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Capacitance Dispersion in n-LT-i-p GaAs Structures with the
Low-Temperature Layers Grown at Different Temperatures
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The electrical properties of annealed low-temperature GaAs are studied by investigating the frequency-dependent capaci-
tance of n-LT-i-p structures with the low-temperature (LT) layers grown at different temperatures. Relative to the sample grown
at610C, the samples grown at 200, 300 and 4D8how significant capacitance dispersions over frequency which is explained
by the emission of carriers from traps. Based on a proposed band diagram where a dominating trap at 0.66—0.74 eV exists
in the LT layers, the high-frequency dispersion is shown to be affected by resistance-capacitance (RC) time constant effects.
From the mid-frequency capacitance versus voltage characteristics, the concentrations of the occupied traps are estimated to be
~10Y cm3 for samples grown at 200, 300 and 4QQ) which are found to be consistent with those obtained from analyzing
the current-voltage characteristics of-bT-n* structures.
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Recently, there has been considerable interest in under-
standing the underlying mechanisidsfor the large resistiv-
ity and short carrier lifetime in low-temperature (LT) grown
GaAs. A large concentration of defects such aganti-
sites'¥ or various complexésor arsenic precipitatésacting
as buried Schottky barriers have been proposed. Despite these
studies, the relative roles of different defects in rendering the
LT GaAs high-resitivity and short lifetime still remains under
contention. In our previous studféen LT GaAs, dc resistiv-
ity measurements revealed the existence of a dominating trap
at 0.66 eV below the conduction band, which is related to the
semi-insulating property. In this work, we continue this study
by carrying out the ac measurement on the electrical proper-

CURRENT (A)

-8
ties of LT GaAs grown at different temperatures. 10 ‘ ‘ ‘

The samples studied here are p-i-n GaAs diodes with part —6 —4 —2 0
of the intrinsic layer grown at different temperatures. All sam- VOLTAGE (V)

ples were grown by a Varian Gen-Il molecular beam epitaxb{ig. 1. Thel-V characteristics at 376 K for the samples grown at 200, 300,
(MBE) system on 1-(001) GaAs substrates. The structure 400 and 61¢eC.

of the samples consists of Qu2n n(5 x 10" cm=3)/0.2um
undoped-layer grown at 200, 300, 400, and €D0respec-
tively/0.6 .m intrinsic layer/0.4«m p(1x 10" cm—3)/0.5um  from modified emission time T2 versus 1000T, the acti-
p*t(>108cm~3). Besides the 0.2m undoped-layer, all the vation energies (capture cross sections) were obtained to be
remaining layers were grown at 610 Details of the growth 0.66eV (11 x 10-cmP), 0.66eV (56 x 10~1*cn?) and
have been reported previou§hFigure 1 shows the current- 0.74 eV (15 x 10-1°cn?) for the samples grown at 200, 300
voltage (-V) characteristics at 376 K for the samples. Alland 400C, respectively.
four samples show typical rectifidd-V curves. The diame-  To show that this capacitance dispersion is affected by the
ter of both diodes is 50@0m. It can be seen that the sampledarge resistivity due to the LT growth, let us refer to a simpli-
grown at 200, 300 and 409G have similar reverse-bias cur-fied band diagram and its equivalent circuit in Fig. 3, where
rents which are higher compared to that of the sample grovam acceptor trap is assumed in the LT layer. Analysis of the
at 600C, indicating that the leakage current is increased bgquivalent circuit yields the capacitance:
the existence of defects introduced by the LT growth. C.C C
. . 1C 2/C1

Figure 2 shows the capacitance-frequency (C-F) spectra C(w) = [ Ty 2]
at a bias of-2V for all the samples. Relative to the sam- C1+C 1+ 0*RACL+ o)
ple grown at 610C, the samples grown at 200, 300 andvhereR andC; = Ae¢/d = 120 pF represent the resistiv-
400°C show similar C-F spectra with two step-like capacity and geometric capacitance of the highly-resistive LT layer
itance dispersions over frequency. The low-frequency dig0.2.m) andC, = 40 pF is the geometric depletion capac-
persion, where capacitance drops freri20 pF to~40 pF, itance for the intrinsic layer (06m). At high frequencies
was previously identified to be the holes emitted from trapahere Yo <« (C1+Cy) R, only the free carriers on both edges
near the midgap. Here, we are mainly interested in the high-of n and p regions can be modulated, the high-frequency ca-
frequency dispersion where capacitance drops fre#@ pF  pacitance reduces 16, = C;C,/(C; + C,) = 30pF which
to ~30pF. According to the theory of admittance spectrsds equal to the experimental high-frequency capacitance as
copy, the inverse of the frequency at which the capacitanshown in Fig. 2 for samples grown at 200, 300 and°4)0
drops corresponds to the emission time of carriers from traps, When the signal frequency is sufficiently low, the electrons
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Fig. 4. The resistivities from the C-F spectra (hollow points) and from the
|-V analysis of the h-LT-n™ structures (solid points).

the inflexion frequency in Fig. 2, the resistiviti&swere ob-
tained and are shown as the hollow points in Fig. 4. Similar
resistivies were obtained for the samples grown at 200, 300
and 400C. They are about @2 - cm at 300K and decrease
‘ s to about 16 -cm at 400 K. These values were found to be in
103 104 10° 108 agreement with the resistivities measured fromlthe anal-
F (Hz) ysis of n*-LT-n* structure® with LT layers grown at 350C
(solid squares) and 458G (solid triangles). This agreement
Fig. 2. The C-F spectra at a bias 62 V for the samples grown at 200, confirms that the high-frequency capacitance dispersion is the
300, 400 and 6. result of theR(Cy + C,) time constant effects. Any electrons
emitted from traps with emission time shorter tH(C,+C>)
will show this time constant in the C-F spectra. Because of
the large resistivity of the LT layer, this effect is expected to
occur in any ac capacitance measurement. Therefore, care
must be taken to analyze the data such as the capture cross
sections either from capacitance-frequency or deep-level tran-
sient spectroscopy measuremehtas for the obtained acti-
vation energies (0.66—0.74 eV) for samples grown at 200, 300
and 400C, they should be the activation energies of the resis-
N LT I P tivity R of the LT layers, in which traps locate at this energy
below the conduction band. The activation energy obtained
here is thought to be the mid-gap traps previously observed in
LT-grown GaAs, such as the 0.65 eV trap reported by Leiok

Cy al.% the trap at 0.64 eV by Shiobast al'?) and the trap at
| | 0.65eV by Gocet al'?
| | As previously discussed, the low-, mid- and high-frequency
_ Ai }7 capacitance each measure the thickness of the LT layer, in-
trinsic layer and the sum of these two layers. We can use the
_:'_ C mid-frequency capacitance versus reverse voltage characteris-
R 2 tics shown in Fig. 5 to estimate the concentration of the traps.

_ N , _ , The inset of Fig. 5 shows the low-, mid- and high-frequency
Fig. 3. The simplified band diagram where a trap is assumed in the LT . .
layer and its corresponding equivalent circuit. capacitance as a function of the reverse voltage for the sample
grown at 300C. When the reverse voltage increases, the mid-
frequency capacitance decreases, implying the expansion of
are emitted from traps at the edge of the LT layer with athe intrinsic layer, which in turn decreases the effective thick-
emission time constant and traverse through the highly- ness of the LT layer, causing the low-frequency capacitance
resistive LT layer with a time constamkc = R(C; + C,). toincrease as shown. Assuming the decrease in the effective
Because the larg® for the LT layer, let us assume thatthickness of the LT layer is the result of the electron depletion
R(C; + Cy) > 1, therefore, the capacitance drops at the inn traps at the edge of the LT layer, neglecting any depletion
flexion frequencyw = 11 = [R(C; + C,)]~L. By fitting to  in the p-type electrode, the concentration of traps occupied
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70.0 R ARRnnansan e e 1.8
g p(T — 00) = poexp| —=— |,
140 ° ( Ntl/ %a
i 120 [ower herepo was reported to be about 10Q2-cm 113 As shown in
60.0 | o . Fig. 4,p(T — co) ~ 10'°Q.cm for the 350C-grown sample
L a,100
- & ~ andp(T — oo) ~ 10'2Q - cm for the 450C-grown sample,
— . 4o} Mid-F the trap concentratioN; was determined to be-310*" cm—3
&5.. 500 F _ ] (2 x 10" cm3) for the 350C-grown (450C-grown) sample.
N T 2o fheh=F 1 We can also fit the activation energy of the resistivity to obtain
&) i -6 -4 -2 0 1 the trap concentration using
5 V (Volt) 1/3
[ 200°C ] 9%N;
40.0 L 1 Ea~a———,
ﬂ_f/// 4re
; > Mid—F | wherea depends on the degree of defect compensation. For
 300C ] low compensationg = 0.99(1 — 0.3KY/4), whereK repre-
30.0 b SEmm— Smm—— Smmmm— SEm— ] sents the compensation level. For high compensatios;
-5 -4 -3 -2 -1 0 (1—0.3K3)~1 Therefore, choosing = 1 and fromE, &~
vV (V) 9meV 6 meV), N, was determined to be % x 10" cm™3

(1.6 x 10*” cm3) for the 350C-grown (450C-grown) sam-

Fig. 5-f The mlid-frequen0¥ zcggagggn;ﬁdvggouggi\ﬁsﬁ l’ﬁg?r?:e??:iﬁzt?jié. This result indicates that the trap concentrations esti-
It:)?/\s/-,or;%a}n;ﬁ; ShigLo-\?:gqatjency’ capacitance versus the reverse voltage rf?)rated by b_Oth methods are ConSISten_t with those estimated
the sample grown at 30C. from the mid-frequencyC—V curve. This consistency pro-

vides another evidence for the validity of the assumed band
diagram and its equivalent circuit.

by electrons can be roughly estimated from the following ex- The authors would like to thank the National Science Coun-

pressioRd) cil of the Republic of China for providing financial support for
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