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FK3 Fig. 2. (a) Cross-section 
micrograph of the embedded 
waveguide, (b) Near-field pattem for TE 
polarized light at wavelength of 1.3 pm. 
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FK3 Fig. 3. Dependence of optical 
loss on core width for a dose of 1500 
pC/cm'. 

width of less than or equal to 8 pm op- 
erate in a single mode, but the wave- 
guides with a core width of more than 
8 pm operate in multiple modes. 

Figure 3 shows the dependence of op- 
tical loss on core width. The optical loss 
is constant for TE polarized incident 
light, even though the core width in- 
creases. On the other hand, the optical 
loss decreases with increasing core width 
for TM polarized incident light. The low- 
est optical loss at 1.3 pm among the wave- 
guides which operate in a single mode 
was when the core width was 8 pm; the 
values were 0.4 dB/cm for TE and 0.7 
dB/cm for TM polarized incident lights. 

In conclusion, we showed that embed- 
ded channel waveguides can be fabri- 
cated by direct electron beam writing. By 
controlling conditions appropriately, we 
can get single mode transmission and 
low optical loss. 
*NTT Opto-electronics Laboratories, 9-11, 
Midori-cho 3-chome Musashino-shi, 
Tokyo 180 Japan 
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Phase matched second harmonic generation 
in silicon [Oxy]nitride-~aIix[4]arene 
waveguides 

K. Worhoff, 0. E J. Noordman, N. E van 
Hulst, H. Albers, I? V. Lambeck, University 
of Tzuente, Faculty of Applied Physics, MESA 
Research Institute, P.O. Box 217, 7500 AE 
Enschede, The Netherlands 
Within the last few years, the interest and 
research in compact blue lasers increased 
strongly. Layer structures of Silicon 
[Oxylnitride (Si[O]N) and Calix[4]arenes 
(75 wt% Calix[4]arene in PPMA) are 
promising for modematching (phase 
matching between two guided modes) 
devices due to the high non-linear optical 
coefficients of the Calix[4]arenes and the 
excellent optical properties and repro- 
ducibilities of Si[O]N. The deposition 
process (spinning and Corona poling) of 
Calix[4]arenes and the optical properties 
have been described earlier.' The process- 
ing circumstances (LPCVD) and impor- 
tant optical parameters of Si[O]N have 
been shown earlier.' 

Since the thickness non-uniformity of 
the Calix[4]arenes is about 3%, randomly 
distributed across the wafer, a design, in- 
sensitive towards this thickness, is re- 
quired. This can be realized introducing 
a Si[O]N passive waveguiding layer. The 
sensitivity of the device towards the 
Si[O]N parameters is high. In Figure 1, 
the thickness and refractive index uni- 
formities of the available Si[O]N layers 
are shown. 

The SH efficiency depends propor- 
tionally on the square of the coherence 
length (le); and 1, is inverse proportion- 
ally dependent on the effective index 
mismatch (A nefi) across this length? For 
an 1, of 1 cm, a Anerf < 2 * is required. 
The design of different devices based on 
SLAB-type waveguides and their sensi- 
tivity towards layer parameters is shown 
in Table 1. All devices have been de- 
signed considering mode match between 
the T W  and the TM:" guided modes. A 
pulsed Dye laser with tunable wave- 
length between 845-890 nm and 910-970 
nm is available. 

Comparing the sensitivities in Table 1 
and the uniformity parameters in Fig. 1, 
the suitability of Si[O]N for the fabrica- 
tion of devices with an 1, of approxi- 
mately 1 cm can be concluded. The first 
two devices have been fabricated and 
measured using a prism coupling-pho- 
todiode set-up. The results of both mea- 
surements are shown in Fig. 2. The fun- 
damental peak power of the first and 
second device was approximately 200 
Watt and 500 Watt, respectively. The SH- 
power of both devices agree with the the- 
oretical expectations. The broadening and 
shape of the SH-peak can be explained by 
Si[O]N layer non-uniformity across the 
used waveguide areas. Slight differences 
between the designed and measured fun- 
damental PM-peak wavelength has been 
observed due to small variations in the 
absolute layer thickness and/or refrac- 
tive index of the Si[O]N layers. 

In conclusion, Si[O]N-Calix[4]arenes 
layer structure are well suitable for Phase 
Matched Second Harmonic Generation. 
Four devices have been designed, and 
two devices have been fabricated and 
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FK4 Fig. 1. Measurement results and 
accuracy (error bars) of the thickness 
non-uniformity Sd (part a) arid the 
refractive index non-uniformity A n  (part 
b) vs. the refractive index n at X = 632.8 
nm of available Si[O]N layers; the non- 
uniformities have been measured across 
an area necessary for SHG application 
(length 1-2 cm). 

FK4 Table 1. Design of difiFerent 
devices for second harmonic generation 
using mode match between the TM; 
and TM:" modes (*:Aneff  = sensitivity * 
Adlayer; unit of sensitivity [pml-'I; +:field 
overlap of fundamental and second 
harmonic in calix layer). 
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FK4 Fig. 2. Measured SH-power of 
mode match (TW * TM:") of device 1 
(part a) and device 2 (part b). 
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tested, up to now. The measurement re- 
sults and theoretical expectations are in 
good agreement. 

Future research will deal with the in- 
crease of the SH-efficiency by e.g., the use 
of channel-type waveguides, the use of 
more uniform Si[O]N layers deposited by 
an other LPCVD process, the use of 
multi-layer (2 or more Si[O]N films) 
structure and the use of an additional 
cladding layer on top of the Ca- 
lix[4]arenes layer. 
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Er-doped silicate glass thin-film waveguide 
devices for integrated optics 

Hong Koo Kim, Cheng Chung Li, Dietrich 
W. Langer, Yoshinobu Maeda,* Michele 
Migliuolo,** Gerald Nykolak,t Philippe C. 
Becker, Alan Bruce, Department of Electrical 
Engineering, University of Pittsburgh, 
Pittsburgh, Pennsylvania 15261 

Stimulated by the rapid development of 
Er-doped fiber amplifiers, rare-earth 
doped glass films are drawing increasing 
attention for amplifiers and lasers, suita- 
ble for integrated optics. Thin-film wave- 
guide devices, in general, require high 
rare-earth concentration (two or three 
orders of magnitude higher than that of 
fiber amplifiers) in order to obtain a cer- 
tain amount of optical gain in a relatively 
short length, i.e., in centimeters as op- 
posed to meters for Er-doped fibers. In 
highly Er-doped waveguides, however, a 
series of undesirable effects have been 
observed, such as reduction in fluores- 
cence decay lifetime, multiexponential 
decay in fluorescence, and fluorescence 
emission at visible wavelengths for infra- 
red pump. These effects usually degrade 
amplifier performance by reducing effi- 
ciency and gain. Therefore, developing 
highly Er-doped materials that are free 
from (or less affected by) the concentra- 
tion-dependent effect would be crucial to 
obtaining high performance devices. We 
have deposited highly Er-doped (-1 mole 
70) silicate glass films using rf-magnetron 
sputtering. Erbium was doped into the 
host material by co-sputtering a silicon 
target and an elemental erbium in reac- 
tive ambient. Erbium-doped silicate glass 
targets were also prepared with various 
compositions and sputtered to deposit 
Er-doped glass films. Er-doped films 
show a strong, room-temperature lumi- 
nescence at 1.54 pm wavelength, corre- 

sponding to the 41,3/2 + 41,5/2 transition of 
Er3+ ions (Fig. 1). Fluorescence decay life- 
time is a function of various parameters, 
not only an Er concentration, but also a 
host composition and a target prepara- 
tion method used. The highly Er-doped 
silicate glass films prepared by rf-sput- 
tering show a lifetime over 9 msec (Fig. 
2). Using the Er-doped silicate glass films 
as an active guiding layer, we have de- 
veloped waveguide structures with vari- 
ous different geometries, which are suit- 
able for amplifiers or lasers. Figure 3 
shows one of the devices fabricated as a 
waveguide ring laser. The ring resonator 
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FK5 Fig. 1. Room-temperature 
photoluminescence spectrum of an Er- 
doped silicate glass film deposited by 
rf-magnetron sputtering. 

Time (msec) 

FK5 Fig. 2. Fluorescence decay profile 
of an Er-doped silicate glass film 
measured at 1.54 km. 

FK5 Fig. 3. A waveguide ring laser 
structure. The photo shows a plan view 
of the fabricated structure (a Y-junction 
part). The stripe width is 8 pm and the 
ring radius is 5 mm. 

structure offers a number of advantages 
over other cavity structure such as a Fa- 
bry Perot resonator. First, the ring laser 
allows easy integration with other com- 
ponents on the same substrate, simply 
due to the fact that it does not require any 
cleaved facet. Second the cavity lengths 
are defined precisely, which is important 
for advanced operation of lasers such as 
mode locking or Q-switching. Third, the 
topology allows for efficient use of area. 
The device shown in Fig. 3 incorporates 
two different couplers. A pump beam is 
coupled into the ring through a Y-branch 
coupler, and 1.54 pm laser light in the 
right is out-coupled into a linear wave- 
guide spaced closely to the ring. A cou- 
pling ratio is determined by the proxim- 
ity of the two waveguides, interaction 
length, and wavelength of the light. Util- 
izing the rather big difference in wave- 
length of the two lights (i.e., 1.54 pm ver- 
sus 0.98 pm), the laser light can be 
selectively out-coupled, while the pump 
beam remains in the cavity. The inner S- 
shape path returns a counter-clockwise 
oscillating signal into a clockwise oscil- 
lation. This unidirectional oscillation 
would enhance the output power, but 
also eliminate spatial hole buming effect. 
Details of the amplifiers and ring lasers 
characteristics will be reported. 
*On leave from Toyota Technological lnstitute 
Nagoya 468, Japan 
‘*Kurt J .  Lesker Company, 1515 Worthington 
Avenue, Clairton, Pennsylvania 15025 
tAT&T Bell Laboratories, 600 Mountain 
Avenue, Murray Hill, New Jersey 07974 
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Suppression of amplified spontaneous 
emission from twisted intra-molecular 
charge transfer state of diethyl amino 
methyl coumarin laser dye under 
picosecond pumping 

L. Vetrivel, B. M. Sivaram, Department of 
Physics, lndian Institute of Technology, 
Madras-600 036, India 
The decrease in the quantum yield of 7- 
diethyl -0-4-methyl coumarin (DAMC) 
dye with increasing polarity of solvents, 
is due to their crossover from the intra 
molecular charge transfer (ICT) state to 
the twisted intramolecular charge trans- 
fer (TICT) state, which radiates extremely 
weakly.’ Unlike dialkyl amino benzoni- 
triles which exhibit well resolved ICT 
and TICT fluorescence in polar solvents: 
DAMC exhibits only a single fluores- 
cence band in conventional fluorescence 
spectroscopy. But under intense pulsed 
excitation two fully resolved peaks ap- 
pear in its amplified spontaneous emis- 
sion (ASE) ~pec t r a .~  This paper describes 
the effect of the pumping rate on the rela- 
tive intensities of these two ASE peaks, 
using nanosecond and picosecond pump 
pulses. A nitrogen laser producing 300 
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