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Abs t rac t 

The physical processes responsible for microwave power generation in submicron n+nn+ InP 
diodes are analyzed through the spatial profiles of the impedance-field spectrum calculated by a 
closed hydrodynamic approach. The usual subdivision of the ra-region into a dead and active zone is 
carried out. The dead zone is found to manifest itself as a purely real resistance which is practically 
independent of the frequency. One or more spatial zones which are responsible for the generation 
are shown to be formed in the active region of the diode. By reducing the n-region length the 
additivity of the contributions from each part of the device into the generation spectrum is proven. 

I. INTRODUCTION 

Near-micron n+nn+ InP diodes are widely used in modern electronics as generators in the mil
limeter region of the electromagnetic spectrum [1,2]. To improve the high-frequency performance 
of these generators various doping profiles [2,3] and a reduction of the n-region length [4,5] are 
usually suggested. For a proper choice of these parameters and to clarify some problems related 
to their design, an appropriate physical modeling of these devices is mandatory. To provide the 
detailed description of the physical processes responsible for the diode performance a quantitative 
analysis of the parameters which allow for a spatial analysis of various physical quantities has to be 
preferred. Indeed, by allowing one to construct a spatial map of the device properties of interest, 
the designing of the device is significantly facilitated. The main aim of this paper is to demonstrate 
that the impedance field can be successfully used for this sake. 

II. THE I M P E D A N C E FIELD A P P R O A C H 

When considering n+nn+ diodes as microwave power generators, the characteristics which 
describe the capabilities of the device to amplify small perturbations are of great importance. 
Under current-driven operation, these capabilities can be rigorously described through the local 
impedance-field, which is given by the ratio of the Fourier components of the local electric-field 
SEu(x) and the total current Sju(x) at circular frequency u) = 2TT/ in point x as: VZ(UJ, x) = 
6Eu(x)/6ju(x). Since for the one-dimensional structure considered here, the total current is con
stant in space, the impedance field reflects spatial behavior of possible perturbations of the local 
electric field caused by harmonic perturbation of j . Integration of the impedance field throughout 
the structure gives the small-signal impedance of the whole diode, Z(u)) — f0'VZ(uj,x)dx. Since 
the impedance field describes the additive contributions which every point of the diode gives to the 
small-signal impedance, VZ(CJ, x) can be used for a detailed spatial analysis of the diode perfor
mance. To simulate the carrier transport in submicron n+nn+ InP diodes the full hydrodynamic 
model [4-10] based on the carrier concentration, drift velocity and mean energy conservation equa
tions coupled with the Poisson equation for the self-consistent electric field is used. This model 
was demonstrated to provide an excellent agreement with the Monte Carlo calculations for both 
bulk semiconductors [7-9] and short n+nn+ structures [4-6,10]. In the present paper we apply it to 
study the contributions of the various parts of the diode to Z{u) and its dependence on reducing 
the diode length. For this sake we use an impulsive procedure [10] which enables us to obtain 
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under the current-driven operation simultaneously the spectra of both V2(w, x) and Z(u) in the 
frequency range of interest. 

III. RESULTS A N D DISCUSSION 

We consider a n+nn+ structure at T = 300 K with parameters which are typical of to-date 
diode generators [1,2]: the n-regionlength ln = 1 \im, n = 2 x 1016 cm'3, n+ = 1018 cm.-3. Abrupt 
homojunctions between n and n+ regions are assumed. The cathode and anode n+-region lengths 
are taken to be 0.1 and O.Zfim, respectively. 

Under the current driven operation the electron heating in the diode can be considered (to 
somewhat extent) as a local property. This is illustrated in Fig. 1, which presents a stationary 
profiles of the drift velocity in the structures with different lengths of the n region calculated for the 
same total current ,70. Reduction of the n region length does not change the velocity profile in the 
common region and it looks as a cut of the corresponding part of n-region which is on the anode 
side. For the case of ln = 1 iim (Ud = 8 V) the velocity overshoot results in the spatial negative 
differential-conductivity (SNDC) in the space region 0.3 < x < 1.1 fim, where the drift velocity 
decreases with increasing the spatial coordinate. The real part of the small-signal impedance 
calculated for the considered n+nn+ structure is reported for different lengths of the n-region in 
Fig. 2. For the case of ln = 1 fim (see curve 1), the amplification condition, Re[Z(f)] < 0, is 
fulfilled inside the two bands: / = 70 — 200 and 250-1-340 GHz where microwave power generation 
is possible. We remark that , by shortening the n-region, the condition for amplification shifts to 
high frequencies, as expected. Figures 3 (a) and (b) report the spatial profile respectively of the 
real and imaginary parts of the impedance field for the structure with ln = 1 fim. Curves 1,2, and 
3 correspond, respectively, to the frequencies f\ = 55 GHz, f2 = 125 GHz, and / 3 = 290 GHz. 
As it follows from Fig. 3, VZ(f, x) is practically independent from frequency in the near-cathode 
area of the n-region (x = 0.10 -r 0.30 fim). 

From the comparison with curve 1 of Fig. 1, we find that this is the region where the drift 
velocity exhibits a sharp increase up to its maximum value. This space region is usually called 
as the dead zone of short diodes. Comparing Figs. 1 and 3, one can conclude that the dead 
zone manifest itself as a near cathode region with a pure real and positive resistance which is 
independent from the frequency up to the plasma range, and the end of the dead zone coincides 
with the maximum value of velocity overshoot. The remaining part of the n-region, where SNDC 
takes place, can be considered as the active region of the diode. By increasing the frequency, the 
active region with negative values of Re[VZ(f)] appears at first close to the anode and then widens 
and shifts towards the cathode. There, at sufficiently high frequencies several spatial regions with 
Re[7Z(f)] < 0 can appear. In general, the maximum number of active regions which shows up in 
the spatial dependence of Re[VZ(f)] is equal to the number of generation bands in the frequency 
dependence of Re[Z(f)]. It due to the fact that the curves in Fig. 3 correspond to the growing 
space-waves of the local electric field starting at the beginning of the active zone and vanishing at 
the anode contact. 

Figure 4 reports the effect of a reduction of the n region length on 5e[V2(/ ) ] calculated at 
/ 3 = 290 GHz. Curve 1 corresponds to ln = 1.0 fim and curve 2 to ln = 0.9 fim when the 
anode n+-region is shifted to the left up to the first nearest point in which Re[VZ(f)) vanishes. 
We observe that, in doing so, the second generation band disappears, the new profile practically 
coincides with curve 1 in the common region, and only one active zones followed by a zone with 
positive values of Re[VZ(f)] remains. Moreover, Re[Z(f)} of the whole diode becomes positive at 
f3 = 290 GHz (see curve 2 in Fig. 2). To make Re[Z(f)] at this frequency negative again, it is 
necessary to shift the n+-anode contact to the second point where Re[VZ(f)] crosses the zero axis. 
This case is illustrated by curves 3 in Fig. 4 (analogously as in Figs. 1 and 2) which is calculated 
for ln = 0.72 fim. In this way one removes the near-anode region with Re[VZ(f)] > 0 and, as a 
consequence, the diode can again generate at frequency / 3 = 290 GHz since its Re[Z(f3)} becomes 
again negative (see Fig. 4, curve 3). The generation band of the shorted diode is so extended to 
the higher frequency range which fully covers the second generation band of the initial diode. 
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Fig. 1 - Spatial profiles of the drift veloc
ity calculated for n+nn+ InP diodes with 
different ra-region length ln : 1 — 1.0 fim, 
2 - 0.9 fim, 3 - 0.72 fim (curves 1 to 3, 
respectively). 

Fig. 2 - Frequency dependence of the real 
part of the small-signal impedance. The 
notation is the same of Fig. 1. 
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Fig. 3 - Spatial profiles of (a) the real and (b) imaginary part of the impedance field calculated 
with the HD approach for the n+nn+ InP diode of Fig. 1 with l„ = 1.0 fim at three different values 
of the frequency: 1 - 5 5 GHz, 2 - 125 GHz, 3 - 290 GHz. ln = 1.0 fim. Ud = 8V. 
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Fig. 4 - Spatial profiles of the real part 
of the impedance field calculated at the 
frequency / = 290 GHz. The notation is 
the same of Fig. 1. 
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I V . C O N C L U S I O N S 

The spatial dependence of the impedance field we have obtained in the whole frequency range 
of interest constructs a map which reflects the main physical processes occurring in the different 
regions of the device and can be used for several purposes such as: to give a comprehensive analysis 
of the device performance, to provide a proper choice of the device design, etc. Under current 
operation mode, the diode can be considered as a sequence of seriesly connected zones which give 
additive contributions to the amplification (and generation) spectrum. Each contribution can be 
described by a local impedance-field. Moreover, since the carrier flux starts at the source and ends 
at the drain, the local characteristics depend on the pre-history of carrier motion from the source 
only and contain no information about a further motion of carriers towards the drain. 
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