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Introduction

Mixers are key devices for front-end
components in any transceiver of a
communication system. The performance of a
receiver rely heavily on the mixer operation in
terms of its conversion loss (gain), noise
figure, port-to-port isolation, intermodulation
distortion and dynamic range. Microwave
mixer can be designed by using Schottky-
barrier diode or FET, either MESFET or
HEMT. Using a FET rather than a diode as the
non-linear element in a mixer has several
advantages. Some of these include the
possibility of achieving a conversion gain,
using lower LO drive power and obtaining
isolation between the signal ports of the FET.

FET can be used to provide frequency
conversion in a number of different ways
depending upon the bias configuration of the
device. This paper presents the gate mixer and
the drain mixer, both mixers are active mixers
since they employed the non-linearity of the
FET as the mixing element. Both mixers were
constructed in a single-ended configuration by
utilising GaAs PHEMT as a mixing device.
These two GaAs PHEMT single-ended mixers
operating at 28 GHz and suitable to be used in
the application of Local Multipoint
Distribution System (LMDS). LMDS is an
integrated wireless broadband service offering
bundled telephony, data voice and video.

Mixer Design and Operating Principle

The mixers were designed using Libra
Series IV software based on the foundry
GMMT H40 smart library. The same
transistor is used for both mixers that is a
PHEMT with 0.25 um gate length, two fingers
with the widht of 60 um.

Fig.1 (a) shows a block diagram for single-
ended gate mixer. The PHEMT is in common-
source configuration, the RF and LO signals
are applied to the gate through a circuit
combiner, whereby a Wilkinson combiner is
employed in this design. The IF signal is
extracted from the drain through a low pass
filter which is in the form of a one stage LC
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network. The gate is biased near its pinch-off
voltage and the drain is biased in saturation
regime. In the gate mixer, the profile of the
transconductance,g, ~ versus Vg is  the
dominant factor in the frequency conversion
process. When a sufficiently strong LO signal
is applied to the gate of a FET biased close to
pinch-off, the drain current will be modulated
between zero and the saturation value |y
Simultaneously, FET transconductance, 0,
will also be vary between zero and its peak
value. Thus, the applied LO voltage creates
the time-varying transconductance, g and the
RF mixes with it.

Fig.1 (b) shows a block diagram for single-
ended drain mixer. The RF is applied to the
gate, while the LO is applied to the drain
through the LO filter and IF is extracted from
the drain. The gate is negatively biased, and
the drain is biased at the Vgs—=Vinee to provide
the optimum performance of the drain mixer.
In the case of the drain mixer, the non-
linearity at the knee of the I/V characteristics
is used for this mixing action. Thus, the
dominant contributor to frequency conversion
is the variation of the drain-source resistance,
Rgs and also the transconductance, ¢y, The
large LO signal applied to the drain modulates
both the channel resistance, Rys and the
transconductance,gn hence both of these non-
linearities become time-varying functions with
a period equal to that of the LO.

For both mixers, all the ports; RF, LO and
IF port are matched to 50 Q. The low pass
filter prior to the IF port is used to filter out all
the spurious response and to provide adequate
LO to IF isolation.
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FIGURE 1 Block diagram for single-ended
PHEMT mixers (a) gate mixer, (b) drain mixer

Simulation Results and Discussion

The two mixers which have been designed
were simulated by using the Harmonic
Balance Simulator available in Libra Series IV
software. The single-ended gate mixer
operates with LO power at +10 dBm, drain
bias at 5.0 V and gate Dbias at -0.9V.
Meanwhile the single-ended drain mixer
operates with LO power at +15 dBm, drain
bias at 1.4 V and gate bias at -0.4 V. Both
mixers show good performance in terms of
conversion loss, LO to RF isolation and LO to
IF isolation as illustrated throughout Fig.2 till
Fig. 5, with RF frequency swept from 24 to 32
GHz and IF frequency fixed at 1 GHz.

From the graf in Fig.2, it is noted that the
conversion loss of a single-ended gate mixer
is between 1.5 dB to 2.7 dB, whereby the
lowest conversion loss is 1.5 dB at RF
frequency equals to 27 GHz. Theoretically,
the gate mixer is an active mixer and therefore
it should provides a few dB of conversion
gain due to the time-variant transconductance
as the mixing element. Instead of conversion
gain, this single-ended mixer gives around 2
dB conversion loss. This losses is due to the
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loss in Wilkinson combiner circuit, which is
3.9dB.

CONVER

24.0 32.0

Frequency 2.0 GHz/DIV
FIGURE 2 Gate mixer conversion loss versus
RF frequency

The single-ended gate mixer also achieved
adequate LO to RF isolation and LO to IF
isolation as shown in Fig.3. The LO to RF
isolation of this mixer is between 26 dB to 32
dB. This isolation is provided by the isolation
between terminals of Wilkinson combiner.
The LO to IF isolation of this mixer is
between 25 dB to 29 dB. This isolation is due
to the low pass filter at the drain and also

inherent 1isolation between the transistor
terminals.
o ot
—-24.0
—-26.0
-30.0
-32.0
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FIGURE 3 Gate mixer LO to RF isolation and

LO to IF isolation

Fig.4 shows the conversion gain of the
single-ended drain mixer, whereby the
conversion gain is between 0.5 dB to 3.5 dB.
The highest conversion gain achieved is 3.5
dB at RF frequency equals to 28 GHz.
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FIGURE 5 Drain mixer LO to RF isolation and
LO to IF isolation

The LO to RF isolation of this mixer is
between 27 dB to 30 dB, meanwhile the LO to
IF isolation is between 38 dB to 45 dB as
ilustrated in Fig.5. The LO to RF isolation is
due to the inherent isolation between the
transistor terminals.

The performance of both mixers at RF
frequency equals to 28 GHz is summarized in
Table 1. The single-ended drain mixer has
lower noise figure which is only at 6.7 dB.
This is because the operation of the drain
mixer is due to the variation of Vg, whereas
the operation of the gate mixer is due to the
variation of Vg. The noise parameters
sensitivity are mostly depending on the
variation of Vg compared to the variation of
Vs, therefore the gate mixer has higher noise
figure than the drain mixer ( De La Fuente
1998). The layout of both mixers are shown in
Fig. 6 and Fig. 7 with the size of 0.94 mm x
2.0 mm for the gate mixer and 0.93 mm x
1.98 mm for the drain mixer.
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TABLE 1 Performance of the two single-ended
mixers with RF frequency at 28 GHz, LO
frequency at 27 GHz and IF frequency at 1 GHz.

Gate Drain

Conversion Gain dB —2.0 3.4
LO power, dBm +10 +15
Isolation LO/IF, dB 27 39
Isolation LO/RF, dB 27 28
Noise Figure, dB 10.8 6.7
PldB , dBm +7 0

IIP3, dBm 15 22
Drain bias Vg, V 5 1.4
Gate bias V,, V -0.9 -0.4

FIGURE 6 Layout of single-ended gate mixer

FIGURE 7

Layout of single-ended drain mixer

Conclusions

This paper has presented two active
PHEMT mixers operates at 28 GHz, the
single-ended gate mixer and the single-ended
drain mixer. The single-ended drain mixer
gives a few dB of conversion gain and it also
has lower noise figure compared to the single-
ended gate mixer.



The 4th Annual Seminar of National Science Fellowship 2004

Acknowledgements

The authors wish to thank the Ministry of
Science,  Technology and Innovation
(MOSTI), Malaysia for the National Science
Fellowship awarded to Nuriha Abd. Rahman.
The authors also wish to thank Wireless
Device Unit, Telekom R&D for the technical
support and the design software used in this
research.

References

Allam, R., Kolanowski, C., Theron, D. &
Crosnier,Y. (1994). Large signal model for
analysis and design of HEMT gate mixer.
Microwave and Guided Wave Letter, IEEE. 4
(12): 405 —407.

Allam, R., Kolanowski, C., Duvanaud, C.,
Paillot, JM. & Crosnier, Y. (1998).
Optimization of the Transconductance
Profile of Millimetre-wave HEMT Gate
Mixers. |EEE Collogquium on Microwave
and Millimetre-Wave Oscillators and Mixers,
1998. 8/1 - 8/4.

De La Fuente, M.L., Portilla, J. & Artal,
E. (1998). Low noise Ku-band drain
mixer using PHEMT technology.
Electronics, Circuits and Systems, 1998
IEEE International Conference. 1: 175 -
178.

Maas, S.A. (1993). Microwave Mixers,
Second Edition. USA, Artech House.

Maas, S.A. (1998). The RF and Microwave
Circuit Design Cookbook. USA, Artech
House.

Rosario, M.J., Bernardino, J., Fortes, F.,
Kulke, R., Sporkman, T. & Freire, J.C.
(1996). Monolithic single FET mixers with
coplanar technology to convert between V and
C band. Microwave and Millimeter-Wave
Monolithic Circuits Symposium, IEEE 1996 :.
93 - 96.

Xu Ruimin, Xiao Shaoqiu & Yan Bo.
(2000). Development for millimeter-wave
PHEMT Mixer. Infrared and Millimeter
Waves,IEEE 2000 Conference Digest.: 459 —
460.

465





