
Abstract
Fabrication of GaAs MESFETs requires many process steps such 
as active layer formation, lithography, metallizations, etching 
and d.c. characterization. The gate length which primarily 
governs the operating frequency is 20 μm. The ohmic and gate 
metallizations are AuGe/Ni/Au and Ti/Pt/Au respectively. A third 
layer of metallization is used for interconnection of both active 
and passive devices. Silicon nitride is used for final passivation 
.This paper deals with the study of  C-V characterization of a 
submicron MESFET i.e. C-V measurement for doping profile at 
FATFET on PCM.

Keywords
Dielectric characterization, microwave and millimeter-wave 
integrated circuit, MESFET, breakdown voltage. Gallium 
arsenide

I. Introduction
Gallium-arsenide (GaAs) MESFETs have become very popular 
in high-speed electronic applications. They are fabricated by 
photolithography which defines source, drain and gate and then 
mesa isolation, followed by metallization. In order to facilitate 
accurate analysis and design of these high-performance circuits, 
complete models for the dc and capacitance characteristics of 
MESFETs are needed. The characterization of high frequency 
transistors is an important but difficult task as the performance 
of a device in the circuit can be as dependent on the circuit 
as the device [3]. To have better high frequency performance, 
gate length should be smaller. In this paper, 20 μm gate length 
FATFET is used.

II. Sample Preparation
First step in fabrication of MESFET was ion implantation. In this 
first, a n- layer was formed which acts as active layer and over it 
a highly doped n+ layer was formed which acts as contact layer. 
Source and drain were fabricated on this n+ layer [1]. Dopant 
atoms were introduced into the substrate by ion implantation 
where typical energies and doses are 30 KeV to 400 KeV and 
1012 to 1014 atoms/cm2 .To form n type substrate S,Se,Te 
and Be impurities were implanted as in Fig..

Fig.1 : A typical cross-section of an ion-implanted wafer

Next was mesa formation, which are plateau like areas , 
electrically isolated from each other. Various steps were involved 
like cleaning, spinning, soft bake, exposure, developing, 
desccum, hard baking and etching. All steps were again 
repeated for photolithography but through source-drain mask 
by aligning mask to wafer [1] .Once pattern was printed on wafer 
,it was processed for metallization which involved removal of 

oxides, metal deposition , lift-off, alloying. Gate recessing and 
metallization was done to get the final MESFET with 0.7 μm 
as gate length and 150 μm as gate width. We choose 20  μm 
FATFET for measurement of C-V characteristics.

III. D.C. Characterization

A. C-V measurement for doping profile
C-V measurements are done at FATFET, a MESFET with 20 
micron gate on PCM. The measured data is given in Table 1 
[4]. As reverse bias at gate increases, width of depletion region 
increases thus reducing capacitance, Capacitance saturates 
at pinch-off voltage and as gate voltage becomes positive, 
capacitance reduces due to reduction in depletion width [2].
Fig. shows the C-V plot and 1/C2 plot is shown in Fig.. The 
doping profile determined using these plots is shown in Fig. .The 
layer below gate is having concentration ≈2 X 1017 cm-3[3].
This doping profile matches well with the ion-implanted profile. 
This is the one of the technique widely used for determining 
the doping concentration. The large schottky area is taken to 
reduce the error in measurement.

Table 1 : Measured C-V data on FATFET
Voltage (V) Capacitance (C)
0.3 5.72
0.2 5.55
0.1 5.08
0 4.68
-0.1 4.33
-0.2 4.04
-0.3 3.79
-0.4 3.57
-0.5 3.37
-0.6 3.18
-0.7 3.01
-0.8 2.86
-0.9 2.71
-1 2.56
-1.1 2.43
-1.2 2.3
-1.3 2.16
-1.4 2.03
-1.5 1.88
-1.6 1.7
-1.7 1.46
-1.8 1.13
-1.9 0.7
-2 0.27
-2.1 0.1
-2.2 0.06
-2.3 0.05
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Fig.2: C-V plot of  20  μm X 150 μm FATFET

Fig.3: 1/C2 Vs V plot of 20  μm X 150 μm FATFET

Fig.4: Doping profile obtained from C-V measurements

IV. Conclusion
Precise characterization of GaAs transistors is of paramount 
importance in the analysis and design of high-speed 
signal processing integrated circuits. We have done of d.c. 
characterization of a submicron GaAs MESFET i.e. C-V 
characteristics and doping profile using FATFET by Process 
Control  Monitor(PCM) with gate length 20 μm and gate width 
150 μm. All values are well within acceptable range.
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