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Abstract:

In this work, InAlGaN/GaN high electron mobility transistors (GaN HEMTS) device with cap layer
had been designed and optimized using Silvaco Atlas simulator with the size of (0.5 x1) um. A small signal
equivalent circuit of GaN high electron mobility transistor is built. Different techniques are applied to obtain the
extrinsic and intrinsic parameters of the simulated device. The elements of the produced equivalent circuit are
directly computed at different bias conditions and frequencies with different frequency ranges low medium and
high frequencies (0.1GHz, 20GHz, and 45GHz) respectively. In this work, small signal S-parameters are used to
extract the device parameters by using different techniques. These parameters are inserted into the Advance
Design System (ADS) to build the GaN HEMT model. Then, small signal S-parameters of the simulated device
validated with the S-parameters results from the modeled device in ADS. Good results have been obtained from
the DC and RF characteristics comparison at a wide range of frequencies which make the designed model a good

choice for microwave applications.

Keywords: Advance design system, GaN HEMT, Intrinsic, Extrinsic, cold, and Hot-FET.

1 INTRODUCTION

Many techniques have been proposed for
transistor extraction parameters. The majority of
these measurements were based on a combination of
small-signal S-parameters and DC parameters that
were obtained under specific bias conditions (R.
Anholt and S. Swirhun, 1991), (G. Dambrine, A.
Cappy, et.al.,1988). Dambrine and Cappy in (G.
Dambrine, A. Cappy, et.al.,1988) proposed a
technique to extract the parameters of FETs. In (A.
Mishra, A. Khusro, et.al.,2017) the article presents a
small signal equivalent circuit model of AlGaN/GaN
High Electron Mobility Transistor (HEMT) based on
the parameter extraction approach, depending on the
cold-FET situation. The unidentified factors of the
proposed GaN HEMT device are split into two
categories: - the extrinsic, and the intrinsic i.e. the
transistor’s core parameters. The intrinsic parameters
represent bias-dependent elements whereas the
extrinsic parameters represent bias-independent
elements. Two procedures can be used to extract the
extrinsic and intrinsic parameters of the device.
Firstly, Cold-FET S-parameters are used to obtain the
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extrinsic parameters. Then, Hot-FET S- parameters
are applied to extract the intrinsic parameters. The
extrinsic elements are extracted from cold S-
parameter data due to the equivalent circuit's ability
to be greatly simplified at zero drain-source voltage
i.e.(Vds=0V). The term "cold" refers, as its name
implies, to the equivalent temperature related to the
mean energy of motion of the channel electrons when
linear electric field is applied (G. Crupi, A.
Caddemi,et.al.,2016).

In this paper, InAlGaN/GaN HEMTs of
(0.5x1um) which are grown on silicon carbide (Sic)
substrate HEMT heterojunction device with cap layer
and Silicon Nitride (Si3N4) passivation layer have
been simulated using Silvaco Atlas simulator as
shown in Figure (1). The AC and DC responses with
RF characteristics were investigated. The simulated
device has been modeled using small signal s-
parameters. Cold-FET s-parameters are used to
extract the extrinsic parameters. The intrinsic
parameters are extracted similarly using the Hot-FET
s-parameters. Advanced design and system (ADS) is
used to build the model.
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Figure 1. The Proposed Structure of the
InAlGaN/GaN with Passivation Layer (Si3N4)

= 2 THE PROCEDURE OF
EXTRINSIC AND INTRINSIC
PARAMETERS EXTRACTION

Two procedures can be used to extract the
extrinsic and intrinsic parameters of the device.it is
possible to extract the intrinsic parameters using Hot-
FET s-parameters and the extrinsic parameters using
Cold-FET S-parameters. In this section, cold and hot-
FET techniques are used to extract the parameters of
the simulated device. The equivalent circuit in (M.
Berroth and R. Bosch,1991) is used in this work.
The small signal equivalent circuit of GaN HEMT on
SiC simulated device is chosen for this work and is
presented in Figure (2). The circuit inside the shaded
rectangular in Figure (2) represents the intrinsic
parameters, where the elements outside the
rectangular are the extrinsic elements.

Cgd  Intrinsic parameters

(i»—zw\,—I’"‘l_I_“_i D

Cgs Rds T Cis

Ri

S
Figure 2. Equivalent Circuit of GaN HEMT (M.
Berroth and R. Bosch,1991)

2.1 Cold-FET S-parameters Techniques

The extrinsic parameters consist of pad
capacitors (which are ignored in this work), the
contact resistors resistive (Ry, R,, and Ry) and the

Analytical Model Parameters Extraction ......

metallization inductances (Lg, Ls, and Lg) are
extrinsic elements as shown in Figure (3). These
parameters are extracted at high frequency according
t (Y. Chen et al,2020), and (R. G. Brady, et.al.,2008)
by using Cold-FET techniques.

Rg Lg Rd

S

Figure 3. Equivalent Circuit of Extrinsic
Parameters (R. Tayrani et.al., 1993)

Cold-FET technique means that drain-source voltage
must equal zero to delete the effect of the intrinsic
parameters and calculate the parasitic inductors and
resistors of the transistor. There are three types of
Cold-FET techniques based on the bias condition of
the gate-source voltage. The techniques that have
been used to extract the extrinsic parameters are: -

2.1.1 Forward Cold-FET Technique

In the Forward bias condition, the drain voltage
is equal to zero volts (V;; = OV) and the gate-source
voltage is greater than zero (V;s>0V). The Z-
parameters are used to extract the extrinsic resistors
and inductors of our GaN device. The equivalent
circuit at this bias condition is as shown in Figure (4).

Cb Cb
d
Gate Lg Rg Rd L Drain
Cb l
Cpd
TR & 1

Rs

Figure 4. Forward Equivalent Circuit (R.
Tayrani et.al., 1993)

2.1.2. Unbiased cold-FET Technique

For cold-FET unbiased condition, the drain
voltage and gate-source voltage are both equal to zero
voltsi.e. (V4s=0V and V,4=0V). The Z-parameters are
used to extract the extrinsic resistors and inductors of
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our GaN device. The equivalent circuit at this bias
condition is shown in Figure (5).

. Rch A .
Gate Lg Rg Rdy Rd 1 Drain

Figure 5. Unbiased Equivalent Circuit (R.
Tayrani et.al., 1993)

2.1.3. Pinch-off cold-FET technique

In this bias condition, the drain voltage is
equal to zero volt (i.e. V;,=0V) and gate source
voltage of (V) is equal to pinch-off voltage. The pad
capacitors (Cpq and C,4) are extracted in this bias
condition. The capacitors must be extracted at
intermediate and high frequency range using the Y-
parameters. The equivalent circuit at this bias
condition is shown in Figure (7) below.

Rg Cb Rchr2 Rd Ld

Gate Lg
:|: Cpg

Drain

Figure 6. Pingh-off Equivalent Circuit (R.
Tayrani et.al., 1993)

2.2 Hot-FET S-parameters Technique

In this section, the intrinsic parameters were
de-embedded using the method of Dambrine and
Cappy(G. Dambrine, A. Cappy, et.al.,1988). The s-
parameters results from the simulation of the GaN
HEMT device represent the completed device s-
parameters. So, to extract the intrinsic parameters of
our device the S-parameters must be converted to the
Z-parameters to de-embed the extrinsic parasitic
inductance (Ls, Lg, and Lg), then the Z-parameters to
are converted to the Y-parameters to de-embed the
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pad capacitors (Cpd and Cpg), and to de-embed the
extrinsic parasitic resistors (Rs, Rg and Rd) the Y-
parameters was converted to Z-parameters. Finally,
the last Z-parameters were converted to Y-parameters
which were used to extract the intrinsic parameters
(Ri, Rasy m» T, Cas, Cgq and, Cys) of the device.
Table (1) shows the sequence of the method of de-
embedding the intrinsic device parameters.

3. Proposed method: -

3.1 Extrinsic parameters

To extract the extrinsic parameters, the cold-
FET technique can be used. In this technique, the
drain voltage must be set to zero value (V;,=0V), and
the gate to source voltage is set to particular value that
make the device on forward, unbiased or pinch-off
state. The proposed device is GaN HEMT which is
normally on and a particular negative voltage is
needed to site the device on off state. Therefore, the
gate source voltage (V) must be adjusted to (-4V)
and the drain source voltage (V) must be equal to
zero volts in order to meet the unbiased cold-FET
requirement. While the gate source voltage must be
equal to (-6V) and the drain source voltage must equal
zero for a pinch-off cold-FET situation. In a forward
cold-FET configuration, the drain voltage is equal to
zero volts and the gate source voltage is equal to (-3V
or -2V).

3.1.1. Z,, Parameters Extraction: -
From the real part of the impedance element

Z,,, the estimated values have been calculated using
the equations (1-4) (R. G. Brady, et.al.,2008).

Rep = Re(Zpplfy — Zoolfu) --- (1)

Ry + Rs =~ Re(Zyplfu) --- (2)

1
1 R 2
Cqe ~ ch —1)...(3
ds wyRep (Reﬂzzz|fM—Zzz|fH) ) ( )
~ L _ B
Lo+ Lo~ o-Im (Z22lfu 1+wacasRm)“' (4)

Where W=2nf. The extrinsic parameters L g Lg, Ly,
Cpd, Cpg, all inter-electrode capacitances, and gate
current conductance have been disregarded in (P.
Someswaran,2015) because Silvaco does not contain
gate leakage models and does not account for
parasitic of any kind in its simulations. In this work,
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the pad capacitors (C,4 and C,4) have been ignored.
The obtained values have been determined at 0.1
GHz, 20 GHz, and 45 GHz, respectively, at the
lowest, middle, and maximum frequencies which are
denoted by L, M, and H in equations.

3.1.2. Z1, Parameters Extraction: -

Real and imaginary component of Z;,
have been used to extract the source resistor R, and
source inductance Ls. The equations (5 and 6) from
(R. G. Brady, et.al.,2008) listed below are used to
calculate these values. The values of Z12 parameter
are extracted at high frequency (45GHz).

Rs = Re(Z|fy)... (5)

1
1 “Ren
Ly ~ o Im (lelfH —) . (6)

1+jwyCasRen

3.1.3. Z,, Parameters Extraction: -

From Z,, parameters the remain value that
represent the extrinsic values of the device can be
extracted. The equation (7-10) from (R. G. Brady,
et.al.,2008) are used to

Analytical Model Parameters Extraction ......

get these values. These values Cg and Rg, are
calculated at low frequency where L, and Ls are
calculated at high frequency.

1 -1
~L R
Cg ™ w, fm (ZulfL 1+jWLCdsRch) = (7)
1 -1
O _ R
Ray ~ (wLCg)* ke (ZulfL 1+fWLCz1sRch) - ®

Ry + R, = Re(Zylfy) ... (9)

1
1 Ren Ra
L.+L,~—Im|Z -—2 - o ... (10
9T (Ulfh' 1+jwyCasRon  1+jwyCyRay (10)

3.2 Intrinsic parameters

The intrinsic elements were extracted under
Hot FET with multi bias condition(R. G. Brady,
et.al.,2008) . There are eight intrinsic parameters
must be extracted by using real and imaginary parts
of the Y—parameters eight equations. The equations
in the range (11 to 20) are valid for hot-FETs, which
means that the gate source voltage can be positive or
negative and the drain source voltage must be larger
than zero (V4>0V) by Berroth and Bosch (M.
Berroth and R. Bosch,1991). Additionally, the
equivalent circuit can run at any frequency using
these equations (M. Berroth and R. Bosch,1991).
The following eight equations are used to extract the
eight intrinsic parameter: -

Table 1. De-embedded the Intrinsic parameters

Procedure Parameter Circuif
....... s
Simulate the device at Hol-FET L = = @n
1 condition to obtain the s- 5= [ L
',lil!illl]l‘tl!..
-
S
Coovert the S to Z (o eliminate z_[zl'- L 'I"u 21 ] -
|I.9, La) £3q - jwly
b i
3| Comver the Z to Y to climinate v ’y“ wleg Y1z . I
(Cpg and Cpd) ¥ ¥iz — JWilpe
N Wilc ™)
4 | Convert the Y 1o Z to eliminare (Ry. | 7. 24y — By — By — jwls 12— By — pwl,
R, and R, and Ls) Hay—Ry — fwlyg £y — Ry — By — fwly [T p———
v_ [ Y
5 Convert the Z oY Y Vi
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Figure 7. GaN HEMT Model

Re (i (wi) + Y1, (wp) L. For good results the parasitic resistors from
Im(¥y1(w;) + Y, (W) forward bias condition Cold-FET technique and the

) parasitic inductors from unbiased condition Cold-
cw) = (Yorwi) — Yo (w)) (L + jd(w)) .. (12)  pgy technique with Hot-FET S-parameters have been

d(w;) =

_ d?(w;) (13) chosen to extract the intrinsic parameters.
Rilwi) = (1 +d2(w))Re(Yy, (W) + Yo (wy)) Additionally, using the pinch-off condition Cold-FET
technique, parasitic capacitors can be extracted.
Im (W) = [c(wy)] . (14)
(o) 4. Result and Discussion: -
Im(c(w;

N = — ... (15
(W) w; , Aretan (R (c (w)) (15) Cold-FET s-parameters techniques and Hot-
... (16) FET technique were utilized to extract the parameters
Jas(W;) = Re(Yo, (w;) + Y12 (w;)) of simulated device. The extrinsic and intrinsic
Im(Y. V1Y ; properties (14-element's parameters) of the simulated
Cys(wy) = m(¥or Wi) + Y12 (Wi)) (17 device are displayed in Table (2). For the purpose of
Wi connecting the measured S-Parameters with the
Im (Y1, (w;)) Re(le(Wl)) electrical processes that take place in GaN HEMT,
Cgaw;) = , Im(Y w; ))] small signal models are required. Every component in
' 1 the model approximates a particular element of the
—Im(Y;,(w;)) (18) device's physical properties using lumped elements.
Caalw;) = W, Figure (7) displays the small signal equivalent model

14 d2(w) of the optimized GaN HEMT device.

Cos (W) = —————Im(¥pz (wy) + Yoo (w)) -+ (19)
L The s-parameters that have been obtained from
Re(Y1,(w;)) the Silvaco simulator of the GaN HEMT device are
Ryaw;) = Im(¥,,(wi)) . (20) inserted into ADS in the S-parameter file block as a

Iy (w) [1 N ﬁz%ézg\:’u g%] ] touchstone file as shown in Figure (8).
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I
\T‘ -2 Term
+ Term = Term2
Term1 s2P Num=2
§ Num=1 SNP2 Z=50 Ohmr
Z=50 Ohm File="C:\Users\SILVACO results.s2p"

Figure 8. S-parameters of simulated GaN
HEMT Device

The extrinsic and intrinsic properties (14-
element parameters) of the simulated device are
displayed in Table (2). The results determined by the
Matlab program through analytical approaches are
represented by the calculated values in the first
column in Table (2). On the other hand, the fitted
values in the second column of Table (2) are the result
of fine-tuning of the calculated values using ADS
software. Without having to stimulate the design in
ADS, tuning allows researchers to simply change the
value of a variable and observe the impact on the
response data.

Table 2. Extrinsic and Intrinsic

Parameters
parameters | Calculated values Fitted values Bias condition

Ry() | 0.152 0.12616

R, () Forward cold-FET

q 0.0568 0.0557 Vom0V, V=2V
Rq() 0.44 0.66

Ly(pH) 0.2304 0.115175
L,(pH) Unbiased cold-FET
] 2.95 2.95 VaemOV LV, =2V
La(pH) | 0.3115 0.3115

R() | 0.095 0.095

Rya()

5 3.411 3.411 Hot-FET
Gas(S) 0.1506 0.3145 Vg4s = 5.5V,

V=0V

Im(S) 0.288 0.316 a5
t(psec) | 2.758 2.758
Cas(pH) 3 2.12
Coa(PH) | . Cold-FET

g E 0.85 0.276 Vas = OV, Vo= 6V
Cos(PH) | 1.5 1.693

For verification of the parameter extraction
method and the model of the GaN HEMT device, the
s-parameters from the Silvaco simulator are entered
into ADS in the s-parameter file block as a touchstone
file. These are then compared to the s-parameters of
the equivalent circuit, which was created using the
extracted parameters from Table (2) in Figure (7) of
the GaN HEMT device that has been designed. A

Analytical Model Parameters Extraction ......

good agreement can be shown for a broad range of
frequencies as shown in Figure (9). The DC
characteristics of the modeled GaN HEMT device
compared with the simulated device are shown in
Figure (10). Since the Chalmers (Angelov) nonlinear
model ( I. Angelov, etal.,1992), (I. Angelov,
et.al,1992), (I. Angelov, N. Rorsman,1999) is a
popular empirical model and one of the most often
used GaN HEMT models, it has been used in this
work. The standard Angelov GaN FET Model is used
to build the simulated device into the ADS. A good
verification has been obtained from IV characteristics
as shown in Figure (10).

0.5

imag(SP1.5P.5(3,3))
SP1.5P.5(1,1))
real(SP1.SP.S(1,1))

imag(S

1.0 |'|'|.'||'||_'|_=_|"|_'|‘T"""r|"‘|"‘r-"|:'|'|"'|'
[ 5 10 15 20 25 30 35 40 a5

freq, GHz

(a)S11 parameter

imag(SP1.SP.5(4,3))

imag(SP1.SP.5(2,1))
real(SP1.5P.5(2,1))

T T T T T T T T [T T T T T T T T T[T T T
0 5 10 15 20 25 30 35 40 45

freq, GHz

. 0020

(b) S21 parameter
. umsé / | \ "

0.005—]

0,000

imag(SP1.SP.S(34)
imag(SP1.SP.S(1,2))
real(SP1.SP.5(1,2))

-0.005—]

OO

freq, GHz

(c) S12 parameter
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Figure 9. Validation of S-parameters of
the GaN HEMT
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Figure 11. (a) I\V-characteristic from Silvaco.
(b) Verification Results
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Figure 10. Biasing of the Rectangular
Gate GaN HEMT Device

The modeled GaN HEMT is fed with high V
which is equal to 50V with varying levels of V,
from OV to —4V in order to determine the break-
down voltage of the device as shown in Figure (11).

ivgg=0.000

|_Probet.i, A

0.0+

weld
Figure 12. Break-down voltage of the modeled GaN
HEMT Device

As a result, the optimized GaN HEMT device
(which has been designed using Silvaco simulator)
InAlGaN/GaN on Sic substrate is modeled. The
components of the equivalent circuit are directly
computed at different bias conditions and different
frequency ranges low, medium, and high
frequencies (0.1GHz, 20GHz and 45GHz)
respectively. Cold-FET s-parameters techniques
and Hot-FET techniques are utilized to extract the
parameters of the simulated device. The 14-
element's extracted parameters exhibit good
agreement over a wide frequency range.
Additionally, the results support the validity of the
technique for extracting the extrinsic and intrinsic
parameters. The flow chart in Figure (13) explains
the methods that have been used to extract the
extrinsic and intrinsic parameters using cold-FET
and Hot-FET s-parameters techniques of the
simulated GaN HEMT device.
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[ Design and Optimization of GaN HEMT Device using Silvaco Tool

¥
Cold-FET S-parameter Hot FET S pammeter
VDS-0V VDS > 0V

‘Forward Bias Condition

Pich-off Bias Condition
VGS=6V

Z-Parameters |Z-Parameters

Parasitic Inductors
Ls, Lg, Ld

Parasitic Resistors

Parasitic Capacitors
Rs, Rg, R Cgs, Cpd. Cas

De-embed Paracitic Inductors and Resistors Z Parameters at Hot FET +———

Convert Z parameters to Y-parameters

Extract Intrinsic Parameters
gm, gds,7, Ri Rgd

< Verification >

e

“»  Emd

Figure 13. Flow chart of the Extrinsic and Intrinsic
Parameters Extraction

5. Conclusion: -

In this study, a GaN high electron mobility
transistor's small signal equivalent circuit is
constructed. The optimized device (which have
been  designed using Silvaco simulator)
InAIGaN/GaN on Sic substrate for (0.5x1um) is
modeled. The components of the equivalent circuit
are direct computed at different bias conditions and
different frequency ranges low medium and high
frequencies (0.1GHz, 20GHz and 45GHz)
respectively. Cold-FET s-parameters techniques
and Hot-FET technique were utilized to obtain the
parameters of the simulated device. The 14-
element's extracted parameters exhibit good
agreement over a broad frequency range which
makes the device a good choice in microwave
applications. Additionally, the 1V characteristics
from the Silvaco simulator agree with that obtained
from the Angelov model. These results support the
validity of the technique for extracting the extrinsic
and intrinsic parameters for the Angelov model.

REFERENCES

A. Mishra, A. Khusro, M. S. Hashmi and A. Q.
Ansari, "Modeling and parameter extraction
method for AIGaN/GaN HEMT," 2017
International Conference on Multimedia, Signal
Processing and Communication Technologies
(IMPACT), Aligarh, India, 2017, pp. 214-217,
DOI: 10.1109/MSPCT.2017.8364007.

Analytical Model Parameters Extraction ......

G. Dambrine, A. Cappy, F. Heliodore, and E.
Playez, “A new method for determining the FET
small-signal equivalent circuit,” IEEE
Transactions on microwave theory and techniques,
vol. 36, no. 7, pp. 1151-1159, 1988. DOI:
10.1109/22.3650.

G. Crupi, A. Caddemi, D. M.-P. Schreurs, and G.
Dambrine, “The large world of FET small-signal
equivalent circuits,” International Journal of RF
and Microwave Computer-Aided Engineering, vol.
26, no. 9, pp. 749-762, 2016.
https://doi.org/10.1002/mmce.21028.

I. Angelov, H. Zirath, and N. Rosman, ‘A new
empirical nonlinear model for HEMT and
MESFET devices’, |IEEE Transactions on
Microwave Theory and Techniques, vol. 40, no.
12, pp. 2258-2266, 1992. DOI:
10.1109/22.179888.

I. Angelov, H. Zirath, and N. Rorsman, ‘A new
empirical nonlinear model for HEMT-devices’, in
1992 IEEE MTT-S Microwave Symposium Digest,
IEEE, 1992, pp. 1583-1586. DOI:
10.1109/MWSYM.1992.188320.

I. Angelov, N. Rorsman, J. Stenarson, M. Garcia, and
H. Zirath, ‘An empirical table-based FET model’,
IEEE Transactions on Microwave Theory and
Techniques, vol. 47, no. 12, pp. 2350-2357, 1999.
DOI: 10.1109/22.808981.

M. Berroth and R. Bosch, “High-frequency
equivalent circuit of GaAs FETs for large-signal
applications,” IEEE transactions on Microwave
Theory and Techniques, vol. 39, no. 2, pp. 224—
229, 1991. DOI: 10.1109/22.102964

R. Anholt and S. Swirhun, “Measurement and
analysis of GaAs MESFET parasitic capacitances,”
IEEE transactions on microwave theory and
techniques, vol. 39, no. 7, pp. 1247-1251, 1991.
DOI: 10.1109/22.85397.

R. G. Brady, C. H. Oxley, and T. J. Brazil, “An
improved  small-signal ~ parameter-extraction
algorithm for GaN HEMT devices,” IEEE
Transactions on  Microwave Theory and
Techniques, vol. 56, no. 7, pp. 1535-1544, 2008.
DOI: 10.1109/TMTT.2008.925212

OPEN ACCESS
https://jmcer.org

66


https://doi.org/10.1002/mmce.21028

“JMCER

R. Tayrani, J. E. Gerber, T. Daniel, R. S. Pengelly,
and U. L. Rohde, “A new and reliable direct
parasitic extraction method for MESFETs and
HEMTs,” in 1993 23rd European Microwave
Conference, IEEE, 1993, pp. 451-453. DOI:
10.1109/EUMA.1993.336593.

P. Someswaran, “Large Signal Modelling of
AlGaN/GaN HEMT for Linearity Prediction,” The
Ohio State University, 2015.

Y. Chen et al., “A reliable and efficient small-
signal parameter extraction method for GaN
HEMTSs,” International Journal of Numerical
Modelling: Electronic Networks, Devices and
Fields, wvol. 33, no. 3, p. e2540, 2020.
https://doi.org/10.1002/jnm.2540.

Biography

Dr. Marwah Ezzulddin Merza received
her B.Sc. degree in Electrical
Engineering from Mosul University, Iraq
in 2012. Ph.D. degree in Electrical
Engineering from Mosul University, Iraq
in 2024. Currently she is a Lecturer at
the department of mechatronics,
College of Engineering, Mosul
University. Her research interests
include power amplifiers, neural
networks and design transistor using
Silvaco. She is now a lecturer at
University of Mosul College of
Engineering / Mechatronics
Department.

Dr. Khalid K. Mohammed

was born in (1959) in Mosul / Iraq, he
received the B.Sc degree from the
University of Mosul [/ Electrical
Engineering Department at electronic &
communication 1982. He finished his
M.Sc in Electronics from Mosul
University / Iraq in (1988). He finished his
PhD in Electronics from Mosul University
/ Iraq in 2002. His research interest in
Microelectronic, solar cell fabrication,
power amplifier circuits, and solid state
materials. He is now a lecturer
(professor) in the Electrical Engineering
Department in Mosul university / Iraq,
and a dean of Elentronic Enginerring,
College/Ninevah university, Mosul, Iraq.

Corresponding author: mialabasy@uomosul.edu.ig P-ISSN: 2960-141X E-ISSN: 2958-0021



mailto:mialabasy@uomosul.edu.iq
https://doi.org/10.1002/jnm.2540

