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In this study, we investigate microwave mixers realized by diodes and a ring
hybrid. Recently we have shown a version in which the LO and IF signals appeared
at the same physical port of the mixer. Now we investigate this idea systematically.
The problem is, which functions can be concentrated at the same physical port.
The following possibilities exist: LO and IF (investigated earlier), RF and LO, RF
and IF, and all the three signals at common port. As a result, one of them is new
and valuable, when the RF and IF signals are joined. The remaining two
possibilities can be realized only with a significant degradation of the mixer
parameters.
Key words: Microwave circuits, mixer, ring, third order intercept point.

Abbreviations: OIP3, Output third order intercept point.

INTRODUCTION
Mixers are basic building blocks of radio receivers and
transmitters. Their function is the transfer of the input
frequency range to another frequency range. Their model is
a three-port multiplier. The two input ports are for the
radio frequency (RF) and the local oscillator (LO) signals,
the output port is for the intermediate frequency (IF)
signal.
Mixers can be based on nonlinearity or time variance. In
practice, both effects are present. Basic characteristics are
insertion loss (IL) and third order intercept point (IP3).
Insertion loss is the difference in dB between RF and IF
signal. For mixers based on nonlinearity, its value is about 6
dB in ideal case, while for time invariance, it is 3 dB. As
nonlinearity and time variance can be present
simultaneously, minimum insertion loss between 3 and 6
dB frequently occurs.
Third order intercept point is the intersection of the two
curves. One of them is the power of the first, the other is the
third order product in the IF signal vs. RF input signal. For
resistive mixers, these are straight lines whose slopes are
related to each other in a ratio of 1:3. Due to nonideal
effects, these curves can also be nearly parallel, resulting in
a very high (infinite) IP3 (Ladvánszky and Osbáth, 2016).
We proved that there is no theoretical upper limitation for

the value of IP3 (Ladvánszky, 2017), and that IL and IP3 can
be arbitrarily adjusted in an amplifier-mixer-amplifier
chain by the amplification factors (Ladvánszky, 2017).
The best overview about microwave mixers is found in
Maas (2003). A glimpse on lower frequency mixer
comparison is presented in a study by (Ladvánszky and
Osbáth, 2016). At microwaves, mixing can also be achieved
using microwave-optical methods (Berceli et al., 1996). A
general overview about microwave integrated circuits has
been carried out (Kása, 1991).
The aim of the present study is to show that in general,
the same physical port of a mixer realization can be used
for multiple functions. All combinations of functions, that is,
LO-IF, RF-LO, RF-IF and RF-LO-IF can work somehow. The
corresponding coupling circuit may be tricky.
Technique for introducing our concept is presentation of
microwave suggestions for all solutions. The presentation is
in
terms
of
AWR
circuit
analyses
(https://www.awr.com/software/products/ni-awr-designenvironment).
This work is a natural continuation of the DSc dissertation
of the author, whose 4 theses are written about mixers
(Ladvánszky, 2018a). Our overview about mixers can be
found in a study by Ladvánszky (2018b).
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Figure 1: Upper: RF, LO and IF signals appear at
different ports, Periphery of the ring is 3/2
wavelength at RF frequency. Electrical distance
between stubs is 90°. Strips denote 50-ohm
lines, on the following Figures as well. Middle:
schematics in AWR Lower: diode model. The
same diode model is used in all analyses.

MATERIALS AND METHODS
Components used are semiconductor diodes, a ring hybrid,
and passive, lumped element components. Method is
analysis in the computer program AWR, using harmonic
balance solver. Number of harmonics are 5 for RF, LO and
IF. RF input frequency is 2 GHz, power level is from -20 to
10 dBm by 2 dBm. LO frequency is 2.5 GHz; power level is
20 dBm. IF signals are analyzed around 500 MHz.
RESULTS
The results are analyzed first and third order power at IF

frequency, and OIP3 as a function of RF input power. LO
power is 20 dBm. Results are shown in the Figures 1 to 13
and Table 1.
DISCUSSION
From the possible additional combinations, one is
meaningful, where the RF and IF signals are present at the
same port, as shown in Figures 10-12. Of course, the
original and the previously studied versions in Figures 1-6
are also meaningful.
In addition to the previously known versions shown in
Figures 1-6, a new mixer version (Figures 10-12) has
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Figure 2: First and third order intermodulation
products at the IF port as a function of RF input
power.

Figure 3: OIP3 as a function of the RF input power.

Figure 4: LO and IF are present at the
same physical port of a ring, separated by a
lowpass filter. Periphery of the ring is 3/2
wavelengths at RF frequency. Electrical
distance between stubs is 90°.
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Figure
5:
First
and
third
order
intermodulation products at the IF port as a
function of RF input power.

Figure 6: OIP3 as a function of the RF input
power.

Figure 7: RF and LO are present at the
same physical port of a ring, separated
by a lowpass filter. Periphery of the ring
is 3/2 wavelengths at RF frequency.
Electrical distance between stubs is 90°.
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Figure 8: First and third order
intermodulation products at the IF port as
a function of RF input power.

Figure 9: OIP3 as a function of the RF
input power.

Figure 10: RF and IF are present at the
same physical port of a ring, separated by a
lowpass filter. Periphery of the ring is 5/4
wavelength at RF frequency. Electrical
distance between stubs is 90°. The 72°
shown in the Figure is the geometrical
angle between stubs.
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Figure 11: First and third order intermodulation
products at the IF port as a function of RF input power.

Figure 12: OIP3 as a function of the RF input
power.

Fig. 13.RF, IF and LO are presentFigure
at the same
physical
portLO
of are
a ring,
separated
by filters.
Peripheryport
of the ring is a full wavelength at RF
13: RF,
IF and
present
at the
same physical
frequency.
of a ring, separated by filters.
Periphery of the ring is a full

wavelength at RF frequency.
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Table 1: Comparison between the analyzed characteristics of the original and modified versions, using
AWR. The better values corresponding to the same realization are written in bold.

Figure number
1
1a
4
4a
7
7a
10
10a
13
13a

IL (insertion loss) dB at
0 dBm RF
9.657
31.18
8.602
30.47
32.98
41.64
9.966
14.11
7.889
4.695

OIP3 (Third order intermodulation
product) dBm at 0 dBm RF
18.06
2.844
20.83
5.779
-26.22
-18.02
9.372
3.768
3.201
12.44

Figure 14: First and third order intermodulation products at
the IF port as a function of RF input power.

Figure 15: OIP3 as a function of the RF input power.

been found. We have shown that the other versions provide
weaker mixer characteristics. Similar investigations have
not been found in literature. The significance of these
results is possibly the simpler realization of mixers (Figure
14 and 15).

As in Figures 1a, 4a, 7a, 10a, 13a, we also investigated
some possible versions when the ring resonates at RF
frequency. The results are included in Table 1. From these
latter investigations, we can conclude that ring resonance
does not necessarily results in better mixer parameters
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Figure 1a: RF, LO and IF signals appear at different ports,
Periphery of the ring is twice the wavelength at RF frequency.
Electrical distances between stubs are integer multiplies of 90°.

Figure 4a: LO and IF are present at the same physical port of a ring,
separated by a lowpass filter. Periphery of the ring is twice the wavelength
at RF frequency. Electrical distances between stubs are integer multiplies of
90°.
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Figure 7a: RF and LO are present at the same physical
port of a ring, separated by a lowpass filter. Periphery of
the ring is twice the wavelength at RF frequency.
Electrical distances between stubs are integer multiplies
of 90°.

Figure 10a: RF and IF are present at the same physical port of a
ring, separated by a filter. Periphery of the ring is a full wavelength
at RF frequency. Electrical distance between stubs is integer
multiplies of 90°.

Figure 13a: RF, IF and LO are present at the same physical
port of a ring, separated by filters. The ring was deleted.
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