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Research on Fourth Harmonic Mixer at W Band in the Imaging System 

Bo Xiang․Wenbin Dou․Minmin He․Zongxin Wang

Abstract

This paper presents a novel fourth harmonic mixer with new structure. The traditional 3-ports fourth harmonic mixer 
and the novel fourth harmonic mixer are designed by ADS, HFSS and CST simulator. The mixers have been fabricated 
and tested. The size of the traditional 3-ports fourth harmonic mixer is 12×15 mm, and the best conversion loss is 
18.7 dB according to the measurement. Since the traditional 3-port mixer size is too large to be ranked, we design 
a novel fourth harmonic mixer for imaging system. The width of the mixing module in the novel fourth harmonic 
mixer is only 3.65 mm, and this size is fully capable to meet the mixer unit space which is not greater than 5 mm. 
The simulation result shows that the mixer has good performance, and the experiment result shows that the best 
conversion loss of the novel fourth harmonic mixer is 16.3 dB at RF signal of 91.3 GHz.
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Ⅰ. Introduction

The frequency of millimeter wave is between infrared 
wave and microwave. The millimeter-wave radiation detec-
tion equipment is more effective than photoelectric de-
tector especially in inclement weather or dusty condi-
tions [1, 2]. Millimeter-wave radiation detection techno-
logy is playing an important role in many fields and can 
work in all-weather. Direct detection receiver is used in 
many millimeter-wave imaging systems. Although direct 
detection receiver does not require local oscillators and 
has the advantages of low DC power consumption and 
simple structure, it can only extract amplitude informa-
tion. The holographic imaging system is used to obtain 
better imaging quality. As one of the key components in 
the holographic millimeter-wave imaging system, the mi-
xer performance is very important. In order to improve 
imaging speed, we designed an array composing of mul-
tiple mixers to receive and process image information. 

In 1975, harmonic mixer was reported in [3] firstly. 
In 2008, the fourth harmonic mixer at Ka band was pro-
posed and the minimum loss is 7.4 [4]. In 2009, a W- 
band eighth-order harmonic mixer achieved a conver-
sion loss of 36±6 dB across a frequency range of 80 ～
105 GHz [5]. A 75～110 GHz seventh-harmonic balan-
ced diode mixer had very flat characteristics of con-
version loss of about 19±2.5 dB over the entire W- band 
[6]. Two kinds of fourth harmonic mixer are present in 
this paper. According to the experiment results, the 
minimum conversion loss of the novel fourth harmonic 
mixer is only 16.3 dB. Moreover, the size of the novel 

fourth harmonic mixer is smaller than the former mi-
xers. The most specific character of novel fourth har-
monic mixer is that it can be arrayed to be implemented 
in the imaging system. 

Firstly, we fabricated and tested a traditional 3-ports 
fourth harmonic mixer to demonstrate the feasibility of 
holographic imaging. Secondly, in imaging systems we 
need place many mixers on the focal plane to receive 
RF signals, as shown in Fig. 6. According to Nyquist 
theorem, the mixing unit space should be less than 1.5 
mm, the traditional 3-ports mixer is hard to meet the 
requirement. Considering manufacturing technique, we 
assume that the mixers unit space of design specifica-
tions is 5 mm, and designed the novel fourth harmonic 
mixer with new structure. In this paper, the novel har-
monic mixer is divided into two modules, as shown in 
Fig. 7. One module is 2-ports component containing a 
GaAs flip chip anti-parallel pair Schottky diode, the other 
is a diplexer.

Ⅱ. The Traditional 3-Ports Fourth Sub-Harmonic 
Mixer

2-1 Design and Simulation

The traditional fourth harmonic mixer, as shown in 
Fig. 1 [4～7], consists of four open/short stubs at the two 
sides of the anti-parallel pair Schottky diode. RF signal 
is fed to left side of the diode and LO signal is fed to 
right side. The IF signals is taken out from the RF port. 
The waveguide/microstrip transition works as not only 
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Fig. 1. The fourth sub-harmonic mixer diagram.

signal transition, but also bandpass filter to prevent the 
IF & LO from leaking to RF. The lowpass filter is used 
to filter IF signal.

The waveguide/microstrip transition model [8] is built 
and simulated by HFSS in the Fig.2. Return loss of the 
RF signal between 88 GHz and 101 GHz is less than 
—20 dB and insertion loss is very low. Reflection co-
efficient S22 of the LO and IF signal between DC and 
60 GHz is approximately 0 dB.

2-2 Fabrication and Measurement

The 3-port fourth harmonic mixer is shown in Fig. 3. 
The Schottky diode type is the MS8251-P261. The cir-
cuit is designed and fabricated on the RF-Duroid 5880 
with thickness of 0.127 mm and dielectric constant of 
2.22. 

The test diagram is the same as Fig. 11, and the de-

  

Fig. 2. Simulation model and simulation result of the wave-
guide/microstrip transition.

Fig. 3. Photograph of the 3-port sub-harmonic mixer.

Fig. 4. Test scenario photograph of the 3-ports fourth harmo-
nic mixer

Fig. 5. Conversion loss measurement curve with the RF 
frequency.

tail description is in the Section Ⅲ-4. The test scenario 
is shown in the Fig. 4.

The measurement result is shown in Fig. 5, when LO 
frequency is 23.15 GHz, the LO power is 14.2 dBm. 
When RF frequency is 94.3 GHz, the best conversion 
loss is 18.7 dB. When RF frequency is between 92.7 
GHz and 95.5 GHz, the conversion loss is less than 20 
dB, and the RF bandwidth is about 3 GHz.

Ⅲ. The Novel Fourth Harmonic Mixer

3-1 Application Background

The millimeter wave imaging sketch is shown in Fig. 
6. The electromagnetic waves radiating from imaged ob-
jects propagate through the lens and focus on the ima-
ging plane. The mixer is ranked on the focus plane and 
the image is reconstructed by the mixer detecting infor-
mation. We have tested traditional 3-ports fourth har-
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Fig. 6. Millimeter wave imaging sketch.

monic mixer which installed in a mechanical scanning 
equipment to get image. In order to improve scanning 
speed, the electronic scanning equipment including the 
fourth harmonic mixers array will have wide application. 
It is very difficult to design small size fourth harmonic 
mixer which can be ranked on the focus plane. 

3-2 Design

The novel structure fourth harmonic mixer, as shown 
in Fig. 7, consists of anti-parallel pair diode mixer mo-
dule and diplexer module. The design keys are as fo-
llows:

1) The output IF signal is delivered from the LO 
input port of the diode, which is different from the 
traditional fourth harmonic mixer.

2) The novel fourth harmonic mixer is divided into 
two modules, as shown in Fig. 7. One is the anti-parallel 
pair diode mixer module which is 2-port component. It 
is easy to place in a row of the focus plane. The other 
is the diplexer module which is used to isolate IF signal 
from LO signal. It is not required to be placed in a row.

3) One coaxial cable transmits LO and IF signals 
between the two modules mentioned above.

The basic circuit schematic has a λRF/4 shorted- 
circuited stub on the RF side of the diode pair such that 
the stub provides a IF return path to ground, but the RF 
signal is not affected. Similarly, a λLO/4 open circuited 
stub is located on the RF side of diode pair such that 
the diodes are terminated with a short circuit at the LO

Fig. 7. Design diagram of the novel fourth harmonic mixer.

frequency, but the RF signal is not affected. A λRF/4 
open-circuited stub on the LO side of the diode pair ter-
minates diode at the RF frequency. The λRF/2 open- 
circuited stubs on the both sides of the pair prevent 
signal of double LO frequency leakage to RF or LO, 
which enhance mixing efficiency. 

The diplexer consists of a lowpass filter and a band-
pass filter. The IF signal is extracted from the LO side 
of the diode pair. The 22.7～23.7 GHz bandpass filter 
provide good rejection at DC-5 GHz, preventing IF lea-
kage to the LO source.

3-3 Simulation

The anti-parallel pair diode mixer module is shown in 
Fig. 8. The maximum width is only 3.65 mm, so it is 
easy to place in a row. The microstrip and stub are 
simulated and optimized by CST. 

The diplexer module model is built and optimized by 
HFSS shown in Fig. 9. It consists of a lowpass filter 
and a bandpass filter. The lowpass filter is designed by 
using alternating section of very low and high charac-
teristics impedance microstrip. The LO bandpass filter is 
designed by using microstrip series open-circuited stubs 
and its response is the same as the equivalent LC net-
work [9].

The simulation results denoted by the hollow triangle 
are shown in Fig. 10. When the LO frequency is bet-
ween 22.7 GHz and 23.7 GHz, the reflection coefficient 
S22 is less than —20 dB and transmission coefficient S12 
is more than —0.7 dB. When the IF is between DC and 
5 GHz, the transmission coefficient S31 is more than —
0.2 dB. The isolation S32 between LO input port and IF

Fig. 8. Anti-parallel pair diode mixer module.

Fig. 9. The diplexer.
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output port is less than —30 dB. 
The S-parameters of the diplexer are tested by vector 

network analyzer (Agilent E8563C). The two ports of 
VNA connect the two of 3 ports of the diplexer and the 
other port is matched by 50 ohm load. The measured 
results denoted by the solid triangle are shown in Fig. 
10. The measured insertion loss of bandpass filter at 
23.15 GHz is 1.5 dB. The measured 3 dB cutoff fre-
quency of the lowpass filter is 8 GHz. The isolation at 
23.15 GHz between LO input port and IF output port is 
less than —35 dB. The measurement results have good 
agreement with the simulation.

When LO frequency is 23.15 GHz and LO power is 
9.73 dBm, the simulation result is shown in Fig. 11. 
When RF frequency is 91 GHz, the best conversion loss 
is 15 dB. When RF is between 87.6 GHz and 99.4 
GHz, the conversion loss is less than 20 dB, and the RF 
bandwidth is about 11 GHz.

Fig. 10. The diplexer simulation and measurement results.

Fig. 11. Conversion loss simulation curve with the RF fre-
quency.

Fig. 12. Test diagram.

3-4 Measurements

The test diagram of the novel fourth harmonic mixer 
is shown in Fig. 12. The RF source is a source module 
controlled by an Agilent signal generator. The LO sour-
ce is a signal generator (Agilent E8257D). The IF signals 
is received by a spectrum analyzer (Agilent E4440A). 

The photograph of the novel fourth harmonic mixer is 
shown in Fig. 13. The cavity size of the anti-parallel 
pair diode module is 20.5×10.1 mm; the circuit size of 
the anti-parallel pair diode module is 10.84×3.65 mm. 
The cavity size of the diplexer is 27.1×26 mm. The 
circuit size of the diplexer is 22.41×16.85 mm. The out-
side diameter of the coaxial cable is only 2.2 mm, which 
connects the anti-parallel pair diode module with the 
diplexer. The anti-parallel pair diode module includes a 
waveguide/microstrip transmission. 

The anti-parallel pair diode module is a component 
with two ports, so many novel fourth harmonic mixers 
are easy to be placed on the focus plane. This way can 
solve the puzzle of the traditional 3-ports mixer in the 
imaging system.

With LO frequency of 23.20 GHz and LO power of 
16 dBm, the measurement result is shown in Fig. 14.

The best conversion loss is 16.3 dB at RF signal of 
91.3 GHz. The conversion loss is less than 20 dB with 
RF frequency of 88～94.4 GHz, so the RF bandwidth is 
about 6 GHz. The conversion loss measured curve is 
different from simulation result especially in the upper 
frequency band above 93 GHz because many experi-
mental factors are difficult to be built accurate model, 
for example, the diode spice model parameters, adhesive 
impedance of the diode assembly and fabrication errors, 
etc. 

A line array consists of several novel fourth harmonic 

Fig. 13. The photograph of the novel fourth harmonic mixer. 
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Fig. 14. The conversion loss measured curve with the RF 
frequency.

Fig. 15. Fourth harmonic mixer line array sketch.

mixers, as shown in Fig. 15. Similarly, a plane array 
consists of several line arrays. The fourth harmonic mi-
xers array can be used in the imaging system. 

Ⅳ. Conclusion

The waveguide/microstrip transition, lowpass filter and 
bandpass filter are simulated and S-parameters are ex-
ported by HFSS. The open-circuited stubs or short-cir-
cuited stubs are simulated and S-parameters are exported 
by CST. All S-parameters and the diode spice model 
parameters are imported into ADS and the whole circuit 
system is simulated by ADS. In this paper, two kinds of 
fourth harmonic mixers are designed and optimized by 
using ADS, HFSS and CST. The traditional 3-ports 

fourth harmonic mixer is used in mechanical scanning 
equipment in the imaging system. The novel fourth 
harmonic mixer is more suitable for imaging system.

This work is supported by NSFC under grant 
60921063 and innovation fund of state key Lab of 
MMW.
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