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A Theoretical Study of an Integrated
Quantum-Well Resonant Tunneling
Oscillator Initiated by an IMPATT Diode

Cheng Chih Yang Member, IEEE and Dee-Son Pan, Member, IEEE

Abstract— A nevel initiation scheme, utilizing the new pulsed
IMPATT to generate millimeter-wave oscillations in a series-
integrated quantum-well resonant tunneling diode (RTD), is pro-
posed and theoretically investigated for the first time. To facil-
itate transient analysis, a generalized impedance is defined and
adopted in this work. The detailed investigation of a two-RTD
oscillator is carried out at 100 GHz. The maximum oscillator
output power versus the minimum initial input power required
of initiation is about 50%. The duration of only a few RF cycles
is needed for such initiation.

I. INTRODUCTION

HE quantum-well resonant tunneling diode (RTD) has

been very attractive in the past few years for its potential
as a millimeter-wave oscillator [1], [2]. Currently, oscillations
up to 712 GHz have been achieved [3]. The power generation
capabilities can be enhanced by a series integration of RTD’s.
The RF performance of the series-integrated RTD devices
used as high-frequency oscillators through a shock-wave stabi-
lization scheme. which was demonstrated ‘in series-connected
tunnel diodes [4]. has been recently investigated by us [5].
In this scheme. a sufficiently fast switch to turn on a dc
power supply in a picosecond range is needed in order to
initiate a millimeter-wave oscillation for the series-integrated
RTD. The previously developed GaAs nonlinear transmission
line (NLTL), which can generate voltage shock waves in
about a picosecond [6], was selected as a fast switch in our
investigations in [5].

In this paper, an alternative initiation scheme, which utilizes
the recently reported new puised IMPATT diode [7] to generate
millimeter-wave oscillation in the series-integrated quantum-
well RTD device, is proposed and theoretically investigated
for the first time. It has been demonstrated that a new pulsed
operation mode of the IMPATT diode can deliver more than
50-W peak output power with 10% conversion efficiency under
low duty cycle in the 94-GHz window [7]. This new mode [7]
utilizes space-charge induced impact ionization throughout the
device active region to shape the device current for high output
power and efficiency. Therefore, it is bound to operate in a
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very short pulse due to inevitable thermal effect. It is possible
to operate this IMPATT mode at even higher frequencies such
as beyond 400 GHz. so is our initiated oscillation scheme.
Since individual quantum-well RTD, independent of space
charge effect, produces higher efficiency than IMPATT [8], it
can be operated at relatively lower current density. Therefore,
the series-integrated RTD oscillator can be operated in CW
mode without thermal problem. However, it is well known
that such series integration is dc unstable. As will be shown,
the proposed RF initiation scheme can solve the instability
problem by utilizing a pulsed source such as the new IMPATT
mode.

To be specific, a reflection-type circuitry employing a circu-
lator will be analyzed. To facilitate analysis, we have adopted
and generalized the treatments of IMPATT oscillators and
amplifiers derived by Kurokawa [9] and Kuno [10]. The
interactions between device and circuit in the case of series-
integrated RTD become more complicated. In this work, we
have defined a generalized impedance to simplify the transient
analysis. Shown in Fig. 1 is a simplified circulator-coupled
circuit schematic, consisting of a circulator, an impedance
transformer, a tuning element, and a two-terminal active
device. The RF equivalent circuit model of a two-terminal
active device is assumed to be a capacitance in shunt with
a nonlinear negative conductance. The tuning element is
basically an inductance for phase adjustment. Because a large
device area can provide more output power, a small load resis-
tance (less than 50 Q) is preferred. Therefore, a transformer,
which can be a quarter-wavelength section, is utilized for
impedance transformation. Fig. 1 will serve as our basic circuit
configuration for the formulation and analysis throughout this
paper. The circuit configuration is suitable for quasi-optical
application as well. The basic idea behind the proposed scheme
is briefly presented in the following.

For a gingle RTD, the circuit operation is very similar to
that of an IMPATT, except the dc bias is voltage-controlled.
For a series-integrated quantum-well RTD device, the total
output power will increase approximately by a factor of n?,
where n is the number of the integrated RTD’s. However,
from previous investigations, a stable negative conductance
does not exist in the series-integrated RTD device if the total
RF voltage amplitude across the device is less than a cutoff
value (V) [5]. At V, the integrated device usually exhibits
the maximum stable negative conductance [5]. Due to the dc
instability associated with the series-integrated RTD device,
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Fig. 1.

the initial dc bias voltage across each individual RTD is always
in the positive differential resistance (PDR) region of its I-V
curve [5]. There also exists a RF threshold voltage (V;), below
which the dc operating point of each individual RTD cannot
be switched from the PDR region into the NDR region [11].
Usually V; is greater than V_, and the absolute value of the
device negative conductance at V; is smaller.

Based on our theoretical analysis and simulation results, we
find that the total RF voltage amplitude from the initiation
pulse across the integrated device must be no less than V; in
order to relocate the dc bias point of each RTD into the NDR
region. After dc bias point of each RTD is changed into NDR
region by the RF pulse, the total device conductance changes
from positive to negative value. The device conductance,
whose value is determined by the load conductance, will be
stabilized as the amplitude of the RF pulse voltage diminishes.
Before the steady-state oscillator mode is reached, the circuit
is in an amplifier mode. The transition from the amplifier mode
to the oscillator mode is through an injection lock-in mode.
The maximum power generated by the series-integrated RTD
oscillator occurs when the load conductance is matched to the
maximum of the device steady-state negative conductance. As
will be shown later, the maximum output power versus the
minimum initiation input power is about 50%, and only few
RF cycles are required. That is to say, to generate a certain
CW power, only twice of the power in a very short pulse is
needed to initiate the oscillation.

A complete simulation of a two-RTD oscillator is carried
out at 100 GHz to demonstrate that the proposed initiation
approach is viable in the millimeter- and submillimeter-wave
frequencies. The analysis technique can also be applied to a
n-RTD oscillator. A GaAs/AlAs quantum-well RTD in [12]
and its relevant parameters are adopted in the simulation. The
circulator-coupled circuit model will be formulated in Section
IL. The interactions between the matching circuit and the active
device are derived in Section III, where transient analysis is
presented by utilizing the generalized impedance. Section IV
shows an analytical solution to the oscillator circuit. Section

A simplified circulator-coupled RTD circuit model used for circuit analysis.

V presents the simulation results. Finally, we conclude our
investigation in Section VI.

II. CIRCUIT MODEL FORMULATION

Kurokawa’s model in [9] analyzed a circulator-coupled two-
terminal oscillator circuit in great detail. On the other hand,
the circuit equations derived by Kuno in [10] were formulated
for circulator-coupled IMPATT amplifiers. For the series-
integrated quantum-well RTD the general relationship between
device conductance and amplitude of the RF voltage across the
device is much more complicated than the IMPATT [5]. The
equations in [10] cannot be applied directly. Therefore, in this
section we would briefly present our derivation required for
the circuit analysis. The derivation procedure is very sirnilar
to that presented in {9]. For the convenience of comparing
the amplifier analysis by Kuno in [10], we have adopted
admittance in our formulation instead of impedance as was
done by Kurokawa [9]. However, it will be shown that the
equations derived by us can be reduced to those in [10] if the
device conductance of [10] is used.

For a single value of the terminal voltage across a series-
integrated device structure, there are a number of different
ways to partition this voltage across each individual RTD.
The terminal current in the integrated device depends on the
previous history of the terminal voltage and current for more
than a period of the fundamental frequency. This complicated
situation has not been systematically solved to our knowledge.
To simplify the analysis, we have further generalized the
impedance concept from the well-defined steady-state situation
to an instantaneous quantity determined by one period of the
fundamental frequency. Then, the problem associated with the
interaction between the device and the circuit has to be treated
in an interactive fashion.

We assume that the RF voltage across a two-terminal
diode is a quasi-periodic function of time with a fundamental
carrier frequency f (= w/2x), and that the higher harmonic
components of the RF voltage are small enough to be ignored.

V(1) = Re [V, A(t)e? “tH1()] "
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where V, is an arbitrary nonzero constant. A(¢) and (t) are
amplitude- and phase-modulation functions, respectively [10].
A(t) and @(t) are assumed to be relatively slow functions
of time in comparison with the carrier frequency, therefore,
dip/dt and (1/A)(dA/dt) are small compared to w.

The generalized admittance of the diode (—Y,) can be
expressed as

Yo (A,w) = —Gn(A,w) + §Ba(4, w) @

Notice that V,,(A,w), G,(A,w), and B,(A,w) are functions
of amplitude A(¢) and fundamental carrier frequency. They
are defined as the instantaneous parameters at the instant ¢ by
calculating the Fourier components of the voltage and current
waveforms determined by only one RF period, ending at ¢,
of the fundamental frequency. The ¢ dependence of Y,,, Gp,
and B, are through the function A(¢), which is a functional
relationship. To a good approximation, the net current flowing
through the diode is

ig(t) = Re [~Y, (A, w)V,A(t)e? @tHe®)]
+ (harmonic components) 3)

The harmonic components in current are not ignored, as done
in [9]. The load circuit admittance (Y7) seen by the diode is
given as

Yi(w) = Gr(w) + jBr(w) )

The corresponding current flowing through the load circuit is
ir(t) =Re [V (w)V,A(t)e? @He®)]

+ (harmonic components) 3

To facilitate the derivation, a current source (¢5) is assumed
and expressed as

is(t) = ia(t) +ir(t) (6)

To obtain equations for A and ¢, we follow a well-known
procedure for nonlinear analysis [9]. We get

Re{[-Vo(A,w + do/dt — §(1/A)(dA/dt))
+ Y (w + di/dt — j(1/A)(dAJdE)]A} = iee(t)

(N
—Im{[-Y,(A,w+dp/dt — j(1/A)(dA/dt))
+ Yo (w+dp/dt — j(1/A)(dA/dE)) A} = is(8)
(8)
where
ise(t) = % / . is(t) cos (wy + @) dit 9)
ias(t) = % /t_T ts(t) sin (wy + ) dt, 10)

and Re and Im stand for real and imaginary parts, respectively.
T is one RF period.

s in (9) and (10) is undetermined, but can be realized by
employing the traveling wave concept as was done in [10]. As
shown in Fig. 1, the voltage and the current components of the

incident and the reflected waves are represented by Vi, i,, V..,
and i,., where the subscripts stand for incident and reflected,
respectively. The net current flowing into the diode (¢4) and
voltage across the diode ( V) are given as

an
12)

ig =i — i
Va=Vi+V;

All the voltage components have the same form as (1). After
a simple manipulation, i has a following form

is = Re [ZYL(W)‘/‘OA’L(t)e](“’t"“Pz(t))] (13)

where A; and ; are amplitude and phase of the input voltage
wave, respectively.

To compare Kuno’s equations, we adopt the equivalent
circuit model of the IMPATT as described in [10]. Equation
(2) and (4) become

_Yn = ('—gn + ’YVdZ) —|—j[UJCJ' - 1/w(1/Lext + ]-/la + /\‘/;12)]
(14)

Y =Gy (15)

where —g,, and [, are small-signal parameters, and +y, A, and
C; are constants. Substituting (13)—(15) into (7) and (8), and
keeping only terms involving the fundamental frequency, e.g.,
cos® ¢ ~ 3/4 cos ¢, we can obtain a set of nonlinear coupled
differential equations which are the same as (17) and (18) in
[10].

For simplicity the RF circuit model of the active series-
integrated quantum-well RTD device shown in Fig. 1 is
assumed to be composed of a depletion capacitance (C;) in
shunt with a negative conductance (—G,). C; is approximately
a constant, and its value depends upon the number of the
integrated RTD’s and the total device area. The small non-
linearity in C, will generate harmonics, which are expected
to be insignificant. 7, is afunction of V; and w, and yet to
be determined. The parasitic series resistance is not explicitly
shown in the RF circuit model, because it is already lumped
into G,,. (14) is then simplified to

Y, = _Gn(Vd7 w) + ][(UCJ - 1/w(1/Lext)] (16)
Using (15) and (16), we obtain
(2/(4)0) dAd/dt + [GL - Gn(Ad, Pd, w)]/(woC’])Ad
= nA; cos(p; — jd) an
(2/wo)Agdipg/dt + 6Aq = nA; sin(p; — pq) (18)
where
6~ (2/we)(w — w,)
N =2G1r/(weCy)
w2 =1/(LextC,) (19)

Notice that G/, (A4, w) = 0is assumed in the derivation, where
prime represents the derivative with respect to w. This means
that device conductance has a certain frequency bandwidth
at RF voltage amplitude of A,. The operating frequency (w)



YANG AND PAN- QUANTUM-WELL RESONANT TUNNELING OSCILLATOR INITIATED BY AN IMPATT DIODE 115

has also been assumed to be close to the resonance frequency
(wo). The voltage wave across the device generally includes
both amplitude and phase, ¢, in (17) is thus added a phase
dependence term. The transit time effects are not implicitly
included in G,, of (17) because of the complexities. Indeed,
the RF performance degradation due to transit time effects can
be estimated to be unimportant at this frequency [5], [13].

III. CIRCUIT AND DEVICE INTERACTIONS

The circulator-coupled series-integrated RTD circuit is gov-
erned by (17) and (18), which have two unknowns, ie., Ag
and ¢4, to be solved. Unfortunately, G, in (17) is a nonlinear
function of A4 and ¢4, and impossible to be expressed
explicitly in terms of Ay and 4. This really complicates
the numerical solution process. Therefore, we would briefly
describe the numerical simulation mechanism involving circuit
and device interactions.

When a RF power is injected at input port of the circulator,
it can be treated as an incident traveling wave. As mentioned
earlier, the incident wave instantaneously sees different device
impedance due to the history of the RF voltage amplitude
variation across the device. The total dc voltage across the
device is intended to bias every individual RTD near the center
voltage point of the NDR region. The net device conductance
starts with a positive value, because dc bias of each individual
RTD is located in the PDR regions when power supply is
slowly turned on. As the amplitude of the total RF voltage
across the device, which is the sum of the incident and the
reflected waves, is increased, dc bias point of each RTD will
gradually move towards NDR region. Eventually, all the dc
bias points will be pulled into NDR region as long as the
total RF voltage amplitude across the device is greater than
V2 [11]. Two sets of nonlinear coupled differential equations
are involved in the transient solution process. The first set
determines the transient conductance of the series-integrated
quantum-well RTD device. The resulting instantaneous con-
ductance (G,,(¢)) will plug into the second set of nonlinear
coupled differential equations to solve transient amplitude
(Aq(t)) and phase (pq(t)) of the total RF voltage across the
device. These instantaneous transient parameters will continue
varying with time until a stabilized steady state is reached.

The numerical simulation algorithm is explained in detail
by a flow chart illustrated in Fig. 2. The amplitude (A,) and
phase (¢,) of the incident sinusoidal voltage are assumed to be
given along with the operating frequency as well as the passive
component parameters such as load impedance and tuning
inductance. The unknowns, Ay and ¢4, cannot be solved
without knowing (.. Thus, 4,;(0) and ¢4(0) as well as G,,(0)
are initialized before the transient analysis starts. Strictly
speaking, within one RF period A; and ¢4 have numerous
instantaneous values, which lead to numerous corresponding
instantaneous G, values. The computer simulations could be
very tedious if the detailed instantaneous solutions were tried.
In this work, we adopt a new approach, which employs a
generalized admittance (or impedance) to simplify simulations.
The generalized admittance is defined in such a way that the
device admittance remains the same within one RF period,
and evaluated only at the end of one RF period. In fact, this

Input: 1. Signal frequency (f)
2. Passive components values
3. Input signal amplitude (A, ) and phase (¢;)

Y

1. Set dc bias point of each RTD in the PDR regions

2. Initialize a conductance (Gn < 0) for the series-integrated
RTD device

3. Inidalize A 4 (0) and @ d(O) from traveling wave concept

orsetAy (t'<t) and @ a (t'<t) from previous solutions

[
Simulate circulator-coupled circuit i<

Y
Obtain a new set of A4 (t) and <pd(t)

Y

Evaluate a new G (D)

AAd#O
A(pd;ﬁo

Compare Ay and @ 4
A Ad = Ad(t) - Ad )
A(pd = (Pd(l) - (Pd(")

Gn<0

Steady state solutions

Fig. 2. A flow chart of simulation algorithm for nonlinear interaction
between device and circuit.

is a good approximation, because it is the average device
admittance seen by the incident wave.

During simulation process, an instantaneous new set of Ay
and g4 is obtained at the end of every RF period, and used
to evaluate a new device admittance at this instant. This new
instantaneous device admittance will then be used to determine
Ay and @4 of the next RF period. The subsequent circuit
and device behaviors can thus be determined. The simulation
process will repeat one after the other RF period until the
stabilized steady state is reached. When this happens, the dc
bias point of every RTD should have been pulled into the
NDR region. If the amplitude of the input sinusoidal voltage
is not adequate, a stable operation mode will not occur. Then,
a new input power level, which is related to load conductance
and initial device conductance, should be estimated and tried
for the whole simulation process again. The simulation resuits
under various conditions can guide us to an optimum design
of the circulator-coupled series-integrated quantum-well RTD
oscillator.

IV. ANALYTICAL SOLUTION

The numerical simulation process seems very complicated.
Nevertheless, it is possible to get an analytical solution un-
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Fig. 3. Minimum input voltage amplitude (Ai) versus load conductance (GL)
for a two-RTD device in the circulator-coupled circuit.

der certain circumstances. Assume that the phase difference
between ; and g4 is very small, so (18) becomes

wg = (w— wo)t + 9q(0)

where ¢4(0) is the initial yq4. If w is very close to w,, the
phase variation of g with time is negligible. Let us assume
that G,, is a constant. Then (17) simplifies to

dAq/dt+ Ag)T = K

where T' = 2C, /(G —G,,), and K = G A;/C,. The solution
to (21) can be realized as

Ag(t) = KT — (KT — Ag(0))e™ /7

(20)

@1

(22)
where A,4(0) is the initial A4. A4 at final steady state should be
Ad(Tf) = ZGLAz/(GL — Gn(Tf)) 23)

where G, (T}) is the device conductance at final steady state.
The initial A4(0) in the simulations can be estimated using
(23) by simply replacing G, (1) with its initial value G, (0).

In order to effectively relocate dc bias point of each indi-
vidual RTD in the series-integrated device from PDR regions
to NDR region, A, must be greater than Vj all the time [11].
Therefore, from (23) the minimum input voltage amplitude
should be

Az,mm 2 ‘/t(GL - Gn(o))/(2GL)

(24)

Apparently, A; strongly depends on the initial device conduc-
tance and load conductance.

V. SIMULATION RESULTS

We chose a GaAs/AlAs quantum-well RTD from wafer 3 in
[12] in our simulations. (G,,(0) is estimated to be equal to —2
mS for a two-RTD device. The minimum A, versus 71, for a
two-RTD device is plotted in Fig. 3. A smaller G, requires a
larger A; to begin with in order to get into a stable operation
mode. However, the resulting larger A4 may produce a positive
stable device conductance generating no oscillations when the
steady state is reached.

GL=10 mS

Negative Conductance (mS)

Period

Fig. 4. Conductance transient response of a two-RTD device in the circula-
tor-coupled circuit of 100 GHz with two different initial device conductance
(Gr(0)). One period is 10 ps.

The conductance transient response of a two-RTD device
in the circulator-coupled circuit at 100 GHz is shown in Fig.
4, where one period is 10 ps. Two cases with different initial
positive device conductance are simulated. One starts G, (0)
with —2 mS, while the other with —0.5 mS. All the initial
simulation conditions remain the same for these two cases.
(e, A, =06V, ¢, = 0,A44(0) = 1.0 V. 4(0) = 0,G =
10mS, Vg =1.95V, Vi = 1.6 V, and Vge2 = 0.35 V.) The
curve starting with G,,(0) of —2 mS has a smooth transition
to reach steady state. Although initial G, of —0.5 mS seems
off, the corresponding response curve will quickly adjust itself
to follow the right track to reach steady state. This indicates
that the initial G,, value used in the simulation is not critical
to the final solution as long as A, is appropriate. Indeed, A;
is found to be the most critical parameter. If A; is less than
the minimum value of (24), the simulations show no stable
solution. In this work, the operating frequency is chosen so
close to the resonance frequency that the phase change of the
total RF voltage across the device is less than 0.1 degree,
which is not significant at all. It is also noticed that a smaller
initial value of |G,] can lead to a faster convergence rate
due to a corresponding larger A, obtained in the simulation
process. When dc bias point of each individual RTD is moved
closer to NDR region during simulation, the convergence rate
becomes even faster.

The role of the load conductance in the two-RTD circuit is
also investigated. The results are presented in Fig. 5, where two
different load conductances (20 mS and 10 mS) are simulated.
The initial conditions are identical for both cases. As shown
in Fig. 5, a larger Gz, value results in a higher negative device
conductance due to a smaller A; at the final steady state.
Notice that the convergence rate in Fig. 5 is faster than that in
Fig. 4. This is because dc bias points in Fig. 5 are intentionally
moved closer to the NDR region of the I-V characteristics
(Vier = 1.5V, and Vyeo = 0.45 V).

The conductance of the two-RTD device in the circulator-
coupled circuit versus the amplitude of the RF voltage across
the device is plotted in Fig. 6, where steady-state and transient
curves are shown. The solid curves resulting from the stable
steady-state solutions have been analyzed in [5]. The dotted
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Fig. 5. Conductance transient response of a two-RTD device in the circu-
lator-coupled circuit of 100 GHz with two different load conductance (G7, ).
One period is 10 ps.
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Fig. 6. Conductance of a two-RTD device in the circulator-coupled circuit
versus the amplitude of the RF voltage across the device. Solid curve is
for steady state, while dotted one is for transient. V. and V; are cutoff and
threshold voltages, respectively. (a) G, is 10 mS, and A4, is 0.6 V.

curves display the simulated transient behavior under various
conditions. V. and V, are also marked in Fig. 6.

The dotted curve in Fig. 6(a) starts with G,(0) of -2
mS at Az(0) = 1 V under the condition of Gy = 10 mS
and A; = 0.6 V. The transient interaction between device
and circuit prompts A4 to increase so that dc bias point on
each RTD will be pulled towards the NDR region of the I-V
characteristics, leading to a less positive device conductance.
The small positive conductance will in turn further increase
Ay, which pulls dc bias point further close to NDR region.
The conductance transient process is clearly displayed by
the dark spots on the transient curve, where each dark spot
represents the simulation result at the end of one RF period.
At the very beginning, the movement of Ay and G, is very
slow due to a small differential between V; and Vi. As time
goes on, the difference between V; and V; increases so that
G, becomes closer to its steady-state curve. This iterative
interaction process will continue and eventually put the dc bias
point of each RTD inside the NDR region. It takes about 13
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Fig. 6. (continued) (b) Gz is S mS, and 4, is 1.2V, (¢) G is 1.5 mS,
and 4, is 1.6 V.

RF periods to reach the steady-state solution. When the final
steady state is achieved, as shown in Fig. 6(a) the transient
cutve terminates on the steady-state curve, where G, has a
value of 0.04 mS at A; = 1.25 V. At this moment G,, is
far away from its maximum available value, and the circuit is
in an amplifier mode. A, can be reduced in order to optimize
G,.. During the process of decreasing A;, dc bias point of each
RTD remains inside the NDR region of its I-V characteristics
as long as A4(t) is greater than V. It is found that the device
conductance closely follows the steady-state curve to reach its
optimum value after A; is reduced.

If load conductance is chosen to be closer to or smaller
than the absolute value of the maximum stable negative
conductance (|G, max|), @ higher A, is required to initiate the
circuit. This results in a quite different conductance transient
curve. For example, Gy, is changed from 10 mS to 5 mS,
the simulation result is shown in Fig. 6(b), where A, is set
at 1.2 V. The transient curve starts at G,(0) = —2 mS and
Aq(0) = 1.3 V. The numbers next to dark spots of the transient
curve represent RF periods. Because A; is large, A4 is quickly
adjusted to a large magnitude to pull bias point of each RTD
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into the NDR region. (G, increases with time until the second
period. At the end of second period, the dc bias points are just
moved into NDR region and G,, overshoots the steady-state
curve. GG, is then pulled down during the third period, and
reaches the steady-state point at the end of fourth period. It is
worthwhile to point out that a large A; or a high input power
assures a fast convergence.

If G is further reduced to ‘1.5 mS, which is less than
|Gy, max|» the simulation result is shown in Fig. 6(c). The
steady-state point is reached at the end of third period. If input
power is suddenly shut off at this moment, an oscillator mode
occurs at G = |G,| = 1.5 mS with output power of 0.5
mW. The pulse width of the input pulsed power required to
initiate the oscillations depends on the load conductance. As
indicated in Figs. 6(b) and 6(c), the pulse width is no longer
than 5 periods (e.g., equivalent to 50 ps at oscillation frequency
of 100 GHz), if load conductance is set very close to |G, max|-

In fact, the maximum oscillation output power occurs at
@1 = |Gy max|. Therefore, the maximum output power versus
the minimum input power ratio (p) can be expressed as

b= Pout,max/Pin,min
= {(Ve/Va)[2G n,max/(1Gn(0)] + G ma)l}*  (25)
Based on the experimental quantum-well RTD I-V curve in
[12], |G, (0)| is approximately equal to G\, max. Equation (25)
thus becomes a simpler form as

p = (Vo /Vy)? (26)

The ratio is estimated to be better than 50% in this work.
This result is very encouraging, because half of the high
pulsed power from IMPATT can be converted to CW power
at millimeter-wave frequencies.

VI. CONCLUSION

In light of the newly developed pulsed IMPATT, a novel
RF initiation scheme to generate millimeter-wave oscillations
in the series-integrated quantum-well RTD’s is proposed and
analyzed for the first time. A reflection-type circuitry employ-
ing a circulator is investigated. The simulations of a two-RTD
circuit at 100 GHz indicate that it is possible to convert a
pulsed power into a CW power through the circuit oscillation
mode. The input pulsed power, for example, can be provided
by the pulsed IMPATT operated in a very short pulse width
of 50 ns or less. The power conversion rate of maximum
output power versus minimum input power is estimated as
high as 50%. These interesting results will provide a practical
application for the series-integrated quantum-well RTD and
the new pulsed IMPATT.
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