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Schottky barrier photovoltaic detectors based on Si-dopggiaplN (0 < x < 0.22) have been

fabricated and characterized. Samples were grown on basal plane sapphire by LP-MOVPE. Schottky
contacts were made with Au. Responsivities are independent of the diode size and of the incident
power in the range measured (10m\Ritm2KW/mz). The spectral response shows an abrupt cutoff

that shifts linearly to higher energy with increasing Al content. A visible rejection of 3 to 4 orders of
magnitude is observed in&ba;_,N Schottky photodiodes. Device time response is RC-limited, and

a minimum decay time as short as 15ns have been estimated in unbjgsS#f\bdN diodes. This

time response can be further reduced by reverse biasing.

1 Introduction lem was overcome by a semitransparent Schottky elec-
trode, as used by Chen et al [10], who reported a 50 A
Pd Schottky barrier on n-type GaN, with a responsivity
of 180 mA/W and a RC-limited time response of 118 ns

Al,Ga 4N alloys, with a bandgap tunable from 365 nm

(x=0) to 200 nm (x=1), are extremely attractive for opto-

electronic applications such as visible-blind ultraviolet . ;
(UV) photodetectors [1]. These materials are remark®" & 50Q resistance. 4l,d5%,74N photodiodes based

ably tolerant to aggressive environments, due to its thef2 ©0 A Pd Schottky barriers have been recently demon-
mal stability and radiation hardness. Applications rang&trated [11], showing a responsivity of 70 mA/W with a

from flame detection to space communications or soldiinimum time response of 1fs. In this work, we
UV monitoring systems [2]. report on the fabrication and characterization of Schot-

High responsivity AlGa; xN photoconductors have ?garrﬁrsgmﬂloevsoﬁitﬁ g?f;gf;(;:SAlbizﬁ?enotng)s)i-(ioped
already been demonstrated [3] [4] [5]. However, the X A-x P -

persistent photoconductivity (PPC) [5] [6] present in0'22)’ aiming to increase the time response.
these devices results in a very slow non-exponentigd Devices and experimental
response which makes them unsuitable for most appliy

! L he ALGa (N epilayers were grown on basal plane
cations. GaN photovoltaic diodes have proven to be 2 ophire in an AIX200RF horizontal LP-MOVPE reac-
better approach than photoconductive devices in appli- PP

cations requiring fast response or a high UV/visible conior' Trimethylgallium (TMG), ~ trimethylaluminum

trast [2] [7]. Schottky barrier GaN photodetectors Were(TMA) and ammonia _(N@ served as precursors, and
first reported by Khan et al. [8], who demonstrated a Ti2 Was used as carrier gas. Growth temperature was
Schottky diode on p-type GaN. This devices showed #xed at 1170C, with a V/III partial ratio of 3500, and a
RC-limited time response ofjis (time for the signal to  growth rate of Jum/h. A 250 A thick GaN buffer layer

fall from maximum to 1), and a zero-bias responsivity was grown at 52%&. N-type doping has been achieved
of 130 mA/W illuminating through the sapphire. The using silane (Sil). The aluminum fraction in the solid
inconvenience of backside illumination was analyzed byhase was determined by energy dispersion spectros-
Binet et al. [9], who calculated a hole diffusion lengthcopy (EDS) in a scanning electron microscope. AlGaN
of 0.1um which limited the device response. This prob-epilayers show a FWHM of 670 arc-sec for the (0002)
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X-ray double diffraction peak in th@-configuration (N with x =0, 0.15 and 0.22 respectively. These low val-
[12]. Typical electron mobilities of 75-90 éfvs and  ues are due to the metal thickness (100 A). A rejection

140 cnf/Vs are obtained at room temperature in 2 of th? V(;Sime radiatiog .Of T%Fedtha}n thr'e?j Orde(;S off
10! cnmi3 n-type doped AlGaN and GaN respectively.magmtg €ls measured in all the devices, independent o
. . diode size. The cutoff wavelength shifts with Al content
Doping levels as determined by C-V measurement§rom 362 nm (x = 0) to 320 nm (x = 0.22), which
7 ~p3 8 i3 “E)
ranged from 5 1_01 cm~to 2% 10" cm®. _ implies a linear variation of the energy bandgap as a
For the fabrication of Schottky barriers, samplesfunction of aluminum concentration. This dependence
were diced into 4 4 mm squares and cleaned in acidshas been checked by transmission measurements [12],
A semitransparent 100A thick Au layer was depositechnd agrees with the data published by Wickenden et al.
by Joule evaporation. The transmittance of this laye[13], although it is in contradiction with the downward
was found to be rather flat in the ultraviolet region, Wlthbowmg parameter recenﬂy reported by Brunner et al.
a mean value of 30%. The pattern of the metallizatiorﬂl4]_
was defined with standard photolithography. Detector  Exponential photocurrent decays have been found
diameters ranged from= 240pm to@ =1 mm. A sec-  hen switching off the illumination, as shown in Figure
ond metallization was pgrformeq to deposn a gold' padz for Aly »5a 74\ diodes operating with a 2K load
whose pattern was defined using a lift-off technique o gjstance. Detectors are RC limited, where R is the sum

Othc cor?tac;; vc\j/ere made W'lth indium. h _ . of the load resistance, Rand the series resistance of
The photodiode current-voltage (1-V) characteristics he device, B, and C is the sum of the load capacitance,

were measured with a Hewlett Packard HP4155A semit— . .

conductor parameter analyzer. Capacitance vs. bias voftL: and the capacitance related to the diode space-
age were obtained using a Hewlett Packard HP4284&harge-region, Gcp

LCR-meter. Photodetector responsivity and its depen- The dependence of photocurrent decay time on the
dence on the incident optical power were determinedbad resistance has been analyzed (see Figure 4) and
with a non-focused cw He-Cd laser (325 nm). Spectratonfirms the RC behavior. By extrapolating the results
responsivity studies were performed by using a 150Wn figure 3 to zero load resistance, a minimum time con-
xenon arc lamp and a Jobin-Yvon H-25 monochromatostant of 15 ns is estimated for 2g@n Alg ,Gay 7d\

with a holographic grating that ensures good transmisSchottky diodes. This value is shorter than the values
sion down to 200 nm. The optical system was calibrate@reviously reported for similar size AlGaN Schottky
using a Molectron PR200 pyroelectric detector. Timephotodiodes  [11]. The observed time response
response was measured using the fourth frequency ofdecreases with diode size due to the reduction of its
Nd-YAG laser (266 nm), whose pulses were gaussiathternal capacitance. Time response is further reduced
with a FWHM of 10 ns. Low frequency noise studiespy reverse biasing, as diode capacitance decreases with
were performed with a PARC 113 low noise preampli-the square root of the reverse bias voltage (see Figure 5).
fier and a FFT analyzer. The system has a background The bandwidth of the devices, BW, can be estimated

level of 02 AZ/Hz. by:
3 Results and discussion BV 1
Figure 12 shows a typical |-V curve of &Gay 7g\ 2R s Carp @

Schottky diodes. Devices present an ideality factor of 1 For diodes with the same geometry and polarization,

to 2, a leakage resistance above 500,Mnd a typical Cg ., and Ry are proportional to N2 and (INp)™

forward resistance of 1aD. Capacitance-voltage (C-V) yeqpectively, wherg is the electron mobility and gis
characteristics are shown in the inset for diodes with dif-

ferent sizes. In GaN diodes a barrier height of about _ILhe.dopmg level. Therfafc.)re, the l.)andwu:?th othhese
eV is estimated from the C-V curve. However, indevices would be optimized by increasipiNp~.
Al,Gay N higher values are obtained(eV), probably ~ Under this assumption, Si-doping should improve the
due to the presence of oxide in the surface. time response of Schottky photodiodes, provided that
The room temperature spectral responsivity of thé’gopility does not decrease drastically and Schottky bar-
photodiodes is depicted in Figure 2. Photocurrenfi€r i not much lowered by tunnel transport.

increases linearly with optical power from 10 m\¥Ao Low frequency noise is 1/f limited, satisfying the

5 . . - _ relationship:
2 KW/m¢, as shown in the inset. Responsivity remains
quite flat for photons with energy over the bandgap, with a _g E
values of 70 mA/W, 45 mA/W and 29mA/W for 8a; . n T ey @
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where }; is the dark current, andy@&ndy are fitting [8] M. Asif Khan, J. N. Kuznia, D. T. Olson, M.
parameters, with £ y< 1.2. A noise equivalent power Blasingame, A. R. BhattaraPppl. Phys. Lett63, 2455-2456

(NEP) of 13 nW has been obtained gn= 1mm (1993).

. ) . S . [9] F. Binet, J.Y. Duboz, N. Laurent, E. Rosencher, O.
Alo 258 7gN diodes at -1.35 V bias, which implies @ g " o) “A\iombardJ. Appl. Phys81, 6449 (1997).

normalized detectivity as high as 8.0’ HZY2WIm. [10] Q. Chen, J. W.Yang, A. Osinsky, S. Gangopadhyay, B.
. Lim, M. Z. Anwar, M. A. Khan, D. Kuksenkov, H. Temkin,

4 Conclusions Appl. Phys. Leti70, 2277 (1997).

Schottky barrier photovoltaic detectors have been fabrill1] A. Osinsky, S. Gangopadhyay, B. W. Lim, M. Z.

cated on Si_doped QGa.L-XN (0 < X< 022) Samples Anwar, M. A. Khan, D. Kuksenkov, H. Tempkippl. Phys.

grown on sapphire by MOVPE. Schottky contacts wer Lett.72, 742 (1998).

d ith Au. R ivit ind dent of th 12] F. Omnes, N. Marenco, S. Haffouz, H. Lahreche, Ph.
made wi u. kesponsiviies are indepenaent o e Mierry, B. Beaumont, P. Hageman, E. Monroy, F. Calle,

diode size and of the incident power in the range meg= \1fi0z, unpublished.
sured (10 mw/rito 2 KW/n12). The spectral response [13] D. K. Wickenden, C. B. Bargeron, W. A. Bryden, J.
shows an abrupt cutoff that shifts linearly to higherMiragliotta, T. J. KistenmacheAppl. Phys. Lett65, 2024-

energy with increasing Al content. A visible rejection of 2026 (1994).

3 to 4 orders of magnitude is observed inGd, ,\N [14] D. Brunner, H. Angerer, E. Bustarret, F. Freudenberg,

. . . . . _R. Hdpler, R. Dimitrov, O. Ambacher, M. Stutzmadn,
Schottky photodiodes. Device time response is RC'“mfbéppl. Phys82, 5090 (1997).

ited, and a minimum decay time as short as 15ns hav
been estimated in unbiasedyAlGay g\ diodes. This FIGURES

time response can be further reduced by reverse biasing.

Low frequency noise is 1/f limited, and detectivities as - A _Ga N
high as 3.5¢ 10" Hz-'“W™m have been obtained @~ .
Imm Al ,Ga 7dN diodes at -1.35 V. - 4 a0
£
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Figure 2. Zero-bias spectral response gfG¥&, ,N Schottky  Figure 5. Variation of diode capacitance with reverse bias.
photodetectors at room temperature. In the inset, variation dpotted line represents the sum of the diode internal capacitance
photocurrent with irradiance in a GaN Schottky diode. and the load capacitance, .CThe decay time constant

dependence on reverse bias (blue dots) is also shown.
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Figure 3. Photocurrent decays observed igiABa 7d\/Au

Schottky photodiodes with different sizes and bias. Red dotted
lines correspond to exponential fits.
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Figure 4. Photocurrent decay time constant vs. load resistance
measured in A,Ga 7dN/Au Schottky photodiodes with

different sizes and bias voltage. Black dotted lines correspond
to linear fits.
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