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Abstract

In this integrated research project, four subprojects
were formed and carried out within two years. The
major targets (goals) are to develop the novel electro-
optic (EO) materials and devices which are based on
I1I-V semiconductor compound materials and organic
materials. The InAs/GaAs quantum dots and
Ga,0;/GaN metal-oxide-semiconductor  (MOS)
capacitors were fabricated and characterized by the EO
measuring system in subproject I and subproject 1I,
respectively. The subproject III was to make and
characterize the quantum well infrared photodetectors
(QWIPs) as well as explore the origin of the noise due
to the localized energy states. The organic light
emitting devices (OLEDs) and related materials were
studied in subpreject IV. The overall results show that
the novel materials and devices have been investigated
and developed. The detail results could refer to the
individual report of the subprojects.

Keywords: InAs quantum dot, GaN MOS, photocurrent niose,
GaAs QWIP, OLED.
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Abstract

The optical properties of InGaAs/GaAs quantum
dots (QDs) were investigated by temperature-
dependent photoluminescence (PL) and
photoreflectance (PR) spectroscopies. The surface
morphology and structure analysis of InGaAs QDs
were also examined and characterized by a field
emission scanning electron microscope (SEM) and an
atomic force microscope (AFM). The area density of
the QDs is on an order of magnitude about 1x10'
dots/cm”. The PL results exhibited 5 major energy
peaks, two of which are attributed to InGaAs QDs, one
is attributed to the InGaAs wetting layer and the other
two are attributed to GaAs band-gap transitions. Two
of the low energy features are identified to the optical
transitions of the ground state. They were originated
from the two kinds of InGaAs QDs which might be
formed with slight change of the indium composition.
The results of PR measurements which reveal energy
features on the high energy side contributed by GaAs
is also reported.

Keywords: InGaAs, Quantum dots, Photoluminescence, SEM,
AFM

I . Introduction

Low dimensional semiconductor systems have
been widely studied in many laboratories over the past
two decades. These nanostructure materials and
devices have attracted considerable attention during
the last decade both from fundamental and
technological points of view. Self-assembled quantum
dots (QDs), one species of the nanoscale structures,
provide three-dimensional confinement of the charge
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carriers and consequently have a discrete energy
spectrum with 8-like density of states'”. These zero-
dimensional systems can be employed for quantum
device applications such as in lasers’, single electron
transistors®, and optical memory structures®, which
promise performance improvements of the devices
compared to conventional technology. Self-assembled
QDs can be formed and derived by strain in highly
lattice-mismatched semiconductor materials via
heteroepitaxy. The coherent islands appear beyond a
critical thickness of the deposited layer during
Stranski-Krastanow (SK) strained layer epitaxial
growth mode®®. Many workers have concentrated their
efforts on the study of the structureal®", optical'*"®
and electronic properties®? of the InAs/GaAs self-
assembled QDs. However, the overall performance of
devices has remained inferior to that of quantum wells
(QWs) mainly because the size, shape, and
composition fluctuation that occur in QDs devices
result in a broad photoluminescence (PL) line width of
about 40~60 meV at room temperature.

Recently, self-assembled QDs have extended the
wavelength range of the InGaAs/GaAs system further
into the infrared beyond 1.3 pum". The InGaAs QDs
have also been optimized with uniform, homogeneous
and high area densities. High-power semiconductor
laser diodes based on multiple InGaAs/GaAs QDs
layers grown by metal-organic chemical-vapor
deposition (MOCVD) technique are demonstrated’.
However, high quality self-assembled QDs via the
Stranski-Krastanow growth mode using gas-source
molecular beam epitaxy (GS-MBE) still need more
work to improve their uniformly in size and shape. The
identification of the growth mechanisms that lead to a
narrow size distribution is of great importance.

In this work, we report growth method and
parameter optimization of InGaAs/GaAs self-
assembled QDs, grown by GS-MBE system using
migration enhanced epitaxy technique. Optical
characterization is carried out by temperature-
dependent PL  and  photoreflectance  (PR)
spectroscopies. Furthermore, the morphologic and
structural analyses are carried out by field emission
scanning electron microscopy (SEM) and atomic force
microscopy (AFM).

II .Experimental details

The samples were grown by a VG-80H GS-
MBE system on n"-GaAs (100) substrates. Samples S,
and S, were made with migration enhanced epitaxy in



a growth order sequence, In-Ga-As and In-As-Ga-As,
respectively. The V/III ratio was 10 and the growth
temperature was 500 °C. It consists of 500 nm of a
GaAs buffer layer followed by 12 periods of
GaAs/AlAs short period superlattice (SPS) with a
thickness of 2 nm /2 nm, respectively. Then an
undoped GaAs epilayer with a thickness of 50 nm is
grown. An Ing sGay sAs QD layer with a 10 monolayers
(MLs) nominal thickness was grown on top of it and
covered by 510 nm of GaAs. In order to examine the
morphology and perform the structure analysis, the
second InGaAs QDs layer was grown on the top layer.

The morphology structure and surface density
analysis of InGaAs QDs on the top layer was
performed with a SEM. The height and diameter of the
QDs as well as size distribution were roughly
measured by AFM  on uncapped islands of InGaAs
on the top layer. AFM measurements were carried out
at ambient environment with a DI (Digital Instrument
Inc.) Nanoscope 111 ®* AFM (tapping mode).

Photoluminescence measurements were carried
out with a 25-mW He-Ne laser at 632 nm and focused
on to the sample to a spot size of 1 mm®. The basic PR
experimental setup is described in the literature®. The
PR measurements were carried out with a 200-Walt
halogen-tungsten lamp, which was dispersed by a
monochromator to serve as a probe beam. A line of
543.2 nm He-Ne laser with output power of 100 uW
was provided as a pumping beam. A mechanical
chopper operated at a frequency of 265 Hz to modulate
the pumping light. The optical signal of the reflected
light from the sample was detected by a liquid-
nitrogen-cooled InAs detector.

II. Results and discussion

Fig. 1(a) and 1(b) show the SEM images of the
InGaAs QDs for samples S; and S,. The images
present the uniform QDs and dome (lens-like) QD
shape as well as the particle size. The area density of
the QDs for S, and S, are 2.0x10' cm™ and 1.8x10"°
cm?, respectively. The AFM images of samples S; and
S, are shown in Fig. 2(a) and 2(b). The average of QD
height and base length (diameters) for S, and S, are 15
nm x 17 nm and 6 nm x 24 nm, respectively. The area
densities of the QDs for S, and S, are 4.8x10'° cm?
and 1.9x10" cm?, respectively. However, the area
density of QDs is the same order of magnitude
(~1.0x10'"° cm™) but the magnitude is a little different.
It might be due to the probing of different area of the
samples using the SEM and AFM microscopes. The
results confirm that the uniformity of QDs on S, is
better than S,, but the size of QD on S, is larger than
S,. It seems to be that the growth sequential ordering
of In-Ga-As could improve better quality of QDs than
In-As-Ga-As.

The PL spectra of un-etched samples S; and S,
measured at low temperature (11 K) are shown in Fig.
3(a). Spectra at same temperature of samples S; and S,
after etching the top-layer QDs are shown in Fig. 3(b).

e maa WG Gwaed oo
Ay s

amples Sy(a) and Sy(b).

- Do e
— porery —

”m
Fig. 1 SEM images of InGaAs/GaAs QDs s

Fig. 2. AFM images of InGaAs/GaAs QDs samples S;(a) and Sx(b).
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Fig. 3 Low temperature PL spectra of InGaAs/GaAs QDs with
difference growth sequence ordering using migration enhanced
technique for sample S,(In-Ga-As) and S; (In-As-Ga-As). (a).
Before removing the top QDs layer. (b). After removing the top QDs
layer.

The energy features on PL for etching and un-etching
cases spectra are a little different, but the major energy
features are presented on both figures. The optical
transitions are labeled by symbols A, B, C, D and E,
and marked by arrows on peak positions shown in the
figures. Before etching the top-layer QDs of sample S,
the peak energy values E5 and Eg are 1.15 eV and 1.23
eV, respectively. The corresponding broadening
parameters are 34 meV and 42 meV. After etching, the
energy peak values E, and Eg are 1.14 eV and 1.22 eV
with broadening parameters 27 meV and 46 meV. The
results show that the shape and particle size as well as
the transition energy are slightly different. For un-
etched sample S, the energy peak values E, and Eg are
1.19 eV and 1.25 eV with corresponding broadening
parameters 23 meV and 51 meV. After etching, the
transition energy values E, and Eg are 1.19 eV and
1.25eV with corresponding line-width parameters 23
meV and 47 meV. Unlike sample S, the results of S,
show that the energy transitions and broadening
parameters are almost the same. It means the growth



morphology of the QDs on top layer was less affected
by the QDs grown on bottom layer covered with a
510-nm GaAs spacer. The average volume (particle
size, height xdiameter®) of the QDs on samples S; and
S, measured with AFM are roughly to 4.3x10° nm®
and 3.5x10° nm’. Thus the average particle size on
sample S, is larger than that on sample S,. The results
also show that transition energy of S, is higher than S,.
We propose that the E, and Eg energy features are
attributed to the optical transition of the ground state
of the QDs with two kinds of QDs particle ensembles.
The reason will be discussed in following next three
paragraphs.

The energy value of the C peak is about 1.40 eV
but is not present on sample S,. It is reasonable and
consistent that sample S, grew with higher average
area density and larger average volume of the QD
particles than those of sample S,. The energy feature of
the InGaAs wetting layer on InGaAs/GaAs QD
specimens are reported in the literature”. Therefore,
the E¢ peak originates from the wetting layer. However,
the peak disappears on sample S, due to the larger
nano-particles (i.e. QDs). The energy value of the D
and E peaks are about 1.50 eV and 1.52 eV for
samples S, and S, without or with etching process. The
broadening parameters are different and varied from 4
to 15 meV depending on the sample and etching
process. The lower energy peak Ep (1.50 eV) is
attributed to the buffer layer and the higher energy
peak Eg (1.52 eV) originates from the GaAs cap layer.
The fitted results are summarized and listed in Table 1.

Table 1. Summary of the fitted results from PL spectra at low
temperature (11 K). Symbols are denoted with UE (un-etched) and
E (etched). The transition energy values in eV and broadening
parameters in meV units.

Transition energy features

Sample
Ex T'A Ep Ts Ec Tc Ep Tp Ee T
UE 115 34 123 42 — — 150 11 152 4
' E 114 27 122 46 - — 151 14 — ~—
UE 1.19 23 125 51 140 8 150 11 152 6
" E 119 23 125 47 140 8 150 15 152 6

PR spectra carried out at room temperature and
low temperature are shown in Fig. 4(a) for sample S,
and Fig. 4(b) for sample S, .The energy features are
fitted by the third derivative function form (TDFF)
with a Lorentzian line shape®. The energy peaks are
labeled with the symbols C, D, and E corresponding to
Fig. 3 and marked by an arrow notation on the peak
position. Two energy values (D, E) fitted by a ¥’
fitting method of TDFF Lorentzian line shape are
1.420 (1.423) eV and 1.439 (1.440) eV at room
temperature for samples S; (S;), respectively. The
results summary is shown in Table 2. The energy
features (D, E) are attributed to the buffer and cap
layers of GaAs. The peak C originates from the
InGaAs wetting layer. PR spectra measured at low
temperature (50 K) display more energy features

which are contributed to the InGaAs wetting layer,
GaAs cap and buffer layers. These energy features
could not be well fitted to the room-temperature PR
spectra. The line shape of PR spectra also changed
severely due to temperature cooling down below 50 K.
PR spectra might provide more information after
detailed line shape analysis which includes strain on
GaAs layer. This needs more study in the future.

AR/R (a.u)* 10"

13 14 15 16 13 14 15 16
Energy (¢V)

Energy (eV)
Fig. 4 PR spectra of InGaAs/GaAs QDs measured at room
temperature (300 K) and low temperature (50 K) for samples (a) S;
and (2) S,.

Table 2.  Summary of TDFF fitted results from room-temperature
PR spectra of un-etched samples S; and S;. Energy values in eV and
broadening parameters in meV units.

Transition energy features
Ec I'c Ep I'p Eg Te

Sample

S — — 1.420 9 1.439 10

S 1.326 18 1.423 9 1.440 11

The transition energies measured with PL of low
energy portions (E, and Eg) are plotted as a function
of temperature for samples S; and S, (before etching)
are shown in Fig. 5. The trends observed in E,
(InGaAs QDs), Eg (InGaAs QDs) and Ec (InGaAs
wetting layer) are different due to the temperature-
dependent band-gap of InAs and GaAs materials.
Because the wetting layer is an ultra thin InGaAs/GaAs
quantum wells, the curve trend on the temperature will
follow that of the host material of GaAs. However, the
InGaAs QDs will be related to temperature behavior
characteristic of the InAs and GaAs materials. The
optical properties of the InGaAs QDs and wetting
layer were studied with the fitting parameters using
Varshni's equation®. The summary of the fitting results
are listed in Table 3. The argument of the peak
identification was supported by this result. A slight
abnormal behavior of the inverted “S-curve” shape on
temperature-dependent transition energies measured
by PL spectra was observed. It has been explained by
the carrier localization on potential minimum of In-
rich island®*. This effect could be studied by time-
resolved PL spectroscopy in the future.

IV. Conclusion
Temperature-dependent PL. and PR experiments
were performed and the optical properties of Fig. 5
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Transition energies in the low energy portion measured by PL
experiments are plotted as a function of temperature.

Table 3. Results summary of the fitted parameters using Varshni’s
equation to fit the temperature-dependent transition energy.
Energy _.Sample

peak Parameters -“—---—---Sl S Notes
E (eV) 1.144 1.192

A a (x10%eV/K) 5.9 5.8 QDs!
B (K) 243 254
E (eV) 1221 1.266

B a (x10%eV/K) -8.7 8.9 QDs?
_____________ B K 259 245
) E (eV) - 1.401

C  a (xI0%V/K) - 3.5 WL
B8 K _ = 253

InGaAs/GaAs self-assembled QDs grown by GS-MBE
system were studied. Samples of two growth ordering
sequences of the adatom, In-Ga-As andIn-As-Ga-As,
are explored and characterized with temperature-
dependent transition energy spectra and identified two
kinds of InGaAs/GaAs QDs ensembles which are
originated from two different indium composition
fluctuation. The major energy peaks display on PL and
PR spectra were identified and interpreted. An
abnormal behavior of the inverted “S-curve” shape
presented on temperature-dependent transition energy
due to carrier localization were also observed.
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Abstract: A GaN-based metal-oxide-semiconductor (MOS) structure has been
fabricated by using photoelectrical-chemical technology. From the I-V measurements
of the GaN-MOS, the breakdown field strength was found to be 0.5 MV/cm. The
high frequency capacitance-voltage and conductance measurements revealed the
interface-state density was in the range of 10" cm? eV

NSC praject code: NSC91-2622-E-002-021-CC3

1. Introduction

Gallium nitride is considered as an excellent candidate for the high-power and high frequency
transistors operating at elevated temperatures, due to its wide bandgap, high electron saturation velocity,
and high breakdown electrical field. Therefore the development of GaN-based transistors, including
MESFETs, HEMTs, and HFETs [1]-[3] had attracted much attention, and had rapid progress in recent
years. However, the excessive electrical field in the GaN substrate, surface polarization charges, and
leakage current through the gate would induce the current collapse effect and limit the power-handling
capabilities of these devices. Moreover when temperature raises, the gate leakage current becomes even
larger, it would seriously degrade the transistor performance. By using an insulating and passivating
layer under the gate electrode, it is possible to lower the gate leakage current, excessive electrical field,
and surface polarization charges and to improve the device characteristics. A number of studies of the
GaN metal-insulating-semiconductor (MIS) structure have been made by employing Ta,Os, SiO,, Si;N,,
and Ga,0,(Gd,0,) as gate insulators [4]-[6]. But these reports showed either high leakage currents or
high density of interface state. It indicated the qualities of these deposited oxide layers are
not well enough for them to be gate insulator.

In this report, we present the characteristics of Ga,0,/GaN MOS by employing photoelectrical
chemical process [7] to grow the native oxide layer Ga,O; on GaN. The high frequency capacitance-
voltage (C-V) and current-voltage (I-V) measurements had been taken and interface-state density was
calculated by using Terman’s method and conductance measurements technology.

2. Experimental

The Si-doped n-type GaN epilayers used for this report were grown on sapphire substrates by
metalorganic chemical vapor deposition (MOCVD). The doping concentration and mobility are 1.3 x
10" ¢cm™ and 460 cm?/Vs, respectively.

The native Ga,0, layer was grown by the PEC oxidation method at room temperature. After
growth, the sample was heated up to 400°C for 1 hour to remove the H,0 molecules and strengthen the
Ga,0, molecular structure. The thickness of oxide layer was measured to be about 180nm by surface
profiler. The metal gate and contact electrodes to the GaN substrate were made by thermal deposition
of 100nm aluminum. Through standard lithography and etching process, the PEC-grown Ga,0;/GaN



MOS device with area 1.767x10* cm™* was fabricated. Fig.1 shows the side-view structure and
top-view picture of the MOS device.
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Fig.1 The side-view profile of GaN MOS. Fig.2 The C-V curves for a GaN MOS under
frequency from 100k Hz to IM Hz.
The C-V, and G-V characteristics were taken in a shielding box at room temperature using a
parallel circuit model with a HP 4284 LCR meter. The I-V measurement was carried out by
using a Keithley model K238 current source.

3. Results and discussion

C-V measurements for a Ga,O, film 180nm-thick as grew on GaN, shown in Fig. 2, indicate a
transition between accumulation and depletion, and minor shift in the flatband voltage with various
frequencies. Instead of inversion, deep depletion can be reached under negative biasing voltage,
indicating the generation rate of minority carriers near the surface is not sufficient to from an inversion
layer. The increasing in capacitance at the accumulation with decreasing frequency is caused by the
series resistance attributed to the not-perfect ohmic contact and GaN semiconductor resistance.
In Fig. 3, the C-V measurements with biasing voltages sweeping up and down show a capacitance
hysteresis, and indicate there are oxide traps within the Ga,O; film. In the first time sweeping up to
accumulation, the oxide traps catch the negative charges to become oxide-trapped charges. More
positive voltage is necessary to be applied to compensate the negative oxide-trapped charges; therefore
about 3V shift in curves is observed in the followed C-V sweeping measurements. From the curve-shift,

the density of the oxide traps could be calculated to be 2.6 X 10"'cm?

In the studies of MOS capacitor, interface-state density is one of the most important parameters to
confirm the quality of the interface between oxide and semiconductor layer. The most often used
technology to measure the density is the Terman’s method. But Terman’s method grossly
underestimates the actual interface-state density. Therefore we applied the ac-conductance
measurement technology to more accurately probe the interface-state density [8]. The interface-state
density is determined from the peak G,/w value, and each value of applied gate bias is converted into a
surface potential corresponding to the femi-level position within the bandgap. Fig.4 shows the G/w curves
at different bias value corresponding to the depletion region for a GaN MOS capacitor under room

temperature.
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Fig. 3 The C-V traces under IMHz with biasing Fig. 4 The G/w curves at different bias value

voltages sweeping up(1), down(2), and up(3). corresponding to the depletion region for a
GaN MOS capacitor.
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Fig. 5 Derived values of Dit as a function of energy Fig. 6 gate-leakage current density vs bias voltages
obtained from Terman’s and ac-conductance method for GaN MOS

From the curves in Fig. 5, we are able to observe the derived values of Dit as a function of energy
obtained from Terman’s and ac-conductance method. As predicted, the density of Dit derived by
Terman’s method is smaller than that derived by ac-conductance measurement. After comparison, we
can conclude the interface-state density of the Ga,0,/GaN MOS is in the range of 10" cm™? eV, and
the best result is 1.3 X 10" cm? eV

1-V measurements on the Ga,0,/GaN MOS in Fig. 6 show leakage current density in the range of
107-10° A/cm?, which is quite small, even at large negative biasing voltage. The derived breakdown
field strength of the Ga,0, oxide is about 0.5 MV/cm.

4. Conclusion

Instead of ordinary deposited insulating layer, we employed the photoelectrical chemical process
to grow the native oxide Ga,0, of ,GaN to be the insulating-oxide layer for MOS capacitor. We
performed the Terman’s and ac-conductance method to measure the interface-state density on GaN
MOS capacitor. Qur result shows the Dit to be in the range of 10" cm™ eV"', and the best result is
1.3 X 10" em? eV In addition, we examined both the leakage current and breakdown field strength,
the result shows the leakage current density is quite small even at large negative biasing voltage, and
the breakdown field strength of the Ga,0, oxide is about 0.5 MV/cm.
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In this proposal, we will develop a
technique to measure the noise power of
the photocurrent to investigate the
localized states. In particular, the
associated lifetime of the free carriers with
the localized states is our primary interest.
The carrier lifetime is an important
parameter for those devices such as laser
diodes and detectors. With simple
measurement of [-V characteristics or
absorption spectrum, we can not determine
its value. However, it can be derived from
the noise power of the photocurrent in the
devices. The ratio of the photocurrent noise
power over d4el,, where Iy, is the
photocurrent gives the noise current gain.
The noise current gain also equals the ratio
of the lifetime over the transit time. In
average, a free carrier passes through the
sample in a transit time. Its magnitude may
be changed with the sample length or the
applied voltage. Therefore, the lifetime
measured with the photocurrent noise is
not limited by the frequency capability of
the measurement system. This is the best
advantage of this method to measure the
carrier lifetime.

In the future three years, we will keep
going on the development of the
measurement technique of the photocurrent
noise. The devices we will investigate are



involved with the GaN bulk, quantum
wells, quantum dots, or C-base
nanostructures. For the GaN bulk, we will
study the localized states caused by the
impurities and defects while for the others,
the localized states by the nanostructures.
In addition to the noise measurement, we
will also proceed the measurements of the
FTIR absorption spectrum,
photoluminescence, Raman absorption

spectrum, and step scan radiation spectrum.

Based on all the experimental results, the
lifetime can be analyzed for which of the
radiative or nonradiative transitions is
more important. In particular, the
mechanism rendering the nonradiative
transition is our primary concern. In the
future plan, all of the results derived from
this proposal will be utilized to design the
optoelectronic  devices  with  such
nanostructures.

Keywords: localized state, nanostructure,
quantum well, quantum dot, noise
measurement.
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The noise characteristics are an
important factor to determine the
performance of an infrared photodetector,
especially the noise equivalent differential
temperature and the detectivity. In this
paper, we report the 77K noise
characteristics of an infrared hot-electron
transistor (IHET) whose sample structure
is shown in Fig. 1. The IHET contains a
multiple quantum well photodetector

(QWIP) between the emitter and the base,
and a double barrier energy filter between
the base and the collector.

In the noise measurement, the QWIP
is under a fixed bias Vpg while the base

and the collector are kept at the same
ground potential (see Fig.1). The
background noise from the measurement
set-up is well calibrated and subtracted to
get the noise power from the IHET. The
emitter noise power (Sg) measured from

the emitter current (Ig) represents the noise

characteristics of the QWIP structure. The
collector noise power (Sc) measured from

the collector current (Ic) is the noise

behavior of hot electrons injected from the
QWIP and tunneling through the energy
filter. The solid circles in Fig. 2 and 3 are
the experimental results of Sp and S;

respectively. In addition, we also measure
the dark currents (Ig and I:), the emitter

photocurrent gain g and the emitter
differential conductance G at 77K.

At 77K, the dominant current in the
QWIP is due to the electrons excited by
thermally assisted tunneling. These
electrons, travelling above the barriers and
scattered by phonons or impurities, are
finally trapped into another quantum well.
The noise due to the thermal excitation and
the trapping by quantum wells is similar to
the generation-recombination noise (G-R
noise) in the photoconductor. The noise
power due to this mechanism' can be
written as 4eglg. The reason we use the

photocurrent gain is because the thermal
excitation is similar to the photon
excitation. The dash-dot line in Fig. 2 is
the G-R noise power. Besides, the
scattering process is also a noise source
which is similar to the thermal noise in a
conductor. This thermal noise power is
4kTG and also shown as dashed line in Fig.
2. Suppose the thermal noise and the G-R
noise are independent. The sum of these
two noise power is shown as the solid
curve in Fig. 2 and agrees well with the
experimental data. At low biases, the



thermal noise is dominant since the electric
field within the barriers is weak and the
current gain is small. When the bias is
larger than 2.5V, the G-R noise becomes
more important.

In the collector, the shot noise power,
2el, is estimated and compared with the
experimental data. They agree with each
other very well up to Vg = 5V. According
to binomial statistics, if the probability
when an event occurs is much less than 1,
the variance, o2, of the number of the event
is equal to its average number.” Suppose
the event is the tunneling of the injected
hot electrons through the energy filter.
Assume the minimum measurement time is
T and the average number of the tunneling
electrons within t is N. The relation
between N and I is I = eN/1. Then the

noise power is e 02/(B1:2)— 2el. where

B=1/(27) is measurement bandwidth. We
also measure the transfer ratio o (= I/Ig)

and find a < 0.04 up to Vgg = 5V. This

confirms that the tunneling probability is
small and the collector noise is a shot
noise.

In summary, we measure and study
the emitter and collector noise of an IHET,
and find that the QWIP noise can be
described as the sum of the thermal noise
and G-R noisz while the collector noise is
a shot noise when the tunneling probability
through the energy filter is much less than
1.
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Abstract

With the rapid progress of organic
semiconductors in recent years, organic
semiconductor optoelectronics have
demonstrated great potential of practical
applications. Because the applications of
organic optoelectronics are still in a
beginning stage, there are still plenty of
opportunities of invention and innovation in
devices, materials and processing techniques.
Therefore, the purpose of this project is to
study these issues. The goal is to use these
understandings in the fabrication of highly
functional organic optoelectronic devices
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