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Ultraviolet (UV) MSM photodetectors (PD) based on AlGaN alloys find many applications,

including flame sensing. In this work we investigate the dependence of AlGaN based photodetectors

grown by MBE on the kinetics of growth. MSM photodetectors were fabricated in the interdigitated

configuration with Ni/Au contacts having 400 lm finger length and 10 lm finger spacing. Bulk

Al0.4Ga0.6N films were grown on to sapphire substrates using an AlN buffer layer. A series of PDs

were developed using the Al0.4Ga0.6N films grown under different group III/V flux ratios ranging

from stoichiometric conditions to much higher than unity. Upon testing, it was observed that the

otherwise identical photodetectors show significant decrease in dark current as AlGaN deposition

conditions change from stoichiometric to excess group III, due to reduction of unintentional

incorporation of oxygen-related point defects. In addition, the intensity and spectral dependence of

the photocurrent also change, showing an extended low energy tail for the former and a sharp and

prominent excitonic peak for the latter. The optical transmission measurements indicate a variation

in Urbach energy with deposition conditions of the AlGaN films, although they have the same

absorption edge. While all samples show a single red-shifted photoluminescence peak at room tem-

perature, upon cooling, multiple higher energy peaks appear in the photoluminescence (PL) spectra,

indicating that the alloys contain complex compositional inhomogeneities. Two types of alloy fluctu-

ations, determined by the growth conditions, have been identified that modulate the optoelectronic

properties of AlGaN by changing the spatial localization of excitons, thereby altering their stability.

We identified that growth under stoichiometric conditions leads to compositional inhomogeneities

that play a detrimental role in the operation of MSM photodetectors, which reduces the sharpness of

the sensitivity edge, while growth under excess metal conditions enhances it. Published by AIP
Publishing. [http://dx.doi.org/10.1063/1.4964420]

I. INTRODUCTION

AlGaN alloys have been studied extensively over the last

two decades and have become the material of choice today

for a range of semiconductor devices, from high speed transis-

tors to ultraviolet optical emitters and detectors. These materi-

als have been grown by the molecular beam epitaxy (MBE)

as well as the metalorganic chemical vapor deposition

(MOCVD) route, and devices such as UV light emitting

diodes (LEDs) have been grown successfully by both these

techniques. However, the external quantum efficiencies of

such devices are significantly lower than those based on

InGaN alloys and also show a large spread1 depending on the

number of parameters. The most critical of them is the pres-

ence of large dislocation densities due to the non-availability

of native substrates, and the various point defects associated

with them that act as non-radiative recombination centers.

Different methods have been employed to increase radiative

efficiency, including the lateral epitaxial overgrowth (LEO)

process that significantly reduces dislocation densities. An

alternative route is to promote the generation of compositional

inhomogeneities by carefully controlling the surface diffusion

length of adatoms during growth. This leads to spatial poten-

tial fluctuations, and the carriers diffuse to the localized poten-

tial minima and recombine from there, thus making the

process relatively insensitive to the presence of crystal

defects. Milliwatt power UV LEDs have been produced by

both these techniques.2,3 Another important application for

AlGaN alloys has been in the field of UV detection, specifi-

cally in the solar-blind regime. Various devices have been

reported, including photoconductive detectors,4 planar and ver-

tical Schottky photodiodes,5 MSM devices in the interdigitated

configuration,6 PIN photodiodes7 and avalanche photodiodes

(APD),8 with a range of sensitivities, gain and UV-to-visible

rejection ratios. The effect of long range atomic order has been

extensively studied in AlGaN photoconductive detectors9 and

mobility-lifetime product of such devices has been seen to

increase significantly due to these effects. However, while sys-

tematic studies on the effect of compositional inhomogeneities

have been carried out for UV LEDs,3,10 similar studies on the

optical properties of UV photodetectors are relatively rare.

In this paper, we investigate a wide range of surface kinet-

ics of growth for AlGaN alloys by plasma assisted molecular

beam epitaxy, while maintaining the alloy composition at a

constant value of �40% AlN mole fraction. The resultant vari-

ation in unintentional incorporation of oxygen-related point
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defects and localized compositional inhomogeneities as well

as their effect on the optoelectronic properties of MSM photo-

diodes has been studied.

II. EXPERIMENTAL DETAILS

A. Growth and characterization of AlGaN films

The growth of AlGaN bulk films was carried out on 2-

in. c-plane sapphire substrates using a VEECO Gen 930

MBE system using an RF Plasma source for nitrogen activa-

tion. Prior to growth, the substrates were outgassed at

�400 �C at a vacuum level of �10�9 T. A three step process

was employed: (i) nitridation, (ii) buffer layer deposition and

(iii) deposition of the active layer. Initially, the sapphire

(Al2O3) substrate, maintained at 800 �C, was exposed to

nitrogen plasma (450 W) to convert the top few layers to

AlN. The nitridation process was terminated upon observa-

tion of a RHEED pattern corresponding to AlN.

Nitridation was followed by the deposition of an AlN

buffer layer that was carried out at a substrate temperature of

800 �C and a reduced plasma power of 350 W. In this work,

the AlN buffer layer was grown using a modified migration

enhanced epitaxy process.11,12 Initially, the growth was car-

ried out under an excess group III flux using an Al beam

equivalent pressure (BEP) of �1.9 � 10�7 T for a short

period of time (tON�10 s), followed by an exposure to the

nitrogen plasma. This process was repeated for the entire

duration of the AlN growth with progressively longer dura-

tions of tON. At the end of the growth of the buffer layer, the

RHEED pattern showed clear 2 � 2 reconstructions and a

streaky nature. The thickness of the AlN buffer layer, as esti-

mated from the growth rate, was about 65 nm.

The bulk AlGaN film was grown with a plasma power

of 350 W and an Al BEP of 4.15 � 10�8 T at a substrate tem-

perature �800 �C. Gallium has a high desorption rate under

these conditions, while Al has nearly 100% sticking coeffi-

cient. The group III/V flux ratio, which is determined by the

arrival rates of aluminum, gallium and the active nitrogen

species, as well as the desorption rate of gallium, can there-

fore be varied widely by very small changes in substrate tem-

perature.13 We identify three distinct growth regimes based

on the III/V flux ratio: (a) excess group III conditions, where

a metallic layer on the growth surface is formed that causes

the RHEED pattern to become dim and diffuse due to scat-

tering of the electron beam; (b) stoichiometric conditions,

where the RHEED pattern is bright and streaky during

growth; and (c) intermediate conditions. The thickness of the

metallic layer differentiates the conditions (a) and (c). The

difference can be directly observed by the variation of the

RHEED pattern after closing the group III shutters.14 The

dim and diffuse RHEED pattern observed during growth (for

tON � 10 min), when the group-III shutter is kept open, is

recovered after the group III flux is shut off for a certain time

(tOFF) ranging from around 10 s to 30 s, resulting in a high-

contrast pattern with clear surface reconstructions. This time

duration tOFF for a fixed tON is a direct measure of the thick-

ness of the metallic layer on the growth surface and hence

that of the III/V flux ratio employed.

We have investigated the optical properties of bulk

AlGaN films grown under various III/V flux ratios—as given

by the variation of the time taken for the RHEED pattern to

change from a diffuse to a high-contrast state—and the corre-

sponding optoelectronic properties of MSM photodetectors

fabricated on such films. X-ray diffraction measurements

were carried out on the as-grown AlGaN film, and the Al

alloy composition was found to be 40%. Optical transmission

measurements were carried out on bulk AlGaN films over

200 nm–600 nm range using a dual (30 W De/30 W QTH)

lamp, a 0.5 m monochromator and a PMT detector.

Photoluminescence (PL) measurements were carried out using

the same setup and a quasi-CW 10 mW He-Ag laser with an

emission at 224 nm as the excitation source. Low temperature

measurements were carried out by mounting the sample on a

4 K close-cycle cryostat (Cryo Industries of America).

Cathodoluminescence measurements have been carried out

using a GATAN MONOCL4 system mounted on to a JSM

7600 F scanning electron microscope, using an acceleration

voltage of 15 KV.

B. Fabrication and testing of interdigitated devices

Inter-digitated photodetector structures were fabricated

on AlGaN films employing image reversal photolithography

processes and lift-off technique using a Suss Microtec MA6/

BA6 mask aligner and AZ5214E photoresist. A Ni/Au metal-

lic stack (4 nm/13 nm) was used as the contact without any

further annealing. A representative MSM device, along with

its dimensions, is shown in Figure 1(b). Each device contains

23 fingers of length �400 lm and width 10 lm and has a

spacing of 10 lm between the adjacent fingers. Additional

pads of Ni/Au (20 nm/60 nm) were deposited in a subsequent

process, with a width of 100 lm to allow direct probing at

the wafer level. A cross sectional schematic of a typical bulk

AlGaN sample and the fabricated device is presented in

Figure 1(a).

The devices were tested using a custom built probe sta-

tion capable of carrying out spectroscopic measurements of

the photodetectors at the wafer level. A Keithley 236 Source

Measure Unit was used to perform the current-voltage meas-

urements. A 30 W Deuterium lamp dispersed by a 0.25 m

monochromator (Acton SP 2300 from Princeton Instruments)

was used as the excitation source.

III. RESULTS AND DISCUSSION

A. Photodetector I–V characteristics

A series of MSM photodetectors were developed using

identical conditions, except for the group III to group V

flux ratio employed during AlGaN growth. The dark

current-voltage characteristics measured for these devices

are presented in Figure 2(a). Stoichiometric conditions

were maintained for device D14, and the group III flux was

progressively increased till it was significantly higher than

unity for D1.

We can see a number of significant differences in the

device characteristics as the conditions of AlGaN deposition

are modified. For samples grown under excess group III, very
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little current flows through the device under low bias condi-

tions (�5 V), which increases by an order of magnitude as the

bias is increased to 20 V. As the group III to group V flux ratio

progressively reduces to stoichiometric conditions, the current

at 5 V increases from 10�10 A to 10�6 A. However, the cur-

rent at 20 V for the same samples increases from 10�9 A to

�10�3 A, which is a very dramatic change, considering that

the contacts are identical and no dopants have been deliber-

ately added to the AlGaN material.

These current values at 20 V, measured under dark con-

ditions, are again reproduced in Figure 2(b) and are com-

pared with the excess current measured upon illumination of

the sample with a deuterium lamp (henceforth referred to as

the photocurrent). An aperture was employed to keep the

intensity of the lamp deliberately low in order to reduce sec-

ondary effects. It can be observed that the photocurrent

recorded also depends strongly on the group III to group V

flux ratio employed during growth. This has been linked

with the time required for the RHEED pattern to transition

from a diffuse low contrast state to a high contrast state;

when after growth is carried out under group III rich condi-

tions for a time tON, the metal shutters are closed till the

excess metal on the growth surface is incorporated into the

film (tOFF). The ratio of this “clearing time”, tOFF to tON, has

been included for various samples in Figure 2(b) and ranges

from 0.1 for high group III rich conditions to zero for stoi-

chiometric samples. For samples grown under excess group

III (D1, D2, D3, D4, and D5), the photocurrent, like the dark

current, is low but is significantly higher (as much as 20

times) than the dark current. As the samples are grown closer

to stoichiometric conditions, both dark current and photocur-

rent increase very significantly. However, as stoichiometric

condition is approached, the dark current reaches a value sig-

nificantly large compared to the photocurrent. The dark and

photocurrent measurements on each individual device were

carried out without altering the probe setup to minimize the

effect of measurement uncertainty. Therefore, the effects are

due to material related issues, rather than variations in the

measurement conditions.

The variation in dark current is linked with the change

in the resistivity of bulk AlGaN film, as the sapphire sub-

strate and the AlN buffer layers are insulating. As stated

before, no deliberate doping was carried out, so the samples

are doped by background impurities during growth or by

point defects. It should be noted that the growth was carried

out in an MBE system with background vacuum better than

10�10 T, using 6.5N nitrogen passed through Gate Keeper
VR

inline purifiers before injecting into the RF plasma source.

Still, oxygen is typically present in trace amounts in MBE

systems, usually adsorbed or bonded to metallic contami-

nants on the chamber walls. Oxygen is a traditional n-type

dopant in III-nitride materials and is expected to have higher

affinity for AlGaN than for GaN films.15 Nitrogen vacancies

are the other possible n-type defects. But in the present con-

text, since the dark current, which is a measure of

FIG. 1. Schematic (a) and photograph of interdigitated Ni/Au MSM photo-

detector device (b).

FIG. 2. I–V characteristics (a) and var-

iation of dark/photocurrent (b) for vari-

ous Ni/Au MSM photodetectors (see

text).
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background carrier concentration, sharply decreases with

increased group III to group V ratio, nitrogen vacancies can

be ruled out. The incorporation of ambient oxygen into GaN

film has been shown previously to be strongly dependent on

the group III to group V ratio employed.16–18 The metallic

gallium film present on the surface during growth under

group III-rich conditions bonds with the ambient oxygen,

forming volatile gallium oxide that subsequently desorbs at

the growth temperature, and hence their incorporation into

the film underneath is limited. This phenomenon cannot take

place for the stoichiometric films, as the presence of excess

Ga that can arrest the oxygen is limited, and hence the films

are doped n-type by the incorporated oxygen.

We believe that these phenomena are present in the cur-

rent study, magnified by the increased affinity of Al to

Oxygen. This can be clearly observed in Figure 2, where for

samples grown with excess group III, small changes of group

III to V ratio—as long as the metallic coverage is present

during growth—do not make a significant difference (sample

D1–sample D5). Reducing the group III further causes a

large change in the dark current.

An increase in photocurrent with an increased oxygen

doping can be easily explained from the large dislocation den-

sities present in these films. The threading dislocations gener-

ate dangling bonds at each atomic layer it passes through,

which act as traps for free carriers generated by optical excita-

tion. Thus, the low levels of optical excitation for undoped

AlGaN films produce little photocurrent. However, when oxy-

gen doping is present, these traps are compensated and the

excess carriers generated by optical excitation produce a strong

photocurrent. Therefore, with growth conditions approaching

stoichiometry, both the dark and the photocurrent can be

observed to strongly increase.

The fact that the dark current increases with voltage at a

much faster rate for stoichiometric samples, however, cannot

be explained without taking into account the variation of the

barrier height at the metal-semiconductor junction, which in

turn is related to the change in electron affinity, as the metal

work-function remains the same. This suggests that there is a

change in the band-alignment, at least at the local level, with

the variation of the growth kinetics.

B. Photocurrent spectra

The effect of the growth kinetics on the photodetector

properties was also investigated by determining the spectral

dependence of the photocurrent, and the results are presented

in Figure 3. The spectra are normalized and are vertically

separated for easy comparison.

As noted before, samples D1–D5, grown under excess

group III conditions where a metallic layer was present dur-

ing growth, showed very low dark current values but a strong

increase in photocurrent upon UV excitation. It can be seen

in Figure 3 that these detectors show a sharp Gaussian peak

at �290 nm, which is due to excitonic transitions. For shorter

wavelengths, the photocurrent maintains a high and rela-

tively steady value, while a sharp cutoff with little band-

tailing is present at longer wavelengths.

The nature of the photocurrent spectrum changes with a

reduction in group III to V flux ratio. The excitonic peak dis-

appears and is replaced by a transition edge that becomes

progressively less steep. Significant band-tailing can be seen

for near-stoichiometric conditions, but for these samples a

weak excitonic peak reappears, as can be observed for sam-

ples D11 and D14.

Excitonic peaks have been routinely reported in the

GaN photodetectors and are generated by an increased sensi-

tivity—that is an increase in absorption coefficient—at cor-

responding energies. It should be noted that the exciton must

be split by the applied field in order to contribute to the pho-

tocurrent. Figure 3 indicates that the formation of excitons

and their binding energies are strongly dependent on the

group III to group V flux ratio, i.e. on the kinetics of growth.

We postulate that these effects are linked with the spatial

localization of carriers that determine the formation and sub-

sequent splitting of excitons under an applied bias. In order

to establish the link between photodetector characteristics

and the carrier localization processes, a number of optical

characterization steps were carried out on the bulk AlGaN

film, as presented in Sec. III C.

C. Optical characterization of AlGaN alloys

1. Absorption spectra

The invariance of the sensitivity edge for various photode-

tectors in Figure 3 indicates that the average alloy composition

remains identical despite the change in growth kinetics. This is

further validated by the optical transmission measurements

FIG. 3. Photocurrent spectrum obtained from various MSM photodetectors.
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carried out for the AlGaN films, as shown in Figure 4. From

the nearly identical nature of the transmission spectra, it can be

inferred that the optical absorption edge is the same for all the

samples. This has been established by determining the peak of

the derivative of the absorption coefficient with respect to

energy, which identifies the absorption edge, as shown in the

inset in Figure 4. For higher energies, the absorption coeffi-

cient is dependent on the E1/2 nature of the density of states

function, while for lower energies, it is given by the Urbach

tail, which is a measure of the binding energy of excitons.19,20

The measurement indicates that the absorption edge remains

the same within an experimental error for the three representa-

tive group of samples. Furthermore, the presence of prominent

optical interference fringes in the transmission band indicates a

smooth surface morphology for all the samples.

Upon close examination, however, we see that below

the absorption edge there is a systematic variation of the

slope of the absorption spectra with a variation in the growth

conditions, as shown in Figure 5(a). The slope of the absorp-

tion edge has been usually linked with the Urbach tail, which

dominates at energies slightly lower than the band-gap. The

absorption coefficient (a) at photon energies below the opti-

cal band gap exponentially depends on the photon energy

(E) by the following relation:

/ Eð Þ ¼ e
E�Eg

Eu ; (1)

where Eg is the band gap of the semiconductor and Eu is

known as the Urbach energy. The Urbach energy of the sam-

ples was calculated from the slope of the absorption coeffi-

cient and is presented in Figure 5(b) for samples grown with

different III/V flux ratios. It shows that the Urbach energy

increases from �115 meV to 180 meV as the flux ratio used

during growth changes from sample D1 (excess group III) to

sample D11 (stoichiometric). Comparing this result with

Figure 3, we observe that the increased Urbach energy is

reflected in the enhanced band-tailing for the photodetectors.

The Urbach energy is a measure of the disorder of the

system, which can be either structural or due to composi-

tional inhomogeneities. For AlGaN alloys, the alloy disorder

dominates, as reported by Bajaj et al.,21 increasing with AlN

mole fraction till about 70% and then subsequently decreas-

ing sharply. This was determined by the width of the photo-

luminescence excitonic peak.

2. Photoluminescence spectra

Photoluminescence spectra are another measure of disor-

der in these alloys, and such measurements have been carried

out on the samples described previously. They were measured

at room temperature (RT) for samples grown under different

group III/V flux conditions and are presented in Figure 6. A

single peak is observed in all the cases. Also, the CL spectrum

(shown in the inset) measured across wider wavelength ranges

does not show any prominent sub-bandgap luminescence

peak. This indicates that these materials are of good quality

and do not contain deep impurities. This also eliminates the

possibility that the disorder observed in the optical absorption

studies is structural in nature.

Figure 6 indicates that the AlGaN films grown under near

stoichiometric conditions show the strongest PL peak, cen-

tered at 315 nm, which is red-shifted by as much as 400 meV

compared to the absorption edge. This red-shift correlates

with the fact that the Urbach energy was the highest for this

sample. While a red-shift is present for all the samples, it

becomes less pronounced with increasing group III to group

V flux ratio. There is also a significant narrowing of the PL

peak with increasing III-to-V ratio. Interestingly, there is a

small but clear asymmetry for all the peaks, with a slightly

longer tail on the higher energy side. This is different from

low-energy band-tails typically observed in III-Nitride films,

which are attributed to various disorder effects. In order to

understand this phenomenon, low temperature PL measure-

ments were carried out for three selected representativeFIG. 4. Optical transmission spectra for AlGaN bulk films.

FIG. 5. Absorption spectrum of AlGaN bulk films (a) and Urbach energy of

AlGaN bulk films (b).
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samples grown under regimes ranging from very excess group

III to stoichiometric.

In Figure 7, the temperature dependent PL spectra are

given for AlGaN films corresponding to the samples D1 (III/

V� 1), D7 (III/V> 1) and D14 (III/V� 1). In the inset, the

room temperature spectra are again provided for comparison.

For stoichiometric sample D14, the relatively broad PL

peak observed at room temperature splits into two with cool-

down, producing a sharper peak at 312 nm and a wider peak

at 303 nm at 4 K (Figure 7(a)). The width of the sharper peak

(peak C) reduces to 4 nm at 4 K. Furthermore, below 180 K,

an additional peak (peak A) evolves at shorter wavelengths,

becoming dominant at 4 K.

For AlGaN films grown under high excess group III, the

RT peak does not split but progressively blue-shifts to

305 nm with a decrease in temperature (Figure 7(c)). Similar

to the previously described sample, at a temperature below

200 K, an additional high energy peak emerges and this dom-

inates at 4 K.

A clear distinction can be seen for samples grown under

slightly excess group III. Instead of sharp and clear peaks, a

broad luminescence can be seen that can be fitted to three

Gaussian distributions.

The shift of the PL peak energy as a function of tempera-

ture for all three samples is presented in Figure 8, where the

room temperature peak position is taken as the reference. For

stoichiometric sample D14, each of the three peaks shows dis-

tinct temperature dependencies. The position of the peak at

the longest wavelength (indicated by “C”) remains mostly

invariant with temperature, albeit showing a weak S-type

behavior, where the peak position initially blue shifts with

cool down, then red shifts and finally blue shifts again. The

other two peaks show a steady blue-shift with cool-down. For

samples grown under excess group III (D1), only two peaks

were observed at low temperatures. In Figure 8, therefore,

there are only two curves for this sample, as the lowest energy

peak is absent. The two peaks clearly correspond with the

peaks A and B from the previously described sample in their

temperature dependence. For samples grown under slightly

excess group III, as mentioned before, a broad luminescence

FIG. 6. Room temperature photoluminescence (RTPL) spectra for AlGaN

samples grown under various group III/V flux ratios (the inset shows the

cathodoluminescence spectra of the sample (D14) grown under stoichiomet-

ric regime).

FIG. 7. Temperature dependent PL for (a) D14 (III/V� 1), (b) D7 (III/

V> 1) and (c) D1 (III/V � 1) (the inset of each figure shows the corre-

sponding RTPL).

FIG. 8. Dependence of peak position shift on temperature for the peaks

obtained from the temperature dependent PL spectra of samples D14(III/V

�1), D7(III/V> 1) and D1(III/V� 1).
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is observed instead of clear peaks at all temperatures, which

could be fitted to three Gaussian distributions. The three cal-

culated peak positions obtained from these Gaussian fits are

plotted in Figure 8 for this sample. In spite of large error bars

due to fitting inaccuracies, it can be observed that all three

peaks A, B, and C are represented in this sample, but they are

significantly broader, leading to the overlap.

We believe that the highest energy peak (peak A), which

appears only at low temperatures and has the highest inten-

sity for all three samples, corresponds with the photolumi-

nescence from band-to-band recombination. This happens

because at low temperatures the thermal energy of the carrier

is low enough to restrict them from diffusing significantly,

and hence they recombine primarily from their points of gen-

eration. The other peaks observed at higher temperatures

occur due to the transport of the photo-excited carriers to

localized potential minima that are caused by compositional

inhomogeneities in the material and subsequent excitonic

recombination from such locations. Multiple long wave-

length PL peaks indicate the presence of compositional inho-

mogeneities with different nature and amplitudes in the same

AlGaN film, as shown in Figure 9. At room temperature, the

carrier transport being maximum, most of them can move to

the lowest potential minima and recombine from there. This

leads to a larger red-shift of the room temperature PL peak

with respect to the absorption edge and a corresponding

increase in its intensity.

D. Summary of results

Alloy fluctuations in AlGaN alloys have been reported

by several groups, and these effects are more prominent for

MBE grown films, as they are grown under the kinetic, rather

than thermodynamic regime. In the absence of spinodal

decomposition, these fluctuations have been linked to a num-

ber of alloy phenomena, including a long range atomic

ordering. This ordering can be of monolayer type,22 of com-

plex type, or may be completely incommensurate,23 depend-

ing on the alloy composition, that is, the AlN mole fraction,

as well as the group III to group V flux ratio employed dur-

ing growth. The complex and incommensurate ordering

however have been reported22 only for high AlN mole frac-

tion (70%–87%) and were absent for lower values such as

those employed in this work.

The study of monolayer (1 � 1) ordering has been car-

ried out by a number of groups for samples grown by PA-

MBE.24,25 Their results indicate that for ordered structures,

AlGaN alloys can be seen as spontaneously formed superlat-

tices where the carriers are localized in the GaN layer. The

optical band-gap may red-shift by as much as 100 meV with

respect to the disordered structures formed by annealing of

the samples. In addition, studies on ordering in AlGaN alloys

have demonstrated that the bowing parameter strongly

depends on the degree of ordering. The observed reduction

of the band gap with ordering was also supported by Dudiy

and Zunger16 using first principle calculations. The complex-

ity increases due to the presence of ordered and disordered

domains that are present side-by-side within the same mate-

rial under certain growth conditions. These domains have

been shown to form a type II heterostructure that signifi-

cantly affects the recombination properties.15 Iliopoulos

et al. however demonstrated that the monolayer ordering in

AlGaN alloys is more prevalent when the growth takes place

under N-rich conditions22 and therefore is not relevant to this

work, where excess group III conditions are employed.

Local in-plane compositional inhomogeneities have also

been reported by several groups: e.g., Gao et al. have demon-

strated phase segregation in AlGaN alloys.26 They have also

concluded that the phase segregation has a strong depen-

dence on the relative diffusion lengths of Al and Ga on the

growth surface. They demonstrate that a small variation of

20�–30� C temperature across the growth surface plays a

very significant role in controlling the nature and magnitude

of the alloy modulation amplitude. This effect has also been

observed by Collins et al.,27 who reported that compositional

inhomogeneities can be generated by limiting the surface

mobility of the Al adatom by appropriate choice of growth

parameters.27 This is applicable in the current study for the

samples grown under stoichiometric conditions. For the sam-

ples grown under high group III conditions, the excess metal

stabilizes at the growth surface with some statistical thick-

ness and compositional variation. The AlGaN film is formed

with the reaction of active nitrogen with this metallic layer,

and thus these variations are replicated in the short-range lat-

eral fluctuation of the composition of the AlGaN alloys.

While the average alloy composition remains invariant for

all the samples studied in this work, the localized fluctua-

tions in composition affect the carrier localization properties

in UV MSM photodetectors. The generation of photocurrent

in III-nitride films involves the generation of electron-hole

pairs, which can then form excitons, which subsequently

need to be split by the applied electric field. The formation

FIG. 9. Model of potential fluctuation produced in samples grown under dif-

ferent group III/V flux ratio regimes (a) stoichiometric and (b) excess group

III.
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probability and stability of the excitons are higher when the

carriers are spatially localized at potential minima such as

those generated by compositional fluctuations. Our results

indicate that it is the nature of fluctuations that determine the

optoelectronic properties of AlGaN based photodetectors.

The low temperature photoluminescence spectra show

that the strongest fluctuations occur for stoichiometric films,

which at all temperatures is dominated by a peak at

�310 nm, which is significantly red shifted from the band-

edge. This peak becomes progressively less prominent, as

the group III is increased and is absent for growth under

excess metal conditions. We relate the presence of this peak

with the strong band-tailing effects that is observed in both

the optical transmission and the photocurrent spectra. This

type of compositional inhomogeneity appears to be detri-

mental to the performance of UV MSM photodetectors, dras-

tically reducing selectivity and rejection ratio. Under excess

group III, the absorption edge is much sharper and a promi-

nent and sharp excitonic peak is observed, indicating that the

compositional fluctuations generated due to the presence of a

metallic film present on the growth surface are less detrimen-

tal for the operation of photodetector. This is supported by a

larger photocurrent to the dark current ratio observed for

these samples under the same bias conditions.

IV. CONCLUSIONS

MSM photodetectors have been fabricated from

AlGaN alloys grown under different growth conditions,

where the spatial inhomogeneity of the alloy at the local-

ized scale has been controlled by varying the group III to

group V flux ratio. Our results indicate that this variation

makes very significant changes to the values of both the

dark current and the photocurrent. In addition, the spectral

dependence of the photodetector is also modified, with

sharp exciton-related peaks observed under group III-rich

conditions and long band-tails observed for stoichiometric

conditions.

We identified two different pathways through which the

group III to group V ratio may affect the optoelectronic prop-

erties of MSM photodiodes. Under excess group III condi-

tions, the presence of metallic gallium on the growth surface

prohibits the incorporation of oxygen—which is an n-type

dopant—in the AlGaN film by forming volatile gallium

oxide; a phenomenon that is absent for AlGaN films grown

under stoichiometric conditions. This oxygen incorporation

causes a very strong variation of the magnitude of the dark

and photocurrents in these devices grown under a range of

group III to group V flux ratios.

Additionally, the variation of growth mode leads to the

generation of two different types of compositional inhomoge-

neities in the AlGaN film. One type occurs under stoichiomet-

ric conditions due to limited mobility of Al adatom. The other

occurs under group III rich conditions, where the surface is

coated with a metallic layer, the compositional fluctuations of

which are reflected in the AlGaN film deposited by its interac-

tion with active nitrogen. Our results indicate that the first

type of compositional inhomogeneity adversely affects the

wavelength selectivity and rejection ratio of MSM

photodetectors by generating long absorption tails and

increased values of Urbach energy, while the second type

improves the device performance, leading to a sharp sensitiv-

ity edge and a narrow excitonic peak.

For the development of focal-plane-array-based UV

imagers on a commercial scale, where larger wafer sizes are

likely to be employed, small variations of substrate tempera-

ture and hence gallium desorption rate are challenging to

avoid. This will inevitably lead to variations in the group III

to V ratio across the wafer. Our results indicate that this

must be avoided due to a very prominent influence of the

group III to group V ratio and hence growth kinetics on sen-

sitivity as well as the spectral properties of ultraviolet photo-

detectors. The use of a surfactant such as Indium during the

growth of AlGaN alloys at high substrate temperature may

mitigate these effects to a large extent.28
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