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Abstract
Mm-wave single-drift impact avalanche transit-time
(IMPATT) diodes were grown by using re-

duced-pressure chemical vapor deposition (CVD) and
processed with silicon-based monolithic mm-wave inte-
grated circuits (SIMMWIC) technology. The IM-
PATT-behavior was evaluated with small-signal
S-parameter measurement up to 110 GHz. The ava-
lanche frequency follows roughly ﬁ-proportionality as
proven for all samples. Samples within a small process
window exhibited large negative differential resistance
around avalanche frequency, which is the base for
mm-wave amplifier and oscillator applications. A
broad-band lumped-element model shows good agree-
ment with the measured data and explains the overall
principle for the functionality of selected samples.

1. Introduction

As the most powerful source for mm-wave band, the
IMPATT diode has been widely employed in discrete form
for microwave power generation [1] since the concept was
proposed in 1950s [2]. Due to progress of technology inte-
gration [3], the implementation of monolithic IMPATT
components like oscillator [4] or even transmitter [5] be-
comes more and more attractive. By using reduced-pressure
CVD technique five p~-n"-n"" samples with variation of
doping concentration in n” layer were grown and fabricated
as monolithic single-drift IMPATT diodes in this work.

2. Small-Signal S-parameter Characterization
According to the small-signal analysis proposed by Read

[2] and developed by Gilden and Hines (G&H) [6], the

avalanche frequency of the IMPATT diode is defined as:
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, with v, the saturation drift velocity of the carriers, a the
ionization coefficient, a'is its derivative with respect to
electrical field, € the permittivity of the material, J the
current density. After the proper de-embedding procedure
for one-port device [7] the side effect of contact pads can
be well compensated, thus only the S-parameters of em-
bedded IMPATT diode were extracted from raw measured

data. The obtained S-parameters of IMPATT diode were
then transformed to impedance and expressed as real- and
imaginary-part in frequency domain (Fig.1 blue & red
curves). favaianchein this case reaches ~ 90 GHz, at which
real-part shows a maximum resonance (nearly -700 Q),
imaginary-part equals zero, respectively.

Additionally f,,q1anche should be proportional to \ﬁ
with constant vg and @’(Fig. 1 grey line). However this
proportionality is limited in reality by increasing tempera-
ture, which degrades both v and a’(Fig. 1 pink curve).
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Fig. 1 From S-parameters extracted Re{Z} and Im{Z} spectrums
of a 30x2 pm? IMPATT diode (Sample #5; 30 mA biasing) (left);
Calculated & measuredf,,q1anche VS- \/7 (right).

3. Experimental and Modelling Results
Carrier concentration results in n” layer
Capacitance-Voltage (CV) measurements were per-
formed for all five samples to verify the carrier concentra-
tion level and layer thickness in n” layer (Table I).
Table I: n” Layer CV & S-parameter (till 110 GHz) Evaluation

Samp. Carrier Concent.  Layer Thickness Negative
(cm™) (nm) Resistance?
#1 1.0el7 325 No
#2 1.2e17 335 No
#3 1.4el7 325 Yes
#4 1.7e17 325 Yes
#5 2.2el7 325 Yes

Fig. 2 shows the depletion situation at breakdown volt-
age V, of IMPATT diode with certain n” thickness and dif-
ferent doping concentrations. The distribution of avalanche-
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and drift-region together with physical thickness of the total
n" layer decides the functional frequency range of the IM-
PATT diode.

Two reasons for Sample #1 & #2, which didn’t show
negative resistance up to 110 GHz at all, can be explained.
Firstly low doping concentration leads to high Vy, which
limits the maximum biasing current by the same DC power
load. This means, the device can be driven without damage
only up to certain frequency due to its limited thermal load.
On the other hand, too low doping concentration (Fig. 2 red
solid line) shifts the space charge region (SCR) out of the
total layer thickness, thus enlarges avalanche-region and
shrinks drift-region within limited layer thickness. This
forces the functional IMPATT behavior only in even higher
frequency range, which can be never achieved due to lim-
ited thermal load of the device.
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Fig. 2 Depletion situation at V,, & distribution of avalanche- &
drift-region with different doping concentrations and thickness of
n’ layer.

Broad-band lumped-element modelling

To understand the functionality of IMPATT diode, a
broad-band lumped-element model has been developed
(Fig. 3). R represents the series resistance and can be
extracted from diode I-V characteristics. C; is junction
capacitance and obtained from C-V measurement. C; with
junction inductance L; defines the fypqianche together. R
summarizes all extra resistive losses, which occur by the
avalanche- and drift-mechanisms. The conductance G is in
this model always negative, which describes the gain effect
due to certain avalanche- and drift-mechanisms, thus rele-
vant for modelling of negative differential resistance.
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Fig. 3 The developed lumped-element model of IMPATT diode.

The developed lumped-element model was applied on
Sample #3, #4 and #5, which showed negative resistance by
S-parameter characterization with certain biasing. Good
agreement between measurement and modelling of selected
samples indicates the reliability of the model (Fig. 4).
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Fig. 4 Measurement vs. modelling for 30x2 pm? diodes on Sample
#3, #4 and #5 with the biasing current 30 mA.

4. Conclusions

S-parameter characterization was performed for five
single-drift IMPATT samples, fabricated with re-
duced-pressure CVD technique and monolithic technology.
The \/]_ -proportionality related to fiyaianche With and
without temperature effect are experimentally observed and
explained. A theoretical analysis based on depletion situa-
tion and distribution of avalanche- & drift-region with dif-
ferent doping and certain layer thickness was given. To-
gether with the limited thermal load of the device, the ap-
pearance condition of negative resistance behavior could be
explained. Good agreement between measurement and
modelling on Sample #3, #4, #5 shows that the developed
lumped-element model can describe the functionality of
IMPATT diode straightforward in a broad-band manner.
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