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A Very Wide-Band Microwave MESFET
Mixer Using the Distributed
Mixing Principle

ON SAN A. TANG anp COLIN S. AITCHISON

Abstract —A new theory of distributed (traveling-wave) mixing is pre-
sented. A closed-form expression for the conversion gain is derived.
Subsequently, the expression is reduced to a very simple form when the
mixer approaches the ideal lossless case. A simplified nonlinear model of a
GaAs MESFET is also described.

Design criteria and considerations are presented. The relative contribu-
tions made by circuit parasitics to the conversion gain-bandwidth product
are also examined. ‘

Experimental verification on a two-section design is described. It ex-
hibits around 4 dB of conversion loss over the signal frequency band from 2
GHz to the cutoff at 10 GHz for an IF of 1.5 GHz. Experimental results
obtained corroborate the theoretical predictions. Better performance is
expected if more sections are employed.

I. INTRODUCTION

HE USE OF FET’S instead of diodes as low-noise

mixers at UHF is a frequent practice. Their success-
ful application in the microwave frequency region has been
made possible with the advent of microwave GaAs
MESFET’s.

The first microwave MESFET mixer was reported by
Sitch and Robson [1] in 1973. The MESFET mixer then
immediately gained widespread attention in the microwave
field because of its distinctive attributes, which include
conversion gain instead of the usual conversion loss associ-
ated with conventional diode mixers, low-noise figure, and
high dynamic range. In 1976, Pucel, Masse, and Bera [2]
developed detailed analytical theories to model the perfor-
mance of a MESFET mixer, which has since been exten-
sively investigated. Recently, Tie and Aitchison [4] pre-
sented a detailed theoretical analysis of its noise behavior
and that of the effects of parasitic terminations on conver-
sion gain.

Recent years have seen a strong demand for multi-octave
microwave components in satellite communication systems
and modern radars. Very wide-band microwave diode
mixers have been available for many years, but so far, only
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narrow-band MESFET resonant mixers have been re-
ported. In pursuit of a microwave wide-band MESFET
mixer, an original and novel concept of distributed (or
traveling-wave) mixing has been proposed and developed
by the authors [6]. It is essentially based on the principle of
distributed amplification first proposed in 1937 by Percival
[7]. With the advent of microwave GaAs MESFETs, inter-
est in the area of distributed amplification has increased
considerably in recent years [8]-[11].

In this paper, the theory of distributed mixing using
hybrid technology is presented. To confirm the theory, a
simple two-section design was constructed and char-
acterized. Agreement with theory is good.

II. TaeEORY

Consider a unilateral simplified model of a distributed
mixer incorporating an input gate line and an output drain
line, as shown in Fig. 1. The output capacitance C,, and
input capacitance C,, of each MESFET are combined with
external lumped inductors (L, and L,) and padding
capacitances (C,,4) to form two lumped-element artificial
transmission lines. The gate and drain capacitances form
the shunt elements of the two artificial transmission lines.

In the interest of avoiding complicated initial analysis,
we will adopt the simple unilateral model of a MESFET
depicted in Fig. 2. The two artificial transmission lines are,
therefore, coupled only through the MESFET’s transcon-
ductances, and additional propagation modes due to the
presence of MESFET feedback elements (C,, and R, for
example) have been ignored. g,,, R, and C,, are assumed
to be the only nonlinear elements [2]-[5] in a MESFET
equivalent circuit that yield mixing under the modulation
effect of the large-signal local oscillator (LO), and g, is
assumed [2]-[5] to be the predominant nonlinearity in the
case of a gate mixer configuration considered here. C,; and
R ,, will, therefore, be replaced by their time average values
[2]-[5].

The RF and LO signals are injected into the gate line
through a directional coupler at the left-hand end of the
gate line, as is illustrated schematically in Fig. 1. To lower
the LO drive requirement, the coupler can be eliminated if
the three other possible distributed mixer configurations
are employed, namely, the distributed source mixer, where
the LO is injected into an additional artificial transmission
line (the source line), the distributed dual-gate mixer, where
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Fig. 2. A unilateral large-signalymodel of a microwave GaAs MESFET
comprised of three nonlinear elements: Gy, g,,, and Ry,

the LO is injected into a second gate line, and finally the
distributed drain mixer, where the LO is injected into the
idle port of the drain line.

The analysis of the mixer circuit consists of two parts;

- the nonlinear analysis dealing with the injection of a »

single-tone LO large signal and the linear analysis dealing
with the small-signal mixing products.

A. Nonlinear Analysis

We will assume a quasi-static system, whereby all the
circuit components and device characteristics are time in-
variant. and frequency independent. We will also assume
that the LO signal is a sine wave. The frequency harmonics
of g,(), R, (1), and C,(¢) can be obtained by utilizing
the Fourier series. For example, the time-varying transcon-
ductance can be represented as

o]
gn(t)= X b,elrero

p=—»

Tio/2
g

b =_—f (£)-eIPerot iy
? TLO —Tro/2

)

Both the discrete Fourier transform [12] and the fast
Fourier transform [12] can be subsequently used to evaluate -
the contents of the above expression. In the case of R ()
and C,(¢), only the dc.components are required. Assum-
ing that the harmonics of g, (t) for a given LO drive level
and dc bias condition have been obtained, g,,(¢) can now

"be represented as

. o0
gnl(1) =B+ X [gpe/rorot 4+ g2 re7Poot] (2

p=1

\

where g, and g’ , are complex Fourier coefficients. How-
ever, because g, (¢) is a purely real-time function, we have

g =(g.,)"

where the asterisk * denotes the complex conjugate.

As there can be several MESFET’s in a distributed
mixer, we denote the time-varying transconductance of the
first FET as g,;(¢). Its Fourier transform G, ( f) is given
by

gml'ﬁ(f)+gil's(f—fLO)+g,—11'8(f+fLO)
+gﬁl's(f_2fLo)f*‘g'—21'8(f+2fLo’)+ e (3)

where 8(f) is the standard delta irripulsc_e frequency fune-
tion. :

Consider that g,,(t), &ma(t), &ms(1)," "> 8na(t) are
calculated ori the assumption that the LO signals at each of
the gates of the FET’s are all in phase, so in order to take
into account the relative phase. shift of the LO signals
between FET’s in the gate line, we can denote the Fourier
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transform of the transconductance as

G, (f)-e’*=  for the first FET

and

Gmn(f).e_J[(n_l)'Bg(f)_¢ub(f)] for the nth FET
where B,(f) is the phase shift per gate section and ¢,,,(f)
is an arbitrary phase difference between the LO and RF
signals at the gate of the first FET.

B. Linear Analysis

If we assume that the RF signal is much smaller than
that of the LO signal, the small-signal mixing products
generated by the input RF signal can be considered as
linear [2]-[5]. The primary source of IF comes from the
interaction between the RF input signal and the conversion
transconductance (g;). There are many other secondary
sources of IF, including the interaction between the image
component generated in the drain line and fed back into
the gate line with g;, the interaction between the sum
component and g,, among many others. However, because
of the unilateral assumption made earlier, these secondary
sources are ignored.

The key to the design of a distributed mixer is to allow
the LO and RF signals to propagate down the gate line
with the minimum attenuation, as well as to ensure that all
the IF output currents generated at the drain of each FET
propagate and arrive at the forward drain output termina-
tion in phase.

In essence, the concept of distributed mixing is based on
the idea of separating the input as well as output capaci-
tances of the MESFET’s connected in parallel by means of
artificial transmission lines, while effectively adding their
conversion transconductances.

Fig. 1 shows the first and the nth section of the gate line,
where L, is the effective bond wire inductance of the gate
and source, R, is the sum of the internal FET gate loss R,
and that of the source grounding path, and R, is the
resistive loss of the inductor L,. By means of two-port
transmission matrices, the characteristic impedance Z, ()
the propagation function per section ¥,(f), which is equal
to a, (f) plus j-B,(f), as well as A(f), where Ven =A(f)
V.1, can be expressed as functions of the circuit elements.

Contrary to the case of the parameters in a lossy gate
line section mentioned above, which are assumed to be
identical for every section due to the fact that Egs is the
same for every section (because of the approximate linear
dependence of Cgs on the gate bias in the current satura-
tion region), the parameters in a lossy drain line differ
from one section to another because R, is a function of
LO signal which is altered both in magnitude and phase as
it propagates down the gate line towards the idle load.
Hence, for an nth drain line section, the characteristic
impedance Z,,,(f), the propagation function vy, (f),
which is equal to a,,(f) plus j-B,,(f), can be expressed
as functions of the circuit elements of the nth section.
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A single-sideband representation of voltages and cur-
rents is adopted in the following analysis. ¥, and V. are
RF voltages defined in Fig. 1 and are related by the
following expression:

V:gle(fRF)‘Vo-
It can be shown that
Vo= A( frp) Vo e~ 0D @aln) +Byfre)

(4)

(s)

In addition, it can also be proved that the current
generator output of the nth FET is given by

{170'8(f+fRF)'A*(fRF)

<o~ (D) (e (fRe) B (fre)* }

® (G, (f)-e DB~ b0l )

(6)

such that

G ) =B 3(1)+ L g8/ = pro)  (7)

p=—w

and ® denotes a frequency convolution process [12].
After expansion and algebraic manipulation, the IF
component of the nth current generator is given by

{ Vo % (frg) g1, e "7 alne) }
. { /(=1 Bo(frp)—(n=1)-Bo(fr0) * Pars (fL0)] }

'{6(f‘fn:)}~ (8)

The total vector sum of all the IF currents propagating

from each section to the forward drain line load can be

calculated. Supposing that this is denoted by J;; then the
mean output IF power is given by

Pp= Illel 'Re(ZdT(fIF))" )

The available input RF power with 50-Q terminations
can be proved to be

= 20614+ B/ Zu(fre) P50/ Z4( fr) - (10)
where Z,.(f), Z,(f), and Z/(f) are input impedances
defined in Fig. 3, and
¢ 5]
C D

is the transmission matrix of the gate line matching net-
work.

The RF to IF conversion transducer gain is given by
10-Log,o(Pip/Prp) in decibels.

Having established this general formulation for the hy-
brid design, we will consider the ideal limiting case of a
perfectly matched ideal lossless mixer, whereby R gg> Lomgs
R,, Ry, L, and R, are all zero, while R, is
infinitely large. The LO, RF, and IF signals are only
altered in phase as they propagate down the gate and drain
lines, respectively.

With appropriate substitutions and simplifications, it
can be shown that the conversion gain expression, Py /Py,

PRF
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Fig. 3. Equivalent circuit of a traveling-wave mixer realized in discrete hybrid form and comprised of a 50-Q mput gate line
and a 50-Q output drain line (dc biasing circuits are not shown).

can be reduced to the simple form as shown below in this
ideal lossless limiting case
2 . 2

21 sin(n8/2)

kel 4 .z B A 11
16 d'n(fIF) gqr(fRF) Sin(0/2) ( )
where g, =2|g{|=2|g 1} Z,,(f) and Z(f) are the =
section characteristic impedances of the drain and gate
lines, respectively, and @ is equal to

,Bg(fLo)—:Bg(fRF)".Bd(fIF)- (12)

=0 (13)

Equation (13) has to be satisfied in order to maximize

the conversion gain and then (11) simplifies to the follow-

ing expression at one value of fgyg, for a given set of values

of fir and the cutoff frequencies of the gate and drain
lines:

2,2
n glzd,,(f;)zgvr(f”) . (14)

The gain of an ideal lossless unilateral n-section distrib-
uted amplifier valid up to the cutoff frequency when B,(f)
is made equal to B,(f) is given by [11]

nzgi.zdﬂ(‘{)zgw(f) (15)

and it can be seen that the two expressions (14) and (15)
are of the same mathematical form. The factor of 4 dif-
ference between the two expressions arises due to the fact
that a mixer utilizes the trigonometric identity that ex-
pands the product of the two cosine terms into sum and
difference frequencies

cos(A)-cos(B)=1(cos(A4— B)+cos(A4+ B)).

(16)
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Fig. 4. The 2-18-GHz small-signal computer-optimized equivalent cir-
cuit of the NEC NE71000 chip. (NB. Transconductance and transit
time for 0.31,,, bias are 50 mmho and 1.6 pS, respectively, and 73
mmho and 2.2 pS, respectively, for 0.87,, bias.)

A computer program has been written, which will com-
pute the conversion gain of a traveling-wave mixer imple-
mented in hybrid form, provided that the appropriate
Fourier components of g,,, R, and C,, under a stated dc
bias and LO drive level have been evaluated from the
separate nonlinear analysis of the circuit. This will serve as
a useful CAD tool for mixer design and characterizatior.

II1. MESFET MODELING

A simplified unilateral nonlinear model of the NEC
NE71000 GaAs MESFET chip under LO excitation has
been developed. It is based on small-signal 2-18-GHz
s-parameter microwave measurements at two different bias
points (0.37,,,, and 0.81,,,) in the current saturation region
(Vps=3 V), as well as dc and low-frequency (2 MHz)
characterization.



1474
Gate
1050
T
Source
0 a‘dss bias 08 [dssblas
Egs 037pF 0 43pF
(@)
200F.
1801
RN =03
160 Iyss
[+
140 + £
1%
o=
120 ¢
0814
100
80 Frequency in GHz
0 2 L 6 8 10 12 14 16 18
(b)
019
017 b~ 308gss
030, =
015 dss
(5
a
0131 €
)
I
on
Frequency in GHz
009 ¢ y
0 2 A 6 8 10 12 % 16 18
©
Fig. 5. (a) The 2-18-GHz small-signal computer-optimized unilateral

equivalent circuit of the NEC NE71000 chip (the values of R, and Cj;
are shown in Fig 5(b) and (c), respectively). (b) Variation of R, in the
optimized unilateral circuit of Fig, 5(a) with frequency. (¢) Variation of
C,, in the optimized unilateral circuit of Fig. 5(a) with frequency.

The computer-optimized (employing the quasi-Newton
minimization algorithm) small-signal linear equivalent cir-
cuit at 0.31, and 0.87,, is shown in Fig. 4. In this
connection, it may be of interest to point out that, as the
name implies, an equivalent circuit may not have any real
physical significance, and it merely represents a nodal
connection of electrical elements which just happen to
provide the best curve fit of the measured results.

Based on these results, the optimized unilateral equiv-
alent circuit at 0.3/, and 0.81,,, assuming 50- termina-
tions at the gate and drain, is shown in Fig. 5(a)-(c). The
striking dependence of both R, and C,, on frequency
explains why a single unilateral model is an unrealistic
representation of the drain of the MESFET over any other
than a narrow band of frequency. However, since the IF
band usually occupies the low-frequency end of the pass-
band in the drain line and has a relatively narrow band-
width, a unilateral model in that frequency range is consid-
ered as sufficiently accurate for our purposes here. '
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The bias dependence of g,, was obtained from dc 71—V
curves [4]. The variation of the magnitudes of the first
Fourier harmonic of g, (¢) with LO amplitude is shown in
Fig. 6. Since the g; characteristic flattens out when the LO
voltage amplitude across C,, exceeds +0.6 V (for gate bias
between —0.5 and —0.7 V), higher LO drive level contrib-
utes very little additional transconductance nonlinearity.

The bias dependence of R ,; was obtained from measure-
ments based on the substitution technique at 2 MHz,
taking into account the frequency dispersion behavior of
R, [13]. The results are close to values extrapolated from
microwave values shown in Fig. 5(b) at the same bias
points. The variation of the dc component of R, (¢) with
LO amplitude is depicted in Fig. 7.

Measurements show that g,,, R, and C,; are predomi-
nantly gate bias dependent, and approximately indepen-
dent of drain bias when biased in the current saturation
region.

1V. DEsiGN CRITERIA AND CONSIDERATIONS

The effects of internal MESFET losses as well as circuit
parasitics associated with thin-film hybrid design on con-
version gain have been extensively investigated, both theo-
retically and practically.

Figs. 8-10 show the variation of attenuation per gate
section with normalized frequency when R, L,.. and
R

g» Tespectively, increase above their zero ideal values. It
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R = 50 Q, cutoff frequency (ideal) = 22.7 GHz, R, =0, R, =0)..

implies that gate resistive loading R, is mainly responsi-
ble for the conversion gain rolloff and reduction in signal
bandwidth, while gate inductive loading L,,, is the pre-
dominant factor in bandwidth curtailment.

Fig. 11 examines the variation of attenuation per drain
section with normalized frequency when the drain resistive
shunt loading R, decreases from the ideal value of infin-
ity. For low values of R, there is a selective attenuation
of high frequencies. However, the MESFET is normally
biased near pinchoff and R, tends to be several times
bigger than R, and attenuation occurs nearly uniformly
over the whole passband. For R, greater than 10R 5, the
rate of improvement of attenuation with increasing R,
decreases several fold. Because the IF range lies in the
low-frequency end of the passband of the drain line, the ill
effects of L, ,, R, ., and R,, on conversion gain are
generally negligible.

It is worthwhile commenting that the aforementioned
high-frequency rolloff effect due to gate resistive loading is
in fact counteracted somewhat by the rising characteristic
of the midshunt # section characteristic impedance actu-

g
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Fig. 10. Variation of attenuation per gate line section with normalized
frequency, with R, /R ¢ as a parameter (dc charactenistic impedance
Ry =50 Q, cutoff frequency (ideal) = 22.7 GHz, R, =0, L, , = 0).
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Ryp =50 Q cutoff frequency (ideal) = 22.7 GHz, R,,;, =0, L,z =0,
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ally seen by each MESFET, which causes voltage peaking
towards the cutoff frequency. The fact that both the con-
version transconductance g, and R, of each section de-
pend on LO voltage across its C,, means that the gradual
attenuation of voltage in successive section in the gate line
will reduce both the input RF signal as well as g, and R ,,,
and considerably accelerate the rate of cutoff when com-
pared with the corresponding amplifier case. Generally
speaking, the conversion gain-bandwidth product in-
creases initially as the number of sections employed is
increased until the optimum number is reached. Thereafter,
selective rolloff at high frequency will take place as more
sections are added.

It transpires from Fig. 8 that for a given value of R,
increasing R, above 50 € will minimize the ill effects of
gate resistive loading within the passband of the gate line.
Having said that, for a given value of C,, increasing R ¢
will incur significant penalties such as reducing the band-
width f.; of the line. For example, if the line is ideal and
lossless, the cutoff frequency is inversely proportional to
ROGC_‘gS. So in cases where MESFET’s with relatively large
values of C,, are employed, and the specified operating
frequency band extends to relatively high frequency, resort
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must be made to reducing R, below 50 € in the interest
of extending the cutoff frequency and effectively reducing
gate resistive loading at the high-frequency end of the
specified band. The degradation of conversion gain can be
compensated for by employing more sections, provided
that the resultant cutoff frequency meets the specification,
Whatever the case, wide-band impedance transformers are,
therefore, required for matching, in addition to the m-
derived matching half sections, if a line impedance of
considerably higher or lower than 50 @ is employed. Ex-
ponential tapered microstrip line [14] is an excellent choice
for this purpose because it behaves approximately like a
high-pass filter and its VSWR decreases rapidly with in-
creasing frequency. Finally, to separate the IF output from
the rest of the parasitic frequency components and to
terminate them properly, a two-way selective wide-band
filter or diplexer has been designed to terminate the m-de-
rived matching section at the forward end of the output
drain line. Emphasis is placed on achieving an input im-
pedance that most approximates a 50-{ pure resistance
over the two frequency bands, as well as minimum inter-
ference between them. The singly loaded filter [15] proves
to be especially useful here; the structure is comprised of
two branches of singly loaded filters connected in parallel,
namely a singly loaded Butterworth low-pass filter for
retrieving the IF output signal and an identical order singly
loaded Butterworth high-pass filter (that is a bandpass
structure in practice) designed with the same 3-dB cutoff
point to terminate some of the mixer’s output parasitic
frequency products. However, the output impedance of the
drain line after the m-derived matching section is obviously
nonzero. Nevertheless, the extra error introduced in the
overall VSWR performance of the filter structure is negligi-
ble in practice. The notable feature of this arrangement is
that it allows the two filters to cancel each other’s suscep-
tances over most of their own passbands, ensuring good
VSWR performance.

Finally, a MESFET suitable for distributed mixer con-
struction should meet the following criteria (in order of
importance):

1) a high value of zero gate bias g, and a steep slope
in the g, versus ¥V, curve near gate pinchoff, to
ensure maximum possible conversion transconduc-

. tance and minimum LO drive requirement;

2) alow value of C,, to increase signal bandwidth;

3) alow value of R, to reduce gate resistive loading;

4) a high value R, to reduce drain resistive loading;

5) low values of feedback elements like C,, and R, for
reducing unwanted coupling between input gate line
and output drain line.

V. EXPERIMENTAL VERIFICATION

To validate the concept and theory proposed, a simple
two-section design has been realized in hybrid form, em-
ploying two NEC NE71000 GaAs microwave MESFET

chips. The design comprises nominally 50-Q gate and drain
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A photograph of the two-section distributed mixer.
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Fig. 13. Measured and calculated conversion gain versus signal RF.
lines together with an external directional coupler, and was
fabricated on 0.635-mm-thick and 1X1-in MRC gold-
plated Alumina substrate. A photograph of the two-section
design is shown in Fig. 12. Lumped components [16]-[18]
are chosen because of their approximate frequency-
independent properties. Gold bond wires (25 pm) were
employed to simulate lumped inductors while lumped
capacitors to ground were realized using low-impedance
microstrip lines. Source grounding was provided by two
ultrasonically drilled via-holes immediately below the
MESFET chips, filled with silver-loaded conducting paint.

The mixer conversion gain was measured using the
HP(8555A /8552B) spectrum analyzer and two HP(86290B)
signal generators (nonsynthesized) for providing the LO
and RF signals. :

The variation of measured conversion gain with signal
frequency for a constant IF of 1.5 GHz is shown in Fig. 13.
It demonstrates a conversion loss of 4 (+1, ~0.5) dB from
2-10 GHz of RF. Good agreement with predicted results is
observed, as shown in Fig. 13.

The loss reduces further to 3 (+1.5, —0.5) dB over the
same frequency band under optimum gate bias and LO
drive at each signal frequency. Measurements show that
the conversion gain becomes positive at low IF frequency.
For example, a measured conversion gain of +0.5 dB
(£0.5 dB) was demonstrated for an IF of 10 MHz, as
depicted in Fig. 13. The cause of this phenomenon is stiil
under investigation.
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Fig. 14. Measured and calculated conversion gain versus LO drive level
at 6.5-GHz LO frequency, 1.5 GHz IF and —0.5-V gate bias.
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Fig. 15. VSWR and return loss of input port with external directional
coupler removed versus LO frequency at 6-dBm LO drive and ~0.5V
gate bias. .

A typical variation of calculated and measured conver-
sion gain with LO power is shown in Fig. 14. Good
agreement is observed up to +11 dBm of LO power. The
theory fails to predict the fall in conversion gain above
+11 dBm because two effects have been neglected. Firstly,
an abrupt drop in R, will result if the drain LO voltage
swings beyond the current saturation region. Secondly,
with even higher LO power, the gate line turns from an
LCR transmission line to an LR transmission line because
of the shunting effect of forward-biased leakage resistances
across the gate capacitances.

The 1-dB compression point of this design occurs typi-
cally at around +35 dBm, with 11 dBm of LO drive level
(at input to mixer). The IF output port exhibits an excel-
lent return loss of greater than 23 dB up to 1.5 GHz, which
is equivalent to a VSWR of lower 1.15; the return loss and
VSWR of the input port with the directional coupler
removed, and with +6 dBm of input power applied, are
displayed in Fig. 15. The decrease in return loss above
midband is duc to the serious gate resistive loading of the
NE71000. '

Noise figure and associated conversion gain measure-
ments were performed using the HP8970A noise figure
meter and HP346B broad-band noise source. The two-sec-
tion design exhibits around 10-13-dB noise figure (single
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Fig. 16. Variation of noise figure and conversion gain with LO frequency
at 1.0-GHz IF, 9-dBm LO drive level, and —0.7-V gate bias, o:
Measured noise figure (single sideband). A: Measured conversion gain.
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Fig. 17. Variation of noise figure and conversion gain with LO drive
level at 8.8-GHz LO frequency and —0.7-V Gate Bias. ¢: Measured
noise figure (single sideband). a: Measured conversion gain.

sideband) for an IF band that starts from 500 MHz to 1.5
GHz. A typical set of measurements is shown in Fig. 16.
Finally, Fig. 17 illustrates a typical set of measurements of
noise figure and conversion gain versus LO drive level. The
relatively high noise figure of this two-section design is
mainly attributed to the fact that the IF signals are not
selectively terminated (for example, short circuited [4]) at
the two ports of the input gate line, and partly due to the
fact that it is a single-ended mixer and noise from the 1.O
can enter the system and become down converted to
the IF. )

We also expect the noise figure to be reduced when more
sections are used (up to the optimum number), similar to
the case of the distributed amplifiers [11], [19].

The objective to building this two-section distributed
mixer has been fulfilled since the theory has been con-
firmed in practice and the conversion gain is in accordance
with the theoretical predictions.

V1. CONCLUSION

The principle and theory of distributed (traveling-wave)
mixing have been presented. A simplified unilateral nonlin-
ear model of a GaAs MESFET has also been described. It
is based on small-signal microwave s-parameter measure-
ments, as well as dc and low-frequency characterizations.
The impact of gate and drain loading, as well as various
parasitics on circuit performance, has been assessed. In
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particular, the tradeoffs between design variables to achieve
a good' compromise between conversion gain and RF
bandwidth have been examined.

To test the validity of the theory, a two-section design
has been designed and built. It exhibits around 4 dB of
conversion loss over the signal-frequency band from below
2 GHz to the cutoff at 10 GHz for an IF of 1.5 GHz.
Agreement with theoretical predlctlons is good. A noise
figure of around 10 to 13 dB was also measured under the
same operating conditions. Excellent IF port VSWR and
good input port return’ loss have also been demonstrated.

Higher conversion' gain-bandwidth products and lower
noise figures are expected if more sections are employed
and the IF s1gnals are optlmally termmated at the inputs.
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