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Abstract: The influence of self-heating on the millimeter-wave (mm-wave) and terahertz (THz) performance of double-drift re-
gion (DDR) impact avalanche transit time (IMPATT) sources based on silicon (Si) has been investigated in this paper. The depend-
ences of static and large-signal parameters on junction temperature are estimated using a non-sinusoidal voltage excited (NS-
VE) large-signal simulation technique developed by the authors, which is based on the quantum-corrected drift-diffusion
(QCDD) model. Linear variations of static parameters and non-linear variations of large-signal parameters with temperature
have been observed. Analytical expressions representing the temperature dependences of static and large-signal parameters of
the diodes are developed using linear and 2nd degree polynomial curve fitting techniques, which will be highly useful for optim-
izing the thermal design of the oscillators. Finally, the simulated results are found to be in close agreement with the experiment-
ally measured data.
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1. Introduction

Impact avalanche transit time (IMPATT) oscillators are
the most powerful solid state sources for generating mi-
crowave (3-30 GHz), mm-wave (30-300 GHz) and terahertz
(0.3-10.0 THz) frequencies with sufficiently high power and
high DC to RF conversion efficiencyl'-71. Si is the most conveni-
ent base material for IMPATT source, which is capable of deliv-
ering RF power up to 0.5 THz8l. However some other semicon-
ductors like GaAs, InP, 4H-SiC, wurtzite (Wz)-GaN, type-llb
diamond and also some heterostructures based on GaN-
AlGaN, Si-SiC, GaAs—AlGaAs, etc. have shown immense poten-
tial as the base material of IMPATT sources operating in the
mm-wave and THz (0.3-10.0 THz) frequency regimel®-17,
However, due to the availability of most advanced process
technology, Si is still preferred over all other materials for the
fabrication of IMPATT diodes. In 1987, Luy et al. fabricated
double-drift region (DDR) Si IMPATT diodes via the molecu-
lar-beam epitaxy (MBE) technique for 94 GHz operationl'8l,
They obtained a maximum power of 600 mW with a 6.7% effi-
ciency at 94 GHz; however, the device structures they used
for fabrication and testing were un-optimized. Later, in 1990,
Dalle et al. reported a 500 mW power output from flat-pro-
file DDR Si IMPATT source at 94 GHz with optimized structur-
al design'9. Wollitzer et al. obtained around 225 mW RF
power from flat profile DDR Si IMPATT source operating at
140 GHz[2%, Therefore, at the atmospheric window frequen-
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cies 94 and 140 GHz, DDR Si IMPATT sources have already
shown extraordinary RF performance. However, at a higher
atmospheric window, i.e. at 220 GHz, the experimentally ob-
tained power output is only 50 mW!!, This drastic decrease in
power output from 140 to 220 GHz diminishes the potential
of Si as a base material of IMPATT diodes designed to oper-
ate at higher mm-wave frequencies (> 220 GHz)®8l. The low
power output from Si IMPATT source at 220 GHz obtained by
Midford et al. in 1979 may have been caused by a lack of ma-
tured process technology of that time, a lower quality of Si sub-
strate used, un-optimized structural design, defect in pack-
aging, mismatch between the diode and passive circuitry,
etc.bbl,

One major problem with IMPATT oscillators is the self-
heating of the diode under reverse bias during oscillating
condition, as a result of the high current passing through it.
Self-heating of the diode under oscillating condition raises
the junction temperature well above room temperature (i.e.
T > 300 K). This fact may cause thermal runaway followed by
burnout of the device, if the temperature rises beyond the
burnout temperature of the base material (which is around
Tg = 575 K for Si). In order to avoid burnout as a result of self-
heating of the diode, it must be mounted on an appropri-
ately designed heat sink made of either metal (copper or sil-
ver) or type-lla diamond®l. In 2013, Acharyya et al. carried out
a detailed thermal analysis of DDR Si IMPATT oscillators de-
signed to operate at mm-wave atmospheric window frequen-
cies such as 94, 140 and 220 GHz and at two different THz fre-
quencies; 0.3 and 0.5 THz2'l, The heat sinks designed by
Acharyya et al. are capable of keeping the junction temperat-
ure of the diodes fixed at around 500 K during the steady-
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Table 1. Optimized design parameters.

f4(GHz) W, (um) W, (um) Np (1023 m-3) Na (1022 m-3) Ny (1022 m-3) Np4 (102 m-3) Jp (108 A/m2) D; (um)
94 0.400 0.380 1.200 1.250 5.000 2.700 340 35.0
140 0.280 0.245 1.800 2.100 5.000 2.700 5.80 25.0
220 0.180 0.160 3.950 4.590 5.000 2.700 14.5 20.0
300 0.132 0.112 6.000 7.300 5.000 2.700 24.5 15.0
500 0.072 0.072 15.00 16.20 5.000 2.700 55.0 10.0

state oscillating condition, which is well below the burn out
temperature of Si (i.e. 575 K)[2'1. A change of junction temperat-
ure causes a significant amount of variations in both static
(DQ) as well as large-signal characteristics of IMPATT sources.
The said variations were demonstrated by Acharyya et al. in
2013, by investigating the temperature dependence of large-
signal parameters of a DDR Si IMPATT diode designed to oper-
ate at 94 GHz[22],

In the present paper, the authors have studied the influ-
ence of junction temperature on both DC and large-signal
characteristics of DDR Si IMPATT diodes designed to operate
at different mm-wave and THz frequencies. The operating fre-
quencies of DDR Si IMPATT sources chosen for the present
study are 94, 140, 220, 300 and 500 GHz. It has already been
concluded from the avalanche response time based analysis
carried out earlier by the authors that the upper cut-off fre-
quency of DDR Si IMPATT source is around 500 GHz8l. That is
why, in the present work, the simulation study on the DDR Si
IMPATT has been carried out up to its highest operating fre-
quency, i.e. up to 500 GHz or 0.50 THz. A non-sinusoidal
voltage excited (NSVE) large signal tool developed by the au-
thors, based on the quantum-corrected drift-diffusion (QCDD)
model have been used for this purposel?3, The variations of
DC and large-signal parameters of the diodes under considera-
tion with temperature ranging from 300 to 550 K have been
obtained from the simulation. Appropriate curve-fitting tech-
niques have been used to formulate the mathematical expres-
sions presenting the DC and large-signal parameters as func-
tions of temperature; temperature coefficients associated
with each parameter of the device have also been obtained.
This comprehensive study which provides analytical expres-
sions for each DC and large signal parameters of the device
as functions of temperature will be highly useful for research-
ers to carry out thermal design of Si IMPATT oscillators operat-
ing at different mm-wave and THz frequencies.

2. Structure, material, fabrication and simulation

The descriptions of device structure and corresponding
design parameters, material parameters associated with the
base semiconductor (i.e. Si), fabrication process and simula-
tion methodology have been presented in this section.

2.1. Structure

The DDR IMPATT diodes possess p*—p-n-n* structure.
The DDR diodes are more powerful and efficient than the
single-drift region (SDR) diodes having either n*-n-p* or
p*—p-n* structure due to the presence of two drift regions in
DDR diodes (n- and p-drift regions for the drifting of elec-
trons and holes, respectively) in comparison to the existence
of only one drift region in SDR diodes (either n-drift region in
n*t-n-p* structure for the drifting of electrons or p-drift re-
gion in pt—p-n* structure for the drifting of holes). As a res-
ult of that, DDR diodes are always preferred over SDR diodes,

though the fabrication of DDR IMPATT diodes is much more
complex. The thickness of p*, p, n, n* layers (W,,, W, W,
W,,) and corresponding doping concentrations (Np, Na, Np,
N,,) of a diode operating at a particular frequency (fy) are ini-
tially chosen using the transit time formula of Sze et all?4. In
the next step, the initially chosen structural and doping
design parameters as well as the bias current density (Jy) are
optimized using the DC followed by large-signal simulation
subject to obtain the maximum DC to RF conversion effi-
ciency; the details of this optimization technique have
already been discussed elsewherel?2. The diameter of the
mesa diodes at the junction region (D) have been chosen
from the thermal analysis subject to obtain maximum RF
power output by avoiding the burnout of the devicel2'l. The
optimized design parameters of DDR Si IMPATT diodes de-
signed to operate at different mm-wave and THz frequencies
are given in Table 1.

2.2. Material

The electric field and temperature dependences of ioniza-
tion rate of electrons and holes in Si have been incorporated
in the NSVE large-signal simulation program via empirical rela-
tions fitted from the experimental data of Grant[?5, The same
dependences of drift velocity of charge carriers in Si are in-
cluded in the simulation tool using the empirical relations ob-
tained via a curve fitting technique from experimentally meas-
ured data reported by Canali et al2%], Other important materi-
al parameters such as mobility, diffusion length, effective
mass, diffusivity of charge carriers in Si are taken from re-
cently published reports(2”: 28, Temperature dependence of
bandgap in Si has been introduced by using the relation for-
mulated from the experimental data of Varshni(2%!, Other para-
meters like permittivity, density of states, effective mass of Si,
effective density of states for electrons in conduction band
and for holes in valence band, temperature dependent intrins-
ic carrier concentration in Si are taken from the published liter-
aturel?7l,

2.3. Fabrication

The (100) oriented n*-type wafers having donor concen-
tration of around ~10% m-3 can be used as the substrate of
mm-wave and THz diodes. Initially the wafer has to be
cleaned using RCA etch, followed by Si-beam cleaning at
around 850 °CB% 311, The n*-substrate has to be thinned be-
low the thickness of 10 um using backside mechanical polish-
ing followed by chemical etching using a diluted solution of
KOH. Next the n-layer can be MBE grown on the substrate at
a temperature of 750 °C; simultaneously during the growth,
n-type doping can be achieved via doping by secondary im-
plantation (DSI) technique using Sb as n-type impuritiesB2,
After the desired growth of n-epitaxial layer a flash-off step
has to be performed for desorbing the Sb adlayer from the up-
per surface of the grown n-layerB33], Over the n-layer, the p-lay-
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Fig. 1. (Color online) Variations of breakdown voltage of Si IMPATT sources operating at different mm-wave and THz frequencies with temperat-

ure; insets of the figure show (a) linear temperature coefficient of breakdown voltage, and (b) corresponding constant linear fitting parameter

with operating frequency.

er can be MBE grown at 650 °C in which p-type doping of de-
sired dosage can be achieved by Ga co-evaporationB34. After
the completion of the growth of p-epitaxial layer, again a
flash-off process has to be performed in order to remove the
Ga adlayer from the upper surface of the grown p-layer. The
p*-contact layer having doping concentration ~1025 m~3 can
be grown on the p-epitaxial layer using the solid-phase-MBE
(SP-MBE) technique followed by thermal annealing process of
maximum 600 °C temperaturel3sl, The metallization on both
p* and n*-sides can be done via thermal evaporation of Ti fol-
lowed by Au. The primary metal for forming the metal con-
tacts is Au; the purpose of Ti is to resist Au atoms to migrate in-
to p* and n*-layers. Finally, the mesa diodes having desired
junction diameters (Table 1) can be defined by standard
photo-lithography technique and formed using chemical etch-
ing in a solution of HF and HNOs.

2.4. Simulation

The NSVE large-signal simulation technique based on
QCDD model has been used to study the effect of junction
temperature on both DC and large signal characteristics of
DDR Si IMPATT diodes designed to operate at different mm-
wave and THz frequenciesZ3]. The design parameters and ma-
terial parameters of Si as mentioned earlier are given as the in-
puts of the simulation tool prepared in in-house codes in MAT-
LAB environment. The simulation tool provides important DC
parameters like breakdown voltage (V(7)), avalanche zone
voltage drop (VA(7), avalanche zone width (xa(7)), etc. and sig-
nificant large-signal parameters such as avalanche resonance
frequency (£,(7)), optimum frequency (£,(7)), admittance charac-
teristics G(f,T) versus B(f,T) plots, where G and B are conduct-
ance and susceptance of the device respectively, fis the fre-
quency), RF power output (Pre(T)) and DC to RF conversion effi-
ciency (n(T)), as outputs as functions of temperature. The ef-
fects of quantum tunneling, quantum confinement (quantum
mechanical phenomena are important for the diodes espe-
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cially when the depletion layer thickness shrinks below the
classical limiting length), band-to-band tunneling, trap-as-
sisted tunneling, carrier diffusion, skin effect and parasitic
series resistance have been incorporated in the simulation pro-
gramB6-411,

3. Characteristics

It is already reported that DC to RF conversion efficiency
of mm-wave and THz DDR Si IMPATT sources are consider-
ably small (< 10%)[2'1, Therefore a very small portion of input
DC power (Ppc) is converted to RF power and a very large por-
tion of that is dissipated as heat (> 90% of Pp¢) within the di-
ode. This dissipation of DC power within the device is the ori-
gin of the self-heating problem associated with IMPATT oscill-
ators, which leads to a rise of the temperaturel2'l. On the oth-
er hand, it is already observed that the RF power output and
conversion efficiency of the IMPATT sources are significantly
improved if the diode temperature increases well above the
room temperaturel?2, This fact encourages the designers as
well as researchers to keep the diode temperature (7) of the
source fixed around 500 K via an appropriate heat sinking
arrangement, which is well above room temperature as well
as sufficiently smaller than the burnout temperature of Si
(300 K < T < Tz = 575 K); therefore, it simultaneously ensures
high RF power output from the source as well as safe and sus-
tained continuous-wave (CW) operation of itl2'l, Thus, the
knowledge of the dependences of DC and large-signal para-
meters of DDR Si IMPATT diodes on temperature is essential
for the thermal designing of the oscillators. In this section,
the above mentioned dependences obtained from the NSVE
large-signal simulation of mm-wave and THz DDR Si IMPATT
diodes are presented and analyzed.

3.1. Static characteristics

The variations of DC breakdown voltage (V;(7)) of the di-
odes with temperature have been shown in Fig. 1. The same

......
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Fig. 2. (Color online) Variations of avalanche zone voltage drop of Si IMPATT sources operating at different mm-wave and THz frequencies with
temperature; insets of the figure show (a) linear temperature coefficient of avalanche zone voltage drop and (b) corresponding constant linear

fitting parameter with operating frequency.

variations of avalanche zone voltage drop (Vi(7) and ava-
lanche region width (xA(7)) of the diodes are shown in Figs. 2
and 3 respectively. It is interesting to observe from Figs. 1-3
that the said variations of DC parameters with temperature
are absolutely linear in nature and all have a positive slope. It
is already reported by Grant that the ionization rate of charge
carriers in Si decreases significantly with the increase of tem-
peraturel2l, Therefore, if one considers two temperatures T,
and T,, where T, > T;, then the ionization rate of electrons
and holes at T, will be smaller compared to those at T; for a
given electric field. Therefore, at the temperature T, more elec-
tric field is required to generate the number of electron-hole
pairs (EHPs) required to cause avalanche breakdown as com-
pared to the required breakdown field at the temperature T;.
Consequently, breakdown voltage at T, will be greater than
that at T,. Moreover, at T, a broader mean free path is re-
quired by the charge carriers in order to generate the EHPs re-
quired for breakdown for a given electric field as compared
to the mean free path required by the electrons and holes for
generating the EHPs required for breakdown at T; at the
same electric field. Therefore, at T,, avalanche zone width will
be broader and avalanche zone voltage drop will be higher
compared to those at T;. This discussion explains the causes
of the increase of the DC parameters of the diodes under con-
sideration with the increase of temperature.

Now, the relations expressing the dependences Vg(T),
VA(T) and xa(T) with temperature (7) will be formed. It is
already observed from Figs. 1-3 that these dependences are
linear in nature for all the diodes under consideration. The tem-
perature dependences of a DC parameter can be expressed
via the equation of a straight line given by

D(T)=BoT+vo, (1)

where Bp = dD(T)/dT is the linear temperature coefficient
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associated with the DC parameter D(T) € {Vg(T), Va(T),
xa (T}, vp =D (T=0) is the constant parameter associated
with the linear fitting. Now, the linear temperature coeffi-
cients (Byg, Byys Byy) and the constant fitting parameters
(Vvgs Yvp» Yxo) Of Vo, Va and x, are obtained using a linear
curve fitting technique for all the diodes, and the variations
of those with operating frequency have been illustrated in
the corresponding insets of the Figs. 1-3. The value of S
which is just the slope of D(T) versus T curves are found to de-
crease drastically with the increase of frequency of operation.
The By is found to be reduced from 3.175 x 102 to 1.001 x
102 V/K for the increment of operating frequency from
94 GHz to 0.5 THz; the same variations in B, and B,, are
found to be 2.094 x 10-2-0.844 x 102 V/K and 0.288 x 102 -
0.066 x 10-2 um/K, respectively. It can be concluded from the
above observation that the temperature sensitivity of the DC
parameters of DDR Si IMPATT diodes decreases with the in-
crease of operating frequency; i.e. higher frequency diodes
are less sensitive to temperature. On the other hand, the
value of yp which indicates the hypothetical initial value of
D(T) at T= 0, are also observed to decrease with increase of
the frequency of operation; it is obvious due to the smaller act-
ive layer thickness (Wy = W, + W) of higher frequency di-
odes. The values of By, By,, By, and Yyg; Yy, , Vx, obtained
from this analysis are listed in Table 2, which will be very use-
ful for the thermal designers.

3.2. Large-signal characteristics

The variations of important large-signal parameters such
as the avalanche resonance frequency (f,(7)), optimum fre-
quency (f,(7), peak negative conductance (Gy(7)), correspond-
ing susceptance (B,(7)), RF power output (Pg(7)) and conver-
sion efficiency (5.(T)) of the diodes under consideration with
temperature are shown in Figs. 4-9, respectively. All the
above variations are observed to be non-linear in nature and

......
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Table 2. Linear temperature coefficient and constant fitting parameter associated with DC parameters for the temperature range 300-550 K.

VB (V) VA (V) Xp (IJm)
f3(GHz)
Byg (1072V/K) YvgV) By, (102V/K) YvaV) By, (1072 um/K) Vxn (UM)
94 3.175 8.481 2.094 5.821 0.288 2.082
140 2482 7.007 1.772 4711 0.222 1.586
220 1.824 4,788 1.356 3.734 0.156 0.975
300 1.452 4.453 1.171 3.482 0.120 0.803
500 1.001 3.978 0.844 3.555 0.066 0.571
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Fig. 4. (Color online) Variations of avalanche resonance frequency of Si IMPATT sources operating at different mm-wave and THz frequencies

with temperature; insets of the figure show (a) quadratic temperature coefficient, (b) linear temperature coefficient of avalanche resonance fre-

quency and (c) corresponding constant fitting parameter with operating frequency.
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can be fitted using a quadratic polynomial equation given by

LM =a T +BLT+yL, (2)

where a; =(1/2)(d2L(7)/d2T) is the quadratic temperature coeffi-
cient, B, = dL(T)/dT is the linear temperature coefficient of
the large-signal L(T) € {fa(T), f5(T), Gp(T), Bp(T), Pre(T), nL(T)}
parameter, y, = L (T = 0) is the constant fitting parameter of
the large-signal parameter L(7). Now, the values of a;, B, and
V. for all the diodes are calculated via the 2nd degree polyno-

mial or quadratic polynomial fitting technique.

The variations of a, B and y, associated with all large-sig-
nal parameters with the frequency of oscillation have been
shown in the insets of the corresponding figures. It is interest-
ing to note that the quadratic temperature coefficients of f,,
for Go, Pre and n_ are found to be positive and monotonically
increasing with frequency of operation; whereas it is ob-
served to be negative and monotonically decreasing with the
frequency of operation for the parameter B,. However, the lin-
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and y, associated with all the large-signal parameters of the
diodes under consideration are listed in Tables 3 and 4.
Again, the datasets presented in Tables 3 and 4 will be very
useful for carrying out the optimum thermal design of mm-

ear temperature coefficients of £, f, and G, are found to be
negative and monotonically decreasing with frequency, while
itis found to be positive and monotonically increasing with fre-

quency for B, and positive but monotonically decreasing for
Pgr and n, . It is also noteworthy that the constant fitting para-
meters of different large-signal parameters have a different
sign (either positive or negative) and possess a different
nature of variation with frequency (either monotonically in-
creasing or decreasing with frequency). The values of a;, 3,

wave and THz DDR Si IMPATT oscillators.

3.3. Validation of simulation results

The variations of experimentally measured power out-
put of DDR Si IMPATT sources reported by Luy et al. at
94 GHz, Wollitzer et al. at 140 GHz and Midford et al. at
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Fig. 9. (Color online) Variations of DC to RF conversion efficiency of Si IMPATT sources operating at different mm-wave and THz frequencies with
temperature; insets of the figure show (a) quadratic temperature coefficient, (b) linear temperature coefficient of DC to RF conversion efficiency
and (c) corresponding constant fitting parameter with operating frequency.

Table 3. Quadratic temperature coefficient, linear temperature coefficient and constant fitting parameter associated with large-signal paramet-

ers such as £, f, and G, for the temperature range of 300-550 K.

f, (GHz) f, (GH2) Gy, (S/m2)
ﬁj (GH2) afa ,Bfa yfa afP pr yfp aGP BGp YGp
(1074 GHz/K2) (GHz/K) (GHz) (104 GHz/K?) (GHz/K) (GHz) (S/(m2-K2)) (104S/(m2K))  (105S/m?)

94 1.445 -0.216 124.33 2.595 -0.357 206.61 71.72 -6.500 5.550

140 1.900 -0.289 167.75 4.499 -0.569 310.50 141.24 -12.442 11.128
220 3.041 -0.442 256.00 5.772 -0.766 455.20 287.81 -26.236 20.759
300 4.151 -0.581 327.98 7.670 -1.005 616.69 422.28 -38.183 26.985
500 4.798 -0.706 431.23 13.093 -1.623 983.08 1014.40 -90.641 90.544

Table 4. Quadratic temperature coefficient, linear temperature coefficient and constant fitting parameter associated with large-signal paramet-

ers such as By, Pgr and ny for the temperature range of 300-550 K.

B, (S/m?) Pge (MW) L (%)

fa(GH2) ag, ﬁBp Vs, Appr BPRF Yere dep Bfn_ Yoo

(S/(m2K2))  (10°S/(m2K) (107 S/m2) (1073 mW/K2) (mW/K) (mW) (1075 %K-2) (%K) (%)
% -206.19 2.151 -1.910 -2.290 3.590 -584.66 -5.158 0.0568  -7.500
140 -399.27 4397 -3.531 -2.040 2.555 -420.05 -4.185 0.0460  -5.817
220 -1090.30 1.173 -11.023 -0.830 1.461 -232.86 -2674 0.0300 -3.858
300 -2156.80 2.367 -22.985 -0.640 0.970 -150.32 -2.101 0.0230  -2.839
500 -5516.30 6.314 -58.475 -0.500 0.616 -97.89 -1.687 00170  -2.269

220 GHz, along with the power output of all mm-wave and
THz sources under consideration obtained from simulation
with frequency are shown in Fig. 10; all of these experiment-
al measurements and simulations have been carried out near
500 KI> 18,201 |t js observed from Fig. 10 that the large-signal
simulation results presented in this paper as regards RF
power output are in very close agreement with the experi-
mentally measured data except at 220 GHz the probable
causes of the discrepancy found at 220 GHz have already
been mentioned in the introduction section. Moreover, the
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variation of DC to RF conversion efficiency of the sources ob-
tained from simulation with frequency has been shown in
the inset of Fig. 10; experimentally measured DC to RF conver-
sion efficiency of the source reported by Luy et al. at 94 GHz
is also shown in the said inset'8. It is observed that in this
case also the agreement between the simulated and meas-
ured data at 94 GHz is quite reasonable.

There are similar studies based on the temperature analys-
is of DDR IMPATT oscillators based on other semiconductors
like some conventional narrow bandgap (NBG) semiconduct-

......
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500 K with operating frequency; inset shows the variations of DC to RF conversion efficiency of the sources obtained from the large-signal simu-
lation and experimental measurement('8 at 500 K with operating frequency.

ors such as GaAs, InP, etc. and some wide bandgap (WBG)
semiconductors such as 3C-SiC, 4H-SiC, 6H-SiC, Wz-GaN, type-
llb diamond, etc. using similar methodology adopted by the
authors to carry out the present work; however, most the im-
portant criteria behind this will be the availability of experi-
mentally measured temperature dependent material paramet-
ers of the above-mentioned semiconductors. Otherwise, the
procedure described in this paper is generic for all base materi-
als mentioned above. Moreover, similar studies can also be car-
ried out for some other IMPATT diode structures like single-
drift region (SDR), double-avalanche region (DAR) diodes. Espe-
cially, the temperature analysis of low noise DAR Si IMPATT
will be very useful for future researchers due to the capabil-
ity of a single DAR source to operate at multiple bands#Z;
this study will be carried out in due course by the authors.
Last but not the least, the description of the IMPATT sources
cannot be completed without studying the avalanche noise
performance of the source. Since, the IMPATT sources are in-
herently noisy, the effect of temperature variation on the
noise performance of DDR Si IMPATT sources are very import-
ant to understand before finalizing the thermal design of the
oscillator. That is why the authors plan to carry out a temperat-
ure dependent noise simulation of DDR Si IMPATT sources in
due course.

4. Conclusion

The influence of self-heating on the mm-wave and THz
performance of DDR Si IMPATT sources has been investig-
ated in this paper. The dependences of static and large-sig-
nal parameters on junction temperature are estimated by us-
ing a NSVE large-signal simulation technique developed by
the authors, which is based on the QCDD model reported earli-
er. Linear variations of static parameters and non-linear vari-
ations of large-signal parameters with temperature have
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been observed. Analytical expressions representing the tem-
perature dependences of static and large-signal parameters
of the diodes are developed using linear and quadratic polyno-
mial curve fitting techniques. These analytical expressions
along with the complete set of linear and quadratic temperat-
ure coefficients of DC and large-signal parameters calculated
and presented in tabular form will be highly useful for design-
ers and researchers to optimize the thermal design of the oscil-
lators. Finally, the simulated results are found to be in close
agreement with the experimentally measured data which valid-
ates the large-signal results presented in this paper.
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