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 In this paper, we are interested in studying InP/InGaAs heterojunction 
bipolar transistor NPN type. First and for most we should describe the 
structure of our simulation, then, we ploted at room temperature: Energy 
band diagram, Gummel plot, IC-VC characteristic and conduction bands for 
different values of VBE. The simulation of this structure has demonstrated the 
validity of our model and the method of the simulation. 
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1. INTRODUCTION  

The use of heterojunction to improve the performance of semiconductor devices is not a new 
concept; it was first suggested by William Shockley in 1951. At that time, however, semiconductor 
technology was not developed to the point where such novel concepts could be achieved in the laboratory [1].   

At the name suggests, the semiconductor heterojunction is an idealized interface between two 
semiconductors. For device application such an interface has to be free of contaminants and the two 
semiconductors must generally be lattice matched so that no distortion of the epitaxial layers occurs to give 
rise unwanted defects within the layer. In these very special circumstances, the band diagrams of the separate 
materials can be joined continuously an engineered to produce some desired heterojunction behaviourThis 
new development has been called ‘band gap engineering’ and has provided a vehicle for a new understanding 
of semiconductor interface physics [1].   

The performance advantage of HBTs is primarily derived from the use of wide bandgap emitters. If 
the emitter bandgap is larger than 'that in the base for an n-p-n HBT, the bandgap discontinuity sets up a 
barrier to the forward injection of electrons, resulting in a higher turn-on voltage for the emitter-base diode. 
More importantly, however, this discontinuity provides a barrier to the reverse injection of holes from the 
base into the emitter, increasing injection efficiency γ, significantly, as modeled by Equation (1) [2]: 
 

γ ൌ
N
N

exp ൬
∆E
kT

൰ (1) 

 
The introduction of an wide-gap emitter and collector to form a double heterojunction bipolar 

transistor (DHBT) offers several  advantages over Homojunction Bipolar Transistors [3]: 
-  Higher fT and fmax characteristic 
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-  increased breakdown voltage 
-  better performance under saturation operation Many parameters . 

The objective of this paper is to establish the model and practical application of the method 
developed for describing electronic characteristics of InP/InGaAs double heterojunction bipolar transistor 
and Future development of this work will extract the maximum and transition frequencies.  
 
 
2. CIRCIUT DIAGRAM OF HBT MODEL 

Figure 1 shows the schematic for the circuit diagram of HBT model. 
 

 

 
 

Figure 1. Circuit diagram for HBT [3] 
 
 

The electron current injected from the emitter InE to the base and the hole current IpE injected from 
the base to the emitter. For an HBT, only InE contributes to the collector current (output current). A 
significant advantage of the HBT over the homojunction BJT is that the potential barrier for electrons is 
smaller than the potential barrier for holes, leading to an HBT injection efficiency that is close to unity [4]. 

Ideally, only the electrons injected into the base constitute the emitter current and that all these 
electrons are collected at the collector. We recover the classical relationship between the three currents 
transistor [5]: 
 

I ൌ Iେ  I 2 
 
 

3. RESEARCH METHOD  
Years of research into device physics have resulted in a mathematical model that operates on any 

semiconductor device [6]. The model consists of a set of fundamental equations which link together the 
electrostatic potential and the carrier densities, within some simulation domain. These equations, which are 
solved inside any general purpose device simulator, have been derived from Maxwell’s laws and consist of 
Poisson’s Equation the continuity equations and the transport equations Poisson’s Equation relates variations 
in electrostatic potential to local charge densities. The continuity and the transport equations describe the way 
that the electron and hole densities evolve as a result of transport processes, generation processes, and 
recombination processes. 

Different combinations of models will require solving up the equations of the transport, the simplest 
model is « the drift diffusion transport model » [7].  

Drift-diffusion theory to calculate carrier transport over a heterojunction, in these model current 
expressions for electrons and holes denseties is given by: 
 

J୬ ൌ qnሺݔሻμ୬Eሺݔሻ  qD୬
dn
dݔ

 (3) 

 

J୮ ൌ qpሺݔሻμ୮Eሺݔሻ െ qD୮
dp
dݔ

 (4) 
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Where q is used to indicate the absolute value of the electronic charge, (E) is mobility and D is 
diffusion coefficient. 

The (3), (4) equations to be solved are Poisson's equation and the current continuity equations for 
electrons and holes. 

Continuity equations are: 
 

∂n
ݐ∂

ൌ
1
q
 ∙ J୬  U୬ (5) 

 
∂p
ݐ∂

ൌ
1
q
 ∙ J୮  U୮ (6) 

 
Poisson's equation is: 

 
 ∙ ܸߝ ൌ െሺ െ ݊  ܰ		

ା െ ܰ
ିሻ (7) 

 
Equation (3) through (7) constitute a system of five equations in five unknowns (n, p, Jn, Jp and V) 

and given appropriate boundary conditions, can be used to analyze the carrier concentrations, currents and 
fields in an arbitrary device structure.However, we also need to specify the other parameters (mobility, net 
recombination rate, ect) and how they depend on the material properties, carrier densities and local potential 
and field. 

The resolution of the above equations have based on the mesh, treatment of mesh points for the 
continuity equations at a heterojunctions is solved by the Newton method. 
 
 
4. RESULTS AND ANALYSIS 

 
4.1. Structure of Simulation 

The layer structure of the InP̸ InGaAs DHBT is shown in Figure 2. 
 
 

 
 

Figure 2. Structure of InP / InGaAs double heterojunction bipolar transistor 
 
 

As shown on table I, the transistor consists of  0,125µm thick 6×1019cm-3  n-InP emitter, 0,09µm 
thick 3×1018 cm-3  p-InGaAs base, 0,1µm thick  4×1017 cm-3  n- InP sub-collector and 0,4944µm thick 8×1018 

cm-3  n- InP collector. 
 
 

Table 1. The parametre deffinition  of mesh and doping 
Electrodes          Dopage (cm-3) Thickness (µm)     

Emitter (InP)   6×1019 0.125 
Base 
(InGaAs)    

3×1018 0.090 

Sub-Collector 
(InP)    
Cllector (InP)   

4×1017 
 

8×1018 

0.100 
 

0.4944 
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4.2. Heterojunction 
Figure 3 shows the evolution of energy valence and conduction bands. 
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Figure 3. Energy band diagram of InP / InGaAs double heterojunction bipolar transistor 

 
 

Once the two materials are jointed to from heterojuntion, the energy band diagram changes. The 
InGaAs has a bandgap of only (0,75eV [8]), is used for the base and the wider bandgap material of InP 
(1,35eV [8]) is used for the emitter and collector material. The thermal equilibrium band diagram of the InP- 
InGaAs –InP is shows in the Figure 3. 

Obviously, the potential spike at E-B junction can be completely eliminated due to the employments 
of a heavy doped as well as thin n-InP emitter layer, even at VEB ≠0V. The thin n-InP emitter layer may help 
to promote the energy band at emitter side and increase the effective potential barrier for holes. Thus, the 
transistor actions with high emitter injection efficiency and current gain are expectable. 
 
4.3. Conduction Bands Diagram for Different Value of VBE. 

Figure 4 shows conduction bands diagram for different value of VBE. 
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Figure 4. Conduction bands diagram of InP/InGaAs double heterojunction bipolar transistor 
for different value of VBE 

 
 
Simulation of conduction band diagram for a InP/InGaAs doubles heterojunction bipolar transistor 

with different values of VBE. The figure 4 shows the decrease conduction band barrier at the emitter-base 
junction, when we increase the value of the voltage VEB.  

 
4.4. Gummel Plot 

The Figure 5 shows the collector and base current of InP / InGaAs double heterojunction bipolar 
transistor, biased in the forward active mode of operation with VC = 1 V, as a function of the base-emitter 
voltage. This type of plot is also called a Gummel plot.  
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Figure 5. Gummel plot of InP / InGaAs double heterojunction bipolar transistor 
 
 

This plot is very useful in device characterization because it reflects on the quality of the emitter-
base junction while the base-collector bias, VBC, is kept at a constant.   
A number of other device parameters can be garnered either quantitatively or qualitatively directly from the 
Gummel plot [9]:  
- The common-emitter current gain β and the common-base current gain α.  
- Base and collector ideality factors ƞ.  
- Series resistances and leakage currents. 

Gummel plot can be divided into three distinct regions:  
0V<VBE <3 V: This region corresponds to the normal bias conditions and ideal, the base and collector current 
is dominated by the diffusion current (current of electrons injected from the emitter into the base). 
VBE <1,2 V: Recombination currents are added to the diffusion current.  
VBE >3: The base and collector currents are slightly reduced because of the phenomena at high doses (Kirk 
effect). 
 
4.5. Ic-Vce Characteristics 

Figure 6 shows a typical output of InP/InGaAs double heterojunction bipolar transistor 
characteristic, which is the collector current Ic versus the collector-emitter voltage at constant base current. 
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Figure 6. Ic-Vce characteristics of InP/InGaAs double heterojunction bipolar transistor 
 
 
I-V plot can be divided into three distinct regions:  
-  Region 1(0V<VBE < 0,2V):  is the non- linear region due to non-exponential behaviour of diodes at low 

voltages (leakage currents amongst other factors). 
-  Region 2 (0,2V<VBE < 0,9V): is the linear region 
 - Region 3 (0,9V<VBE < 10V): the current is limited by the series resistance. 
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5. CONCLUSION  
In this paper, we studied InP/InGaAs doubles heterojunction bipolar transistor device. Modeling and 

simulation were performed by using ATLAS-TCAD simulator. Our simulations prove the quality and 
validity of our model for modelling electronic characteristic of the InP/InGaAs heterojunction bipolar 
transistor. 
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