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Abstract . This paper presents the simulation results of DC, small-signal and noise properties of GaP based Double
Drift Region (DDR) Impact Avalanche Transit Time (IMPATT) diodes. In simulation study we have considered
the flat DDR structures of IMPATT diode based on GaP, GaAs, Si and GaN ( wurtzite, wz) material. The diodes

are designed to operate at the millimeter window frequencies of 94 GHz and 220 GHz. The simulation results of

these diodes reveal GaP is a promising material for IMPATT applications based on DDR structure with high break

down voltage (V) as compared to Si and GaAs IMPATTs. It is also encouraging to worth note GaP base IM-

PATT diode shows a better output power density of 4.9 x 10° W/m’ as compared to Si and GaAs based IMPATT
diode. But IMPATT diode based on GaN(wz) displays large values of break down voltage, efficiency and power

density as compared to Si, GaAs and GaP IMPATTs.
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Introduction

Semiconductors materials and devices have the sig-
nificant role in effective communication system. In mod-
ern technology, the device like Impact Avalanche Transit
Time (IMPATT) diode generates stable, economical and
reliable RF power at microwave (3 ~30 GHz) and milli-
meter wave (30 ~ 300 GHz) frequencies”3 . IMPATT
diodes are the most general and commonly used in many
aspects of life, as solid state receivers and transmitters,
as oscillator for microwave radar receivers, sensor systems
etc. IMPATT diodes favour all because these enjoy the
flexibility of being fabricated from the narrow bandgap
(NBG) semiconductor materials e. g. Ge, Si, InP and
GaAs'*"" and its principle of operation does not depend
on any specific physical characteristics of a semiconductor
material. Recent development of semiconductor technolo-
gy has explored the potentiality IMAPTT diodes based on
a number of wide bandgap ( WBG) semiconductors IM-
PATT diodes based on 3H-SiC, 4H-SiC, 6H-SiC and
GaN are capable of delivering high RF power with signifi-
cantly high DC to RF conversion efficiency at microwave,
mm-wave and terahertz >’ frequency regime. In this
paper, the authors have explored the potential of another
wide bandgap ( WBG) semiconductor GaP as a base ma-
terial for IMPATT diode operating at two different window
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frequencies of 94 GHz and 220 GHz through a set of com-
puter simulation programs. The simulation results are
compared with the Si, GaAs and wurzite (wz) GaN based
IMPATT diode.
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1-D schematic diagram of the proposed IMPATT

1 Material parameter and design consid-
eration

The material parameters take the vital role for the
design of the diodes as well as the IMPATT operation.
The values of material parameters of the base semicon-
ductors are the carrier ionization rate, saturation drift ve-
locity of electron (v,,), and hole (v, ), mobility (),

permittivity ( &,) etc obtained from the research re-

ports > These material parameters are fed for the

computer simulation of IMPATT diodes have been sum-
marized in table 1. In addition to these parameters some
other factors are required such as the diode area, junction
temperature and the operating current density at the de-
sired design frequency. In this case we have taken the u-

I 75 HH#A:2018- 09- 24, 1&[E] H#§:2019- 05- 05



396

EANC/ RS IE S Sbid

g,
=2

it 38 %

niform diode area and junction temperature, but the cur-
rent density is taken in agreement with the operating fre-
quency. To design an IMPATT diode one needs to con-
sider its efficiency, frequency of operation, low cost, low
loss thermal and electrical constants, output power and it
is also important to achieve the breakdown condition for
IMPATT operation. All the above discussed factors de-
pend upon some basic material properties such as energy
band gap, ionization rate, dielectric constant, thermal
conductivity, saturation drift velocity of electrons and
holes, breakdown electric field etc. Taking into account
the suitability of all these material properties, we have
used the design criteria as W, ~=0.5 v, /f;, where
W, , the n- or p-side depletion layer widths, and v n, p
saturation velocities of electrons/holes. In the present
simulation a one-dimensional (1-D) double drift region
(DDR) optimized structures of n* -n-p-p " IMPATT diode
shown in Fig. 1 is taken into account. It may be assumed
without any loss of generality or accuracy, the physical
phenomena take place in the semiconductor bulk along the
symmetry axis (i.e. x-axis) of the device during IMPATT
operation under reverse bias at the frequencies of 94 and
220 GHz. The sum of the width of n-region and p-region is
the active region which has been mentioned in the table 2.
The width of n* and p ™ are negligible and are hence used
for ohmic contacts. The doping concentration for each n
and p region of all structures have been mentioned in table
2, while the doping concentration for each n* and p* re-
gion are taken as 1.0 x 10 m >,

Table 1 Material parameters of Si, GaAs, GaP and GaN
(wz) semiconductors
Parameters Si GaAs GaP GaN(wz)
E,(eV) 1.12 1.42 2.26 3.4
E,( x10° V/m) - 0.65 - 5.0
# A, (x1085m™") 0.62 5.6 0.85 250
B, ( x10% Vm 1) 1.31 2.41 1.78 34
# A, (x105m™") 2.0 1.5 0.85 3.48
#B,(x10 ® Vm™") 2.17 1.57 1.78 18.1
% m 1 1 1.4 1
v, ( x10° m/s) 1.05 1.0 1.25 2.5
v, ( x10° m/s) 0.81 1.0 1.25 2.5
wa(m?V oIS 0.058 0.85 0.011  0.046
gy (m*V IS 0.04 0.019  0.075 0.0125
e (10 """ F/m) 10.0 11.4 9.828 8.4

* an

=A, exp[ = (B,/E)]", a, =A exp[ - (B /E) "

The optimized operating current density, junction
temperature and diode area are taken for window frequen-
cy of 94 GHz and 220 GHz and listed in table 2. Again
the junction temperature and diode area are taken as 300
K and 1.0 x 10 " m® respectively. Though the applica-
tions of IMPATT diode are mostly realized on the basis of
double drift region structures, the authors have consid-
ered the symmetrical double drift region ( DDR) IMPATT
diode structures with doping distribution of the form n”
npp * as shown in table 2 for the dc, small signal and
noise analysis. The n* and p* regions of the diode are
heavily doped with each having a doping concentration of
1.0 x10*° m . Each n and p regions has a moderate do-
ping concentration for different materials based on the op-
timized current density as given in table 2. The total ac-
tive regions width is taken along with different space
points of 1nm each on both p-region and n-region. The
values of doping concentrations and diode active region
width are taken for optimum conversion efficiency and op-
eration at atmospheric window frequencies of 94 and 220
GHz. The net doping concentration at any space point is
hence determined by using the exponential and error
function profiles.

2 Computer simulation method

We have first considered the diodes to be consisting
of several small space points with a space step of 1 nm.
The equations involved have been solved simultaneously
at each space point of the active layer of the diode. The
DC analysis is carried out by solving simultaneously three
important device equations namely Poisson’ s equation,
the carrier continuity equation and the space charge equa-
tion using a double iterative DC simulation program. The
simulation takes into account the contribution from each
space point. It thus efficiently determines DC electric
field profiles, carrier current profiles, breakdown voltage
etc. for the proposed diodes. The results obtained from
DC analysis are used for the high frequency performance
analysis of IMPATT diode using a small signal computer
simulation method. The small signal model also takes into
account the contribution from each space point. The e-
quations are again solved at each space point and it thus
effectively determines the device parameters such as neg-
ative conductance ( — G), negative resistance ( — Z,)
and expected power output ( P) of the IMPATT diode.

Further, noise is a significant feature in the simulation

Table 2 Design parameters of Si, GaAs, GaP and GaN(wz) DDR IMPATT

Width of active region

Doping concentrations

22 -3
f4/GHz Materials - (nm) - - (x103m”") - J,( x10%Am~?)
n-region p—reglon n-region p—reglon
(W) (W,) Ny Ny

Si 555 430 0.80 0.85 3.2

04 GaAs 530 530 0.65 0.65 2.0

GaP 660 660 0.63 0.63 2.6

GaN(wz) 1320 1320 1.55 1.55 5.7

Si 245 185 2.70 2.75 15.0

220 GaAs 225 225 2.00 2.00 7.3

GaP 284 284 2.10 2.10 12.0

GaN(wz) 400 400 4.0 4.0 18.5
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study of the IMPATT diode. The noise characteristics of
the diode structure are computed using a generalized
noise simulation program developed by our group. The
noise characteristics like mean square noise voltage per
band-width ( MSNVPBW ) and noise measure ( NM) of
the proposed GaP IMPATT diodes are computed from this
analysis. The details of the computer simulation method
can be obtained from our previous published report ™.
Our simulation method comprises of DC, small signal and
noise analysis. The equations involved in these analyses
require complex nonlinear solutions.

3 Result and discussion

The various properties of IMPATT diodes based on
the fundamental semiconductor materials like Si, GaAs,
Gap and GaN (wz) have been found by our simulation
method. The properties like DC characteristics, small
signal characteristics and noise behaviors have been com-
puted in DDR structures based on Si, GaAs, Gap and
GaN(wz). The details of the results are discussed in the
following sections.

3.1 DC characteristics

The computer simulation method has been applied to
a DDR structures IMPATT diode based on Si, GaAs and
GaP and yields the results of different characteristics.
The essential DC characteristics such as peak electric
field (E,, ), breakdown voltage (V;), avalanche zone
voltage (V, ), efficiency (7), avalanche zone width
(X,) and ratio of avalanche zone width to total depletion

layer width (X,/W) of the designed DDR IMPATTs are

obtained from DC simulation and presented in table 3. In
order to have a comparative description on the prospects
of GaP for IMPATT diode with regard to GaAs and Si,
the authors have analyzed GaP, GaAs and Si based IM-
PATT diodes at two different operating frequencies such
as 94 and 220 GHz. At both the operating frequencies all
the considered IMPATT diodes show different kinds of be-
havior. From the table 3 it is noticed that, as GaP semi-
conductor has large band gap as compared to the other
two semiconductors, it may show high break down voltage
in combination with other properties which have been de-
scribed in details. The peak electric field profiles and
breakdown voltage are computed for all the three IMPATT
diodes are presented in table 3. It is observed from the
table 3. that at 94 GHz operating frequency the simulated
maximum electric fields are 5.63 x 10’ V/m, 4.81 x 10’
V/m and 4.90 x 10" V/m for GaP, GaAs and Si DDR
IMPATT diode respectively. It is noticed that the peak e-
lectric field of GaP IMPATT is more as compared with the
Si and GaAs IMPATT diodes. At design operating fre-
quencies of 220 GHz, GaP IMPATT diodes show the
same trend of higher peak electric field but with increase
in design operating frequency the value of peak electric
field increases. The electric field profile of the diodes at
94 GHz and 220 GHz operating frequencies are shown in
Fig. 2-3 respectively. Since breakdown voltage of IM-
PATT diodes depends on the value of the peak electric
field and diode width, the high value of peak electric
field of GaP base IMPATT produces high breakdown volt-
age with other IMPATT diodes. The breakdown voltage
for GaP IMPATT diode shows the high value of 38.99 V

whereas the breakdown voltages of GaAs and Si DDR IM-
PATT are 29. 47 and 23.35 V respectively at the same
design frequency of 94 GHz and this is due to the differ-
ence in peak electric field and the diode width. This val-
ue of breakdown voltage of GaP DDR IMPATT structure
is about 24.42% more than that of GaAs DDR IMPATT
and 40. 11% more than that of Si DDR IMPATT struc-
tures and hence it produces high RF power output as
compared with the other two diodes, which is elucidated
in next section. Though GaP has high band gap energy,
GaAs IMPATT provides more efficiency than GaP and Si
DDR IMPATT and the efficiency values are 11. 63 %,
13.26 % and 11.89 % for GaP, GaAs and Si DDR IM-
PATT diode respectively. At the operating frequency of
220 GHz it can be seen that the computed values of maxi-
mum electric fields are 7.20 x10” V/m, 5.83 x 10’ V/m
and 6.27 x 10" V/m for GaP, GaAs and Si DDR IM-
PATT diode respectively. The maximum electric field of
all the diodes has been increased with increase in operat-
ing frequency. The breakdown voltages of these three
considered IMPATT diodes are 21.02 V, 14.91 V and
13.18 V respectively. Si IMPATT shows an efficiency of
9.62% and GaAs IMPATT shows the same of 11. 17%
whereas for GaP IMPATT efficiency is about 9. 91%
which is less than that of GaAs DDR IMPATT. It is no-
ticed that the efficiency of all the diode structures de-
crease with an increase in the operating frequency, at 94
GHz, GaAs shows high efficiency and at 220 GHz gives
the low efficiency. Besides the discussed DC properties
some of the other DC properties also show the significant
behavior and presented in table 3. So far the operating
frequency is concerned, it is seen that breakdown voltage
values of the DDR IMPATT structures based on GaP,
GaAs and Si decrease with increase in operating frequen-
cy. At operating frequency of 94 GHz, GaP DDR IM-
PATT shows 38.99 V whereas at 220 GHz it is 21.02V.
Hence one may conclude that with an increase in operat-
ing frequency there is a decrease in breakdown voltage.

Table 3 DC properties of Si, GaAs and GaP DDR diodes at
94 and 220 GHz

fi/GHz  Materials 1Fo7r: AR YA (f('*;j V)V) /(%)
S 490 23.35 8.72 38.80 11.89

94 GaAs  4.81 2948 1228 41.42 13.26
GaP 5.63 38.99 1425 41.67 11.63

S 6.27 1318 4.29 4548 10.36

20 GaAs  5.83 1491 5.44  48.22 1162
GaP 720 2102 6.54 4472 9.1

This happens due to the decrease in active diode
width. On the whole it is found that GaAs IMPATTs ex-
hibit the highest efficiency among all the three semicon-
ductors under consideration and GaP base IMPATTs show
high breakdown voltage. It is thus interesting to observe
that our proposed GaP IMPATT diode exhibits the highest
break down voltage along with high peak electric field a-
mong all the three diodes under consideration. The per-
centage of the ratio of avalanche zone width to total drift
layer width (X,/W) for all the diodes under considera-

tion increases with higher operating frequencies. Higher
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Fig.2 Electric field profile of DDR IMPATT oper-
ating at 94 GHz
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Fig.3 Electric field profile of DDR IMPATT operat-
ing at 220 GHz

X,/W indicates wider avalanche zone which leads to
higher avalanche voltage (V,) and lower drift zone volt-
age (V,). In case of GaAs-based DDRs X,/W is 42.36
% at 94 GHz but it rises to 48.22 % at 220 GHz which

causes the decrease of efficiency (7) at 220 GHz. But in
Si DDRs at 94 GHz, X,/W is 42.7 % , whereas it is

45.48 % at 220 GHz and this leads to fall in efficiency
() at higher mm-wave frequencies. In case of GaP
DDR device the magnitude of X,/W is much lower up to
a frequency of 94 GHz (40.0 % ), but it increases rap-
idly to 44.72 % at 220 GHz this increase in X,/W with
operating frequency yields the fall in efficiency.
3.2 Small signal characteristics

The output of the DC analysis has been used as the
input for the simulation of small signal analysis. The sig-
nificant high-frequency or small signal parameters ob-
tained from this analysis are optimum frequency (f),
peak negative conductance ( — G, ), negative resistance
(Zy), RF power output ( Py;) and output power density
(Py). These parameters are obtained from the high-fre-
quency simulation of GaP, GaAs and Si DDR IMPATTs
at several biased current density and represented in table
4. At operating frequency of 94 GHz, GaP DDR IMPATT
diode gives the negative conductance of 1. 44 x 10’

Sm~’. At the same temperature and operating frequency
the negative conductance values of other two IMPATT di-
odes based on GaAs and Si are 1.9 x10” Sm ~* and 2. 55
x 10”7 Sm 7 respectively. It is seen that the negative con-
ductance of Si is more than that of GaAs and GaP diodes.
It is also observed that wide band gap semiconductor
shows less negative conductance. The diode negative con-
ductance ( - G,) as a function of frequency for GaP,
GaAs and Si DDR IMPATT are plotted in Fig. 4 and
Fig. 5.

Table 4 Small signal characteristics of Si, GaAs and GaP
DDR IMPATT diodes at design frequency of 94 and
220 GHz
-G,/ x10"  -Zy/  Py/x10°
fu/GHz  Materials N R ) b Py
Sm~2  x10790m*> Wm >
Si 2.55 17.3 1.74 1.74
94 GaAs 1.91 8.49 2.07 2.07
GaP 1.44 13.9 2.73 2.73
Si 15.6 3.96 3.40 3.40
220 GaAs 10.4 1.59 3.92 3.92
GaP 8.86 3.21 4.90 4.90
3'0><107
.......... Si
----- GaAs
GaP |

2 - 5 I :.-' """" e ™,

Negative Conductance/(s m?)

%0 80 100 120 140 160 180
Frequency/GHz

Fig.4 Variation of negative conductance with frequency
for DDR IMPATT operating at 94 GHz

From figures it is observed that, as the diodes are
optimized with the current density, the peak of the nega-
tive conductance lies at the design operating frequency 94
GHz and 220 GHz , it is noticed that the peak negative
conductance of Si is remarkable high recording a value of
2.55 x 107 Sm™*. Subsequently in negative resistance
case the behavior is directly reverse. The GaP based IM-
PATT DDR diode gives more value of negative resistance
( = Zy) than that of Si and GaAs DDR diodes. The sim-
ulated values of negative resistance of GaP, GaAs and Si
DDR IMPATT are of 13.9 x 10™° Qm®, 8.49 x 10~°
Qm’ and 17.3 x 10~ Qm” respectively. The variation of
negative resistance with frequency operating at 94 GHz
and 220 GHz are plotted in figure 6 and figure 7 and
these show that GaP and GaAs base IMPATTs give more
negative resistance as compared with Si DDR IMPATT.
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Fig. 5 Variation of negative conductance with fre-
quency for DDR IMPATT operating at 220 GHz

The high breakdown voltage of GaP IMPATT provides
large power density. It is found to be 2. 73 x 10° W/m’
for GaP based IMPATT diode which is observed to be
nearly two times more than that of Si and GaAs based IM-
PATT diodes. The high value of power density indicates
GaP IMPATT diode is capable of high output power. The
simulated output power of GaP, GaAs and Si are 0. 273
W, 0.20 W and 0. 174 W respectively.

At 220 GHz operating frequency the negative con-
ductance of GaP based DDR IMPATT can be found as
8.86 x 107 Sm *, which is less than that of Si and GaAs
based DDR diodes. For GaAs and Si bas IMPATT the
values of negative conductance are 1.04 x 10° Sm ™ and
1.56 x 10° Sm ™ respectively. The negative resistance
values of the three different diodes of Si, GaAs and GaP
are 3.96 x 107 Qm*, 1.59 x 10™° Om” and 3. 21 x
10 ° Qm’ respectively. Using the computed values of
breakdown voltage and negative conductance of diodes,
the power density of Si, GaAs and GaP, at 220 GHz op-
erating frequency are found to be 3. 40 x 10° W/m’,
3.92 x10° W/m’ and 4. 90 x 105,/m’ respectively. It is
noticed that the power density increases with increase in
the operating frequency. It is also notice that whatever be
the operating frequency GaP DDR IMPATT diodes show
more power density than that of GaAs and Si base DDR
IMPATT diodes. The power density of GaP is found as
nearly twice more than that of Si and GaAs DDR struc-
tures. This high power density of GaP generates more
noise in the device which is discussed in the following
section.

The RF power output of IMPATT based on GaP as
well as the conventional base materials such as Si and
GaAs with operating frequency have also been presented
in table 4. Tt is interesting to observe that DDR GaP IM-
PATT diodes are capable of delivering much higher RF
power as compare to their Si and GaAs counterparts at 94
and 220 GHz operating frequencies. Therefore, GaP is
the more preferable material over conventional base mate-
rials such as Si and GaAs for fabricating DDR IMPATTs
especially at higher mm-wave frequencies (220 GHz).
3.3 Noise properties

Since noise is an important aspect of IMPATT

S b LV o v &

Negative Resistance/(Ohm-m?)

1497730 20 60 80 100 120 140 160 180 200
Frequency/GHz

Fig. 6  Variation of negative resistances with fre-
quency for DDR IMPATT diodes operating at 94
GHz
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Fig. 7  Variation of negative resistances with fre-
quency for DDR IMPATT diodes operating at 220
GHz

study" the author has analyzed the noise characteris-
tics of GaP IMPATT diode and compared the results with
that of GaAs and Si based IMPATT diodes. Mean square
noise voltage per band width of the three different diodes
based on GaP, GaAs and Si at different operating fre-
quencies of 94 GHz and 220 GHZ as presented in table
5. It is seen that the peak values of mean square noise
voltage per band width ( <v” >/df) . are found at the
frequencies (f,) of 75 GHz and 160 GHz for Si, 60 and
155 GHz for GaAs and 65 GHz and 160 GHz for GaP IM-
PATT at the operating frequency of 94 and 220 GHz re-
spectively. The corresponding values of mean square volt-
age per band width ( < o> >/df) at the operating fre-
quency of 94 and 220 GHz for all the diodes are also giv-
en in table 5. The simulated values of mean square noise
voltage per band width ( MSNVPBW) ( <o* >/df) of
the diodes around the operating frequency 94 GHz are 1.
55 %1015 Vs, 5.54 x10°16 Vs and 1.51 x10°15 Vs
for GaP , GaAs and Si base IMPATT diodes respectively.
Similarly, the mean square noise voltage per band width
(MSNVPBW) of the diodes at 220 GHz operating fre-

quency show same trend as shown by the diode at 94

18-19]
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GHz. In both the operating frequency GaAs DDR IM-
PATT shows minimum mean square noise voltage per
band width. The variation of mean square noise voltages
per bandwidth ( MSNVPBW ) of the IMPATT diodes
based on the semiconductors under consideration as a
function of frequency are plotted in figure 8 and figure 9
at the operating frequency of 94 GHz and 220 GHz re-
spectively. It is observed that the GaP based DDR IM-
PATT diode has the highest ( < »* >/df) peak of
MSNVPBW compared to the other two diodes. It may also
be observed that GaP IMPATT diode is supposed to pro-
duce more noise as the value of ( <v” >/df) remains
high for GaP IMPATT diode. The high value of noise may
be understood that GaP IMPATT diode operates under a
high electric field as compared to Si and GaAs based IM-
PATT diodes. The values of computed noise measure
(NM) at the designed frequencies are presented in table
5. The noise measure of GaP IMPATT diodes are 28.27
dB and 26.3 dB at the design operating frequencies of 94
and 220 GHz respectively which are larger than that of Si
and GaAs base IMPATT diodes. The plots of noise meas-
ure as a function of frequency are depicted in Fig. (10 -
11) for all the IMPATT diodes based on GaP, GaAs and
Si at different operating frequencies of 94 GHz and 220
GHz. From Fig. (10 -11), it can be seen that the noise
measure curve for GaP IMPATT diode is marginally high-
er as compared to the other two diode structures based on
Si and GaAs. IMPATT diode based on GaAs produces
less noise as compare to Si and GaP at the operating fre-
quency of 94 and 220 GHz. One important feature of the
GaAs IMPATT noise measure is that it is substantially
lower than that of Si and GaP based IMPATT diodes. The
same electron and hole ionization rates is the key source
of low noise behavior of GaAs, whereas in Si the electron
and hole ionization rates are quite different this yield
higher noise. However, the high power generation mech-
anism in GaP IMPATT diode yields more noise measure.

Table 5 Noise properties of Si, GaAs and GaP, DDR IM-
PATT diodes

frequency at

Material  ( <i?>/d),.¢ o (S >/dh) - M fy
(GHz) (V3s) at fy(V=s) /dB
. 75 1.59x10 ™ 94 1.51x10°15  27.23
160 8.95x10°'6 220 2.04x10°'%  24.94
e 60  4.52x10°14 94 5.54x10716  25.96
155 3.40x10715 220 5.98x10°'7  23.55
ap 65  7.16x10714 94  1.55x10°15  28.27
160 4.54x1071 220 2.27x10°'%  26.58

3.4 Comparative study of GaP and GaN (wz) IM-
PATT
The potential of GaP IMPATT diode has again been

compared with another wide bandgap semiconductor GaN
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Fig.8 Variation of mean square voltage per band-

width with frequency for DDR IMPATT diodes oper-

ating at 94 GHz
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Fig.9 Variation of mean square voltage per band-
width with frequency for IMPATT DDR operating at
220 GHz

(wz) base IMPATT diode and the details are mention in
table 6. The electric field and breakdown voltage of GaN
(wz) IMPATT diode are around ten times greater than
that of GaP IMPATT diode. This predicts that GaP
IMPATT can work at low electric field. GaN ( wz)
IMPATT diodes shows better efficiency than that of GaP
IMPATT. The power density of GaN (wz) ™ is very
large as compared to GaP IMPATT diode. The noise be-
havior of GaN(wz) IMPATT is quite large as compared to
the GaP IMPATT.

4 Conclusion

The potential of millimeter wave DDR GaP IMPATT
diode have been explored with a comprehensive DC and
small-signal simulation and the simulation results are

Table 6 DC, small signal and noise properties of GaP and GaN(wz) DDR diodes at 94 and 220 GHz

f./GHz Materials £,/ ( x10" Vm ") V'V /(%) -G/ x107Sm™2  Py/Wm™2  (<?>/d)/ (V) NM/dB
o1 GaP 5.63 38.99 11.63 1.44 2.73 x10° 1.55x10715 28.27
GaN(wz) 37.8 527.32 16.95 0.71 2.46 x 10" 3.81 %1071 38.10

0 GaP 7.20 21.02 9.91 8.86 4.90 x10° 2.27x10°1° 26.58
GaN(wz) 43.40 276.85 16.36 0.31 2.95 x10" 2.29 %1013 34.62
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Fig. 10  Variation of noise measure with frequency
for DDR IMPATT diodes operating at 94 GHz
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Fig. 11  Variation of noise measure with frequency
for DDR IMPATT diodes operating at 220 GHz

compared with narrow bandgap as well as wide bandgap
base materials of Si, GaAs and GaN(wz) DDR IMPATT
designed to operate at 94 GHz and 220 GHz mm-wave
window frequencies. The simulation results show DDR
GaP IMPATTs are capable of delivering considerably
higher RF power at mm-wave atmospheric window fre-
quencies as compared to their conventional counterparts
such as DDR IMPATTs based on Si and GaAs. Thus GaP
can be chosen as a base material for IMPATT diode in
comparison with that of Si or GaAs. This is supported
with the high values of breakdown voltage and high power
density. However the diode would produce slightly more
noise as compared to GaAs and Si based IMPATT diode.
Since IMPATT diodes are meant for high power applica-
tion GaP would be a good base material for fabrication of
IMPATT diode but at the same time care should be taken
to reduce the noise. The optimum design parameter and
simulation results presented in this paper will be useful
for fabrication of mm-wave GaP IMPATT diode by using
either molecular beam epitaxy or metalorganic vapor dep-
osition technique. For high electric field one can favor

GaN for IMPATT diode over GaP IMPATT diode.
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