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     In this work AlxGa1-xAs/GaAs p-i-n diode structure was growth with SEMİCON VG80H MBE device. In this structure, 0.5 µm 
undoped i-type GaAs buffer layer, 0.5 µm Si-doped n-type Al0.24Ga0.76As/GaAs layer and 500A Si-doped n-type GaAs epilayer 
growth on Zn-doped (100) p-type GaAs substrate in order. For results and analysis of layer thicknesses and x concentration; x-ray 
diffraction and LEPTOS simulation methods was used. I-V and C-V measurements were taken. In addition to structural analysis of 
this structure, we investigated the effect of series resistance Rs and interface state density Nss on the I-V and C-V characteristics. 
Experimental results show that the downward concave curvature of the forward bias I-V plot at sufficiently high voltages is caused by 
the Rs and Nss. Therefore the Nss distribution profile and Rs were obtained the forward bias I-V characteristics for prepared this 
structures at room temperature. The mean density of Nss estimated from the room temperature I-V measurements by taking into 
account the bias dependence of effective barrier height was ≅1013cm-2 eV-1. 
 
1. INTRODUCTION 

     Recently, producing high quality optoelectronic 
devices, AIII BV based heterostructures used mostly. The 
schottky diodes, field effect transistors(FET) and the 
injection lasers having low current density are prepared 
from GaAs and AlGaAs based nanodimensional 
heterostructures [1-3]. Currently in the producing of 
nanodimentional quant wells and quant dots, molecular 
beam epitaxy (MBE) is used rather than other growth 
techniques [4-6]. Some fundamental works in electronic 
industry are currently focusing on metal/GaAs contacts. 
Recently, the I-V and C-V characteristics of metal-
semiconductor (MS) or metal-insulator-
semiconductor(MIS) type Schottky diodes have been 
subject of intensive work [7-10]. In particular, considering 
the effect of the Rs and Nss, has been investigated [9-11]. 
A number of works which suggested various ways of 
determining the interface parameters and of understanding 
the nature of the Nss and Rs have carried out a 
considerable amount to work. Card and Rhoderic [12] 
obtained a general expression for the ideality factor (n) of 
the forward bias I-V characteristics. Cheung and Cheung 

[13] obtained a new expression, to obtained Schottky diode 
parameters suggest n, ΦB and Rs.  

The current-voltage (I-V), capacitance-voltage (C-V) 
characteristics of Al0.24Ga0.76As/p-GaAs p-i-n diode and 
Al0.2Ga0.8As/GaAs MQW Structure at room temperature 
were measured. The I-V characteristics of these structures 
were performed using a Keithley 220 programmable 
constant current source and a Keithley 614 electrometer. 
The C-V characteristics were performed at 100 kHz by 
using HP 4192A LF impedance analyzer (5 Hz-13 MHz). 
The aim of this work is to experimentally investigate the 
effect of Rs and Nss on the non-ideal I-V characteristics 
for prepared AlxGa1-xAs/GaAs structures at room 
temperature. The other purpose this study, in order to 
extract the values of the n, ΦB and Rs of these structures, 
Cheung’s method [12] has been applied in the  
room temperature 
 
2. EXPERIMENTAL PROCEDURE 
2.1 The growth of Al0.24Ga0.76As/GaAs PIN diode structure 
with MBE 
     Firstly, Zn-doped (100) p-type GaAs substrate was 
heated to 400 ºC by 0.2ºC/s increment factor. Than the 
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substrate temperature was increased to 690 ºC by 0.1ºC/s 
increment factor. Removal of oxide layer was observed 
with RHEED. After this process substrate temperature was 
lowered to 640 ºC, the growth temperature. After this, 
5000 Ǻ undoped i-type GaAs buffer layer was growth 
firstly with 2.78 Å/s growth rate. Then 0.5 µm n-type 
Al0.24Ga0.76As (nSi=5*1017 cm-3) layer was growth with 

0.447 Å/s growth rate for AlAs and 0.67 Å/s growth rate 
for GaAs. Then 500 Å Si-doped n-type GaAs (nSi=1*1018 
cm-3) doped epilayer was growth with 2.78 Å/s growth 
rate. Lastly, substrate temperature was decreased to 400 ºC 
with 0.1 ºC/s steps. Structure of p-i-n diode and Ga, Al, 
As, Si fluxes and Al concentration in growth process was 
given in Fig.1 and 2. 

 

                              
 

Fig.1. The structure of Al0.24Ga0.76As/GaAs PIN diode 
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        Fig.2. Ga,Al,As,Si fluxes and Al concentration in growth process for Al0.24Ga0.76As/GaAs p-i-n diode 
  
 2.2 Al0.2Ga0.8As/GaAs MULTI QUANTUM WELL 
(MQW) STRUCTURE  
    In Al0.2Ga0.8As/GaAs structure, 5000 Ǻ buffer layer was 
growth on Zn-doped (100) GaAs substrate. Then, 20-
period MQW which has 250 Ǻ Al0.2Ga0.8As and 50 Ǻ 
undoped GaAs layers in each period, was growth. The 
growth rate of AlAs and GaAs in the MQW structure, is 
the same was in the growth rates of the p-i-n structure. The 
schema of the growth MQW structure was given in  Fig.3. 

 
Fig. 3. Al0,2Ga0,8As/GaAs MQW structure 
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3. CHARACTERIZATION OF THE GROWTH 
AlxGa1-xAs/GaAs STRUCTURES 
3.1 X-Ray Characterization 
    The structure of the growth materials was analyzed by 
Buker - AXS D8 Discover X-Ray device. (Setup 
information: Ge 0022 symmetric 4 crystal monochromator 
(for Si 002 max. FWHM width 0.0035°), KFLCu2K X-
Ray source, NaI detector, 1mm detector slit). The obtained 
X-Ray diffraction pattern was simulated with LEPTOS 
1.07 software. The values as layer thicknesses and Al 
concentration that was appointed by X-ray analysis was 
suitable with the expected the values of the structure 
parameters. The graph of I vs 2θ for MQW structure was 
given in Fig.4 and 5.  

 
Fig.4. I vs 2θ for Al0,24Ga0,76As/GaAs p-i-n diode (The 

rocking curve of the structure about GaAs(004) 
reflection: (1) scan values (experi-menttal) and  (2) 
simulation (computational)) 

   
Fig.5. I vs 2θ for Al0,2Ga0,8As/GaAs MQW diode (The 

rocking curve of the structure about GaAs(002) 
reflection: (1) scan values (ex-pe-rimental) and (2) 
simulation (computational)) 

 
3.2 Electrical Characterization 
 
    The most common theory of a Schottky barrier diode 
(SBD) based on the Thermionic Emission (TE) model and 

according to this model the current-voltage(I-V) 
relationship is given by [7,8] 
 

[ ])1)kT/qVexp(II ds −=                       (1) 
where Vd is the voltage across the junction and Is is the 
reverse saturation current and given as: 
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where A is the area of the diode, A* the effective 
Richardson constant, φBO the zero bias barrier height (BH), 
from Is value and A values φB0 can be calculated. However, 
some difficulties will arise, if the diode has a series 
resistance Rs which causes the voltage drop across the 
junction to be less than the Vd between the terminals of the 
diode. Also, the downward concave curvature region 
forward bias I-V plots at sufficiently high voltages has 
been attributed to the presence of interface states Nss, 
which equilibrate with the semiconductor, apart from the 
Rs. Moreover, the BH becomes bias-dependent due to the 
potential change across the interfacial layers as a result of 
the applied voltage and Nss. Many methods have been 
presented to extract the parameters of the diode with only 
Rs from experimental I-V characteristics [13-16]. 
However, for the case with a diode with a high series 
resistances Cheung introduced a method which makes it 
possible the evaluate the Rs, φB and ideality factor using a 
plot of the functions,  
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where, ΦB is the barrier height obtained from data of 
downward curvature region in the forward bias I-V 
characteristics. In Figs. 6 (a) and (b), experimental 
dV/d(lnI) versus I and H(I) versus I plots are presented 
different temperatures for Au/Al0.24Ga0.76As/p-GaAs (PIN) 
and Au/Al0.2Ga0.8As/p-GaAs (MQW) structures, 
respectively. Eq. (3) should give straight line for the data 
of downward bias I-V characteristics. Thus, a plot of 
dV/d(lnI) versus I will give Rs as the slope and nkT/q as 
the y-axis intercept. The values of n and Rs derived from 
Fig.6(a) and are presented in Table 1. Using the n value 
determined from Eq. (3), and the data of downward 
curvature region in the forward bias I-V characteristics in 
Eq.(4) a plot of H(I) versus I according to Eq.(4) will also 
lead a straight line (as shown in Fig.6(b)) with y-axis 
intercept equal to nΦb. The slope of this plot also provides 
a second determination of Rs, which can be used to check 
the consistency of this approach. Thus, by performing 
different plots (Eqs.(3) and (4)) of the I-V data, three main 
diode parameters (n, Φb and Rs) are obtained and presented 
in Table1.  
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Table.1 The obtained n, Io, ΦB0 Nss, and Rs values by different techniques for PIN and MQW structures.  
 

Diodes n (I-V) Io (I-V) 
[A] 

ΦB0 (I-V) 
    [eV] 

Nss 
[cm-2eV-1] 

Rs (dV/dlnI) 
[Ω] 

Rs (H(I)) 
[Ω] 

MQW 2,22 1x10-8     0,68 2,09*1012 275,20 209,90 
PIN 5,47 1x10-7     0,62 1,44*1013 495,07 547,10 

 
   The effective BH Φe is assumed to be bias-dependent due to the interfacial layer and Nss located at the interfacial 
layer/semiconductor interface and given as   
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Fig.6. Plot of (a) dV/dln(I) vs I and (b) H(I) vs I for Au/Al0.24Ga0.76As/p-GaAs and Au/Al0.20Ga0.80As/p-GaAs, 

respectively. 
 
   
   The effective BH Φe is assumed to be bias-dependent 
due to the interfacial layer and Nss located at the interfacial 
layer/semiconductor interface and given as 

            

)IRV(
)V(n

11)IRV( ssBOe −⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
−=−β+Φ=Φ       

                                      (6) 
For Nss in equilibrium with the semiconductor ideality 
factor is given by [11], 
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where εi and εs are the permittivities of interfacial layer 
and semiconductor WD is the width of the space charge 
region and δ is the thickness of insulater layer. Both WD 
and δ calculated from C-2-V characteristics as 
WD(MQW)=5.40x10-6 cm, WD(PIN)=1.76x10-6 cm and 
δ(MQW)=7.01x10-7 cm, δ(PIN)=4.73x10-7 cm 
respectively. For the p-type semiconductors, the energy of 
Ess interface states Ess with respect to the top of valance 
band Ev at the surface of semiconductor is given by [17,18] 

)V(qEE evss −Φ=−                (8)                    
      Moreover, the n(V) values for each sample were 
obtained by  
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where Io=1x10-8 and 1x10-7A and Rs=275.20 and 495.07 Ω 
for the sample MQW and PIN respectively. Thus, the 
density distribution curves of Nss obtained from the 
forward bias I-V characteristics, using εi=3.5ε0, εs=12.4ε0, 
ε0=8.85x10-14 F/cm [7] is given  in Fig.7.As shown in 
Fig.7, both sample PIN and MQW, the interface state 
density distribution curves never almost a U shape.  
     In Schottky diodes, the depletion layer capacitance can 
be expressed as [12]: 

a
2
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where A is the area of the diode, V reverse bias voltage, 
Vbi built-in(diffusion) potential zero bias and is determined 
from the extrapolation of the C-2 – V plot to the V axis, ε is 
the dielectric constant of the p-GaAs, Na is the acceptor 
concentration of p-type semiconductor. The value of the 
barrier height can be obtained by the relation: 

H(I) = nΦb+ RsI = 6,081+ 209,90I 

H(I) = nΦb+ RsI = 3,56+ 547,10I
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Fig. 7. Density of interface states Nss as a function of Ess-Ev deduced from the forward bias I-V characteristics at room 

temperature 
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 where EF is the potential difference between the Fermi level and the top of the valance band(EF-Ev) in the neutral region 
of p-GaAs can be calculated knowing the carrier concentration: 
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Fig. 8.Reverse bias 1/C2–V characteristics of the a)  Au/Al0,24Ga0,76As/p-GaAs and b) Au/Al0.2Ga0.8As/p-GaAs, 
respectively. 

 
The reverse C-2–V characteristics(100 kHz) are shown in 
Fig.8(a) and (b). The linear behavior of the curves can be 
explained by the fact that the Nss and the inversion layer 
charge cannot follow the ac signal(100 kHz) and 
consequently do not contribute appreciably to the diode 
capacitance. The φB0(C-V) are slightly larger than the φB0 
(I-V). This difference is explained due to an interface layer 
or to trap states in the substrate, the effect of the image 
force and the barrier inhomogeneities. 
Acknowledgements:This work is supported by Turkish 
of Prime Ministry State Planning Organization project 
number 2001K120590. 

4. CONCLUSIONS 
 The high quality Al0.24Ga0.76As/GaAs PIN structure and 
Al0.2Ga0.8As/GaAs multi quantum well structures were 
growth in  the SEMİCON VG80H model MBE system. 

The structure of the growth materials was analyzed by 
Buker - AXS D8 Discover X-Ray device. The obtained 
X-Ray diffraction patterns were simulated using by 
LEPTOS 1.07 software. The values as layer thicknesses 
and Al concentration that was appointed by X-ray 
analysis was suitable with the expected the values of the 
structure parameters. The I-V characteristics of these 
structures were performed using a Keithley 220 
programmable constant current source and a Keithley 614 
electrometer. The C-V characteristics were performed at 
100 kHz by using HP 4192A LF impedance analyzer (5 
Hz-13 MHz). The effect of interface state density Nss and 
series resistance in diodes have been characterized and 
analyzed. It is found that values of ideality factor obtained 
from I-V plot was greater than unity. This higher value of 
n was attributed to an order of magnitude higher density 
of Nss in PIN diode than in the MQW diode. The high 
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values of  Nss and Rs lead to an important change in the 
I-V and C-v characteristics and performance of 
semiconductor devices. In summary, it is clear that 

ignoring these Rs and Nss can lead to very signification 
errors in analysis of electrical characteristics. 
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