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A Monolithic Diode Array Millimeter-Wave Beam
Transmittance Controller

Lance B. Sjogren, Hong-Xia L. Liu, Feng Wang, Tina Liu, Xiao-Hui Qin, Wenhsing Wu,
Esther Chung, Calvin W. Domier, N. C. Luhmann, Jr.

Abstract— Amplitade control of transmitted millimeter-wave
beams by monolithic Schottky diode arrays is demonstrated.
An array containing 4800 diodes has demonstrated control over
the range 20-50% beam transmittance at 99 GHz and 20-70%
beam transmittance at 165 GHz. Modulation testing on a second
array (8640 diodes) with similar transmission characteristics has
shown array control to 50 MHz with negligible loss of output
response. An extensive evaluation performed for the 8640 diode
array shows good agreement between array impedance parame-
ters determined from quasi-optical measurements, theoretical cal-
culations, and low frequency C-V measurements. The results have
extended the range of quasi-optical functions demonstrated by
solid-state power-combining arrays for application to millimeter-
wave systems.

1. INTRODUCTION

UASI-OPTICAL PROPAGATION is gaining increasing
Qfavor as a waveguiding mechanism for millimeter-wave

electronic systems. By the spatial combining of the
output from large arrays of low-power semiconductor de-
vices, originally proposed in [1], quasi-optical arrays are
capable of operating at substantial power levels. Quasi-optical
“waveguiding” exhibits significantly lower Ohmic losses than
metallic waveguide or microstrip, with concomitant gains
in efficiency. In addition, while microstrip circuits suffer
large increases in radiative losses with increasing frequency,
radiative (spillover) losses of quasi-optical circuits decrease
with increasing frequency for a given beam size.

To create quasi-optical counterpart systems to those previ-
ously developed in waveguide or microstrip, the family of re-
quired components must be implemented in quasi-optical form.
Substantial progress has recently been reported toward that
end. Monolithic diode grids have demonstrated phase shifting
at 93 GHz [2], frequency doubling from 33 to 66 GHz [3], and
frequency tripling from 33 to 99 GHz [4]. One-dimensional
monolithic imaging arrays have been demonstrated at 94 GHz
[5]. Additional quasi-optical functions have been demonstrated
at microwave frequencies by arrays employing hybrid tech-
nology. These include the oscillator grid [6]—[8], amplifier
grid [9], and mixer grid [10]. In addition, small arrays of
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more complex quasi-optical elements (e.g. injection-locked
FET oscillators [11]) have been demonstrated.

Diode arrays for microwave power switching in rectangular
waveguide have existed for over two decades [12]. Very
recently, quasi-optical counterparts have been developed. The
concept of employing a Schottky varactor diode array as a
beam transmittance controller was originally proposed in [13],
and subsequently experimentally demonstrated by a monolithic
array [14]. Reflected/transmitted beam switching by a hybrid
p-i-n diode array has been recently demonstrated, as well [15].

In the current work, a detailed examination is made of the
performance of the monolithic Schottky diode beam transmis-
sion controller. Power transmittance as a function of array bias
is presented for arrays of 4800 and 8640 diodes. An extensive
characterization is performed for the 8640 diode array. Based
on experimental results, low frequency device parameters,
and circuit simulations, two models have been developed
which characterize the array behavior. First, a model for the
impedance of the array with respect to the millimeter-wave
beam has been devised. This impedance determines the extent
of the array’s beam transmission control behavior. Second,
a model for the impedance of the array with respect to the
control (bias) input signal has been devised. This impedance
determines the array’s ability to be operated at high control
speed. The models should assist in the systematic design of
new, higher performance, arrays.

II. BEAM TRANSMISSION CONTROL

A. Transmission Results

The basic operation of the array can be explained by
the quasi-optical plane wave approximation. A millimeter-
wave beam incident upon the array is represented as a TEM
wave propagating on a transmission line whose propagation
constant is k = w,/ue and whose characteristic impedance is
n = +/p/ €. A periodic (in the transverse plane) array placed
in the path of the beam can be treated as a shunt impedance
across the quasi-optical transmission line. For the Schottky
varactor diode array, this impedance can be tuned by diode
bias voltage.

The array utilized in the current work consists of a periodic
grid containing thousands of monolithically integrated diodes.
It is fabricated by a self-aligned Aluminum Schottky diode
process [5]. The starting material consists of a semi-insulating
Gallium Arsenide wafer with a Molecular Beam Epitaxially
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Fig. 1. Epitaxial profile for the beam control arrays. The profile is shown as
a function of depth (angstroms) into the semiconductor. Thie A1 “cap” layer
is 2000 A. The values of the indicated parameters are = = 0.5, A =200 A,
B = 4000 A, C = 14,000 A, n* doping—3 x 10!% cm—3, n GaAs
doping—150 A at 5 x. 1017 cm~3, 100 A at 4 x 1017 cm=3, 150 A at
3 x 10" cm™3, 250 A at 2 x 1017 cm~3, 350 A at 1.5 x 1017 cm ™3,
500 A at 1.0 x 1017 con™3, 700 A at 7.5 x 106 cm=3, and 1600 A at
5.0 x 10% cm™3.

Fig. 2. Photograph of a local array region. Unit cell dimensions are width
(a) = 300 ym and height (b) = 120 pm. The marks on the large pads are
from automated testing of the individual diodes. The array operates on a beam
whose electric field is oriented in the vertical (y) direction.

(MBE) grown layer as shown in Fig. 1. A widegap “blocking
barrier” [16] is employed to suppress thermionic current in
forward bias and tunneling current in reverse bias. Device
isolation is performed by a two-step proton implantation (4 x
10" ¢m~? at 200 keV and 4 x 10** cm~? at 100 keV), with
an implantation mask of thick photoresist (Hoechst AZP4620).
The physical structure of the array is illustrated by the micro-
scope photograph of Fig. 2. The array unit cell diinensions
are 300 pm by 120 pm. As defined by the photomasks, the
diode embedding strip is 7 ym wide, and the diode is 3 um
by 13 pm. (Simulations indicated this set of dimensions should
provide a large array impedance range.) Diode orientation is
alternated along the vertical axis to allow use of a common
ground connection. Perpendicular (horizontal) strips provide
bias voltage to the diodes. The large pads on the bias strip
allow automated probing/I-V testing of the individual array
diodes prior to application of the final bias metallization.
The two arrays examined in this work -possessed usable
areas containing 4800 and 8640 diodes, respectively. For both
arrays, approximately 2% of the diodes were short-circuited.
The short circuits were eliminated by microprobe cutting. In
addition, some diodes (2% at most) possessed open circuits.
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Fig. 3. Stacking configuration for fransmission testing of the array. Array
thickness is 0.635 mm. Fused silica’ plate thickress is 1.16 mm. These
thicknesses both correspond to 3\/4 at 99 GHz.
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Fig. 4. Quasi-optical system for measurement of transmitted beam ampli-
tude. With the array stack removed, a reference beam of unity transmittance
is measured.

Thus, over 96% of the diodes in the usable areas were
functional. Most of the short-circuited diodes appear to have
been faulty due to electrical overstress during testing. This
problem appears to have been subséquently eliminated by the
addition of a 100 kQ resistor in series with the diode in the
test system :

Although the beam control array alone can be employed
to perform transmittance control, the performance can be
improved by including additional dielectric layers. In the
current work, fused silica plates were placed above and
below the array to serve: as reﬂectlon-reducmg 1mpedance
transformers. (see Fig. 3). -

The configuration for transmitted beam testing is shown in
Fig. 4. The 4800 diode array was tested for béam transmit-
tance in the W (75 GHz-110 GHz) and D (110-170 GHz)
frequency bands. Fig. 5 shows the measured power transmit-
tarice at three frequencies. The form of these curves can be
explained by the fact that the array behaves as a series RLC
circuit. The resistance and capacitance are due to the diode
and the inductance is due to the diode embedding strip. The
transmittance behavior at 99 GHz, 132 GHz, and 165 GHz
illustrate the capacitive, resonant, and inductive conditions,
respectively, of the RLC circuit. The results show that the array
has two useful frequency “bands” for transmittance control,
a lower frequency (capacitive) band and a higher frequency
(inductive) band. :
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Fig. 5. Transmission test results for the 4800 diode array.

The 8640 diode array, fabricated concurrently with the
4800 diode array, showed similar results for transmittance
versus bias and frequency. Additional tests were performed
on the 8640 device array to measure the quasi-optical trans-
mitted phase and input (bias) control speed. The results of
these measurements have been compared to theoretical and
low-frequency measurement results to provide an extensive
characterization of both the quasi-optical and control behavior
of the array. The details of this characterization are given in
the remainder of this paper.

III. ARRAY CHARACTERIZATION

A. Theoretical/lLow Frequency Parameters

In order to more fully characterize the behavior of the
diode array, simulations have been performed to predict the ar-
ray’s impedance parameters. Additional simulations have been
performed to predict the diode characteristics. Furthermore,
low frequency diode C-V test have been made as a “bridge”
between the originally simulated results and the millimeter-
wave experimental results. In this section, the details of the
simulations and low frequency tests are discussed.

The quasi-optical impedance of the array can be represented
by the small-signal circuit shown schematically in Fig. 6. This
is based, with some extensions, on that of [17]. Note that
the diode impedance elements scale according to the unit
cell shape, since there are a/b diodes “in-series” in a square
Zy = n(n =/u/ 5) equivalent TEM waveguide.

Due to the symmetry of the array structure, the horizon-
tal (bias) strip and the vertical diode-embedded strip are
quasi-optically independent. The horizontal strip behaves as
a capacitive grid; it is represented by the element Cl;, . Finite
element analysis performed with a commercial electromag-
netic simulation program (Hewlett Packard High Frequency
Structure Simulator-HFSS) [18] gives a capacitance of 2.3 fF.
(This capacitance will change if a superstrate is present on the
array, however.) Since this capacitance is not part of the series
RLC structure formed by the diode and its embedding strip,
it is not a primary factor in determining the millimeter-wave
behavior of the array.
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bias

Equivalent circuit for the diode array.

The vertical embedding strip constitutes an inductive grid,
with inductance and resistance denoted by Lgpip and Rgepip,
respectively. A narrow (7 pm drawn, 8 pm actual) strip has
been employed to provide a large maximum inductive reac-
tance. Predicted values of array inductance were obtained by
use of the diode array impedance model [17], a quasistatic
formula [19], and HFSS. The values from the HFSS were
about 10% lower than those from the other methods, but
are probably more accurate due to less assumptions regarding
the field distribution. This simulation gives a predicted value
of 177 pH for the uniform strip. The strip resistance can
be estimated from published curves [20] which account for
the skin effect. For the 300 x 8 x 0.8 pum strip comprised
primarily of gold, this yields Ry, = 2.8 £2. This resistance
constitutes less than 10% of that for the current arrays.
However, it will become a more significant factor as diodes
with lower resistance are achieved. Furthermore, the value
of strip resistance will increase for array designs scaled to
higher frequency. Geometric scaling should give the same
DC resistance, but the skin depth will decrease for higher
frequency. One approach to achieve very high efficiency in
future designs is to employ high T. superconducting material
[21] for the embedding strip.

The element Cparasitsc can be considered the sum of a
diode parasitic capacitance between anode and cathode, and
an additional capacitance associated with the periodic grid
structure [17]. The value of the latter (denoted Cly;q) Was
calculated in [17], with comparable values obtained with the
HFSS program. Simulations which do not include the effect of
Chparasitic indicates that a square array cell of 300 ym in size
should provide a good array impedance range. However, the
grid capacitance for such an array is calculated to be 4.5 fF.
This is sufficiently large to substantially reduce the predicted
impedance range of the array. Consequently, the effect has
been suppressed by use of a “rectangular unit cell” [17]. With
a unit cell of ¢ = 300 pm by b = 120 um, the estimated
value of Cy,,q is approximately 1.0 fF. However, this value
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is likely an underestimate of the parasitic capacitance, since it
assumes an idealized shape for the metallization grid. A more
rigorous simulation can be performed by including the actual
two dimensional metallization pattern in an HFSS simulation.
However, even this is not a rigorous approach, since the
“screening” effect of the diode is not included. A rough esti-
mate of the worst case parasitic capacitance was obtained by
the following rationale: In some situations (e.g. phase shifting
with large phase range), two arrays will be stacked together. In
this case, the bottom array sees a Gallium Arsenide superstrate
layer as well as substrate. The “screening” effect of the diode
will reduce the parasitic capacitance on the substrate side,
however. Thus, most of the capacitance will be associated with
the fields in the superstrate layer. Consequently, simulation
with a GaAs superstrate and air substrate should provide a
rough estimate of the parasitic capacitance in this worst-case
configuration. Such a simulation was performed with HFSS
at two frequencies in order to extract both the capacitance
and inductance. The result obtained was an inductance of
180 pH (in agreement with the result for the plain strip),
and a capacitance of 3.8 fF. An additional simulation was
performed with this metallization with a 300 pm by 300 pm
unit cell. The diode size was scaled by a factor of 1/2.5 to
account for the shape factor of the impedance. The capacitance
value obtained was 7.4 fF. These results suggest, once again,
that the rectangular unit cell is effective in reducing parasitic
capacitance.

The diode C-V characteristics were first evaluated by low
frequency tests. This was done by cutting individual diodes
from the array with a microprobe, and comparing the C-V
characteristics before and after cutting. (Direct measurement
of the diode capacitance gave erronecous values due to the
large low frequency capacitance of the coplanar test pad/bias
strips.) The C-V characteristics of an average sized diode are
compared to those from the results of the initially-performed
one-dimensional device simulation in Fig. 7. The values are
scaled by b/a so that they represent the quasi-optical diode ca-
pacitance. The curves show that the effective size of the diode
is less than predicted. (An “exact” value for the fractional
shrinkage of the diode does not exist, however, because the
theoretical and measured capacitance curves are not identical
in shape.) The diode is designed for a width of 2 um, based on
a 3 pum Schottky contact and an expected undercut of 0.5 pm
on each side. The results suggest that a much larger undercut
occurred. This is plausible considering that in a previous
design [5] such a diode with a drawn width of 3 ym was
reduced to an effective size of 0.8 um. The effective diode
size may also be slightly reduced by the edge taper of the
thick photoresist used as the isolation implant mask.

Even considering the reduced effective diode size, the
maximum capacitance appears lower than expected. This may
be largely due to a reduction in effective doping due to
some penetration of isolation implant into the active device.
A group of arrays whose edge was not completely isolated
due to “edge bead” of the implant masking photoresist was
implanted a second time, with a cumulative implant dose three
times as high as that of the successful arrays. These arrays
showed virtually no capacitance variation with bias after the
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Fig. 7. C-V characteristics for the PS1 array. Dashed line- Original
one-dimensional simulation. Solid line- measured 1 MHz C-V curve for
typical array diode. Both curves are divided by the aspect ratio a /b for direct
comparison with the quasi-optical C-V results, which are shown by solid
markers.

second implant. This suggests that some of the implant is
penetrating into the active diode area; hence, the effective
doping concentration may be lower than that of the original
epitaxial material. To compensate for this effect, a higher
doping can be used in the doped region nearest the Schottky
contact. If this change is made, however, the doping of the
remainder of the n layer should be decreased. Increased doping
will reduce the breakdown voltage, and the value achieved here
for breakdown voltage of —4 to —5 V, was just sufficient to
fully deplete the n region.

The diode resistance consists of contributions due to the
anode finger, undepleted region, n™ region path from diode
to Ohmic contact, and the Ohmic contact. The first three
of these, based on simple uniform cross-section resistance
formula calculations, are estimated to be 0.6 , 1.75 Q, and
1.5 2, respectively. A conservative (no fringing) prediction
based on the transmission line model [22] gives 6.1 Q per
diode for the Ohmic contact resistance. Thus, the estimated
diode resistance is approximately 10 2. Due to the wide-gap
barrier layer, the diodes, unlike standard Schottky diodes, do
not exhibit a sharp “turn-on” at a small forward bias. (These
diodes have been biased to as high as +3.0V.) Consequently,
measurements of diode resistance by the standard forward bias
I-V test give erroneous results.

B. Experimentally-Determined Quasi-Optical Model

Based on the preceding calculations, the dominant elements
of the circuit of Fig. 6 are the strip inductance, diode capaci-
tance, and diode resistance. Thus, the array can approximately
be represented as a series RLC circuit. To provide a compari-
son between the predicted and actual behavior of the array,
experimental values of R, L, and C for this three-element
model were extracted from the measured beam transmis-
sion results. The procedure employed was to determine the
component values, which, when inserted into a transmission-
line simulation of the quasi-optical circuit, provided the best
agreement (least-squares fit) with the measured transmission
curves. This was performed for the transmitted beam phase,
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Fig. 9. Least-squares model fit versus inductance for the array.

which was measured by the method of [23]. The curve-fitting
was performed with 90 data points (nine bias voltages over
ten frequencies spanning D band).

For a wide range of simulated values for L and C, a
best fit was obtained with R = 40 . Bias-dependence
of the resistance (due to the undepleted region resistance)
was too small to be observed. The predicted value for the
resistance is 28 €, based on a/b times the estimated diode
resistance of 10 €1, plus the estimated strip resistance of
3 €. Results from subsequent experiments indicate that the
additional resistance is probably due to a greater than predicted
anode finger resistance due to thinning of the Schottky contact
metallization.

The resonant frequency fr.s = [27r\/m ]_1 versus bias
was not a strong function of the individual values of L and
C. Consequently, fres was easily determined by inspection
of tables of simulated results. The result is shown in Fig. 8.

Quasi-optical inductance can be treated as a known quantity
for a uniform embedding strip, but was treated here as an
unknown because of the variation due to the wider metal at
the Ohmic contact and bias strip. Fig. 9 shows the least squares
error of the curves as a function of simulated inductance. This
indicates that a best estimate for inductance is approximately
170 pH. This is in essential agreement with the value from
HFSS simulation of 177 pH.

With the inductance and resonant frequency versus bias
determined, the capacitance, C, of the series RLC array model
is known. The quasi-optical C-V characteristics determined
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Fig. 10. Transmitted beam phase curves for the PS1 diode array. Mark-
ers indicate experimental results. Solid lines represent curves based on a
quasi-optical circuit model which provide a “best-fit” with the measured
curves.

from the transmission measurements are shown in Fig. 7.
The curve differs primarily from the low-frequency C-V
curve in that the quasi-optical capacitance shows less bias-
dependence. Several factors may contribute to this effect. First,
the array possesses one bias unit (group of contiguous diode
rows connected to a single bias line) at the center of the
useable array area which cannot be biased, due to a short
circuit. Although the array contained 18 useable bias units,
the transmission tests were performed with an aperture sized
for 10 bias units. Hence, the faulty unit comprises 10% of
the active area. As mentioned previously, a few percent of
the individual diodes were also inoperable. Furthermore, some
of the bias units possess leakage currents at large forward or
reverse bias. Under such conditions, not all of the bias appears
at the diodes. (The rest appears across 220 2 resistors placed
in series with the diodes for overcurrent protection, and along
the array bias strips.)

With the best fit values of R, L, and C (V) chosen, the
modeled curves can be plotted against the experimental curves.
Three transmitted beam phase curves are shown in Fig. 10. As
can be seen, a good fit is obtained fgr the series RLC model.
Note that the method of [23] employs the (bias-independent
and predictable) transmission phase of an orthogonally po-
larized beam as a reference. This provides a much more
rigorous verification of the agreement between theory and
experiment than that which would be obtained if a “phase
offset” correction factor had been required. The corresponding
transmittance curves are shown in Fig. 11. These show that the
model determined from phase measurements correctly predicts
the amplitude.

Using the experimentally-determined model, the frequency
performance for maximum and minimum transmittance can
be predicted outside the measured range, and is shown in
Fig. 12. Outside the frequency range of the two primary trans-
mittance control “bands”, the graph suggests the presence of
“minibands” at about 65 and 205 GHz, at which a substantial
transmittance control should be possible.
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Fig. 11. Transmitted beam power curves for the PS1 array. Markers indicate
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be seen to occur at approximately 137 GHz. Dashed line- transmittance at
minimum (most negative) bias. Solid line- transmittance at maximum (most
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A large-signal evaluation of the array has not been per-
formed. However, some observations can be made regarding
the power-handling capability of the array. Factors limiting op-
erating power level include transfer to higher-order harmonics
(frequency multiplication) and heat dissipation. It should be
noted that the alternating diode orientation will result (ideally)
in the absence of even harmonics. A simple estimate of the
power-handling ability of the array can be obtained from a
small-signal circuit analysis in which the input power and
dissipated power are determined based on a conservative limit
for AC voltage on the individual diodes. (The circuit simulated
was the stack configuration of Fig. 3.) With a maximum peak
AC voltage of 0.3 V on each diode, the input power limit
is 1.8 mW at 110.2 GHz (capacitive band) and 0.5 mW at
164.4 GHz (inductive band) per diode cell. The more severe
limitation, that at 164.4 GHz, results in an array power-
handling capability of 1.4 W/cm?, or 5 W for a 10,000 diode
array. Considering the fact that the array is a small-signal
device, this is a substantial power-handling ability. This ability
is attributable to the high device density employed. The worst-
case dissipated power as a percentage of input power is 20%
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and 51%, respectively, at the frequencies of 110.2 GHz and
164.4 GHz. As diode fabrication is improved to achieve lower
series resistance, these loss factors will become significantly
smaller.

IV. CONTROL IMPEDANCE

Up to now [2], [14], monolithic beam control arrays have
been designed for and tested under DC bias control. However,
the arrays have broader application if they can operate at high
control speed. To assess the control speed capability of the
current array design, the 8640 diode array was tested with a
low-frequency input modulation signal. The test configuration
is shown in Fig. 13. A small-signal (0.6 V peak-to-peak)
sinusoidal waveform was applied to a single bias unit of 8 X
60 diodes on the array (see Fig. 14). The control input signal
was fed to the array mounting printed circuit board by a coaxial
cable soldered to the edge of the board. The modulated power
output detected from the array as a function of frequency is
shown in Fig. 15, This behavior can be explained by a series
RLC lumped element model of the control input circuit. The
capacitance (24 pF) represents the sum of the individual diode
capacitances and coplanar strip capacitance. The resistance
(52 Q) is an “average” value seen by an individual diode
based on measured strip and diode resistances. It is primarily
due to the “feed” strip which leads from the wirebond pad
to the signal manifold on the opposite side of the array
(see Fig. 14). The inductance (25 nH) is a similar “average”
value which includes the coplanar strip inductance for the
array and mounting board. (It has only a minor effect on
the simulated performance, however.) The model provides
a reasonable estimate of the observed behavior. The model
indicates a 90% to 10% switching time of approximately
3 ns. The model suggests that the control speed of the array
may be extendable by “overdriving” the array input signal.
Furthermore, simple design modifications should provide a
substantial speed improvement. For example, the resistance
could be substantially reduced by feeding the control signal
individually to each row pair, and by use of thicker bias
metallization. Such changes should increase the control speed
capability by at least a factor of four. Much higher control
speed still should be possible by analysis and optimization of
the coplanar strip feed structures as guided-wave paths.

At high control speed the generation of sidebands should
be considered; these can be quantitatively considered by an
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analysis recently developed for arrays with embedded devices
possessing a periodically-varying impedance [24]. A final
observation on control operation is that if an array is designed
specifically as a modulator, the diode doping profile can be
tajlored to provide the transmission versus bias relationship
which produces the desired modulated beam waveform in
response to the input waveform.

V. CONCLUSION

In this work, millimeter-wave Schottky diode array beam
transmittance controllers with 4800 and 8640 devices have
been demonstrated. The arrays show beam control in two
“bands” in the vicinity of 100 GHz and 170 GHz, respectively.
The 4800 diode array showed transmittance control over the
range 20% to 50% at 99 GHz and 20% to 70% at 165 GHz.

An impedance parameter characterization was performed
for the 8640 diode array. A de-embedding procedure was
employed, in which model parameters were chosen to provide
a curve-fit to a large set of transmission coefficient mea-
surement results. The values obtained show good agreement
with theoretical and low frequency results. If diodes with
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predictable dimensions can be fabricated, new array designs
can be implemented with predictable operating parameters
and performance. The primary factor which limited the pre-
dictability of the current arrays was the undercut of the
wet etching process employed. For small-geometry devices,
dry etching techniques are preferred due to their anisotropic
etching behavior. Thus, the use of dry etching techniques
for the diode arrays should largely address the need for
predictability of performance.

Despite a relatively large quasi-optical resistance, (40 (1)
the array provides a substantial beam transmittance control.
In contrast, this level of resistance precludes ([14]) efficient
operation of the array as a reflection phase shifter. An incre-
mental reduction of the array resistance should be possible by
fabrication of an improved diode Ohmic contact. A much more
dramatic improvement would be possible if an InP substrate-
based Schottky diode can be employed.

The array capacitance shows a very low minimum quasi-
optical capacitance, Cp,irn, (about 5 fF), a hoped-for conse-
quence of the use of the rectangular unit cell design. How-
ever, the quasi-optical capacitance (hence tuning) range is
substantially reduced from that originally intended. This is
due to two factors: First, the C-V range of the individual
diodes is less than predicted. This is likely due to isolation
implant penetration, which may be offset by higher doping or
conversion to a mesa isolation process. Secondly, the quasi-
optical capacitance range is less than that of the individual
array diode. This is likely due to array defects, which should
be largely eliminated when fabrication is performed on a
routine basis. Since the diode dimensions of the current array
are fairly large, scaling to smaller sizes should allow arrays
which can operate to much higher (~ 1 THz) frequencies.
Due to its tolerance of a large grid resistance, transmittance
control should be considerably easier to accomplish at such
frequencies than other quasi-optical functions.

The control frequency characterization indicates that the
array, while designed for DC, shows no performance degra-
dation up to 50 MHz. Minor design changes should allow this
speed to be increased to 200—-300 MHz, with much higher
speeds possible with the control paths configured as optimized
transmission line structures.

An example application (and one under active development)
for such beam control is in the determination of magnetic
fusion plasma density profiles. A millimeter-wave beam of
a given frequency reflects from a plasma (cutoff) layer with
a given electron density. Using a pulsed radar approach
similar to the familiar ionospheric sounding technique, the re-
flection position in the plasma can be inferred from the
round-trip group delay of the incident pulse. This allows the
determination of the plasma density at one location, with
the full profile obtainable from measurements performed at
a number of different frequencies. A beam control array is
employed to pulse the incident beam. With a pulse duration
of 100 ps to 300 ps, such a system will provide the desired
positional resolution for fusion reactors under development.

In the current work, we have demonstrated the capability of
millimeter-wave beam transmittance control by a monolithic
Schottky diode array. The experimental results and small-
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signal characterizations should assist toward further array
designs with enhanced performance. Advances in the devel-
opment of array components, such as that of the current
work, should contribute toward the eventual demonstration of
complete systems based on solid state power-combining array
technology.
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