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HIGH ACCURACY 
LINEAR AND 
NONLINEAR MODELS 
FOR pHEMT DEVICES 

II PRODUCT DESCRIPTIONS pHEMT TRANSISTORS 
• An accurate linear and nonlinear models of a transistor or also known 

as transistor model is an essential requirement for any circuit design. 
Therefore, there is a continuous effort from circuit designers to produce 
efficient transistor model. The high accuracy of transistor model will 
enable the designer to predict the real output of the circuit before the 
design is fabricated into the actual chip. 

• These days, the models for CMOS transistor using silicon technology are 
well established. These CMOS transistor models are ready to most of 
Computer Aided Design (CAD) software such as CADENCE and Mentor 
Graphics. However, for advanced devices from other high frequency 
materials like InP pseudomorphic High Electron Mobility Transistor 
(pHEMT), the transistor models still an issue. Therefore, there are many 
effort carried out to publish the best method for higher accuracy of the 
pHEMT transistor models. 

• Consequently, this work presents the high accuracy linear and nonlinear 
models of InP pHEMT devices for circuit designs especially in high speed, 
high frequency, low noise applications such as Low Noise Amplifier (LNA). 

~.!t NOVELTIES 
• Device modeling technique for highly strained, high speed pHEMT mainly 

for satellite communication. 
• First time a Simplistic modeling step has been developed to assess circuit 

performance of InP pHEMT devices. 
• Accurate simulation of circuit's DC and RF characteristics. It has been 

validated against measured data and found to be in very close agreement. 

• Developed datasheet or transistors library of InP pHEMT devIces tor CAD 
tools; CADENCE, ADS, Mentor Graphics 

APPLICATIONS 
• Astronomy: 

LNA in radio astronomy satellite dish 
• Military: 

Secure frequency for UAV, military communication 
• Communication: 

Mobil communication - high speed application 
• Medical: 

High frequency skin care machine, Wireless communication between 
machines 

Fig. 1 Fabricated transistor 
(4 x 200 11m gate width device with 

LG = 111m) 

Fig. 2 Physical origin of the 
pHEMT/HEMT linear equivalent 

circuit model 
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Table 1 Summary of the fabricated 
and modelled devices. WT = Devices' 

total width and S-D = 5 Ilm 
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Fig. 3 The optimised Linear Model 
(with extrinsic and intrinsic values) 

for the XMBE144 4 x 200 Ilm device 

Fig. 4 The optimised Nonlinear modelling. 
(a) RF Model; (b) S-parameters Model 
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INTRODUCTION 
One way to accurately diagnose many human diseases is to conduct tests on a sample 
of blood, These tests are based on analyzing precisely the results of a blood - plasma 
sample free from any other blood cells. Continuing from our previous research [2), we 
propose a modified centrifugation time model for laboratory centrifuge devices which 
has the ability to estimate the centrifugation time process for pre-defined separation 
efficiency. 

PROBLEM STATEMENTS 
• The current method of separating the contents of a blood sample is not accurate in 

terms of centrifugation force and time. 
o These variables are evaluated based on sedimentation theory, which calculates the 

sedimentation time based on higher particle density (red blood cells) and depth ilf 
sedimentation, 

I' " OBJECTIVES 
o To minimize or eliminate uncertainties of separation efficiency, developed a new 

technique that accurately predicts the required time for the separation, 
o A mathematical model was also developed to predict the time required for various 

circumstances based on measuring the attenuation of wave propagate through blood 
sample 

o To reduces the consumption of time and power required to conduct an accurate 
blood test. 

• The mathematical model of blood-plasma separation efficiency has the ability to 
estimate centrifugation time. 

o The new technique can be adaptive as a new mythological separation method that 
offers fast and accurate separation measurement of human blood. 

o The current centrifuge controller device can be modified with this model to reduce 
the spinning time required for predefined separation efficiency. 

o The amplitude of the wave propagated through the blood sample, whose density 
decreases with time (during the centrifugation process) increases; while the 
separation efficiency increases with an increase in spinning time (spinning speed is 
constant), 

o In this research, the use of the centrifugation time model saves about 1.5 min for 
95% separation efficiency compared with current methods. 

PUBLICATION 

II NOVELTY 
o Time optimization model has the ability to estimate the spinning time. 
o Based on the new model an Intelligent controiler for centrifugation device, 
o Contrary to the currently device, new model saves about 1.5 min for 95% separation 

efficiency lead to saving power consumption of separation process, 

o In this research, separation efficiency is a key factor in evaluating the performance of 
blood-plasma separation. It can be defined as: 

• Then separation efficiency will produce by derivative two a mathematical model. 
Attenuation is measured as a function of separation efficiency and separation 
efficiency as a function of centrifugation time. . 

• In this research, the procedure consists of empirically results followed by the 
derivation of the mathematical model, These measurements were produces in the 1 
ml pulse echo method shown in Fig. 1. 

o Human blood was drawn from 84 healthy volunteers, 23 women and 61 men; their 
HCT values ranged from 21% to 53.7%; age range, 21- 50 years. Samples of plasma 
were prepared using a serum separator tube (EDTA (K2); As a result, a mathematical 
model of attenuation, concentration, and centrifugation time was derived (Eqs. (2)
(4)). Hence, according to these equations, the time required for specific plasma 
separation efficiency can be determined, --" 

Fig.1 Schematic Diagram of 
Experimental Setup. 
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Fig.3 Relationship between plasma 
separation precision and required 

centrifugation time process. 
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Fig.2. Result measurements for the 
attenuation versus centrifugation 

time, at 2MHz. 
. = - o,W'I!.0028 :41 

Fig.4 Result of attenuation 
measurements for Blood-Plasma 
concentrations versus separation 
efficiency at 2MHz. Result of two 

data sets are shown. 
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