AlP | e ™

Effects of persistent photoconductivity on the characteristic performance of an
AlGaN/GaN heterostructure ultraviolet detector
J. Z. Li, J. Y. Lin, H. X. Jiang, and M. A. Khan

Citation: Applied Physics Letters 72, 2868 (1998); doi: 10.1063/1.121485

View online: http://dx.doi.org/10.1063/1.121485

View Table of Contents: http://scitation.aip.org/content/aip/journal/apl/72/22?ver=pdfcov
Published by the AIP Publishing

Instruments for advanced science

Gas Analysis Surface Science Plasma Diagnostics Vacuum Analysis contact Hiden Analytical for further details

ANALYTICAL

= dynamic measurement of reaction = UHVTPD = plasma source characterization = partial pressure measurement and . - =
gas streams = SIMS = etch and deposition process control of process gases info@hideninc.com
e e S 1 end point detection i fon beam stch reaction kinetic studies = reactive sputter process control HidenAnalvtical
= molecular beam studies M ket (g -l iy = analysis of neutral and radical & vacuum diagnostics
R e s i, R i ) www.HidenAnalytical.com

-ur:n--hn. environmental and CLICK to view our product catalogue %


http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://oasc12039.247realmedia.com/RealMedia/ads/click_lx.ads/www.aip.org/pt/adcenter/pdfcover_test/L-37/1289713340/x01/AIP-PT/Hiden_APLArticleDL_022614/1640x440_-_23874-BANNER-AD-1640-x-440px_-_USA.jpg/5532386d4f314a53757a6b4144615953?x
http://scitation.aip.org/search?value1=J.+Z.+Li&option1=author
http://scitation.aip.org/search?value1=J.+Y.+Lin&option1=author
http://scitation.aip.org/search?value1=H.+X.+Jiang&option1=author
http://scitation.aip.org/search?value1=M.+A.+Khan&option1=author
http://scitation.aip.org/content/aip/journal/apl?ver=pdfcov
http://dx.doi.org/10.1063/1.121485
http://scitation.aip.org/content/aip/journal/apl/72/22?ver=pdfcov
http://scitation.aip.org/content/aip?ver=pdfcov

APPLIED PHYSICS LETTERS VOLUME 72, NUMBER 22 1 JUNE 1998

Effects of persistent photoconductivity on the characteristic performance
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PhotocurrentPO) transient characteristics of an AIGaN/GaN heterostructure UV detector have been
studied. We observed that the PC transients of the AIGaN/GaN heterostructure depended strongly
on its initial conditions. Under a pulsed laser excitation, the PC responsivity, dark current level, and
decay time constant all increased progressively with the number of successive excitation pulses and
eventually saturated at constant values after about 30 pulsed laser exposures. Our results indicate
that the observed PC transient characteristics are directly correlated with the effect of persistent
photoconductivity in the two-dimensional electron gas region caused by deep level impurities and
can have a significant influence on the performance of the UV photodetectors based on AlGaN/GaN
heterostructures. €998 American Institute of PhysidsS0003-695(98)04422-2

The group Il nitride wide band gap semiconductorsincluding sensitivity, noise property, dark level, and response
have been recognized recently as a very important technspeed.
logical material system for fabricating optoelectronic devices  The structure of the sample used in this study is sche-
operating in the blue/UV spectral region and electronic dematically shown in the inset of Fig. 1. The structure consists
vices capable of operating under high-power and highof a 2 um insulating GaN epilayer followed by a 250 A
temperature conditionsThe commercial availability of su- unintentionally dopech-type conducting channel and a Si-
perbright blue/green InGaN/GaN multiple quantum welldoped 250 An-type Aly1Gay oN epilayer. The typical room
(MQW) light emitting diode<, the recent success of cw op- temperature electron concentrations were, respectively, 1
eration of InGa,_,N/In,Ga_,N (y>x) MQW blue-violet X 10" cm™® and 5<10"" cm™ in the GaN and AJ ;Ga N
laser diodes, and the demonstration of high-performance epilayers grown under similar conditions. The structure was
AlGaN/GaN heterojunction field-effect transistbrs and ~ grown on a basal plane sapphire substrate with an AIN buffer
GaN p-i-n visible blind UV detectors® are all clear evi- layer using a low pressure metal-organic chemical vapor
dence of the great potential of this new material system. deposition system. The typical room temperature 2DEG car-

An important aspect remaining to be understood and imrier density and mobiIity in the AlGaN/GaN HS used here

. . . . . 2 —2 i
proved(in Ill-nitrides) is the defect and doping properties of Were about 1.5 10" cm™2 and 1000 crffVs. Two ohmic
nitride epilayers, heterojunctionéHS), and alloys. Deep contacts were formed by indium electrodes and a constant
level impurities and the associated persistent photoconduc-
tivity (PPQ effect have been observed in Mg-dopedype 260 —————F 1
GaN epilayers;’® n-type GaN epilayers—*2 and AlGaN/ | [250 A n-Al, Gag,N T=300 K
GaN heterostructuré$. Theoretical investigations on deep 2404 [ 250A GaN i
level impurities and PPC in GaN have also been carried out | 2pm i-GaN
recently’>®The effects of deep level impurities and PPC on Sapphire
AlGaAs/GaAs heterojunction device characteristics and on
[I-VI blue-green light emitting devices have been well
documented’~*° However, effects of PPC on GaN device
performance have not been investigated.

In this work, the photocurrenfPC) transient character-
istics of an AlGaN/GaN HS UV detector have been studied.
Under a pulsed excitation, the photoresponsivity, decay time
constant, and dark current level all increased progressively
with the number of successive excitation pulses and eventu-
ally saturated at constant values after about 30 pulsed laser

Photovoltage (mV)

exposures. Our results indicate that the observed characteris- 20
tics are directly correlated with the effect of PPC. Thus the 1 2 3 0 11 12 13
PPC behavior can have a significant effect on the character- pulse

istics of the UV photodetectors based on AlGaN/GaN HS,

FIG. 1. Typical photoresponses of an AlGaN/GaN heterostructure measured
under a successive pulsed laser excitatiog & 337 nmj. The inset shows
¥Electronic mail: jiang@phys.ksu.edu a schematic diagram of the AlGaN/GaN heterostructure used here.
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FIG. 2. Photovoltagegor photocurrent transients measured neé) the FIG. 3. Characteristic parameters of PC transients vs pulsed illumination
initial dark equilibrium state angb) the saturation state. The solid curves time. (a) The photoresponsivityb) the dark conductivity level, angt) the
are the least squares fit of the photovoltage decay transients to an exponeP€ decay time constant, The solid curves are the least squares fit of
tial function, V(t) =Vo+ (Vimax— Vo)e ™ 7. experimental data with Eq41) by replacingy(t) with the photovoltage, dark
level, or decay time constant. The fitted valuesxof* for all three charac-
voltage of 1.5 V was supplied to the ohmic contacts by genistic parameters are identical, *=33.1:0.1 5.
battery. The PC transients were measured as a photovoltage
signal across a 10(k series load resistor by a digital oscil- Here,y(t) describes the time dependence of the three char-
loscope with a time resolution of 5 ns. The overall RC timeacteristic parameter@hotoresponsivity, dark level, and PC
constant of the circuit was about 0ds. The excitation decay time constantyy (Ymao) denotes their values near the
source was a Nlaser (A o,c=337 nm with a pulse width of  initial dark (saturation state, andr~ ! is a characteristic time
about 700 ps. that is required for the device to reach the saturation
Figure 1 illustrates the typical room temperature photo-Steady state. The solid curves in Fig. 3 are the least squares
responses of the AIGaN/GaN HS to successive pulsed laséf of data with Eq.(1). The fitted values ofx™* obtained
excitations starting from a dark equilibrium condition. The from Figs. 3a)—-3(c) are all identical, i.e.¢"*=33.1+0.1s.
repetition rate of the laser was 1 Hz. For each pulse, only th&his clearly demonstrates that a single physical mechanism
first 8 us transient is shown here in order to illustrate theis responsible for the observed PC transient characteristics.
progressive change of the photoresponse to the successive We have observed previously that, even for excitation
excitation laser pulses. As we can see from Fig. 1, the P@hoton energies below the energy gap of GaN, the photoin-
transient characteristics are different for the initial and theduced increase in the conductivity of the 2DEG channel at
subsequent pulses. The changes are progressive and cantb@ AlGaN/GaN interface persists for a long period of time
summarized as followsi) the PC responsivity of the earlier after the removal of illumination(PPC effect* At room
pulses is smaller than that of the later puls@s;the quasi- temperature, the typical PPC decay time constant in the
dark level of the previous transient is always lower than thastructure used here is about 1000 s. Detailed investigations
of the subsequent transient; afiiil) the earlier PC transients have shown that photoionization of deep level impurities in
decay faster than the later transients. The results shown ifie AlGaN barrier and the large electron capture bat280
Fig. 1 imply that the detectivityor sensitivity, dark level, ~meV) of these impurities are the main cause of the PPC
and response speed of UV detectors fabricated from AlGaNgffect.
GaN HS will depend on the device history. Most important, under a continuous light illumination,
Figure 2 presents a more detailed view of the PC tranthe PPC buildup kinetics are identical to Ef)) by replacing
sients obtained neda) the initial dark statefirst puls¢ and Y With PPC current ppg, ™
(b) the saturation statetOth puls¢. We see that the PC de- B B o at
cay transients can be described very well by an exponential lepd ) =1+ (Imax—la)(1—€"). @
function and the decay time constantjs 7.3 us for the first

excitation pulse and 8.4s for the 40th excitation pulse. In Here, |4 is the dark current anth, is the PPC saturation

! . level. It has been shown that such a buildup behavior is a
Fig. 3 we replot(a) the photovoltagéor the photoresponsiv-
natural consequence of a very slow process of electron cap-

ity), (b) the quasidark level, an(t) the PC decay time con- ture by deep level impuritie@r DX center$ in all types of

stants as functions of the pulsed laser illumination time. Asemiconductoréo'zo Because the time interval between con-
striking feature exhibited in Fig. 3 is that all three of these )

characteristic parameters have a systematic dependence SenCUtiVe excitation pulsed. §) in this study is much shorter
the pulsed Iasgr ilumination time y P ffan the PPC decay time constdrt1000 3, we conclude
P ' that the pulsed illumination time dependence of the dark

V() =Yg+ (Ymax— Ya) (1—e Y. (1) ievel seen here is a direct consequence of the PPC
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90 - - - . . tion intensity. We see that the time required for the photore-
sponsivity to reach the steady-state decreases as the excita-
80+ 1 tion laser frequency increases. This is expected since the
accumulated 2DEG density and hence the interface depletion
= 70 a0k ) | layer t_hicknes; dgpequ on the t_otal excitgtiqn photon dose.
= . f:_0~766HZ At a fixed excitation intensity, higher excitation frequency
. fitting *TEE implies a shorter illumination time required for the device to
= a5 L® . . . . . reach the steady state.
g In summary, we have investigated the PC transient char-
5 80 1 acteristics of an AlGaN/GaN heterostructure UV detector.
A 75 We found that the photoresponsivity, dark conductivity level,
and PC decay time constant initially all increase progres-
70 sively with the number of successive excitation pulses. These
results imply that the device characteristidstectivity, dark
651 )l current, noise property, and response speédlV detectors
6oL : . i , , fabricated from the current AlGaN/GaN heterostructures
0 5 100 150 200 250 300 could depend on the device history. This effect should be

time (s) taken into consideration in the design of practical devices.

i o We have demonstrated that the observed PC transient char-
FIG. 4. Photovoltage as a function of pulsed illumination time measured atacteristics are directly correlated with the PPC effect caused
two different laser frequencie¢q) f=0.6 Hz and(b) f=2 Hz. The solid y

curves are the least squares fit of experimental data witilEqy replacing DY deep level impurities.
y(t) with photovoltage. . L
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