboobboooobobooooooboooonn
oobooobooooboooooooboboooobbooobDoooobooooboboOoooo
gboooboooboooboobooooooobooobooboooobooboooboboOoDbn
obooooOobooooobooooboobooooobooooboobooooobooon

go

gbobooobooboobobboboboboboboooboobooooboooobooooon
gooobooobobboooboobbobobobobobobboobobooDon
gooooo

S0D:D00 lowerOD O OO
400:00 1000



