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Computer Modeling of Bistability Effect in P-I-N
Diode Limiter Characteristic

Nikolai Drozdovski and Tadashi Takano

Abstract—The bistability effect noted in p-i-n diode limiters has
been studied using a computer simulation based on the one-dimen-
sional drift-diffusion model (DDM). Computed results for silicon
p-i-n diodes with different base width are shown. Frequency prop-
erties of the bistability effect were studied. Also the comparison
between theoretical and experimental results is shown.

Index Terms—Bistability, limiter, p-i-n diode.

I. INTRODUCTION

NONLINEAR properties of p-i-n diodes have been studied
extensively [1]–[]. The bistability phenomenon in the

p-i-n diode limiters is an interesting nonlinear effect, illustrated
in Fig. 1. When the input power increases from zero, the
output power increases nearly linearly with the input
power. There is a jump of the output power at an input power

; the output power increases slightly with the input power
increase above this power . When the input power decreases
from its maximum value, the reverse jump of the output power
takes place at another power .

An improved method to compute this limiter characteristic
with bistability using the computer program ISTOC [], based
on the one-dimensional drift-diffusion model (DDM), is under
consideration in this letter.

II. SIMULATION TECHNIQUE

There are several programs based on DDM that have been
used for p-i-n diode simulation in limiting applications, but they
do not show the bistability effect [2], [6], [7] because conven-
tional modeling techniques do not provide detection and compu-
tation of the bistability area. Two ways to overcome this problem
were reported in [4], [5], but both of these modifications have
limitations based on the need to look over a considerable number
of manual iterations in many points of the limiter characteristic.

The circuit configuration used for our computations is pre-
sented in Fig. 2. The load resistanceand the series resistance

are equal to the transmission line characteristic impedance
of 50 . Input data to the program are the geometry of the semi-
conductor and contact regions, the doping profile of the p-i-n
diode and the values of lumped-elements forming the circuit.

The waveforms of diode voltage and current are
computed with an input signal at fixed frequency and
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Fig. 1. Limiter characteristic of p-i-n diode with bistability area.

Fig. 2. Circuit used in simulations.

amplitude. The program solves the continuity equations for
electrons and holes, the Poisson equation and the total current
equation. To approximate the stationary state of the diode a
big number of the input signal cycles were used. The input and
output power calculations for the limiter curves were carried
out using an additional Fourier analysis program [6].

A novel method for the bistability area detection is based
on this program. There are two stable states in the bista-
bility area, so it is necessary to have at least two different
initial conditions for the calculation: the first condition is the
so-called “high-impedance diode” and the second one is the
“low-impedance diode.”

The first initial condition corresponds to an unbiased p-i-n
diode and which was used to compute direct motion of the lim-
iting characteristic (input RF power increases from 0 toand
from to , see Fig. 1).

The second initial condition is realized using forward-biased
rectangle pulse before starting the RF cycles. Parameters of this
pulse (amplitude and duration ) are defined once for each
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Fig. 3. Transition off time versus pulse duration and amplitude.

diode. This procedure for a 5-m p-i-n diode is shown in Fig. 3.
This figure shows the computed transition off time versus
the pulse duration with different pulse amplitudes . From
Fig. 3, starting from the point about 100 ns and amplitude 10 V
(5 V applied across the diode), further increases of pulse dura-
tion and amplitude do not cause an increase in p-i-n diode tran-
sition off time. The pulse with the above-mentioned parameters
is sufficient to transition the p-i-n diode to the low impedance
(the “low impedance diode” initial condition). The second con-
dition was used to compute the reverse motion of the limiting
characteristic (input RF power decreases from to and
from to 0, see Fig. 1). Note, that for there is no dc
pulse and the RF signal is applied to the initially low impedance
p-i-n diode. The superposition of these two computed curves for
two different initial condition gives us the total limiting curve.
If there is no bistability area, all computed points from the two
curves must coincide.

III. CALCULATION EXAMPLES

The computer simulation of bistability in p-i-n diodes was
made over a wide frequency range for silicon p-i-n diodes with
a p -n-n structure. The 150m p-i-n diode used in simulation
had a I-layer doping level of cm , a cross section of

cm , and electron and hole lifetimes of 10s. The
diode doping profile was assumed to be an error function with
acceptor p and donor n concentrations of cm and

cm , respectively. Figs. 4–6 show the computed diode
voltage for a p-i-n diode with an I-layer thickness of 150

m at the frequency 30 MHz.
Fig. 4 shows simulation with the amplitude of the input

signal corresponding to the input power between 0 and
of the limiting characteristic (see Fig. 1). Fig. 5 shows similar
simulations but with the for the input power between
and , and Fig. 6—with the amplitude of the input signal
corresponding to the input power betweenand .

Results computed for the first initial condition (high-
impedance diode) are shown in Figs. 4(a), 5(a), and 6(a).
It corresponds to a direct motion of limiting characteristic
(input RF power increases from 0 to ). There are one
thousand RF cycles in Fig. 4(a), Fig. 5(a) and 200 RF cycles
in Fig. 6(a).

(a) (b)

Fig. 4. RF voltage across 150�m silicon p-i-n diode versus time,
f = 30 MHz, V = 100 V: (a) first initial condition (“high impedance
diode”) and (b) second initial condition (“low impedance diode”).

(a) (b)

Fig. 5. RF voltage across 150�m silicon p-i-n diode ersus time,f = 30MHz,
V = 250V: (a) first initial condition (“high impedance diode”) and (b) second
initial condition (“low impedance diode”).

(a) (b)

Fig. 6. RF voltage across 150�m silicon p-i-n diode versus time,
f = 30 MHz, V = 600 V: (a) first initial condition (“high impedance
diode”) and (b) second initial condition (“low impedance diode”).

Results obtained for the second initial condition (low-
impedance diode) are shown in Figs. 4(b), 5(b), and 6(b).
It corresponds to a reverse motion of limiting characteristic
(input RF power decreases from to 0). In these cases, the
rectangle pulse with amplitude of V and duration of

s was used to realize the low-impedance state of the
diode. Three thousands of RF cycles corresponding to the RF
signal duration of s were used.

One can see that the computed ac voltage stationary values
across p-i-n diode for an input power [Fig. 4(a) and
(b)] and [Fig. 6(a) and (b)] coincided for different
initial conditions. When diode initially is in high-impedance
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Fig. 7. Comparison of computed and measured [2] results for 10-�m silicon
p-i-n diode.

state the input power over the range 0 andis insufficient
to change the PIN diode to conducting low-impedance state
[Fig. 4(a)]. On the other hand the same input power also is in-
sufficient to keep diode in conducting state under the second
(low-impedance) initial condition [Fig. 4(b)]. For
an input power is sufficient to transfer p-i-n diode from the
high-impedance state to the low-impedance state [Fig. 6(a)] and
to remain the low-impedance diode in its conducting state as
seen in Fig. 6(b).

For an input power the stationary values of ac
voltage are different [Fig. 5(a) and (b)]. An input power is still
not enough to transfer high-impedance p-i-n diode to the low-
power state [Fig. 5(a)], but it is sufficient to keep low-impedance
diode in its conducting state [Fig. 5(b)] It indicates operation in
the bistability area.

Silicon p-i-n diodes with 5- and 10–m base width were also
studied. Other parameters includes a cross section of
cm , an I-layer doping level of cm and electron and
hole lifetimes of 10 s. Simulations show a highly pronounced
bistability region for both diodes. This fact is in agreement with
the computed results obtained for thinner diodes [5] and with
experimental results obtained for a 10m silicon p-i-n diode
[2], but it is contradictory with the statement about the bistability
region absence for the 10-m p-i-n diode in studied in [6].

The computed limiting characteristic for the 10-m p-i-n
diode at a frequency of 1.5 GHz is shown in Fig. 7 with ex-
perimental data points [2] for the same frequency. The general
agreement between the computed and experimental results is
quite good. The calculated limiter curve shows a highly pro-
nounced bistability area. Some qualitative difference between
the theoretical and measured curves is observed, which may be
explained by incomplete knowledge of the p-i-n diode used [2]
and the p-i-n diode model parameters used in these simulations.

Fig. 8 summarizes the computed limiting characteristics of
p-i-n diodes with 5, 10, and 150m, showing the bistability
areas ( ) versus RF input signal frequency. Note the
bistability area is moved to lower frequencies with an increase
in I-layer thickness. This is in agreement with all previous the-

Fig. 8. The bistability area as a function of operating frequency for 5-, 10-,
and 150-�m silicon p-i-n diodes.

oretical and experimental results [1]–[5]. In addition, frequency
range of the bistability effect for the 150-m diode is very close
to the observed experimental frequency range [1], [4]. The bista-
bility effect is detected over a specific frequency range deter-
mined by diode geometry, semiconductor material properties,
and even external circuit parameters. Its appearance is the re-
sult of the field redistribution inside the I-layer between the de-
pleted and nondepleted regions [1], [5] (the same bistability ef-
fect recently was observed in two-diode chains series p-i-n and
Schottky diodes [3]) with RF input power increase and decrease.

IV. CONCLUSION

An improved method of simulating p-i-n diode limiting char-
acteristic with bistability was shown. This model provides more
accurate results and requires less computational time.
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