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ABSTRACT

The design of an S5-band resistive
MESFET mlxer ls presented. Contrary to
other types of mlxers where the predeml-
nant mixing element 1s a nonllnear device
parameter, resistive FET mixers utilize
the linear reslistive channel of & dewlce
as the mixing element.

The lntermediate frequency(IF) las
eXtracted at the drain with adegquate
flltering and impedance matching. With
preper terminatien of all three porte
of the dewice, an owverall superior mixer
performance was achieved compared to
the Schottky barrier diode mixer. This
state-of-the-art S5-band resistive FET
mixer with its low noise and high dynamic
range finds wide applications in the
wireless TV lndustry.

INTRODUCTION

In teday's modern communleatlen
systems, the performance of recelvers rely
heavily on the mixer operation in terms of
its converslon lossigaln), nolse flgure,
port-to-port lsolatlon, port matchling
and most lmportantly dynamlc range, The
inherent nonlinear characteristlecs of
most freguency mixing elements such as
the popular Schottky barrier diode pro-
duces a number of slgnals harmonically
related to a speclfic ilnput signal in
the presence of a strong local oscil-
lator(LO) slgnal. Except for the desired
down converted IF frequency which is the
difference between an Ilncoming small
signal and the LO freguency. all cother
harmonlca and spurlous products are
undesired intermodulation distortlon
[IMD) output. These products can degrade
the overall performance of the system.
Most important of these distortion
slgnals are the two-tone third crder
Intermodulation products [(1-61.

The need for a low nolse, high dy-
namic range mixer to be usged In an §5-

band downconverter for the wireless TV
industry recognized as Multichannel
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microwave distribution systems(MMDS) is

well known. Mlxers which would doWwncon-

vert an lnput radle frequency(RF) band

tc a lower IF band when mixed with a

fizxed LO frequency have been investi-

gated in literature(7.8). Our present TH
Wwork constitutes a malor improvement in 3B
the performance of resistlive FET mlxers

and contributes greatly tec the state-of-
the-art of these mixers.

In this paper a novel design of an
S-band resistive FET mlxer 1s presented.
Theory and design conslderations of a
realstive FET wmlxer, along wlth
experimental work, comparative analysis
and a brief conclusion ls delineated in
the follewlng sectlons.

MIXER ANALYSIS

The Schettky barrier dlode has been
used in most microwave mixers. However,
its highly nonlinear junction conductance
ylelds a relatlvely poor performance ln
spurious signal and intermedulation(IM)
products. In order to optimlze these para-
meters ., designers have opted to increase
the LO power. Increasing the LD power be-
yond an optimum level usually increases
mixer noise figure [9). Other methods
employed to improve the intermodulation
per formance took on the use of single and
double balanced configuration appreach [10]

The GaAs HEAFET transistor when blas-
ed at a very low or no drain voltage is
sald to be operating in Its linear or
triode re=gion of the DC I-V curve. This
raglon 1s also called the ohmic or resis-
tive reglon because of its linear charac-
terlstics as a functien of the appllied
wvoltage [11]. The FET channel resistance
can be varled from almest an cpen lmped-
ance te a low lmpedance of a few ohms.
This can easlly be achleved by varying
the gate bilas from below the pinch-off
voltage to a slightly positive value.
Figure 1 shows the llnear reglon of the
DC I-V characteristlics of an NEC,NE72084,
GahAs MESFET simulated on the nonlinear
"LIBRA" CAD program [12]. The switchling
voltage mechanism is provided by a rela-
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tively large LO signal applied to the
gate of the FET in conjunction with a
fixed negative DC blas.

The small RF signal is applied to the
dralin with adequate port matching for maxi-
mam power transfer thus enabling good con-
version loss and nolse flgure. The IF
signal is filtered at the drain with proper
diplexing of both RF and IF signals for an
optimum mixer performance of minimum con-
version loss and respectable port-to-port
isolation.

The device in this llnear mode
i operated in lts common source configu-
ratien where the source 1s grounded. An
eguivalent clreult of the GaAs MESFET can
be derived under this bias condition [5].
Figure 2a shows the FET mixer circult
bleck diagram. Figure 2b shows the device
model, where Rg, Rs and Rd are the gate,
source and draln ohmic contact resistances
respectively.

EXPERIMENTAL RESULTS

The design of the resistive FET mixer
was subdivided inte several stages where
important decisions such as device selec-
tion, nonlinear device models and pProper
circult configuration had to be made.
Following that and using mixer CAD simu-
lation techniques, the final clrcult para-
meters and element values were obtained
and subsequently the clrcult was fabri-
cated. The FET mizer circuit layout is
shown ln flgure 3.

The designed circuit is an S5-band
mizxer downconverter where the LO frequency
is at 2.3 GHz, the RF bandwidth is at 2.5-
2.7 GHz, and the resulting IF bandwidth 1s
0.2-0.4 GHz. Several performance evaluatlon
tests were performed. These tests lncluded
RF BPF test, port match test, noise flgure
evaluation, IMD evaluation & port isalation
test, image rejection test and £inally
conversion loss test whieh is tabulated 1n
table 1. The results of these tests are
shown in figure 4.

Further experimental work was carrled
out which clearly demonstrated superior
performance of this mixer clilrcult. The
designed mixer circuit f£inds wilde appli-
cations in the wireless TV industry where
the demands for low nolse and large
handling of multichannel loads are great.

= COMPARATIVE ANRLYSIS

This work delineated a FET mixer
deslign approach utilizing an unbiased
drain-source channel of a Gahs HMESFET
device. The nonlinear channel resistance
causes freguency mlxing In the dewvice.
Because of lts resistive switching nature,
this FET mixer is reasonably lossy. How-
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ever 1t possesses a superior IM distortion
response. In contrast, a Schottky barrler
diode mixer has a highly nonlinear
junction conductance which causes a poor
IM distortion response.

For comparison, a single balanced(SB)
Schottky barrier diode mixer with the same
RF and LO frequency bands was also fabri-
cated. In this circult, the RF & LO signals
were comblined using a two-sectlon branch
line gquadrature hybrid. An ldentical serlies
of performance tests were carried out. A
summary of the test results of the disde
mixer compared with that of the reslstive
MESFET mixer 1s shown in table 2. Also
included in this table is the measured
data of & commercially available Watkins-
Johnson double-balanced mixer (WJI-M1G).

From this table, it is worth noting
that the input 1-dB compression point{CP)
of the resistive FET mixer is +4 4B higher
than the LO power required; whereas the
diode mixer 1-dB CP is -E dB lower. Also
the ontput third order intercept(TOI)
point of the FET mixer is noticeably
higher (by +8 dBm) than that of the dicde
mixer. The superiorlty of the FET mixer
conversion loss and noise figure 1s also
evident. The FET mixer, unlike the Schottky
barrier diode mixer has noise figure that
Is almost equal to the conversion loss.
This is an evidence of almost purely
thermal noise source dominance in the FET
mizer noise figure. In short, the resist-
ive FET mixer clearly outperforms its
Schottky barrier dicde counterpart by a
good margln and with less LO power.

CONCLUSIONS

State-of-the-art linear and non-
linear Computer Alded design (CRD) soft-
ware was used to simulate and optimize the
design of the mixer. A prototype circuit
was fabricated and tested to evaluate
theoretical as well as simulated results.
Good agreement between mixer's slmulation
and experimental results was demonstrated.

& MESFET resistive mixer with a conversion
loas of 9 dB (including an RF bandpass
Eilter), a 1-dB input compression point of
+12 dBm and an output third order intercept
point of +18 dBm has been achieved. This
FET mixer was found to be superior to the
thattky barrler dlode single-balanced
mixer,
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Table 1. FET mixer conversion loss as a function of V55 and LO pawer.

RF Freq. (GHz) IF Freq. (GHz} Conversion Loss (dB)
At +8 dBm LD Power
VG5= 0.5V | VGS= -1.0V | VG5 --1.5V
25 02 98 9.0 10.0
26 03 95 BB 10.2
27 04 10.8 9.2 115

Table 2. FET mixer parameter companson with a single balanced diode mixer and a

WI-MM1G Watkins-Johnson mixer.

Mizxer Type Lo power Conversion N.F Fin@ P30
{dBm} Loss (dB) =]} 1dB CP(dBm) (dBm)
MESFET Mixer +8 2 9.2 +12 +18
5B Diode Mixer +13 105 11.0 +5 +10
WI-M1G +3 9 9.5 +3 +6
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Flgure 1. Lipnear Region of HEJID3& Gaks MESFET DC I=V Curves
Sizulaced using LIBRA
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Figure 95, FET Mixer Circuit Block Diagram Figure. 2h Equivaient Circuit of a GaAs MESFET Operated at Zero DC Drain Voluge
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Figure 3, FET Mixer layout
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Figure 4. RF BPF Insertion Loss and Return Loss Measurement.
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