
ETRI Journal, Volume 25, Number 2, April 2003  Jong-Moo Lee et al.   81 

We designed a multimode interference (MMI) coupler to 
use in vertical coupling of double layered polymeric 
waveguides and analyzed the coupling characteristics by 
comparing our experimental and simulation results. We 
found that our proposed new structure, a stepped MMI 
coupler, is effective in vertical coupling between waveguide 
layers with a short length of MMI and has a high tolerance 
for the variation in the structure of an MMI coupler that 
can be induced as errors in the fabrication process. 
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I. INTRODUCTION 

As more communication capacity is demanded, more 
electronic components are being exchanged for optical 
components, and many research efforts are going into 
integrating optical components into planar waveguide devices 
or photonic integrated circuits (PICs). A PIC is comparable to a 
printed circuit board (PCB) in its role and shape. A PCB 
provides electric circuits on a board connecting various 
electrical components, such as resistors, diodes, and transistors, 
while a PIC provides optical circuits connecting optical 
components, such as optical filters, optical switches, and 
optical amplifiers. One of the differences between a PCB and a 
PIC is that most present PCBs have a multilayered structure 
that is composed of many (even up to several tens of) layers of 
electrical circuits for more dense integration, while very few 
PIC devices are multilayered. 

In the future, demand for applications for PICs will surely 
increase and at the same time, there will be an increased need 
for reducing the size of PICs. A multilayered PIC presents an 
interesting solution for creating a highly dense integration. 
However, realizing a multilayered PIC comparable to that in 
the PCB faces difficult challenges. Each layer in a PCB can be 
simply connected to another by a metal filled hole, usually 
called a via. Connecting multiple layers of optical circuits, 
however, is not so simple, because critical loss occurs when a 
waveguide is severely bent. 

One way to connect the neighboring layers of a PIC is to use 
directional coupling between layers located very close to each 
other [1], [2]. The problem with this solution is that when the 
distance between layers is too close, the optical signals can 
severely interfere with each other. Thus, for this method, the 
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optical circuits, even on different layers, must be arranged so as 
not to overlap at all. This restriction on overlapping is an 
obstacle limiting the density of integration. To enhance the 
density of integration in a multilayered PIC, it is desirable to 
exchange the optical signal at some specific spot similar to the 
via in the PCB, while maintaining a proper distance between 
each layer in order to minimize the interference between the 
waveguides on the different layers. 

M. Hikita et al. presented a way to vertically connect two 
layers far enough apart to be independent, by combining a 
directional coupler composed of the bottom layer waveguide 
and a closely located waveguide on it with a couple of corner-
bent waveguides to guide the coupled beam to the top layer [3]. 
That method, however, is difficult to fabricate because of its 
complex structure and the long length of the coupling region, 
which is as long as several millimeters. 

Here, we propose a multimode interference (MMI) coupler, 
which vertically couples multilayered waveguides whose 
layers are considerably far apart from one another, and double 
layered polymeric waveguides vertically coupled by the MMI 
coupler. In addition, we present a new structure, a stepped 
MMI especially modified for vertical coupling. The advantages 
of the stepped MMI are its short length and high tolerance to 
variation in the dimensions of the structure, which can induce 
errors during the fabrication process. 

II. MULTIMODE INTERFERENCE COUPLER 

MMI couplers have been applied in various optical 
waveguide devices, such as 3-dB couplers, symmetric power 
splitters, and optical switches, based on their self-imaging 
characteristics [4], [5]. The behavior of MMI in a normal 
structure such as that in Fig. 1(a) was explained well with a 
modal propagation analysis [4]. In a multimode waveguide, 
there are many guided modes, such as the MMI region in Fig. 
1(a), and each mode has its own propagation constant, βm, 
where m = 0,1,2,3···. The self-image of the input field appears 
at the length of MMI, 

)3( πLpL = ,   with p = 0,1,2, ··· ,        (1) 

where Lπ is defined as 
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where ng is the effective refractive index of the core, Wε is the 
effective width of the mode of the multimode wave guide, and 
λ is the wavelength of the guided light. The direct image 
appears when p is even and the inverse image appears when p 

 

Fig.1. MMI structure for inversed self imaging: (a) simple 
MMI structure, (b) stepped MMI structure, and 
(c) double stepped MMI structure. 
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is odd. Thus, the input beam is transformed into an output 
beam in Fig. 1(a) when p is odd, and the coupling ratio of the 
input to the output at the optimized length can be estimated by 
calculating the overlap integral of the input field to the 
multimode in the MMI region. It is expected from (2) that the 
length of MMI should be increased in proportion to the square 
of the width of MMI. This can be an obstacle in using MMI for 
vertical coupling of multilayers with enough separation, since 
even slight errors in fabrication can severely influence the 
property of MMI as the length of MMI is increased. In addition, 
the arrangement of waveguides becomes more flexible when 
the length of MMI is as short as possible. 

Considering these factors, we tried to modify the structure of 
MMI to achieve a short length of MMI. A stepped MMI (Fig 
1(b)) and a double stepped MMI (Fig.1(c)) constitute the 
modification we devised for this purpose. We designed the 
structures so that the stepped boundary can guide the lights 
more efficiently to the output ports and as a result increase the 
coupling ratio at a shorter length. 

Figure 2 shows the calculated variation of the coupling ratio 
for each case: the simple structure (Fig. 1(a)), the stepped 
structure (Fig. 1(b)), and the double stepped structure (Fig. 1(c)). 
We made the estimation through simulation with the beam 
propagation method with parameters as follows: the width 
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Fig. 2. Variation of coupling ratio by calculation: (a) with the 
length of MMI, (b) with the wavelength with a gap 
width of 20 µm. 

(b) 

Simple 

Step 
Double 

(a) 

2 4 0 60.0 

0.2 

0.4 

0.6 

0.8 

1.0 

C
ou

pl
in

g 
R

at
io
 

Length of MMI (mm) 

1.3 1.4 1.5 1.6
0.0 

0.2 

0.4 

0.6 

0.8 

1.0 

C
ou

pl
in

g 
R

at
io
 

Wavelength (µm) 

 
 
of the waveguide W, 6 µm; the thickness of the waveguide T, 6 
µm; the refractive index of the core, 1.505; the refractive index 
of the cladding, 1.5; and the width of the gap between the 
layers, 20 µm, that is, the distance between the waveguides 
was 26 µm. Figure 2(a) shows the variation of the coupling 
ratio with the length of MMI at a wavelength of 1.55 µm. The 
best coupling of about 84% is shown at a length of MMI of 
5.65 mm for the simple structure, at 1.1 mm for the stepped 
one, and at 1.45 mm for the double stepped one. The length of 
MMI for the peak value for the simple MMI structure is almost 
in accord with p=1 in (1). 

It is interesting that the length of MMI for the best coupling 
peak is much shorter for the stepped MMI structure than for the 
simple one. The position of the peak point of the stepped 
structure is almost in accord with the position of the peak point 
of the first peak of the simple MMI, while the value of the peak 
point of the stepped structure is much higher than the first peak 
of the simple MMI. 

We explain our simulation results on the basis of ray optics. 
The propagation of light can be considered to be free 

propagation rather than guided propagation when it enters into 
a broad waveguide or an MMI region from a narrow input 
waveguide. If the width of MMI is wide enough and the input 
waveguide is attached at its middle point rather than at an edge, 
the light will propagate quite a long distance without 
interference by the side boundary of the MMI region. When 
the narrow waveguide is attached at an edge of MMI as in our 
example, about half of the beam is regarded to freely 
propagate and the other half to propagate after reflection off 
the side boundary, and the reflected beam interferes with the 
original beam during propagation. The reflection accompanies 
a phase shift and the phase shift varies from 0 for the critical 
angle of incidence to π for the incidence angle of 90 degrees 
[6], where the incidence angle is defined as the angle of the 
beam to the vertical plane to the reflecting boundary surface. 
Therefore, there should be a negative interference for the 
beam near the reflecting boundary since there is a phase shift 
of π between the original beam and the reflected beam. The 
negative interference effect decreases as the reflection angle 
approaches the critical angle since the phase difference comes 
up to 0 at the critical angle. The peak of the propagation beam 
profile will be along the angle located between the reflecting 
boundary and the critical angle since the original free 
propagating beam has an intensity profile with its peak along 
the reflecting boundary. 

The first peak of the simple MMI can be regarded as just that 
point where the peak angle of propagation meets the output 
waveguide. The first peak of the stepped waveguide is higher 
than that of the simple waveguide since the reflection from the 
stepped upper boundary and the stepped lower boundary 
causes more of the beam to gather around the angle of 
propagation along the peak. 

Figure 2(b) shows the variation of the coupling ratio with the 
wavelength at the optimized length of MMI for the simple 
MMI and the stepped MMI. The coupling ratio at the peak is 
almost flat in the stepped MMI while it depends considerably 
on the wavelength in the simple one. This shows that the 
stepped MMI has merit in flexibility for the wavelength. 

Figure 3 shows the calculated variation of the coupling ratio 
as in Fig. 2 but with a gap width of 30 µm. The best coupling 
ratio of 84% is shown at a length of 8.95 mm for the simple 
structure, which is also approximately in accord with p=1 in (1), 
and a coupling ratio of 92.4% is shown at an MMI length of 
1.9 mm for the double stepped structure while the first peak at 
an MMI length of 1.3 mm for the stepped one is not so high as 
that of Fig. 2. This shows that the first peak of the coupling 
ratio is not highly improved as the gap becomes wider 
compared with the output waveguide as expected. However, 
we can see the first peak of the coupling ratio is highly 
improved even beyond the highest peak for the simple 
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Fig. 3. Variation of coupling ratio by calculation with the 
length of MMI with a gap width of 30 µm. 
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structure by increasing the number of steps. 

These results from simulation show that the stepped MMI 
structure has merits in the short length of MMI and in the broad 
spectral bandwidth. 

III. EXPERIMENT AND RESULTS 

Compared with silica [11], [12], polymeric material has 
lately attracted considerable attention for various waveguide 
devices, such as optical switches and variable optical 
attenuators, especially for its simple fabrication process [3], [7]-
[10]. We applied polymeric materials in realizing and testing 
the vertically coupled multilayered waveguides. 

At first, we tested the properties of MMI couplers by making 
experimental waveguides with polymeric materials, including 
MMI couplers on a plane. The polymeric materials used in this 
experiment were thermally curable fluorinated polyethers 
(FPEs; ZP1010, ZP2145) synthesized by Zen Photonics Co., 
Ltd. The refractive index of the core material (ZP1010) was 
1.499 and that of the cladding material (ZP2145) was 1.484 at 
1.55 µm. Figure 4 shows a schematic diagram of the 
experimental waveguide structure we used to test the properties 
of an MMI coupler. The Y-branch structure of the waveguide 
was used to compare the coupling ratio. Unpolarized light with 
a wavelength of 1550 nm was coupled to the input port through  
a single mode fiber which was butt coupled to the input 
waveguide. An output port of the Y-branch was used as the 
standard output, while the other port was composed of output 
through the MMI coupler. Each output port was butt coupled to 
a single mode fiber and the output from the single mode fiber 
was measured. We measured the coupling ratio by comparing 
the power from the output through the MMI coupler with the 

 

 

 

Fig. 4. Experimental scheme to measure the coupling ratio: 
(a) for the simple MMI, (b) for the stepped MMI 
on a plane. 
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power from standard output. Figure 4(a) shows a schematic 
diagram of the Y-branch with the simple MMI coupler and Fig. 
4(b) shows one with the stepped MMI coupler. Both the width 
and the height of the waveguide were about 4 µm and the 
thickness of the gap was 8 µm, that is, the distance between the 
waveguides was 12 µm. We considered a gap width of 8 µm a 
reasonable distance for a multilayer structure at a high 
refractive index difference of 1%. We expect to be able to 
enhance the integration density of double layered waveguides 
by avoiding parallel arrangement of the waveguides along an 
excessively long distance. 

The fabrication process of the waveguide was as follows. 
The cladding material was spin coated on an Si wafer and 
thermally cured. The core layer was formed in the same way 
and dry etched selectively to form the waveguide. Then the 
upper cladding layer was coated on it. 

Figure 5 shows the measured coupling ratios for both the 
simple MMI (Fig. 5(a)) and the stepped MMI coupler (Fig. 
5(b)) along with the calculated results for the same structures. 
The figure shows that the overall trend of the measured 
coupling ratio follows the calculated results while the optimal 
points shifted by around 50 µm for the stepped MMI and by 
about 200 µm for the simple MMI. The optimal length of 
MMI is out of the MMI lengths for the samples, even though 
our samples were based on the simulation results. The 
minimum coupling loss for the stepped MMI was measured as 
low as 1.2 dB while that for the simple one was 4.2 dB. The 
difference was due to the large shift of the optimal length for 
the simple MMI. The shift seemed to come from the 
waveguide structure that had a deformed shape compared with 
that assumed in the simulation. It is interesting that the shift of 
the optimal length of MMI was almost in proportion to the 
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Fig. 5. Measured coupling ratio in comparison with the 
calculated values: (a) for the simple MMI, 
(b) for the stepped MMI. 
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length of MMI itself, so the shift was much less for the stepped 
MMI than for the simple one. 

This result reveals that the stepped MMI coupler has merits 
in low coupling loss at a short length of MMI as we expected 
from the simulation results, and in addition, it has an excellent 
tolerance to fabrication errors in comparison to the simple 
MMI coupler. Tolerance to fabrication errors is a very 
important factor in real application fields. 

Based on the results for the MMI coupler on a plane 
waveguide, we designed double-layered waveguide structures 
with the same polymeric materials. Figure 6 shows a schematic 
diagram of the experimental waveguide structures. The overall 
scheme using Y-branched waveguides was similar to that of 
Fig. 4, while the MMI coupler was formed as a vertical 
structure and the output port through the MMI coupler was 
located on the upper layer. The width of the waveguide was 
about 10 µm and the height about 3 µm. The thickness of the 
gap was 8 µm, that is, the distance between the waveguide was 
11 µm. TE polarized light with a wavelength of 1550 nm was 
used for the measurement. 

 

 

 

Fig. 6. Experimental scheme to measure the coupling ratio: 
(a) for the vertical simple MMI coupler, (b) for the 
vertical stepped MMI coupler. 
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Figure 7 briefly illustrates the fabrication process of the 
double-layered structure. The waveguide structure was basically 
fabricated the same way, consisting of spin coating, thermal 
curing, and dry etching. After creating the lower waveguide as 
in (a), the cladding material was coated as in (b) and etched 
down to the top surface of the lower-core layer as in (c). In the 
step in (b), the cladding material was coated thick enough to 
make the surface as flat as possible. On the surface of (c), the 
core material was coated and etched to form the MMI coupler 
layer as in (d). Steps (e) and (f) were the same as (b) and (c). On 
the surface of (f), the upper-core layer was formed as in (g) and 
the cladding material was coated on it as in (h). 
 

 

Fig. 7. Fabrication process of double-layered waveguide with
MMI vertical coupler. 
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 Fig. 8. The beam patterns from the standard output port and from
the output through the vertical stepped MMI. 
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Figure 8 is a picture of the output beam pattern showing both 

the standard output from the bottom layer and the output from 
the top layer after the vertical MMI coupling. The picture 
shows that the output through the MMI is located on the upper 
layer distinguished from the leakage light from the bottom 
layer. The output from the upper layer is near to the TE10 mode 
as shown in the picture rather than the TE00 mode of the 
standard output also shown in the picture. The multimode 
seems to be induced for the output through the MMI coupler 
by misalignment of the layers. 

Figure 9 shows the measured vertical coupling ratios for both 
the simple MMI coupler (Fig. 9(a)) and the stepped MMI 
coupler (Fig. 9(b)) along with the simulation results for the 
same structures. The variation of measured coupling ratios was 
similar to the simulation results, while the peak value was 
about half the expected value and the position of the peak was 
shifted slightly for the stepped MMI structure and considerably 
for the simple one. The shift of the peak position was much 
more critical for the simple MMI structure for the severe 
variation of the coupling ratio than for the stepped structure as 
in the previous case of the MMI on the same plane. The 
measured minimum coupling loss of the stepped MMI coupler 
was 3.5 dB while that of the simple one was 5.5 dB. This 
shows the coupling ratio of the stepped one was higher than the 
simple one as expected from the simulation results, even 
though each value was about half the value of the estimated 
one. The difference between the measured data and the 
calculated values was probably caused by multimode 
excitation for the output through the MMI coupler, 
misalignment of the layers, and higher scattering losses for the 
upper layer by incomplete fabrication. 

This experimental result shows that it is possible to realize 
multilayered PIC devices with polymeric materials, even 
though the coupling efficiency is still below the estimation. We 

 

Fig. 9. Measured coupling ratio in comparison with the 
calculated values: (a) for the simple MMI, 
(b) for the stepped MMI. 
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expect that the coupling ratio can be increased by optimizing 
the waveguide structure and the fabrication process. 

VI. CONCLUSION 

We used an MMI structure as a way of vertical coupling for 
polymeric multilayer waveguides and investigated the 
characteristics of vertical coupling using the MMI structure by 
comparing the measured data with beam propagation method 
simulation results. We found that a new structure of stepped 
MMI is effective in vertical coupling between waveguide 
layers with a relatively short length of MMI and exhibits better 
tolerance for variation of the structure, which can induce errors 
during the fabrication process. The measured minimum 
coupling loss of the stepped MMI coupler was 1.2 dB for the 
coupler on a plane and 3.5 dB for the vertical coupler. We 
attribute the difference between the vertical coupler and the 
plane coupler to incomplete fabrication and we expect that the 
coupling ratio of the vertical coupler can be enhanced by 
optimizing the fabrication process. We are confident that with 
further appropriate investigations, vertical coupling with the 



ETRI Journal, Volume 25, Number 2, April 2003  Jong-Moo Lee et al.   87 

stepped MMI structure can be applied to creating highly dense 
multilayered waveguide devices in the near future. 

REFERENCES 

[1] M. Raburn, B. Riu, P. Abranham, and J.E. Bowers, “Double-
Bonded InP-InGaAsP Vertical Coupler 1:8 Beam Splitter,” IEEE 
Photon. Technol. Lett., vol. 12, no. 12, 2000, pp. 1639-1641. 

[2] N. Keil, H.H. Yao, C. Zawadzki, K. Lösch, K. Satzke, W. 
Wischmann, J.V. Wirth, J. Schneider, J. Bauer, and M. Bauer, 
“Hybrid Polymer/Silica Thermo-Optic Vertical Coupler 
Switches,” Appl. Phys. B., vol. 73, 2001, pp. 469-473. 

[3] M. Hikita, Y. Shuto, M. Amano, R. Yoshimura, S. Tomaru, and H. 
Kozawaguchi, “Optical Intensity Modulation in a Vertically 
Stacked Coupler Incorporating Electro-Optic Polymer,” Appl. 
Phys. Lett., vol. 63, no. 9, 1993, pp. 1161-1163. 

[4] L.B. Soldano and E.C.M. Pennings, “Optical Multi-Mode 
Interference Devices Based on Self-Imaging: Principles and 
Applications,” J. Lightwave Technol., vol. 13, no. 4, 1995, pp. 
615-627. 

[5] M. Yagi, S. Nagai, H. Inayoshi, and K. Utaka, “Versatile 
Multimode Interference Photonic Switches with Partial Index-
Modulation Regions,” Electron. Lett., vol. 36, no. 6, 2000, pp. 
533-534. 

[6] G.R. Fowles, Introduction of Modern Optics, Holt, Rinehart and 
Wiston, 1975, pp. 50-51. 

[7] Myung-Hyun Lee, Jung Jin Ju, Suntak Park, Jung Yun Do, and 
Seung Koo Park, “Polymer-Based Devices for Optical 
Communications,” ETRI J., vol. 24, no. 4, Aug. 2002, pp. 259-269. 

[8] M.S. Yang, Y.O. Noh, Y.H. Won, and W.Y. Hwang, “Very Low 
Crosstalk 1*2 Digital Optical Switch Integrated with Variable 
Optical Attenuators,” Electron. Lett., vol. 37, no. 9, 2001, pp. 587-
588. 

[9] S.W. Ahn, S.Y. Shin, and S.S. Lee, “Polymeric Digital Optical 
Modulator Based on Asymmetric Branch,” Electron. Lett., vol. 37, 
no. 3, 2001, pp. 172-174. 

[10] J.J. Ju, S. Park, J.Y. Do, S.K. Park, and M.H. Lee, “Poling-
Induced Birefringence Phase Matching for 1.5-µm-Band 
Wavelength Conversion in a Polymeric Rib Waveguide,” Optical 
materials, vol. 21, 2002, pp. 549-553. 

[11] K. Okamoto, K. Takiguchi, and Y. Ohmori, “16-Channel 
Add/Drop Multiplexer Using Silica-Based Arrayed-Waveguide 
Gratings,” Electron. Lett., vol. 31, no. 9, 1995, pp. 723-724. 

[12] Jang-Uk Shin, Dug-June Kim, Sang-Ho Park, Young-Tak Han, 
Hee-Kyung Sung, Jeha Kim, and Soo-Jin Park, “An Etch-Stop 
Technique Using Cr2O3 Thin Film and Its Application to Silica 
PLC Platform Fabrication,” ETRI J., vol. 24, no. 5, Oct. 2002, pp. 
398-400. 

 
 
 
 
 

Jong-Moo Lee was born in Kyungki, Korea, 
on Feb. 8, 1969. He received the BS degree 
from Seoul National University, Korea, in 1991, 
and the MS and PhD degrees from Korea 
Advanced Institute of Science and Technology 
(KAIST), Korea, in 1993 and 1997. His thesis 
research was on the development of ultrashort 

pulse lasers, including additive-pulse modelocked Nd:YLF lasers and 
passively modelocked fiber lasers. After the graduation, he worked on 
the development of diode-pumped high power solid-state lasers and 
laser application equipment such as laser marking, laser scribing, and 
laser welding machines used in the display industy and the 
telecommunication industry. In 2001, he joined Electronics and 
Telecommunications Research Institute (ETRI), Daejeon, Korea, 
where he is working on the development of planar waveguide devices. 
 

Joon Tae Ahn received BS degree in physics 
from Seoul National University, Seoul, Korea, 
in 1988, and MS and PhD degrees in physics 
from Korea Advanced Institute of Science and 
Technology (KAIST), Daejeon, Korea, in 1991 
and 1995. During his graduate course his 
research focused on fiber-optic sensors. Since he 

joined Basic Research Laboratory of Electronics and 
Telecommunications Research Institute (ETRI) in 1995, he has been 
involved in research on mode-locked fiber lasers, erbium-doped fiber 
amplifiers, wavelength converters, polymeric optical intensity 
modulators, and wavelength channel selectors for high capacity optical 
communications. 
 

Doo Hee Cho received the PhD degree in 
materials chemistry from Kyoto University in 
1996. He worked in the area of the glass fiber 
manufacturing, float glass manufacturing, and 
LOW-E coating on float glass at the Glass 
Research Center at Keumkang Chemical Co. 
from 1996 to 1998. Since he joined the 

Telecommunication Basic Research Lab. of ETRI in 1998, he has been 
involved in specialty fiber material and device research. His major 
research interests include non-silica glasses for fiber amplifiers and 
glass planar waveguide devices. 
 

Jung Jin Ju was born in Kyungnam, Korea, on 
November 17, 1967. He received the BS, MS, 
and PhD degrees at the physics department of 
Busan National University, Korea, in 1990, 
1992 and 1997. His doctorial work involved 
laser spectroscopy of rare-earth doped solids 
and second harmonic generation of dielectric 

crystals. From 1997 to 1998, he was a Postdoctoral Research Affiliate 



88   Jong-Moo Lee et al. ETRI Journal, Volume 25, Number 2, April 2003 

at the Korea Research Institute of Standards and Science, working on 
degenerate four wave mixing in the gas phase. From 1999 to 2000, he 
was a Researcher at the Pohang University of Science and Technology, 
Korea, working on THz radiation measurement and source 
development. He is now with Electronics and Telecommunications 
Research Institute (ETRI), Daejeon, Korea, where his research interests 
include polymer based waveguide devices, wavelength converters, 
optical switches, arrayed waveguide grating, and optical amplifiers. 
 

Myung-Hyun Lee was born in Kyungnam, 
Korea, on January 22, 1962. He received the BS 
and MS degrees from Seoul National University, 
Korea, in 1985 and 1987 and the D. Phil. 
Degree from Oxford University, UK in 1993. 
His thesis research was on the optical properties 
of nano-sized silver particles. In 1993, he joined 

Electronics and Telecommunications Research Institute (ETRI), 
Daejeon, Korea, where he worked on the development of photonic 
switching components. Since 1993, he has been engaged in research on 
polymeric photonic materials and devices. In addition, he is developing 
nano-photonic devices for wideband planar lightwave circuits 
applications. He is now the Team Leader of the Wideband Photonics 
Device Team, ETRI. 
 

Kyong Hon Kim received the PhD degree in 
physics from State University of New York at 
Buffalo, USA in 1986. From 1986 to 1989 he 
worked in the area of dye and solid-state lasers 
and their application in space science at NASA 
Langley Research Center and served as a 
Research Assistant Professor in Hampton 

University, Virginia, USA. Since he joined the Basic Research 
Department of ETRI in 1989, he has been involved in fiber-optic 
device research for advanced optical communications. His current 
research interests include research and development of photonic 
devices including semiconductors, fiber optics, polymers, and silica 
devices for optical communication applications. He currently serves as 
the Technical Director of the Optical Communication Devices 
Department. 


