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Results from MOCVD grown n-gl,Ga, gN/i-GaN/p-GaN UV photodetectors on sapphire
substrates are presented. The devices show peak responsivities near 0.2A/W for wavelengths

between 352nm and 362nm, and responsivities of less tiy\Wofor wavelengths longer than
375nm and shorter than 342nm. The data is explained in terms of a simple device model.

1 Introduction 2 Device Fabrication

GaN and AlGaN are wide, direct bandgap semiconduct "¢ P-i-n diode structure shown in Figure 1 was grown

. ) L . on basal plane sapphire using low pressure Metalorganic
tors ideally suited for the fabrication of solid state ultra- P bp 9 P g

iolet (UV) d hat h licati i b hChemical Vapor Deposition (MOCVD). Chemical pre-
violet (UV) detectors that have applications in bot cursors used included triethylgallium, triethylaluminum,

flame detection and threat warning systems. Much Worﬁmmonia, biscyclopentadieynl magnesium (p-dopant)
to date has focused on GaN photoconductors [1] [2] [3]gng silane (n-dopant). The npAGa, NN/i-GaN/p-GaN

Although photoconductive detectors have the deSirablﬁeterostructures were grown 6n th.in AIN buffer layers.
property of internal gain, they suffer from well known 5 jer concentrations in the n- and p-type layers were

drawbacks which include high dark currents, DC drift, typically 2x108cm3 and 2x187%cm®, respectively, as

slow response time, and occasionally spurious photor /erified by Hall measurements on thick layers grown for

sponse at long wavelengths. Recently, relatively fastt:alibration. The i-layer was not intentionally doped.
photovoltaic UV detection using GaN p-n diodes orne geposited structures were processed into diodes.
Schottky diodes has been demonstrated [4] [S] [6]. Areactive ion etching was used to define mesas with cir-
key advantage of lll-nitride detectors over competingeyjar geometries with diameters ranging fromirito
devices based on semiconductors with smaller bandgag@mm_ The n- and p-contacts were formed using Ti/Al
(for example UV-enhanced Si photodetectors) is theand Ni/Au contacts, respectively. Figure 2 shows a
long wavelength response cut-off which is directlyscanning electron microscope photograph of a circular
related to the bandgap of the material in the activelie - the etched mesa and metal layers are clearly visi-
region and thus does not require external filters. Folble. The processed devices were then packaged for test-
many applications, however, an additional short waveing.

length cut-off defining a UV band is also advantageoug Results and Discussion

or even required. In this paper we report on the deVelcjplioom temperature current vs. voltage measurements on
ment of GaN/A} G heterojunction photodiodes . . ) . .
Ab1Ga. N ) P the heterojunction photodiodes, as seen in Figure 3,

that have high quantum efficiency (over 80%) in @ UVghqy extremely low leakage currents under moderate
band from 352nm to 362nm, with four orders of magni-reverse bias and no illumination. The magnitude of the
tude rejection between the peak response and longer Vigsyerse current is measured to be 2-5pA for reverse bias
ible wavlengths and nearly three orders of magnitudgoltages not exceeding -10V. Beyond -15V soft break-
rejection of shorter wavelengths. The devices also havown is observed, with the current magnitude increasing
low dark currents at moderate reverse voltages (V > gradually. This increase in current at higher reverse
10V). biases is tentatively attributed to defect assisted inter-
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band tunneling associated with deep traps in the highvith the parameters determined from a fit to the absorp-
field region of the device, i.e. the undoped i-layer. tion spectrum calculated in reference [8]. Subse-

The photoresponse of the detectors is measured guently, excitonic effects are considered for below and
room temperature at zero bias and under backside ill@bove bandgap absorption [9]. Using a measured aver-
mination through the sapphire substrate. Responsivitgge (A and B) room temperature GaN exciton binding

results from a detector with an active area of 1.9 x1¢EN€r9y of 22meV [10] as the appropriate parameter, a
3c2 h in Fi 4 (bl Note the | large Coulomb enhancement of the above bandgap
cm* are shown in Figure 4 (blue curve). Note the Og.'absorption coefficient is found. The i-GaN region in the

arithmic scale of the vertical axis. The peak response 'Bhotodetector is in the hiah fi : o
. gh field region, hence excitonic
the UV band from 352nm to 362nm (about 0.2 A/W) Seffects can be assumed to be suppressed here. Similarly,

found to be nearly independent of the device area, co he Coulomb interaction is partially screened in the

sistent with elementary considerations (the data showu - :
. : : ; ndepleted regions. Therefore, in our detector model
is from a device with a diameter of 50én). The long P -

lenath fall-off in th vitv is due to th | the exciton binding energy is treated as a parameter that
wavelengin fafl-oit in the responsivity 1S due 10 Ihe réla-, oo, e different values in different regions but is

t'|vely sharp gbsorptlon edge. of GaN, which assures th%r\/erywhere smaller than the value found in reference
little generation of photocarriers occurs for Wavelengthilol Broadening of the exciton line and of the band

greater than 365nm. Hence, light with Wavelengthedge absorption is taken to be equal to the thermal

greater than 380nm is rejected by the detector with gnergy for GaN and somewhat larger fop fGay g
; 4. : : ON-
ratio of 10°:1 relative to the peak response near 360r?mEvidentIy, no photocurrent due to hole generation in the
The short wavelength fall-off near 350nm is to be at’[rlb-n_N0 (Gap. N occurs for photon energies less than the
uted to absorption of photons with energies greater tha&I G gN bandaap. On the other hand. for bhoton
the bandgap of the n-AlGa, N layer. Most of the 0.1 _30- 9ap. : p
' : energies larger than that bandgap value, the strong

incident light at these shorter wavelengths is absorbed i s X . i
the relatively thick n-Ad :Gay gN layer and thus does rgbsorptmn in the n-l,Ga g\ layer effectively sup

. ; presses those photocurrent contributions that arise from
not reach the active region of the detector. The suppres- . Lo .

sion of the responsivity for short wavelengths is very o " generation in the GaN part of the device. The
offective Ieadig to Z\ responsivit minigmum nea?/three contributions to the total photoresponse are plotted
. eacing b y . on a logarithmic scale in Figure 5 as a function of the
340nm which is almost three orders of magnitude Iesshoton wavelength. Figure 4 (purple curve) shows the

than the peak response. P gth. 79 purpie ¢ )
resultant calculated spectral responsivity of the device.
To understand the performance of the UV-band hety js 5nnarent that our simple model accounts rather well
erojunction photodiodes more quantitatively we d|scus§Or the UV-band response in both the magnitude of the

here a s_ir_nple regional_ device mo‘?'e'- In calculating. th?naximum responsivity and the band width. However, it
responsivity of the device we take into account contrlbuiS noted that the experimental data displays a slow rise

tions to the photocurrent that originate from phqtogener\—Nith decreasing wavelength for wavelengths less than
ated holes in the n-g4Ga N layer that diffuse  340nm while the model results show a monotonic
towards the depletion region, from the drift of photoge-gecrease. This discrepancy is currently under further
nerated carriers in the depletion regions of thenyestigation.

Alg Gy N and the GaN, and from the diffusion of

electrons in the p-GaN layer diffusing towards the4 Conclusions

depletion region [4]. The device is assumed to be illu; : )
minated through the n-4kGa, N layer , with reflec- We have fabricated and tested GaN/f&ba, gN hetero

i t th i/ hi d th hire/det t'unction p-i-n photodiodes. The detectors have low dark
uons a € airisapphire and Ine Sapphire/detectal, .o of 2-5pA for reverse biases not exceeding -10V,
interfaces taken into account in the model. Structur

% high UV-band photoresponse in the range between

parameters assumed for the calculations are the desggznm and 362nm, and strong suppression of the detec-

parameters of the MOCVD growth process. Th(.ator response outside that UV band. Near the responsiv-

Alo-lGab;d\l bgndgap IS calculated based on the €MPIM5ty peak, the external quantum efficiency of the device is
cal relationship given in reference [7]. Additional mate'experimentally found to be greater than 80%. This
rials parameters, such as the carrier mobilities, are tak%{brees well with the calculated value of 85%. The
from similarly doped GaN and #hGay N samples,  gpserved peak responsivity is in satisfactory agreement
and the minority carrier lifetimes used are calculatedyith the results of a simple model. By increasing the
radiative lifetimes. AIN molar fraction in the constituent layers of the
The absorption coefficient spectrum of GaN withoutdevice it is possible to shift the response band into the
excitonic effects is expressed in parameterized formsolar blind region of principal interest or into a UV band
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of specific significance for flame sensing and combus-

tion control. b metal
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Figure 1. Typical GaN/A) :Gay JN heterojunction photodiode
structure.
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Figure 5. Calculated contributions to the total photocurrent as a
function of photon wavelength : Hole diffusion current
(essentially negligible) in the n-AiGay N - yellow curve,
electron diffusion current in p-GaN - purple curve and
photocarrier drift current in both GaN and AlGaN high field
regions - blue curve. The photocurrent components are

calculated for an assumed incident intensity of 1V§/cm
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