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Chapter 1

Executiv e summary

The aim of the project is to build a Gunn diode oscillator consisting of
four diodes coupled together using power combining techniques to achieve
an output signal of 100mW at 87GHz. The objectives are to produce a
singleGunn diode oscillator, and using the designof this system,producea
multiple Gunn diode oscillator, to provide power combining and achieve the
desiredoutput signal.

Two reports, the interim report and the �nal report, have to-date beencom-
piled detailing the project. The interim report contains the research of the
project including the usesof the oscillator system,physics of the Gunn di-
ode, diode housingsand the single diode oscillator design. The �nal report
contains the optimisation of the singlediode oscillator design,systemsimu-
lations, the multiple diode oscillator designand results from the testing of
the singlediodeoscillator. This document, the Epilogue,is the completionof
the documentation of the project. It contains a summaryof the simulations,
optimisation of the power supply unit, testing of the multiple diodeoscillator
and the conclusionof the project.

Using power combining, an output signal of 94mW has beenachieved. The
frequency of the output signal at 94mW was measuredas 84.5GHz, not
87GHz. The di�erence in operating frequency is a result of the e�ective
length of the waveguidecavit y, which is reducedbecausemultiple diodesare
inside it. The e�ective cavit y length was not taken into consideration in
the designcalculations. Four diodeswere not required to achieve power of
94mW; tests illustrated that two diodes were su�cien t when power com-
bined, achieving 94mW. Power combining was achieved with three diodes
but the power of the output signal was very low. This low power output
could be a result of the positions of the diodesand how they interact with
each other.
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Chapter 2

In tro duction

The �nal report focuseson the designand manufacture of the multiple diode
oscillator. The report contains the results from the testing of the single
diode oscillator, and shows it functions asdesired,and better than expected.
Sincethe �nal report, the manufacturing of the multiple diode oscillator was
completed.

A PSU (power supply unit) was built becauseeach diode in the oscillator
requires a di�erent bias voltage to achieve power combining and optimum
operation. The original design of the PSU is included in the �nal report.
The optimisation and testing of the PSU has sincebeencompleted. Using
the variable and independent voltage suppliesof the PSU to bias the diodes,
the multiple diode oscillator hasbeentestedand the optimum operating set-
up for the multiple diode oscillator has been investigated. Throughout the
project, simulations of all of the components of the oscillator were carried
out, sincethe �nal report simulations usingmoreadvancedmodelshave been
completedand the multiple diodeoscillator and a diodesystemmanufactured
by e2v have been simulated, and their simulated performanceshave been
compared.

The epilogueis a completion to the project; it details the testing and per-
formanceof the multiple diode oscillator, as well as the details of the PSU
optimisation and a completion of the simulations. A conclusionof the pro-
ject is given, outlining the project's successagainst the aims, objectivesand
the achievements of other similar projects. The Epilogue �nishes with a
considerationof further work that could, from this point, be carried out.
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Chapter 3

Pro ject progress

3.1 Simulation

3.1.1 In tro duction

The conclusionabout the simulations, drawn from the �nal report was that
the Gunn diode model neededto be improved in order to obtain an accur-
ate and useful simulation of a Gunn diode oscillator. The shortfalls of the
simulations up to this point arise due to the complexity of the Gunn diode,
making it di�cult to model its behaviour and e�ects accurately in a simula-
tion package. The stepstaken to try to �nd a solution to this problem are
discussedin this section,aswell asan investigation of the backshort position
and the radial line transformer designedand madeby e2v Technologies.

The team is in a good position to usesimulations of the oscillator designbe-
causeall the components have beenmanufactured and the oscillator systems
operatescorrectly. Becausethe oscillator is functioning, the simulations of
the oscillator can be completedand comparedwith the results of the manu-
factured oscillator. This providesan opportunit y to validate the accuracyof
the simulations.

3.1.2 Gunn dio de mo del

After discussionswith e2v'sSeniorEngineer,Keith Newsome,it wasdecided
that the team would createa Gunn diode simulation model using the exact
dimensionsof a Gunn diodeand placea lumpedport insideit to simulate the
RF signal producedby the diode. The creation of this model started with a
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4 CHAPTER 3. PROJECT PROGRESS

GaAs substrate a with a diameter of 35� m and a thicknessof 2.5� m. The
lumped port wasset up within the substrateand the Gunn diodebrasspack-
agewas placedbelow the substrate. Figure 3.1 shows a HFSSscreenshotof
the singlediode oscillator designedby the team, the manufactured oscillator
functions correctly.

Figure 3.1: Singlediode oscillator designedby the team

The operation of a Gunn diode oscillator is extremelycomplexand there are
di�erent theories about the function and e�ect of each of its components.
The main components inside the waveguidecavit y that a�ect the output of
the Gunn diode are the RLT (radial line transformer) post and the resonant
disc. From the research conductedearlier in the project it was known what
results the simulation packageshould be producing. This research indicates
that the responsefrom HFSS should show that the phaseangle crosses0�

at the fundamental frequencyand again at the secondharmonic frequency.
In previous simulations this has not occurred and the results have varied
and usually show that the phasedoes not cross0� until the frequencyex-
ceeds90GHz. Figure 3.2 shows the responsefrom the simulation using the
improved Gunn diode model.

On the graph, �gure 3.2, there are several phasechangeswhich occur at the
lower frequencies:42GHz, 45GHz and 57GHz. The �rst phasechangeat
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Figure 3.2: Responseof singlediode oscillator designedby the team

42GHz is a sharp changeand could be a rounding error. The secondphase
changeoccurs at 45GHz, this is de�nitely a resonanceas the peak at the
top and bottom of the phasechangeroundso�; the point of resonanceis the
frequencyat which the cavit y and diode oscillate together, and at this point
a phasechangeoccurs, and crosses0� . The resonant frequencydetermines
the fundamental operating frequency, and simulated fundamental frequency
of 45GHz is relatively closeto half of the valueof the manufacturedoscillator
of 85GHz. The third phasechangeat 57GHz could alsobe a rounding error
as the spike is very sharp.

Sincethe fundamental frequencywas located at 45GHz it is expected that
therewill beanotherresonance,the secondharmonic,at twicethat frequency,
around 90GHz. This was not seenon the initial plot from 30{90GHz so
another sweep was set up to run up to 130GHz, this is shown as the red
line in �gure 3.2. A phasechangeoccurs at 112GHz but this value seems
too high to be the secondharmonic frequency. To verify whether this is a
resonance,a polar plot wasset up in HFSS.This plot showed that this phase
changeat 112GHz is not a resonancebecauseit doesnot travel around the
plot but just stays at a value around 180� .

To conclude the �ndings when using an improved Gunn diode simulation
model; there is a resonanceassociated with the GaAs substrateand the post
of the radial line transformer at 45GHz. There is no occurrenceof a second
resonancethat should occur at the secondharmonic frequency. Overall, for
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modelling the �lter circuit, the simulation packageHFSS has beena useful
tool, but it has proved to be inconclusive when modelling the Gunn diode
oscillator as a whole system. There are two possiblereasonsfor this failure:
�rstly that HFSSdoesnot work for this particular problem, or secondlythat
HFSS doeswork but the classicunderstandingof Gunn diode oscillators is
wrong. It is more likely that the �rst reasonis the explanation; HFSSdoes
not work for this problem, so is not showing what we are looking for.

3.1.3 Filter Circuit

The radial line transformer used in the team's manufactured single device
oscillator and multiple device oscillator was designedand made by Philip
Norton of e2v Technologies. It was planned that the radial line transformer
would be designedusing HFSS.

The simulations of the resonant disc and RLT post were insu�cien t to in-
vestigateand optimise their design,and due to time restrictions the design
could not be proved su�cien tly. This highlighted the limitations of using
a modelling tool in such designsand a hands-on, trial and error approach
proved to be the most successfulmethod for the resonant discand RLT post.
Earlier in the project, the team successfullydesignedthe �lter circuit using
HFSS.The simulated �lter circuit designcan now be comparedto the �lter
circuit designedand madeby e2v.

The e2v �lter circuit designconsistsof just onecapacitor and one inductor,
whereas the �lter designedby the project team consistsof three capacitors
and two inductors. e2v's designwas createdusing knowledgeand trial and
error methods, no modelling tools were used.

The capacitorsand inductors arecut-outs in the radial line transformer. The
�lter circuit designby e2v de�nitely works, this has beenproven during the
testing of the single device oscillator. Since the e2v �lter circuit functions
correctly, the investigation is about whether the designcan be improved by
using a modelling tool.

Firstly the �lter circuit components of the e2vRLT wereaccuratelymeasured
and it was found that the diameter of the RLT cavit y, the hole in which the
RLT enters the waveguide,was3mm the gap betweenthe capacitor and the
waveguidehousingwas0.08mm. The �lter circuit designedby the team had
a RLT cavit y diameterof 4mm and a gapof 0.2mm. To make the comparison
betweenthe two designsmoreaccurate,the team's �lter wasredesignedwith
the sameRLT cavit y sizeand gapsizease2v's�lter. The changesweremade
and the two designsweresimulated in HFSS.
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Figure 3.3shows the resultsfrom e2v'sdesignand �gure 3.4showsthe results
from the team's design.

Figure 3.3: Responseof �lter designedby e2v

Figure 3.4: Responseof �lter designedby the project team

It is clear from the graphs that team's designhas a better �lter response.
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The desiredrejection valueat the �rst and secondharmonic frequenciesmust
be below -20dB. At the fundamental frequency(43.5GHz) the rejection for
e2v's designis -25dB and for the team's designit is -50dB. At the second
harmonic frequency(87GHz) the rejection for e2v'sdesignis -33dB and for
the team's designit is -84dB. Although the valuesachieved by the team's
designare superior becausethe rejection is higher, the e2v designstill ful�ls
the criteria that the rejection should be below -20dB at both frequencies.

The �lter designedby the team hasa better responsethan the e2vdesignbut
it is not expectedthat changingthe �lter would improve the e�ciency of the
oscillator considerably. As future work it would be interesting to conduct an
investigation into how much the �lter a�ects the e�ciency of the oscillator
by manufacturing both designsand testing them in an oscillator.

3.1.4 Backshort

The signal produced by the Gunn diode can be consideredas waves which
are re
ected by the back wall, back down the cavit y of the waveguide. The
position of the back wall can be varied and this modi�cation is called the
backshort. The backshort can be varied to optimise the performanceof the
oscillator. Several HFSS simulations were set up to study the e�ects of
the backshort in terms of the phaseangle of the wave travelling down the
waveguide. The backshort was tested at di�erent positions, resulting in the
waveguidecavit y being the following lengths: 8, 9, 10, 11 and 12mm; for the
frequencyranges40{47 GHz and 80{94 GHz. Figure 3.5 shows the response
for the backshort lengths for the frequencyrange40{47GHz.

At these lower frequenciesthe phasechangesare spreadout and occur at
speci�c points. These phasechangesoccur at a point of resonancein the
system. The point of resonancethat is desiredfor the project is 43.5GHz
and the backshort length of 12mm has a phasechange at this frequency.
The backshort also a�ects the phasechangesfor the secondharmonic as
illustrated in Figure 3.6.

At the higher frequenciesthe phasechangesare more frequent. The phase
changewhich occursclosestto the secondharmonicat 87GHz is a backshort
length of 10mm. The nearestphasechangewith a for a 12mm backshort
length occursat 84GHz and 90GHz.

It canbeseenfrom the graphsin �gures 3.5and 3.6that the backshort length
has a greater e�ect at the higher frequencies,84{90GHz, than at lower fre-
quencies,40{47GHz. It seemsthe main function of the backshort is to adjust
how the secondharmonic frequencyis fed back down the waveguide,and it
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Figure 3.6: Phaseanglefor di�erent backshort lengths from 80{94GHz

is essentially a caseof trying to �nd the position at which the fundamental
and secondharmonic frequenciesmatch. It is easierto �nd this optimum
backshort length in practice becausethe backshort is adjusted by hand, and
clamped into position when the highest RF power is obtained.
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3.1.5 Summary

The improved Gunn diode simulation model createdin HFSShas proven to
be inconclusive, particularly when simulated as part of the oscillator. This
is probably becauseHFSS does not work for this particular problem. It is
clear that further study into this area is neededto �nd a solution that can
be usedto createaccuratesimulation results.

The �lter circuit designedby the project team using theoretical calculations
and simulation software produceda better responsewhensimulated in HFSS
than the �lter circuit designedby e2v. It was concludedthat the improved
�lter circuit would not signi�cantly a�ect the e�ciency of the oscillator sys-
tem.

The backshort has a greater e�ect on the phaseof the wavesat the second
harmonic frequencythan the fundamental frequency. When physically tun-
ing the circuit, the optimum backshort length is determinedby varying the
backshort position until the power out of the oscillator is at a maximum, the
fundamental and secondharmonic frequenciesare matched at this point.

3.2 Power supply

3.2.1 In tro duction

The original requirement for the power supply was to provide four voltage
supplies,with each voltageindependent and variable, asbiasesfor four Gunn
diodes. The testing of the singlediode oscillator demonstrateda power out-
put of 50mW at 85.05GHz. As a result of the high power obtained from
one diode, only two or three diodes are required in order to produce the
target power of 100mW depending on combining e�ciencies. Due to time
constraints and problems encountered with testing the PCB a number of
modi�cations have beenmadeto the PSU.

3.2.2 Mo di�cations

Once the PSU was built, testing was carried out on the individual sections.
Upon testing the PCB a number of errorswerefound with the circuit. Some
of the tracks were shorted together resulting in the circuit malfunctioning.
This problemwastracedback to the schematic diagramfrom which the PCB
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wassynthesised.Theseerrorswerecorrectedand the circuit wasrebuilt using
stripboard.

Another problem that wasencountered waswith the sampleand hold ampli-
�ers. The four voltagesof the PSU are independent, sothe valueof each can
be input in LabView independently. When the four di�erent voltageswere
entered into LabView, the voltageswere output to the appropriate sample
and hold ampli�ers. However, when thesevoltageswere monitored with an
oscilloscope, each of the outputs had a small step change. This changewas
found to be causedby a delay in the changing of the analoguevoltage once
the digital outputs changed.This meant that whenan ampli�er is selectedby
the demultiplexer the voltage for the previousampli�er will still be present
on the analogueline and will continue to be output until the analogueline
changesto the correct value. The delay was observed to be approximately
1ms, and is illustrated in �gure 3.7.

Digital Line 0 

Digital Line 1 

S/H 1 Output 

Analogue Line 

Figure 3.7: Sampleand hold output example

To try to solve this problem the program with S/H ampli�ers, the LabView
programwasmodi�ed to include a small wait command. This commandwas
placedjust beforethe \write to digital port" VI to prevent the demultiplexer
selecting the next sampleand hold ampli�er before the analogueline had
changedvalue. A wait commandallows a time period to be speci�ed, so the
optimum delay could be obtained. The system was then tested with this
modi�cation with various wait periods, but this did not solve the problem.
It did, however, reducethe period of the step change. The problem is that
the time period could only be adjusted in the order of milliseconds,but the
diodesare sensitive to voltage stepsa much higher order.
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After further testing it was found that by bypassing the inverting ampli-
�er and connectingthe analogueoutput from the data acquisition board to
the analogueinputs on the S/H ampli�ers the problem was solved. A new
problem wascreated;the voltageregulatorsrequirea negative input voltage,
resulting in only positive voltages being provided by the sampleand hold
ampli�ers. Four inverting ampli�ers could be positioned after the sample
and hold ampli�er as shown in �gure 3.8, but this would mean the whole
PCB would have to be redesigned,and with time being very limited this
option was decidedagainst.

 
Digital I/O  
 
 
 
Analogue Out  
 
 
 
 
 
 
Analogue In  

 
Demultiplexer  

 
 

Sample &  
Hold 

Amplifiers  

 
 

Voltage 
Regulators 

 
 

Buffer  

 
 
 
 
 
 

Gunn  
Diodes 

 

Inverter  

Inverter  

Inverter  

Inverter  

Figure 3.8: Possiblesolution using inverters

Another method was to usethe two analogueoutputs from the data acquisi-
tion boardsand invert both of them, producing two of the three outputs. For
the third output, a simple potentiometer could be used. Again this would
have required signi�cant changesto the PSU. A much simpler approach was
chosen.Three 10-turn potentiometers werechosento provide the adjustable
inputs to the voltageregulators. This method is not be aspreciseasthe data
acquisition board, but having 10 turns meansthat su�cien t control of the
voltage is achieved.

Three voltmeters are used to monitor the bias voltages. This solution was
the quickest and easiestto implement, but if more time wasavailable for the
project more work would have beendonewith the data acquisition board.

3.2.3 Summary

A number of problemsoccurredwith the PSU. Due to the limited time, the
solution to the problemsto was to remove the data acquisition board from
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the PSU and use a number of potentiometers to control the bias voltages.
The solution removed the accuratecontrol of the voltages,for further work it
would be advantageousto �x the problemswith the data acquisition board.

3.3 Testing

3.3.1 In tro duction

When the �nal report was written, the multiple diode oscillator was being
manufactured, sono testing had started. The multiple diodeoscillator is now
complete,and testing of the multiple deviceoscillator has beendone using
the sametest rig as for the single deviceoscillator, except the linear bench
power supply was replacedby our own power supply, asdescribed in section
3.2.

The testing was undertaken in two stages: �rstly at e2v Technologies in
Lincoln and secondly in the labs at UMIST. Four diode housings,G1 to
G4,wereavailable for the testing. Thesehousingscan be assembled into the
oscillator in any combination or orientation.

3.3.2 Testing at e2v Technologies

The initial testing of the multiple device oscillator was carried out in the
labs at e2v Technologies. This allowed e2v to seethe manufactured system
operating andenabledthe teamto becomefamiliar with the testing procedure
and ask questions,including the order in which the diodesshould be turned
on in a power combining oscillator.

Initially , the individual diodes were consideredindependently. Each diode
was placedin the cavit y and the test rig was attached. Next, the diode was
biasedand brought into oscillation. The angle of the diode relative to the
cavit y walls was adjusted until a maximum RF power output was observed,
then the bias and backshort was adjusted until the peak power output from
the diode was achieved.

Oncethe individual diodesweretested, two diodeswereplacedin the cavit y.
The diodefurthest from the backshort wasbiasedto givea high power output,
then the back diode was switched on and the bias adjusted until locking
and power combining occurred. During this initial testing session,power
combining using the diodes G2 and G3 was achieved to produce a total
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output power of 94mW at 84.53GHz. At this point, the backshort length was
7.32mm, anddiodesG2 and G3 werebiasedto 5.26V and4.86V respectively.

3.3.3 Initial UMIST testing

The testing sessionat e2v demonstrated that power combining could be
achieved with the multiple deviceoscillator. The oscillator wasset up in the
optimum operating con�guration determinedduring the e2v testing session,
this enabledthe team to compareour test equipment to e2v'sequipment.

The team wereunable to get the oscillatorsto lock using the samebias con-
ditions as determinedat e2v, indicating a discrepancyin the voltage meas-
urement equipment at the two sites. After tuning the biases,the team were
able to obtain a maximum of 86mW of power when G2 and G3 werebiased
at 4.94V and 4.85V respectively. This is not as high as the power obtained
at e2v,but it is a respectablepower level, sothe systematictesting procedure
was begunacrossa limited rangeof bias voltages.

It was decidedto start the testing with a similar test pattern as was used
with the singledeviceoscillator, keepingthe backshort constant and varying
the diodebias. The conceptwasadaptedfrom a singlediodeto two diodesby
creatingan array of power readingsand a separate,relatedarray of oscillation
frequencies. The raw results are included in appendix A.8.5. Figure 3.9
illustrates the power levelsobtainedfor di�erent biasconditions. Both graphs
show the same data, but from di�erent view points. The arch shape on
the graph illustrates that the diodes only lock together under similar bias
conditions, this was predicted in the �nal report.

By this point, the team had developed a good feel for the testing methods
for a multiple device oscillator, and decided to move on to a larger scale
systematictest of the oscillator which is described in detail in the following
sections.

3.3.4 UMIST test metho d

This method describesthe assembly and setup of the power combining Gunn
diode oscillator, setting up from scratch, and the method usedto determine
the optimal operation parameters.The resultsof thesetests are described in
section3.3.5.

1. Insert the Gunn diodesinto the Gunn diode housingblocks using the
insertion tool and a jeweller's screwdriver.
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Figure 3.9: Power levels for varied G2 and G3 bias voltages
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2. Assemble the oscillator comprisingof the backshort housing,one Gunn
diodehousingand the secondharmonicwaveguideblock. Bolt securely
together.

3. Set up the test equipment asshown in �gure 4.30and described in the
method of section4.3.3.1of the �nal report.

4. By tuning the backshort length, the position of the Gunn diodeand the
position of the radial line transformer in the housingblock, determine
their optimum positions for maximum RF power output.

5. Record the operating frequency and power output over the voltage
operating rangeof the oscillator.

6. Repeat from step 2 with the remaining Gunn diode housing blocks.
Sampletest results are shown in �gures 3.10and 3.11.

7. Choose two Gunn diode housing blocks with similar bias-frequency
characteristics. Reassemble the Gunn diode oscillator with both of
thesetwo blocks.

8. The backshort length has little e�ect on the oscillation frequency of
the front Gunn diode, instead the distancebetween the Gunn diodes
is signi�cant for the front diode. Therefore,with the front Gunn diode
turned o�, tune the backshort length to �nd the optimum power output
for the rear Gunn diode.

9. For each Gunn diode measureand record the operating frequencyand
power output over the voltage operating range of the oscillator with
the other Gunn diode turned o�. Resultsare shown in �gures 3.12and
3.13.

10. To power combine: Turn on the front diode and wait until stable os-
cillation is achieved, then turn on the rear diode. It is unlikely at this
stagefor the frequenciesto lock and power combining to be achieved
becausethe frequenciesneedto be matchedby adjusting biases.When
the frequenciesdo not lock, this will be indicated by a noisy spectrum
on the analyserdisplay. When the two frequenciesare locked then the
spectrum will just display the signal at the oscillation frequencyand
the imagesbrought about by the useof the W-band mixer.

11. With the front diode bias set at 4.0V increasethe rear diode from 4.0{
5.5V and recordthe frequencyand power output when the frequencies
lock together. Increasingthe bias of the front diode, repeat all these
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Figure 3.10: Singlediode oscillator frequency
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Figure 3.11: Singlediode oscillator RF power

measurements until the front diode bias is 5.5V. The resultsare shown
in appendix A.8.6 and �gures 3.15and 3.14.

12. The resultstakenin part 10shoulddeterminethe optimum biassettings
to give maximum power output whilst power combining both Gunn
diodes.



18 CHAPTER 3. PROJECT PROGRESS

Frequency output of Multiple diode oscilator with only one diode 
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Figure 3.12: Singlediodesbiasing in a multiple diode cavit y: Frequency
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turned on
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Figure 3.13: Singlediodesbiasing in a multiple diode cavit y: Power

3.3.5 Results

Results for the test method described in section 3.3.4 are presented here.
The results tables for all the graphs presented in this section are given in
appendix A.8.



3.3. TESTING 19

Diode G3 Bias (V)

4.0

4.5

5.0

5.5
4.0

4.5

5.0

5.5

D
io

de
 G

4 
Bi

as
 (V

)

83.5

84.0

84.5

Fr
eq

ue
nc

y 
(G

H
z)

Figure 3.14: Frequencyof oscillation whilst power combining

For the singlediode oscillators, the optimum backshort length was found to
be 9.9mm. For the multiple diode oscillator, the optimum backshort length
is 10.6mm. This length gives maximum RF power output from the Gunn
diode.

It can be seenfrom �gure 3.10 that Gunn diode housingblocks G3 and G4
have similar bias-frequencycharacteristics. Basedon this, power combining
was attempted using thesetwo blocks, G3 in front of G4. Figure 3.11shows
that the expectedpower output of both G3 and G4 should be similar. How-
ever, when placedin a multiple oscillator con�guration, it is shown in �gure
3.13that the power output of G4 is much lessthan when G4 was assembled
in the singledeviceoscillator. This drop in power output canbeattributed to
the location of G3 which attenuates the propagation of the electromagnetic
wave through the waveguide.

Figure 3.10and �gure 3.12both suggestthat in order for the two diodesto
operate at the samefrequency(and thereforepower combine e�cien tly) G4
will have to operate at a bias of approximately 200mV higher than that of



20 CHAPTER 3. PROJECT PROGRESS

0

20

40

60

0

20

40

60

P
ow

er
 (

m
W

)

P
ow

er
 (

m
W

)

4.0

4.5

5.0

5.5
4.0

4.5

5.0

5.5

Diode G3 Bias (V)

D
io

de
 G

4 
Bi

as
 (V

)

4.0

4.5 4.5

5.0
5.0

5.5 5.5

Diod
e G

3 B
ias

 (V
)

Diode G4 Bias (V)
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G3.

Figures 3.15 and 3.14 show three dimensionalgraphs of the power output
and frequencyof oscillation of the multiple Gunn diode oscillator at di�erent
bias voltages. When the operation frequenciesof the two Gunn diodes do
not lock together the power output is assumedto be zerofor the purposesof
thesegraphs.

The optimum Gunn diode biasesfor power combining are found to be when
the bias of G3 is 4.8V and G4 is 5.3V. The power output at this setting is
73.62mW at a frequencyof 84.24GHz. As predicted, the bias voltage of G4
is set slightly higher than that of G3 for this optimum position. It can also
be seenthat generally, the bias of G4 has to be greater than that of G3 in
order for the frequenciesto lock.

3.4 Conclusions

We have successfullydemonstratedpower combining at the secondharmonic
using a Gunn diode oscillator, achieving 94mW of RF power at 84.53GHz.
During the testing, conditions for frequency locking have been determined
and trends have beenfound linking diode bias to oscillation frequencyand
power.

Much of the tuning of the project could not be accurately mathematically
calculated due to minute di�erences in devicesintroduced during the man-
ufacturing process.This limits the potential of using such power combining
devicesin commercialproducts.

It hasbeendeterminedthat whilst simulation is very useful in the designof
such systems,it cannot model the systemcompletely. This project will be
useful when decidingwhat parts of a systemto simulate in future oscillator
designs.

Since this project will be expandedupon as part of a terahertz imaging
system, the requirements of that project should be considered. Acceptable
excitation frequenciesfor that systemare in the range83{91GHz. Our RF
frequencyof 84.53GHz satis�es this requirement.



App endix A

Electronic information

This section provides various digital documents that may be of interest to
the reader. In order to view this appendix, place the included CD into an
appropriate drive in your computer. If your computer is set to useWindows
Autoplay, the menu should be loaded automatically. If not, pleasefollow
thesestepsto load the menu:

Windo ws 95 or above including NT

1. Insert the CD into an appropriate drive.

2. Click the Start button.

3. ChooseRun.

4. In the resulting dialog box, type D:\index.html replacing D with the
letter of your CD drive.

Other operating systems

1. Insert the CD into an appropriate drive.

2. If required, mount the CD.

3. Start a web browser.

4. Enter the following URL: file:///path-to-cd/index.html wherepath-
to-cd should be replaced with the actual path to the CD for your
operating systemand hardware.

22
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A.1 Pro ject plan

Planning is important for any project, especially so for a long-term project
such as this one. Careful attention was paid to the project time plan, copies
of which are available on the attached CD.

A.2 Records of the meetings

As the project wasprogressing,regular meetingswereorganisedbetweenthe
teammembersand the supervisors. Agendaswerecreatedfor thesemeetings,
and minutes were recorded for reference. These documents can be found
organisedchronologically on the attached CD.

A.3 Financial accounts

A copy of the accounts for the project, both with and without personaltime
estimates,are available on the attached CD.

A.4 Presen tation slides

A presentation wasorganisedto allow us to demonstrateto e2vTechnologies
the current level of our understanding of the project and discussthe aims
and objectivesfor the project. It was alsodesignedto introducethe project
team and set the scenefor somequestionsto be asked. The slidesused in
the presentation are available on the attached CD, as are the slidesusedfor
the formal project presentation in January.

A.5 PHP source

Sourcelistings for the PHP scripts used to create the project web site are
included on the attached CD. Discussionof why PHP is usedin the site is
provided in the interim report and expandedupon in the �nal report.
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A.6 Technical dra wings

Mechanicaldrawingsfor variousmethodsof waveguideconstructionareprovided
in this section.

A.7 Pro ject logs

A log was maintained containing all issuesthat aroseduring the project to
track their progressand ensureresolution. A log of all communications with
e2v was alsocreatedto help to facilitate a professionalrelationship between
the team and e2v, and avoid excessive contact that may waste everybody's
time. Both logsare available in this sectionon the CD.

A.8 Exp erimen tal results

Raw data from the testing of the oscillators is presented in this section.

A.9 HFSS simulations

As described in all three reports, HFSS was used to simulate parts of the
oscillator. The HFSS�les usedin the simulation are included in the attached
CD for your reference.

A.10 Power supply

The schematic and PCB layout for the power supply unit for the multiple
deviceoscillator is available for viewing here,along with information on the
LabView modulesusedto build the control interface to the PSU.

A.11 Main rep orts

A copy of the �nal report including this epilogueare also included on the
attached CD for reference,along with a copy of the interim report.


