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Table 1. Parameters used in the analysis

Er doping concentration : N(cm™) 3.0x10"
nc-Si Concentration : n.(cm™) 3.0x10"
nc-Si excitation cross section : oab(cmz) 5.0x10"
Signal emission cross section : 021(cm2) 6.0x10%°
Signal absorption cross section : 012(Cm2) 6.0x10%°
nc-Si/Er coupling : Cp(cm3s'1) 7.0x10™°
Free electron absorption : Cs(cm3s'1) 3.0x10™"
(b->a) lifetime : Tu(s) 2.5%107
(3->2) lifetime : Ts(s) 2.4x10°
(3->1) lifetime : T31(s) 7.1x10™
(2->1) lifetime : T21(s) 8.5x10”
WG background loss in signal band(dB/m) 20
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Fig. 12. Mode of propagation input signal on the rib type optical waveguide.
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Description condition(Sputter) condition(Evaporator)
Ar =5 Ar =5, 7
GAS flow(sccm) SiHy =4.2, 3 SiH, = 2, 2.5, 3
0y = 4.3~5.3 02 =2,3
Base Pressure(Torr) ~ 107" ~ 1077
Working Pressure(Torr) ~107° ~107°~107*
ECR power(W) 600~1200 600~1200
bstrat
substrate. 450 450
temperature(C)
Sputter Voltage(V) 70~1000 -
Effusion Cell
. - 1300, 1100, 900
Temperature(C)
Deposition Time(min) 720 1200
- 24 -
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Rutherford backscattering spectrometry(RBS)S A&3lo] &
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Fig. 27. Microscopy image of ridge type waveguide after lithography.

Fig. 28. Microscopy image of waveguide after lithography with
polishing(show the ridge type waveguide in ellipsoidal).
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Table 3. Polishing processor conditions

Step 1 2 3 4 5 6
Abrasive
. 15 um 6 um 3 um 1 um 0.5 ums= 0.05 um
Size
Abrasive . . . . . Colloidal
Diamond Diamond Diamond Diamond Diamond .
Type Silica
. Lapping Lapping Lapping Lapping Lapping .
Con  Carrier ] . . . . Suspension
Film Film Film Film Film
sy,
Item
ma 50—30045 50—30055 50—30060 50—30065 50—30070 180—20015
Number
b8 polishing Red Final
S Cloth C
Item
- - - - - 90—-150-350
Number
Lubricant H20 H20 H20 H20 GreenLube -
Item 3 3 3 3 90—-20901 3
Number 0
Platen 75 RPM 50 RPM 50 RPM 50 RPM 30 RPM 200 RPM
Speed CCW CCW CCW CCW CCW CW
Sample Full
Se Rotation (Speed 1)
tin Sample 1" 1" 1" 1" 1" 1¢
s Oscillation | (Speed 6) (Speed 6) (Speed 6) (Speed 6) (Speed 6) (Speed 6)
Sample
300 g Full Full Full Full 100 g
Load
Time/ .
k Until 1-2
Material 50 wm 25 um 10 pum 5 um .
Planar minutes
Removal
+*Wipe the film with a paper towel to collect debris while polishing Bury the sample 30 um into
the cloth for polishing. Water should be flushed on the cloth for  the final 10 seconds of the
polishing step.
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Simulation CCD / Scope

Fig. 30. Propagation mode at ridge waveguide observed by IR—CCD /
microscope(1535nm signal) and results of simulation.
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Fig. 32. Deposited sample at Ar/SiHs/O» = 5/2/2, Er evaporate
temp. = 1300 C and deposition time = 60 min.
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Fig. 38 Results of EDS (a) O1 , (b) O2 and (c) O3 on the TEM image.
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Fig. 39. Bright field image of sample. deposition conditions are
Ar/SiH4/02 = 5/4.2/4.7, Working pressure = 2mTorr, subs. Temp. =
450C, plasma power = 800W , sputter voltage = 200V.

Fig. 40. Dark field image of sample. deposition conditions are
Ar/SiH4/02 = 5/4.2/4.7, Working pressure = 2mTorr, subs. Temp.
= 4507C, plasma power = 800W , sputter voltage = 200V.
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Fig. 52. Variation of signal spectrum of pump LED on—off.
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Fig. 61. Amplifier characteristics of 7x7um nc—Si/Er core EDWA : (a) gain as a

function of (a) active region length and pump power change(0dBm input signal)

and (b) input signal and pump power variations(for 5 cm waveguide, with and

without bottom mirror: solid and dashed lines).
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Fig. 62. Scheme of under layer mirror and adiabatic structure of TOP LED

pumping.
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Abstract

In this study, we were deposited erbium doped silicon rich silicon
oxide by using electron cyclotron resonance plasma enhanced chemical vapor
deposition and co—doping method, which, effusion cell and DC sputter.

We were used SiH; and O, gases to the deposition of silicon rich
silicon oxide(SRSO). SRSO were transformed to a nano—crystal silicon by
using RTA processor. It was investigated for deformation condition of
nano—crystal silicon by used to transmission electron microscopy (TEM),
electron dispersive spectrometer (EDS) and scanning electron microscopy
(SEM).

We showed that the optimum conditions, the wavelength of 477 nm,
488 nm and 980 nm by optical pumping of photoluminescence (PL) and
lifetime (lifetime) characteristics of the samples was confirmed by
measuring the condition of the silicon content from 34 to 36 % and the
content of erbium from 0.04 to 0.1%. And, RTA heat treatment conditions
were optimal value of 900 ~ 1000 C, and 5 to 10 minutes.

It was used the sample of optimal condition for configure of ridge
type waveguide with upper air cladding. It was analyzed to optical properties
of waveguide by a 488nm upper pump laser and the a 1480nm pump. 160
mW, 1480 nm co—propagating pump gave 75% population inversion and 1.1
dB/cm on—off gain. In contrast, only 0.2 dB/cm on—off gain was achieved at
80% population inversion by 33 W/cm2 at 488nm Ar top pump. Comparing
these two on—off gain values by different pumping scheme, we estimated
about 20% coupled Er ratio.

We suggested numerical model to analyze and estimate the
perfomance of nc—Si sensitized EDWA with top pump LED array. Based on

the numerical analysis, optimum device structure for the top pump scheme
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was provided. For optimally designed 5 c¢cm nc—Si EDWA with the
commercially available high intensity LED, 12 dB optical gain and 4.5 dB
noise figure was estimated.

In the dissertation, It was estimated that the coupling coefficient,
signal cross—section, lifetime and pump absorption cross—section could be
allowed to satisfy 10 dB gain and 5.5 dB noise figure. and It was suggested

to development condition for commercial nc—Si EDWA.
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