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238 1. Dielectric mirror embedded optical fiber coup-
ler.
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¥ 2. Experimental setup for measurements of R,
T, and L (=1-R-T) of mirror embedded fiber
couplers. W: tungsten lamp, L: lens, C: Chop-
per, Obj: 20x microscope objective lens, F: op-
tical fiber, MEC: mirror embedded fiber coup-
ler.
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23] 3. Measured spectra of reflectance, transmittance,
and excess loss for multimode coupler.
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1% 4, Excess loss spectrum in the 0.4~1.0 ym range
for multimode coupler.
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23 5. Reflectance spectra for multimode coupler(a=
45°).
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2% 6. Measured and calculated reflectance spectra
for 3-layer (Ti0./Si0./TiO;) coated multimode
fiber(a=0°).
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213 7. Measured and calculated reflectance spectra
for 7-layer (Ti0./S10:/Ti0./Si0s/Ti0,/Si0/ TiO
2) coated multimode fiber(a=0°).
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1% 8. Experimental setup for polarization measure-
ments of mirror embedded fiber couplers. The
setup in the dashed line is for measurements
at 1.3 ym. W: tungsten lamp, LD: 1.3 ym laser
diode, L: lens, Obj 1: 20x microscope objective
lens, Obj 2: 10x microscope objective lens, F:
optical fiber, P: polarizer, Si: silicon detector,
Ge: germanium detector, MEC: mirror embe-
dded fiber coupler.
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712 9. Calculated and measured polarization ratio
(R./R,) for the coupler.
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23 10. Experimental setup for far-field beam profile
measurements of mirror embedded fiber
couplers. Xe: xenon lamp, Obj: 20x micros-
cope objective lens, F: optical fiber, T: trans-
lator, Si: silicon detector, PF: probe fiber,
MEC: mirror embedded fiber coupler.
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2% 11. Measured far-field beam profiles of the coup-
ler.
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.23 12. Experimental setup for modal sensitivity
measurements of multimode fiber couplers.
LD: 1.3 um laser diode, Obj: 20x microscope
objective lens, T: translator, F: optical fiber,
P: polarizer, Ge: germanium detector, MEC:
mirror embedded fiber coupler. FBT: fused
biconical-taper coupler.
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28] 13. Power splitting ratio change with launching
offset in transverse direction for mirror em-
bedded coupler and fused biconical-taper
coupler.

% I, Z7be) $xelA EA3ksdch

29 7] gAd wE F Agr|d datd FAT
s}¢)u) o) W57}k 2.9 136 £A]=lo] 9le} FBTA7 =
AFA 99 sl 57%elx, A G AL
A8 APrle 17%01%c olebge] & A7 Ate]g
29T 7] )Xol @2 wt¢)e W3} Ao]= AYI|E
Az o2 Pz rjggch FBTA#Y 9 A =AY
22 evanescentI 1618l 23 Ao|7] wFeoll, A7)
A AgEel 8o Jehie F4dHF ZFEEL
2 3ate] RS=Eute] A=) ubde, {44 ¥
gt 7ol AR Arle FAH b AA ZAHA
Ao RE oy FYiA A==z FBT A7)
Bt e Adxr) v eg s A s £
u}19)e] wEo| =l

5. 717 8y

3 A5l o8l AR BF FAA Agel WA
AW7)e 2879 AR ARH BF A 2EI} 20
kpsiz A9 ALY A4EE walch

v. 32 £

+3 A%7leR 13 molAH, &Ae] fFEfE F
349 7% 02dB, 9 w9 FAdF2 45 05dBal
FAA wpet 7o) WiAH FAF A E AlFEich
A fol AE #34 vhat AL FHEL 3 AS
Aol A Zo] BAa) vhate] AbE Falo 2 Wistshgic)
2 vt Ago] WA FAMF Al F4gely,
A zto] 7yM3te, P4 AF ZA=r} 20kpsiZ
Z1AA el B¢ Rt} Mieatgto] Agr|e 3 &4
HfAUZeR el dgr]e) whEE ciddR
el we} Waste], #gel ol Wt HHE B
gon, ukal HPW|(R./R)E 13umelA 1612 &4
Hodct 23t uhat g sy Al wbag
Hgu) S 2desy)el v Ao 7HE whgel
o, o] W& Algste] AR ZAsiel AY ATt F
34l Atk whAbE W AT WY R
Hd w¢]9] 5%= = YA FHA] F3v)sE 1.090]
e} HolA] thel 2425 AME3t 2AHF hFRSE
A& WY FA% Ao 3 Fopuis FBT 2¥7]
2o} ¥4 okAsigde) o) A2 e FAA g1 Ag
WAy Agrg AHeske Alzde] FBT AR7E At
43k Alagio 292 3HEo) A& Aolet d gt



426 BSAEIA A4U A43F, 19939 129

zAe 2

EEES SEY 4 AT Y2 A 9FE4,
AR BARES FIAAEA DT o)A 9
4R AelE B,

ﬂ.),l_'

oz & #

[1] H. Kuwahara, J. Hamasaki and S. Saito, “A semi-
transparent mirror-type directional coupler for
optical fiber applications,” IEEE Trans. Micro-
wave Theory Tech., MTT-23, 179(1975).

[2] M. A. Karr, T. C. Rich and M. DiDomenico, Jr.,
“Lightwave fiber tap,” Appl. Opt., 17, 2215(1978).

[3] E. Miyauchi, T. Iwama, H. Nakajima, N. Tokoyo,
and K. Terai, “Compact wavelength multiplexer
using optical-fiber pieces,” Opt. Lett, 5, 321(19
80).

[4] G. Winzer, H. F. Mahlein and A. Reichelt, “Si-
ngle-mode and multimode all-fiber directional
couplers for WDM,” Appl. Opt, 20, 3128(19
81).

[5] H. Yanagawa, T. Ochiai, H. Hayakawa and H. Mi-
yazawa, “Filter-embedded design and its applica-
tions to passive components,” J. Lightwave Tech-
nol, LT-7, 1646(1989).

[6] K. Kobayashi, R. Ishikawa, K. Minemura, and S.
Sugimoto, “Micro-optic devices for fiber-optic co-
mmunications,” Fiber Integrated Opt., 2, 1(1979).

(7] J. Minowa and Y. Fujii, “Dielectric mlutilayer
thin-film filters for WDM transmission systems,”
J. Lightwave Technol., LT-1, 116(1983).

[8] H. Yanagawa, T. Ochiai, H. Hayakawa and H. Mi-
yazawa, “Miniature fiber optic polariser,” Elect-
ron. Lett., 24, 596(1988).

{91 J. T. Krause, W. A. Reed and K. L. Walker, “Sp-

lice loss of singlemode fiber as related to fusion
time, temperature, and index profile alteration,”
J. Lightwave Technol.,, LT-4, 837(1986).

[10] C. E. Lee and H. F. Taylor, “Interferometric opti-
cal fibre sensors using interral mirrors,% Elect-
ron. Lett., 24, 193(1988).

[11] J. D. Shin, C. E. Lee, D. B. Conway, R. A. Atkins
and H. F. Taylor, “Internal Mirror Optical Fiber
Couplers,” IEEE Photon. Technol. Lett., 1, 276
(1989).

[12] L. E. Busse, G. H. McCabe and 1. D. Aggarwal,
“Wavelength dependence of the scattering loss
in fluoride optical fibers,” Opt. Lett., 15, 423
(1990).

[13] D. J. McCartney, “The analysis of volume reflec-
tion gratings using optical thin-film techniques,”
Opt. Quantum Electron., 21, 93(1989).

[14] R. E. Epworth, “The phenomenon of modal noise
in analogue and digital optical fibre systems,” in
Proc. IEE Fourth European Conference on Opti-
cal Communications, Genoa, Italy, pp. 492-501,
1978.

[15] T. H. Wood and L. A. Ewell, “Increased received
power and decreased modal noise by preferential
excitation of low-order modes in multimode opti-
cal-fiber transmission systems,” J. Lightwave Te-
chnol,, LT-4, 391(1986).

[16] B. S. Kawasaki and K. O. Hill, “Low-loss access
coupler for multimode optical fiber distribution
networks,” Appl. Opt., 16, 1794(1977).

[17] K. O. Hill, Y. Trembley and B. S. Kawasaki, “Mo-
dal noise in multimode fiber links: theory and
experiment,” Opt. Lett, 5, 270(1980).

[18] B. S. Kawasaki, K. O. Hill and R. G. Lamont,
“Biconical-taper single-mode fiber coupler,” Opt.
Lett.,, 6, 327(1981).



<LAFEE> A4 Pt AL WAy A ARV -AFH 427

Dielectric Thin Film Mirror Embedded Optical Fiber Couplers
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Dielectric thin film mirrors are embedded in multimode and single-mode fibers by a fusion splicing
technique. The fibers with 45° angled embedded mirrors serve as ultra-compact directional couplers
with low excess optical loss of 0.2 dB for multimode and 0.5 dB for single mode at 1.3 um and excellent
mechanical properties. The reflectance is wavelength dependent and strongly polarization dependent.
Far-field scans of the reflected output power measured with a white-light source show a pattern which
is almost circularly symmetric with aspect ratio of 1.09 at 5% of the peak power. The splitting ratio
in a multimode coupler measured with a diode laser source is much less dependent on input coupling
conditions than in conventional fused biconical-taper couplers, indicating that these couplers are less
susceptible to modal noise occuring in optical fiber communication systems. Spectral properties of
multilayer internal mirrors normal to the fiber axis have been investigated experimentally, and a
matrix analysis has been used to explain the results.



