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We report AlGaN/GaN-based high-speed solar-blind photodetectors with indium-tin-oxide Schottky
contacts. Current—voltage, spectral responsivity, and high-frequency response characterizations
were performed on the fabricated Schottky photodiodes. Low dark currentslgdA at 20 V

reverse bias and breakdown voltages larger than 40 V were obtained. A maximum responsivity of
44 mA/W at 263 nm was measured, corresponding to an external quantum efficiency of 21%. True
solar-blind detection was ensured with a cutoff wavelength of 274 nm. Time-based high-frequency
measurements at 267 nm resulted in pulse responses with rise times and pulse-widths as short as 13
and 190 ps, respectively. The corresponding 3-dB bandwidth was calculated as 1.10 GR203©
American Institute of Physics[DOI: 10.1063/1.1566459

Military and civil applications, such as missile warning Schottky PDs was completed in five steps. Each step con-
and tracking systems, engine control, flame detectionsisted of a photolithography followed by standard semicon-
chemical/biological agent sensing, and ozone-hole monitorductor fabrication processes, including metallization, lift-off,
ing systems need high-performance photodetectors operatimfyy etch, and dielectric deposition. Fabrication started with
in the solar-blind spectrum\(<280 nm)! Good detector the formation ofn+ ohmic contacts. Before the deposition
performances reported for AlGaN-based solar-blind photodesf Ti/Al contact metal, the ohmic contact regions were
tectors proved their potential for replacing the photomulti-etched down to the+ ohmic layer using reactive ion etch-
plier tube and silicon-based detector technology. Solar-blindng. The metal was lifted off in acetone solution, and the
detectors with high responsivify? low dark current;® high  samples were then annealed at 700°C for 30 s. As the ohmic
solar rejectiorf;” and high bandwidthwere demonstrated contacts were formed, the device mesas were defined using
using different detector designs based on AlGaN/GaN matethe same dry etch technique. ITO Schottky contacts were
rial system. Very recently Collinst al. have reported detec- then deposited in an rf magnetron sputtering systetio
tivity values comparable to the PMT detectivity performancefilms about 60 nm thick were grown with a deposition rate of
with AlGaN p—i—n photodiode(PD) structures’*° 2 A/s. The ITO films were etched to define the contact re-

In terms of high-speed performance, GaN-based visiblegions using dilute HF:KO solution. As the fourth step, a
blind photodiodes with 3-dB bandwidths in the gigahertz re-~ 120-nm-thick SjN, layer was deposited using plasma en-
gime were reportedf. > However, the high-frequency mea- hanced chemical vapor deposition. This nitride layer passi-
surements of AlGaN-based solar-blind PDs have resulted igated the sample surface and protected the Schottky contacts.
lower bandwidths, with 100 MHz as the best reddt™*®  The fabrication was completed with the deposition and lift-
Previously, we had demonstrated low-noise solar-blind PDgff of Ti/Au interconnect metal pads.
with Au Schottky contact$’ In this work, we present solar- Current-voltage measurements showed that ITO
blind AIGaN Schottky PDs using indium-tin-oxiddTO)  Schottky photodiodes exhibited low dark currents and high
Schottky contacts with high-speed performance at the gigapreakdown voltages. The solar-blind detectors exhibited
hertz level. A comparative performance analysis has beefark-current density below 10 nA/énat 20 V reverse bias.
made between ITO and Au Schottky PDs fabricated on therhe preakdown voltages were higher than 40 V. Figure 1
same wafer throughout the letter. shows the measurdd-V curve of a 10 100-um? device.

The epitaxial structure of the Schottky PD wafer wasThe dark-current level was lower for Au Schottky devices
formed byn—/n+ AlGaN/GaN heterostructure layers. A fapricated on the same waferc(L.8 nAlcn? at 25 ).
0.8-um-thick, undoped AJ3gGa AN layer was used as the Tyn-on voltages higher than 10 V were observed for ITO
absorption layer. The details of the epitaxial design can b%chottky detectors, whereas Au Schottky devices showed
found elsewheré’ The fabrication process of the solar-blind turn-on about 2 V.

Spectral responsivity of the detectors were measured in
3Electronic mail: biyikli@ee.bilkent.edu.tr the 250—-350-nm region. The output of a xenon lamp light
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FIG. 1. Dark current density of a 160100-um? solar-blind ITO Schottky g > \‘\_‘
PD, as a function of reverse-bias voltage. The inset showk-tkfecurve of o) Au N
another 10& 100-um? device in linear scale. Qo \TO
8 /v /'\
— v
source was coupled into a single-pass monochromator. The 8 '/ %
output of the monochromator was fed into a multimode UV~ N /4
fiber by which the samples were illuminated. A calibrated Si  ® f, ,,(ITO) = 1.10 GHz
photodetector was used to calibrate the optical power at the § .aa(AW) =630 MHz
end of the fiber. The photocurrent generated by the detecto 2
was measured using a lock-in amplifier. The measured spec 10" (b

tral responsivity of the ITO Schottky PD as a function of
applied reverse bias voltage is shown in Fig. 2. A maximum
device responsivity of 44 mA/W at 263 nm was recorded
under 50 V reverse bias. This corresponds to a peak external @
i i 0 i i i FIG. 3. (a) Temporal pulse response of a @bA-diameter AlGaN ITO
quantum efﬂClency_ of 21%. The responsivity and eﬁICIen(\:/)\//Schottky photodiode taken at13-V bias. Inset shows the pulse response of
values achieved with Au SChOttky contacts Wgre 89 mA/ a 30um-diameter Au Schottky device under15-V bias.(b) Calculated
and 42% at 267 nm, respectivélyincreased optical absorp- FFT curves of the temporal data.
tion of the ITO film was responsible for the lower photore-

sponse of ITO Schottky detectors. Previous transmission/ ) .
reflection measurements had showed that ITO was mor[5_(|cal performance without effecting the photoresponse of the

absorptive than Au for wavelengths smaller than 300%Am. devices. Th_e _inset figure shows the_corresponding external
Although not as low as Au, the measured resistivity of ITOduantum efficiency curves of solar-blind ITO Schottky pho-
film (2 10°4 Q cm) was low enough to ensure good e|ec_todete_ctors. Like Au Schottky devices, ITQ _Schc_)ttky detec-
tors displayed a true solar-blind characteristic with a cut-off
wavelength of 274 nm. At 350 nm, the device responsivity
has dropped by over three orders of magnitude from its peak
value. This solar-blind/near-UV rejection exceeded four or-
ders of magnitude for Au Schottky devices.

We have characterized the high-frequency response of
solar-blind Schottky detectors at 267 nm. To produce fast
pulses at this wavelength, a laser setup with two nonlinear
crystals were uset!.A Coherent Mira 900F model femtosec-
ond mode-locked Ti:sapphire laser was used to generate the
pump beam at 800 nm. The pump pulses were produced with
76-MHz repetition rate and 140-fs pulse duration. These
pulses were frequency doubled to generate a second-
harmonic beam at 400 nm using a 0.5-mm-thick type-I
[3-BaB204 (BBO) crystal. The second-harmonic beam and

: : - ! . the remaining part of the pump beam were frequency
250 275 300 325 350 summed to generate a third-harmonic output beam at 267 nm
Wavelength (nm) using another type-1 BBO crystal with thickness of 0.3 mm.
FIG. 2. Reverse-bias-dependent spectral photoresponses of AlGaN ITghe resulting 267-nm DUIseS_ had pL_JlseWId'[hS below 1 ps and
Schottky PDs, measured at room temperature. In the inset, the correspon@€re focused onto the devices using UV-enhanced mirrors

ing external quantum efficiency curves are plotted. and lenses. The detectors were biased on a microwave probe
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station using a dc voltage source and a 40-GHz bias-te@ solar-blind/near-UV contrast of more than three orders of
Temporal pulse responses of the devices were observed omaagnitude were demonstrated. Time-domain high-frequency
50-GHz sampling oscilloscope. measurements resulted in 3-dB bandwidths as high as 1.10
Pulse responses of devices with different device area&Hz. The high-speed performance achieved with our solar-
were measured. Faster pulse responses were obtained withnd ITO Schottky detectors correspond to the best results
smaller detectors due to smaller RC time constants. Theeported for solar-blind photodetectors.
pulse width decreased from 1.46 ns to 190 ps as the diameter
of the device area changed from 200 to 6. The pulse X
response of a 6@m-diameter ITO Schottky detector under SfP971970, Turkish Department of Defense Grant No.
13 V reverse bias is shown in Fig(a&3. The detector re- KOBRA-002, and FUSAM-03.
sponse exhibited a very short rise time of 13 ps and a rather,, Razeghi and A. Rogalski, J. Appl. PhyES, 7433(1996.
long decaying fall time. The full-width at half-maximum 2p walker, V. Kumar, K. Mi, P. Sandvik, P. Kung, X. H. Zhang, and M.
(FWHM) was measured as 190 ps. The inset figure shows Razeghi, Appl. Phys. LetfZ6, 403(2000.
the pulse response taken under 15 V reverse bias of a 30:M- M. Wong, U. Chowdhury, C. J. Collins, B. Yang, J. C. Denyszyn, K. S.
um-diameter Au Schottky detector with 13-ps rise time and é'g‘c;];_ -+ €. Campbell, and R. D. Dupuis, Phys. Status Solidigh, 333
74-ps FWHM. Figure &) shows the corresponding fast “4B. vang, D. J. H. Lambert, T. Li, C. J. Collins, M. M. Wong, U.
Fourier transformgFFT9 of the pulse responses achieved Chowdhury, R. D. Dupuis, and J. C. Campbell, Electron. L&8.1866
with ITO and Au Schottky detectors. The 3-dB bandwidth of Sgo\‘zokuryatko\/’ . Temkin, J. C. Campbell, and R. D. DupUS, Appl
ITO Schottky detector was calculated as 1.10 GHz. With this ppys | eit78, 3340(2001.
result, over an order of magnitude improvement in high- ®p. Sandvik, K. Mi, F. Shahedipour, R. McClintock, A. Yasan, P. Kung, and
speed performance was achieved for solar-blind photodetec:M. Razeghi, J. Cryst. Growtd31, 366 (2000.
tors. Despite having a shorter FWHM, the 3-dB bandwidth ﬁkaggi‘i”%hgs' Z‘f;?:’st’s'\(fl'i d:vgéaé;é (Egé‘]’)hpmhm' H. Amano, and I.
of Au Schottky device was lowe(630 MH2) due to the st |j D3 H. Lambert, A. L. Beck, C. J. Collins, B. Yang, M. M. Wong,
longer fall time component. To understand the relaxation uU. Chowdhury, R. D. Dupuis, and J. C. Campbell, Electron. 1361581
mechanism of these devices, exponential fitting have beer(2000.
made to the measured pulse responses. A good first-order fi'g;,;,’gi?!'n”j’JU'CCQZV%%';Z?’ A'\g'pl'v'bx\;"s“gt QBG' ?72?1’(9(')0; Beck, R. D.
with a time constant of~260 ps was obtained for ITO ¢ 3 Coliins, U. Chowdhury, M. M. Wong, B. Yang, A. L. Beck, R. D.
Schottky PD, whereas the calculated RC time constant wasDupuis, and J. C. Campbell, Electron. Le38, 824 (2002.
around 15 ps. However, to fit the Au Schottky device re-"J. C. Carrano, T. Li, D. L. Brown, P. A. Grudowski, C. J. Eiting, R. D.
sponse, a second-order exponential fit was needed. Theﬁg ugwéa?rnadng.g.ﬁagpﬁelgéml. EhXS.GLr?th‘osvélsokis(ég?]&.Eiting R D
results show that mechanisms other than RC and transit timepupuis, and J. C. Campbell, Electron. Le#, 1779(1998. T
limitations were responsible for the decay part of the high-**N. Biyikli, T. Kartaloglu, O. Aytur, . Kimukin, and E. Ozbay, Appl. Phys.
speed response of these solar-blind detectors. We postulal;%eté-)?g' issg(zGom). dhvay B W Lim M. 2. Amwar M. A Khan. D
that the long and multiexponential decay times are related to,, Kj'(gznﬁov" an%n%?pTaemiﬁ’ Ap'pl_'P,l?S’. Lef2, 7%?;’995. ~ehan, B
the carrier-trapping effect in AlGaN and carrier diffusion 153, L. pau, E. Monroy, E. Munoz, F. Calle, M. A. Sanchez-Garcia, and E.
component originating from. low field regions clqse to thele(TIall_liejg Eleﬁtrﬁgh|£f7’;ﬂ2?§(3\?o?- 3. Collne. B. Yana. A L. Beck
Elesr::lesr O?fstglgrrgﬁig-A?GieNtageDds isstu;gn%ne(;daxatlon mecha- u. éhowdhury, R. D.’Dupuis, ang’\]. C. CampBeII, IEEgIé J. Quanu;m
- : Electron.37, 538(200J).
In conclusion, we have reported high-speed solar-blind’N. Biyikii, O. AytL(Jr, I.Jl)<imukin, T. Tut, and E. Ozbay, Appl. Phys. Lett.
photodiodes with ITO Schottky contacts on AlIGaN/GaN het- 81 3272(2009.
erostructures. The Schottky detectors exhibited low dark cur- I'\IIE'EBéy'F'fr':'o't'oEi'gu';é'l’haéfyigiig"'7%2'2'2‘3‘6?)3' M. S. Unlu, and E. Ozbay,
rent (<1 pA at 20 ) and a peak responsivity of 44 mA/W at 19| imukin, E. Ozbay, N. Biyikii, T. Kartaloglu, O. Aytur, S. M. Unlu, and

263 nm. A true solar-blind cut-off wavelength of 274 nm and G. Tuttle, Appl. Phys. Lett77, 3890(2002.
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