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Design and P'erF‘ormahce of Microwave Amplifiers with
GaAs Schottky-Gate Field-Effect Transistors

CHARLES A. LIECHTI, MEMBER, IEEE, AND ROBERT L. TILLMAN

Abstract—~The design and performance of an X-band amplifier
with GaAs Schottky-gate ficld-effect transistors are described. The
amplifier achieves 20 £ 1.3-dB gain with a 5.5-dB typical noise
figure (6.9 dB maximum) over the frequency range of 8.0-12.0 GHz.
The VSWR at the input and output ports does not exceed 2.5:1.
The minimum output power for 1-dB gain compression is 413 dBm,
and the intercept point for third-order intermodulation products is
+26 dBm. The design of practical wide-band coupling networks
is discussed. These networks minimize the overall amplifier noise
figure and maintain a constant gain in the band.

I. INTRODUCTION

T HAS BEEN demonstrated that GaAs field-effect
transistors with Schottky-barrier gates (MESFET’s)
combine low-noise properties with high gain and large
dynamic range in a frequency range that has not been
invaded by bipolar transistors [1]1-37]. Recent advances
in GaAs madterials and device technology have made
possible the fabrication of reliable MESFET’s with 0.2-um
channels and 1-um gate structures with reasonable yield
and in satisfactory quantities.

Several successful microwave FET amplifier designs
have been reported [3]-[10]. Some have proven that
very wide band amplification is feasible with these devices
in X and Ku bands [9], [107]. These designs are based on
empirical network topologies (except [107), and the circuit
elements have been computer optimized for maximum gain.
This paper describés networks that are especially suitable
for coupling power in and out of microwave FET’s. The
choice of the particular circuit topology is justified and
performance limits are outlined. A step-by-step procedure
for designing an amplifier with minimum noise figure and
constant gain will be described. This design is based on
established matching network theory and requires the
use of a computer only for very broad bandwidths. The
experimental results prove that high-gain and low-noise
figures can be simultaneously achieved over a band as
wide as 8-12 GHa.

The topics are treated in the following sequence. First,
the transistor properties relevant to the circuit design
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are described. Second, the principles and procedures for
the network synthesis are presented, and the basic am-
plifier construction is outlined. Third, the experimental
results from an X-band amplifier are discussed leading to
the final conclusions.

II. MESFET CHARACTERISTICS

The wmEsrFET structure is illustrated in the scanning
electron micrograph of Fig. 1. The de¢ current flows from
drain to source in an 0.2-um-thin epitaxial layer, doped
with 1 X 10" donors/em?, and grown on a semi-insulating
GaAs substrate. The current is controlled by the depth of a
depletion layer that extends beneath the Schottky-barrier
gate. The gate is a l-um-wide and 500-um-long metal
stripe. Source and drain are alloyed Au—Ge olimic contacts.
They are separated from the gate by 1 and 2 gm, respec-
tively. Outside the active device area, the epitaxial film
is removed by mesa etching. This permits a large gate
contact pad to be located on the semiinsulating substrate
where it contributes only a small fraction to the overall
gate to source capacitance. The drain and gate are con-
tacted with an overlay metallization which runs over the
mhesa step. The transistor chip has a size of 0.010 X 0.025
in. The chips are tested from de¢ through 13 GHz in a
fixture that makes pressure contact to the overlay metal-
lization with negligible parasitic reactances [2].

The noise figure F, of an amplifier which consists of a
large number of cascaded identical stages with gain G
and noise figure F is

(1)

where M is the noise measure. In order to minimize the
amplifier noise figure, it is necessary to minimize the noise
measure rather than the noise figure of each stage. This
distinction is essential in finding the optimum dec bias of
the transistor. With 4-V drain voltage, the MESFET in this
example exhibits maximum gain at 80 mA, minimum
noise measure at 30 mA, and minimum noise figure at
17-mA drain current. At Ips = 30 mA, the source ad-
mittance has been optimized, first, for minimum noise
figure, second, for minimum noise measure, and third,
for maximum gain [117. The associated noise figures and
gains are plotted in Fig. 2. Since the mEsFET exhibits high
gain in this frequency range, the source admittances for
minimum noise measure and noise figure are nearly
identical. The noise figure increases from 3.3 dB at 8 GHz
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Fig. 2. MESFET power gain and noise figure versus frequency for
source admittances that yield minimum noise figure (0, minimum
noise measure (2), and maximum gain @. Curve (@ shows the
minimum noise figure for a large number of identical cascaded
stages.

to 4.5 dB at 12 GHz, and the associated gain (curve @)
drops with a 4.7-dB/octave slope from 10.4 to 7.6 dB.
With these data, the lowest possible total amplifier noise
figure can be predicted from (1). Tt is shown in curve (®.

The optimum source admittances referenced to the
input plane of the MESFET chip are shown in the Smith
chart of Fig. 3 with frequency as a parameter. Y, applies
to the case of minimum noise figure, Y,,. to minimum
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Fig. 3. Optimum source admittance that yields minimum noise
figure Y,;, minimum noise measure Yoy, and maximum gain Y.
Also plotted are the MESFET scattering parameters sit*, Saz, the
MESFET'S output admittance Y,., for an input noise measure

match, and the equivalent noise input admittance Yin = Yam™.

noise measure, and Y, to maximum gain. For comparison,
the complex conjugate of the scattering parameter sn
is also plotted. Y, and Y, and the associated noise figures
are substantially different. Consequently, the conventional
circuit optimization on the basis of MESFET s parameters is
not adequate for a low-noise amplifier design.

The output scattering parameter s is shown in the
upper half of the Smith chart. For a noise measure match
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Fig. 4. MESFET scattering parameters s;2 and s21 versus frequency.

at the input (source admittance Y,,), the MESFET’s output
admittance Y, lies on a constant conduetance circle with
increasing capacitive susceptance for increasing frequency.
In a limited band around 10 GHz, the output admittance
can be modeled as a resistor, B,» = 192 ©, in parallel with
a capacitor, Con = 0.16 pF. In order to provide the
complete set of s parameters, s;2 and sy are plotted versus
frequency in Fig,. 4.

For frequencies sufficiently above the instability limit
(6.5 GIIz), the MESFET can approximately be treated as a
unilateral device. This is demonstrated in Fig. 3 with the
proximity of Y, to su* and Y,, to ss. The unilateral
assumption breaks the mMESFET equivalent circuit into
two decoupled networks, a series RC at the input, and a
parallel RC at the output. This approximation is utilized
in the design techniques of Section III.

III. AMPLIFIER DESIGN
A. Input Maiching Network

For receiver preamplifiers, the design objective is mini-
mum amplifier noise figure rather than maximum gain.
The main task is to synthesize the optimum source
admittance Y., for minimum transistor noise measure at
the FET input plane. An approximate solution can be
found in the following way. An equivalent noise input
admittance Y, is defined as the complex conjugate of
Y,». The two admittances are plotted in Fig. 3 versus
frequency. Y., can be approximated with a capacitance
C'in in series with a resistance R, with good aceuracy over
an octave bandwidth. The values, Ci, = 0.57 pF and
B,. = 21 Q, are determined in Fig. 3. The task consists
of designing a Chebyshev impedance-matching network
to match the generator admittance ¥, to the noise input
admittance Yi.. Chebyshev prototypes are selected to
maximize the bandwidth and provide a good match at the
band edges.

The first step is to establish the number of resonators
required to synthesize Y,, with a specified accuracy be-
tween the lower and upper band edges, f; and f,. The

! The actual MESFET input admittance, ¥, = ¥,.* with C; =
0.58 pF in series with RB;; = 7 @ has a considerably smaller series
resistance than Y,,.
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accuracy limits are determined by the tolerated excess
noise figure. The minimum source admittance deviation
from Y, which causes a maximum noise figure increase of
0.5 dB between 8 and 12 GHz has been determined.?
This admittance deviation can be expressed in terms of a
maximum tolerated VSWR. The computation yields 1.3:1.
In synthesizing Y., with a Chebyshev impedance-match-
ing network, the bandwidth can be computed using the
VSWR versus load decrement curves plotted in [12,
fig. 4.09-37. The result is illustrated in Fig. 5 showing the
maximum theoretical bandwidth w versus center fre-
quency fo with the number of resonators » as a parameter.
The curves are computed for a load with C,, = 0.57
pF in series with R;, = 21 Q. A single resonator structure
(n = 1) consisting of a series inductance and an im-
pedance inverter (transformer) has an 8.9-11.1-GHz
bandwidth. A more complex circuit with two additional
resonators (n = 3) extends the band from 6 to 14 GHz.
The network shown in Fig. 6 was found to provide
wide-band impedance matching, amplifier stability, and
easy realization. The MESFET'S equivalent noise input
admittance is resonated with the series inductance L; and
coupled to a network consisting of two \/4 resonators. The
resistance R;, can be considered the load resistance and
Ly — Ci the last resonator of a three-stage bandpass
filter coupling R;.. to the source resistance Z,. All resonators
are resonant at the band center frequency fo and are
coupled alternately by impedance inverters and admit-
tance inverters. The inverters perform two functions. They
convert the circuit connected to their output into its dual
form at their input. This property allows the use of only
one kind of resonator (e.g., series circuits). In addition,
the inverters act as impedance transformers. This enables
the designer to choose the characteristic impedance of the
A/4 resonators and adjust the inverter constants, Ky, Jas,
and Ky, to ensure that the resonator reactance slopes at
fo and the source resistance have the relationship pre-
scribed by the Chebyshev impedance-matching prototype.
If the line impedances are chosen to be equal to the source
impedance Z, then the inverter constants are [12]

T Rim 1/2
== Z —_——
Ke ’ (49192 Zo3) @)
1xw/ 1\
Jog=——— 3
ne o (gzgg) 3)
1/2
Ko = Zo ( bk > (4)
4g3g4
where w is the relative bandwidth:
w = (fu—1)/fo (5)

? The direction and magnitude of the worst admittance deviation
are found graphically by plotting the constant noise figure contours
in the source admittance plane at various frequencies [11]. The four
noise parameters, required for this plot, are determined from data
given in Figs. 2 and 3.
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Fig. 6. MEsFET with input matching network.

fo the center frequency:

fo=5(fu+ 1D (6)
4 the decrement of the load impedance at fo:
8 = 2afoRonCin) /w )

and g1, g2, g5, and gs the normalized element values of the
Chebyshev impedance-matching prototype for the decre-
ment § [12].

The elements shown in the circuit diagram of Fig. 6 can
now be computed using the following formulas [12].

1) Series Inductance:

1
L= —+—.
' = @l ®
2) Impedance Inverters:
Kik
X = ———
kY AT (9)
lo = — —1 [ T
e = - tan ( Z ) (10)
Lo~ =,  (for Kp < %). (11)
27!' 0
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3) Admittance Inverter:
Jag
By = ———— 1

8= 1T AL (12)
A

lgg = — tan! (2323Z0) (13)
4r

where A is the wavelength of the transmission line at fo.
The synthesis for an X-band amplifier with

f = 8.0-12.0 GHz

Rim = 21 Q
Zo = 509

yields the network that is shown in Fig. 7. The resulting
computed source admittance Y, at the mEsFeT input
deviates most from the target Y., at 12 GHz. At this
frequency, it raises the noise figure 0.2 dB? above the
design objective shown in Fig. 2. Computer optimizing
this circuit results in the element values shown in paren-
theses in Fig. 7. Only small changes are necessary to achieve
optimum performance. The microstrip realization illus-
trated in Fig. 8 shows that all network elements are easily
realized. The two inductances are approximated with short
bonding wires and the series capacitance by a narrow
gap between the ends of adjacent transmission lines. The
shunt inductance facilitates gate bias insertion, and the
geries capacitance acts as a de block. Below the passband,
the shorted shunt line and the series capacitance form a
high-pass filter at the amplifier input. This structure
reflects low frequency signals and protects the Schottky-
barrier gate from burnout.

B. Output Coupling Network

In general, an amplifier is required to have low output
VSWR and constant power gain in the design band. How-
ever, the available power gain of the mmsrFeT, When
matched for minimum noise measure, exhibits a slope of
approximately 4.7 dB/octave (Fig. 2). Therefore, an
ideal output network has to couple all available power to
the load at the upper band edge f, and provide a frequency
dependent attenuation that compensates the FET’s gain
slope for f < fu.

A simple network suitable for this purpose is shown in
Fig. 9. The output admittance of the transistor, R, in
parallel with C,, is resonated with the series inductance
L, at f,. The transformer matches the resulting resistance
to the load Z,. At f,, no power is dissipated in the resistor
R, since it is connected in series with a short-circuited
ghunt stub that is a quarter-wave long at this frequency.
Below f,, the power transferred to the load decreases
because the impedance of the resonated FET output

3 This excess noise figure was computed with formula 1 of [11].
The four noise parameters were determined from data presented in
Figs. 2 and 3.
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calculated with the formulas and curves of Section III are com-
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changes rapidly and the shunt branch with the resistor
becomes increasingly lossy.

The resistance R: and the characteristic impedance of
the transmission line Z; were varied until the best approxi-
mation to a 4.7-dB/octave slope for the output circuit
transducer loss was obtained. Fig. 10 shows the results
optimized for a frequency range of f,/f; = 1.5:1 with the
MESFET output Q

Q = 2xfulRonCom (14)

as a variable. It is seen that this simple network is useful
as long as @ does not exceed 2.5. Under thig condition, the
maximum deviation from the 4.7-dB/octave transducer
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Fig. 10. Transducer loss and VSWR (in plane T') of output coupling
circuit versus transistor output Q. For each Q value, the circuit
has been optimized to yield a perfect power match at the upper
band edge and exhibit a 4.7-dB/octave slope in transducer loss
within the f,./f; = 1.5:1 frequency range.

loss target is less than 0.5 dB and the output VSWR does
not exceed 2:1. For higher @ values, a more complex
circuit is required to shape the coupling loss versus fre-
quency curve and keep the output match within acceptable
limits. The optimum element values are plotted in Fig. 11.
Using these curves, the X-band circuit, as shown in Fig. 7,
has been designed for

Ron = 1920
Com = 0.16 pF
fo =12 GHz

which yields a @ of 2.3. The inductance is too large (0.9
nH) to be realized in lumped form and is modeled as a
short high-impedance transmission line. It consists of a
bonding wire which runs parallel to and above the ground
plane. At the output, the ideal transformer is approximated
with a 42-Q \/4 transmission line, which is sufficiently
broad band for this case. The accuracy of this design for
the exact MEsFET model with bilateral characteristics has
been evaluated. For this purpose, the output circuit has
been computer optimized with the MmESFET represented by
its s parameters and with the input circuit of Fig. 7 (values

osf— R _
Rom

06— m

2mfulo
Rom
0.2 -1

Normalized Circuit Element Values

o | | |
[+ 1 2 3 4

Transistor Qutput Q

Fig. 11. Optimum values for circuit elements of the output coupling

network versus transistor output Q.
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stated in parentheses) connected. The resulting element
values are shown in parentheses in Fig. 7. They are very
close to the values obtained from Fig. 11. The microstrip
realization is illustrated in Fig. 8.

C. Amplifier Construction

The basic building block is a single-stage amplifier
which is approximately matched to a 50-Q source and load
and uses the circuits described in the previous sections.
Such an amplifier unit is shown in Fig. 8 The circuits
with resistors, interdigitated capacitors, and transmission
lines are fabricated on 0.025-in sapphire substrates.
The substrates are soldered onto a ground plate and are
separated by a ridge on which the transistor chip is
mounted. In this configuration, the transistor source
can be grounded with less than 50-pH lead inductance, and
RF power leakage from the FET output to input is
minimized. RF bypass and de blocking capacitors are
soldered onto the substrates, and the devices are inter-
connected with thermocompression bonded gold wires.
After assembly, the single-stage units are mounted in a
test fixture where they are tuned and characterized.

For the X-band amplifier, three identical single-stage
units were cascaded. This modular approach does not
achieve the widest possible bandwidth, but it has the
following practical advantages.

1) The design and fabrication are limited to two cireuits.

2) The tuning of a few variables on a single-stage
amplifier is efficient and convergent.

3) In final assembly, stages can be selected according
to their tuned performance (e.g., lowest noise unit selected
for first stage).

4) In the case of device failure, each stage can be easily
exchanged with only minor retuning of the amplifier.

The assembled stages are built into a metallic enclosure
that acts as a waveguide below cutoff, thus suppressing
modes that cause resonances and RF leakage from output
to input.

IV. X-BAND AMPLIFIER PERFORMANCE

The gain and noise figures of the three-stage amplifier
are plotted versus frequency in Fig. 12. From 8.0 to 12.0
GHz, the power gain is 20.7 dB with less than 41.3-dB
variation. A single stage yields a constant gain of 7 dB
up to 12 GHz. This is only 0.6 dB less than the maximum
possible gain predicted on the basis of the measured device
gain (Fig. 2) under the operating conditions for minimum
noise measure. The gain variation is close to the minimum
value of 1.2 dB that can be achieved with the simple
output cireuit (Fig. 10). The reverse insertion loss | s |2
does not drop below 50 dB (Fig. 13) which indicates that
for high gain requirements more than three stages can be
cascaded without loss of stability. The maximum local
gain slope is 0.005 dB/MHz, and the gain dependence on
ambient temperature under constant bias conditions is
—0.07 dB/°C. Improved stability can be obtained with a
temperature-controlled gate bias circuit. The transmission
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phase deviation from linearity is less than £14° between
8 and 12 GHz.

The most noteworthy characteristic of this amplifier
is the low noise figure which does not exceed 5.9 dB over
the wide range of 8.5-11.5 GHz. At 10 GHz, for example,
the first stage has a noise figure of 4.6 dB with 7.0-dB
gain. The transistor used in this stage, which is biased for
minimum noise measure, exhibits a noise figure of 3.9 dB
with 9.0-dB associated (device) gain. The 0.7-dB differ-
ence in noise figure is caused by attenuation in the coaxial
to microstrip transition, attenuation in the input network
(approximately 0.3 dB), and by a mismatch with respect
to the optimum admittance for lowest noise measure. The
contributions from the following stages raise the overall
amplifier noise figure to 5.4 dB. At the lower and upper
band edge, the hoise match of the input stage degrades,
which causes the noise figure to increase. At 12 GHz, the
maximum value of 6.0 dB i« reached. In ecomparicon, a
narrow-band design that was optimized at 8 GHz yielded
a minimum noise figure of 3.9 dB with 25-dB gain. The
lowest possible amplifier noise figure, as determined from
Fig. 2 (curve (@), is 3.6 dB at this frequency. At the edges
of an 800-MHz band, the noise figure degrades to 4.4 dB.
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These narrow-band amplifier data are similar to results
reported in [97].

The standing wave ratios at the input and output ports
are shown in Fig. 13. The input VSWR does not exceed
2.4:1 even though the circuit is designed for a noise match
as opposed to an impedance matech. This performance
clearly demonstrates the broad-band matching capability
of this input network. The output VSWR is 1.4:1 at
12 GHz and 2:1 at 8 GHz. The simple output coupling
circuit provides a good impedance match at 12 GHz and is
capable of attenuating the excess power at lower fre-
quencies rather than reflecting it. This characteristic is
essential for the success of the modular approach in which
pretuned stages are cascaded.

The large signal properties of the three-stage amplifier
are also noteworthy. In order to increase the dynamic
range, the drain current of the MESFET in the output stage
was raised to 50 mA. The drain voltage was left unchanged
at 4 V. The minimum output power for 1-dB gain com-
pression is -+13 dBm reached at 10 GHz. At this frequency,
the third-order intermodulation intercept is +26 dBm.
In a different circuit specially designed for a power output
stage, +20-dBm output power at 5-dB gain? was obtained
with a single transistor. The musFET, biased at 6-V drain
voltage and 43-mA drain current, exhibited a drain-
efficiency (Prr-out/Pge-in) 0of 39 percent.

To determine the nuclear radiation hardness of the
amplifier, packaged MESFET'S have been subjected to the
fast neutron radiation of an unmoderated pulsed uranium
reactor.’ A flux of 5 X 10" neutrons/em? yields a 10-per-
cent decrease in transconductance. A ten times higher
neutron fluence causes extensive lattice damage (traps)
such that most free carriers are removed, and the drain
current, drops to zero. Results published for GaAs JFET’s
with the same channel doping and of similar structure [137]
show the same parameter degradation at an order of
magnitude higher neutron fluence. The results, however,
are difficult to compare because in [137] a moderated
reactor with a spectrum rich in low energetic neutrons was
used. The musFET’s were also subjected to the 1.25-MeV
gamma radiation of a cobalt-60 source. Absorbed doses up
to 10° rad (GaAs) caused no detectable change in trans-
conductance.

V. CONCLUSIONS

Optimum low-noise amplifier performance is obtained
with MESFET’s biased for minimum noise measure and with
an input coupling network designed to synthesize the
optimum source admittance for lowest noise measure. The
input circuit consists of a series inductance and quarter-
wave resonators alternately coupled by impedance and
admittance inverters. The network design is based on
Chebyshev impedance-matching prototypes. A series in-
ductance and a transformer match the MESFETs output

* The small-signal gain was 7.5 dB at 10 GHaz.
¥ Reactor SPR II of Sandia Laboratories, Albuquerque, New Mex.
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admittance to the load at the upper band edge. A lossy
shunt stub provides frequency dependent attenuation
compensating the MESFET’s gain slope. Optimized design
curves are presented for this output coupling network.
The circuits yield amplifier stages that are stable, approxi-
mately matched to 50 @, and easy to realize in microstrip.

An 8.0-12.0-GHz amplifier was built with three identical
cascaded stages. The amplifier exhibits a maximum noise
figure of 6.9 dB (5.5 dB typical) with 20.7 4= 1.3-dB gain.
The VSWR at the input and output ports does not exceed
2.5:1. The minimum output power for 1-dB gain com-
pression is +13 dBm, and the intercept point for third-
order intermodulation products is +26 dBm.

These experimental results demonstrate that amplifiers
with GaAs MESFET’s can be designed to yield high-gain
and low-noise properties over wide bandwidths., In this
frequency range (>8 GHz), bipolar transistors have
insufficient gain for low-noise amplifiers (G < 4 dB with
4-dB noise figure at 8 GHz), and tunnel diodes exhibit
very limited dynamie range (IM intercept point < —10
dBm). For ultra-low-noise receiver requirements (NF <
3 dB), parametric amplifiers still hold a unique position.
However, if the parametric amplifier is excluded because
of its complexity and cost, then the MESFET is presently
the only solid-state device suitable for low-noise amplifica-
tion in X and Ku bands with aceeptable dynamie range.
The data reported in this paper confirm that MESFET
amplifiers meet specifications that are equivalent to those
imposed on low-noise traveling wave tube amplifiers.
The mEsFET amplifier qualifies, therefore, as the solid-
state replacement in this frequency range.
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AM and FM Noise of BARITT Oscillators

JOSEF L. FIKART, MEMBER, IEEE

Abstract—AM, FM, and baseband noise of a BARITT diode oscilla-
tor in the range 100 Hz-50 kHz off the carrier has been measured
under various operating conditions. A simple calculation has been
made, relating the baseband noise to the oscillator AM and FM
noise via measured amplitude and frequency modulation sensitivities
and the results have been compared with the noise measured. It is
shown that, depending on the bias current applied, both AM and FM
noise performance can be degraded by up-conversion. Complete re-
moval of up-converted noise requires a high-impedance low-noise
bias supply since both the diode noise and bias supply noise at
haseband frequencies may be significant when up-converted. Even
with all modulation suppressed, the AM and FM noise has a flicker
component almost completely correlated with the diode flicker
noise at baseband frequencies. The RF power dependence of the AM
and FM noise has also been investigated. It is shown that the BARITT
oscillator noise compares very favorably with that of IMPATT’s and
TEO’s. Values of —142 dB/100 Hz (AM noise) and 3.5 Hz/(100 Hz)'?

for Qe =200 (FM noise) have been measured at 30 kHz off the
carrier.

I. INTRODUCTION

ITH their capability of producing low-noise micro-

wave power in moderate amounts, BARITT diodes
have become potential contenders to TE0’s in local oscil-
lator applications. Several theoretical studies of small-
signal noise in BARITT’s were carried out [11-[3] and the
prineipal noise sources (except for flicker noise) seem to
have been identified. The results were given in terms of the
small-signal noise measure. No theoretical large-signal
noise analysis has been presented so far; perhaps the
theories in [47],[5] or [6],[7], originally conceived for
MPATT’S, could be used for this purpose once a suitable
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large-signal deterministic analysis is available for the
BARITT diode. The experimental data on noise measure
[8]-[11] indicate relatively small’ differences (10 dB
on the average) between the small-signal and large-
signal noise measures of BARRITT diodes.

However, there still is a considerable lack of information
on the behavior of BARITT oscillator AM and FM noise,
rather than noise measure, under various operating
conditions. One reason for investigating AM and FM
noise directly is the fact that the large-signal noise measure
transforms differently into them [57],[6]; one can intro-
duce the concept of AM and FM noise measure [5].
Another factor is the modulation noise which can some-
times completely mask the so-called “primary” noise, i.e.,
the internal noise generated by the device in the band
about the center frequency. An effort in this direction
was made by Herbst and Harth [11],[12] who measured
the frequency modulation sensitivity of a Pd-n-p* BarrTT
diode in dependence on modulation frequency and bias
current, in conjunction with FM noise measurements.

It is the purpose of this work to find out, by means of
simple calculation and experiment, how both the total
AM and FM noise are influenced by modulation noise,
bias impedance levels, RF power level, etc., and to de-
termine what minimum AM and FM noise can be ex-
pected and under what conditions. We will also be inter-
ested in seeing how the BARITT noise compares with that
of other solid-state microwave generators.

II. CONDENSED THEORY

From the simple equivalent oscillator circuit in Fig. 1,
and using well-known formulas for the primary noise
deduced from [13],[14], the following relations can be
written for AM and FM noise, respectively, while ne-
glecting cross correlation between “primary’” and modu-



