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Wblfgang Schneider, DJBES

Modern beacon design

The modern operating modes used in
amateur radio eg. WSPR, JT65, JT4,
Opera, require thoughts of a new
modern design for beacons. Discussi-
ons among radio amateurs produced
the first beacons eg. the English
beacon GB3VHF on 144MHz. In Scan-
dinavia there is a new universal
system, under the leader ship of OZ7M,
using a DDS chip as the centrepiece.
All frequencies are stabilised via GPS.

1.
Introduction

In recent years modern software genera-
ted modes are used for amateur radio. A
PC or laptop computer with sound card
and the necessary software can generate

the signals that can be detected far below
the noise level. Examples of these new
modes are: WSPR, JT65, JT4, and Opera.
Also very slow CW e.g. QRSS3 fallsinto
this category. The software reduces the
bandwidth down to a few Hertz and
displays signals on the screen that are
inaudible to the human ear. These modes
can be generated by a beacon without
using a PC or laptop. A modern microco-
ntroller combined with a DDS oscillator
can undertake this task with minimal
effort.

2.
A modern beacon design

An amateur radio beacon consists of
three main components, Fig 1. These are

Ant.

DDS-Generator

|/

Amplifier

Coptional)

GPS Receiver

Microcontroller

Fig 1: Block diagram of a modern beacon.
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Fig 2: A modern
DDS oscillator
with an AD9835.
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Fig 3: Circuit diagram of the ATMega8 microcontroller module.
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Fig 4: The
microcontroller
module with all the
functions for a
beacon controller.

the frequency generator, a downstream
amplifier and the control circuit. Today,
the latter is realised by a microcontroller.

Frequency and time control can be added
via GPS or DCF77. These can be used to
stabilise the internal oscillators used
which guarantees an extremely stable
output frequency.

3.
Existing modules

The central element of a modern beacon
is undoubtedly the DDS module. For
frequencies up to about 20MHz a DDS
oscillator [1] with an AD9835 (DJBES-
079) was published by the author. An
example of connection to a GPS freque-
ncy standard with a 10MHz OCXO using
aTTL clock multiplier was published [2]
as DJBES-085.

The DDS module (Fig 2) provides a
sinusoidal output signal with an output
level of about Imw (OdBm).

The ATTiny45 microcontroller used acc-
epts the frequency setting and can modul-
ate the output signal in the desired mode.
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Sample software has already been crea-
ted and is available on request via VHF
Communications Magazine.

In the shortwave range one of the two
amplifier modules published DJBES-080
or DJBES-081 [1] can be used as a
downstream amplifier, depending on the
desired power output.

4.

The control circuit using a
microcontroller

At the heart of the microcontroller cont-
rol circuit in Fig 3isthe ATMega 8 (IC1)
from Atmel Microcontrollers. This IC is
in a 28 pin DIL package and offers
sufficient input / output ports for connec-
tion to the peripherals for the controls
required. It has an internal memory (8k
ROM) giving enough space for extensive
operating software. This is not fully used
for the beacon control, at least not in the
present state of development.

The microcontroller is programmed via
K3, the ISP port (ISP = In System
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Fig 5: Ground side PCB
layout for the
microcontroller.

Programming). The easy-to-use program-
ming language, BASCOM is used. The
development environment offered by the
manufacturer as freeware is more than
adequate for this application despite the
limited scope of 4k.

At first glance the frequency of 9,216-
MHz used for the microcontroller is
unusual. It was chosen to produce stand-
ard bit rates rather than use the more
standard frequencies of 8, 12, or 16MHz.
The finally consideration for the clock
frequency is the processing speed but for
this application that is of less importance.

The microcontroller ports PD5, PD6 and
PD7 are switching outputs feeding driver
transistors T1, T2 and T3. These can be
used for switching individua modules
such as the DDS oscillator, amplifier, etc.

Commands for the microcontroller can
be entered via four digital inputs, ports
PCO to PC3.

A LCD display with 4 lines of 20
characters is intended to display current
values, or the current status of the beacon
to be controlled. This display unit uses
the K1 connector (8-pin) directly connec-
ted to the microcontroller to port B (PBO
- PB3 data and PB4 and PB5 commands).

A MAX232 level converter is connected
between K6 and the RS232 serial port.
The 9 pin output connector K2 is the
seria interface for the optional GPS
receiver used for time and frequency
synchronisation.

An important additional component of
the microcontroller control module is the
DS1307 real time clock (1C4). The
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o Fig 6: Track side PCB
°°.° o layout for the
microcontroller.
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DS1307 in an 8 pin package and has all
the functionality required. It has a built in
clock, calendar, and 64 bytes of static
RAM with 56 bytes free for the user (the
clock needs 8 bytes) and all at a very
reasonable price. With an external battery
(BAT 1, CR2032) the clock should run
for at least 30 years. This 3 volt lithium
battery is connected to pin 3 and supplies
operating power if the controller is switc-
hed off. In standby the power consumpt-
ion is 500nA maximum. The DS1307
uses the so-called 12C bus to communic-
ate with the microcontroller via pin 5
(SDA = Seria DAta) and PIN 6 (SCL =
Serial CLock). It requires a 32.768kHz
miniature watch crystal connected to pins
1 and 2 that ensures the required accur-
acy of the clock.
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4.1. List of components

IC1 ATMega8 Atmel microcontrollers
IC2 MAX232A, level converter

IC3 voltage regulator 7805

IC4 real time clock DS1307, Dallas
T1, T2, T3 BC548B, transistor

Ql 9,216MHz crystal
Q2 32.768 kHz, mini watch crystal
BAT1 3V/240mAh lithium backup
battery
K3 2 x5 pole connector,
RM 2.54mm
K4 2 pole connector, RM 5mm
K7 5 pole connector, RM 5mm

1 x 1 x 20 characters, LCD display
Single row, pin strips RM 2.54mm K1,
K5, K6, 8 pole
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Fig 7: Component
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layout for the
microcontroller.

Electrolytic capacitors 25V,
RM 2.5 mm

5x 1pF
1 x 10uF

Ceramic capacitors, RM 2.5mm

2 x 27pF
4 x 100nF

Resistors 1/4W, RM 10mm

4 x 10kQ
2 X 4.7kQ

4.2. Design notes

The microcontroller control circuit
(DJBES-086) (Fig 4) is built on an 80
mm x 100mm double sided epoxy printed
circuit board. The board is plated through
in severa places.

The PCB layouts (Figs 5 and 6) were
deliberately made straightforward and
comparatively spacious so they should be

easy to copy.

Congtruction of the module takes place in
an informa order as shown in Fig 7.
Only the Atmega8 (1C1) microcontroller,
two additional integrated circuits (1C2,
IC4) and the LCD should be inserted
after checking the supply voltage of +5V
at the output of the voltage regulator
7805 (IC3). Precision sockets should be
used for the ICs.

5.
Outlook

The concept described here is suitable for
the Long wave, Medium wave and Short-
wave ranges up to 20MHz. By multiplic-
ation or mixing the output higher freque-
ncy bands can be opened up.

To make the DDS oscillator as the centre
piece of the system DDS modules up to a
maximum of 65MHz are in development.
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Using existing mixer modules, either
commercia or do-it-yourself projects can
be used to cover al VHF, UHF and SHF
frequencies
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Massimo Donélli

“%

A vector measurement system
for the X band (8-12GHz) based
on an automatic slotted

waveguide. S

Thiswork proposes an automatic wav-
eguide prototype able to perform mag-
nitude and phase measurements in the
X band (8-12GHz). The probe of the
slotted line is automatically moved by
means of a servo motor, the servo
motor is controlled with a microcontr-
oller that also carries out the post
processing to display the measurement
on an LCD display or sendsthedatato
a remote computer. The experimental
prototype has been compared with
commercial measurement system and
the experimental results obtained conf-
irm the efficacy of the proposed proto-

type.

1.
I ntroduction

The vector network analyser, VNA is a
device widely used for RF and microw-
ave design applications. A vector netw-
ork analyser Is a test system that is able
to analyse and characterise radio freque-
ncy (RF) and microwave devices in terms
of their network scattering matrix, or S
parameters. The information provided by
a vector network analyser are fundamen-
tal for the development of any kind of RF
or Microwave systems and it is an essent-
ial device that RF and microwave design

engineers would like to use in their
laboratory. The key feature of a vector
network analyser is that it can measure
both amplitude and phase. Usualy an
amplitude only measurement is quite
simple to make and can be made by
means of less complicated instruments.
The amplitude only measurement could
be sufficient for many practical applicati-
ons such as the evaluation of the gain of
an amplifier, the amplitude response of a
filter, or the estimation of the VSWR of a
given load or antenna. The complete
characterisation of devices and networks
requires the measurement of phase as
well as magnitude and a measurement
that includes phase as well as amplitude
is a critical measure. The knowledge of
both phase and amplitude information
makes it possible to easily design match-
ing circuits, to characterise devices and
systems in the time domain (by using the
inverse Fourier transform), moreover it is
possible to assess the performances of a
system by using system decomposition.
A good phase and amplitude measurem-
ent can only be done with a vector
network analyser or something similar.
Unfortunately vector network analysers
are quite expensive especially at microw-
ave frequency and they are not available
for hobbyists, radio amateurs or small
companies. It is worth mentioning that
before the introduction of vector analys-
ers, designers, engineers and microwave
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Fig 1: Experimental dotted waveguide setup.

pioneers used a very simple device called
a dotted line to measure the standing
wave ratio, the freguency, and to evaluate
the impedance of a given load. A dotted
line it is a transmission line, usually a
coax line with a longitudinal slot on one
side where a probe can be inserted and
moved longitudinally to measure the var-
iations of the electric field strength rela-
ted to the standing wave pattern. The
probe is equipped with a crystal detector
that converts RF energy to DC voltage,
S0 you can measure peaks and troughs
using simple instruments such as voltme-
ters, or oscilloscopes. By moving the
probe aong the length of the line it is
possible to detect the peaks and the
troughs of the standing wave and immed-
iately estimate the mismatch of a given
load. Moreover by measuring the dista-
nce between two peaks or troughs it is
possible to obtain information related to
the frequency of the signal that flows
inside the line and it is also possible to
measure the impedance of a given load
comparing the standing wave obtained
with a reference load usually a short.
Usually for microwave frequency bands
a dotted waveguide is used instead to
coaxia line. It is dtill possible to find
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commercia sotted waveguides for a few
hundred of dollars. A dotted line/waveg-
uide provides quite accurate measureme-
nts, its accuracy is greater than alow/me-
dium cost vector network analyser, and it
is quite inexpensive. The only disadvant-
ages are that it requires an expert opera-
tor and the measurement is quite long
and boring especially if the frequency
range requires a finer analysis with small
frequency steps. In this work an automa-
tic dotted waveguide able to perform
amplitude as well as phase measurements
in the X band (8GHz-12GHz), is presen-
ted. In particular, the movement of the
probe of the dotted waveguide is carried
out by means of a servo motor controlled
with a low cost microcontroller that also
takes the measurement and calculates the
data. The data can be visualised by
means of a display or sent to a remote
computer, by means of a seria interface,
to visualise the data and the standing
wave pattern better. With this prototype
it is possible to perform VSWR, freque-
ncy, and impedance measurements with a
good degree of accuracy. The developed
prototype has been assessed considering
different operating conditions, and consi-
dering different reference loads. Compar-
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Fig 2:
Experimental setup
for frequency
measur ement.

Short-Position

Slotted-Waveguide

Z =0

ing the results with those obtained using
a commercia VNA confirm the effectiv-
eness of the proposed device as valid
alternative to more expensive vector net-
work analysers.

2.
Mathematical Formulae

The prototype is fabricated with a dotted
segment of WR90 waveguide, able to
work from 8GHz up to 12GHz. However
it is worth mentioning that the measure-
ment system can be adapted to different
frequency bands using waveguide of a
different size. The experimental setup
necessary to perform different measure-
ments, such as frequency, standing wave
ratio VSWR, and impedance is shown in
Fig 1. It consists of a microwave genera-
tor, a variable attenuator, a dotted line, a
crystal detector and some reference

loads, in particular a short circuit is
mandatory to perform frequency and
impedance measurements. Z, is the
device under test (DUT), it can be any
kind of microwave devices such as an
antenna, stubs or others. The crystal
detector is usually a low barrier Shottky
diode. The variable attenuator is not
mandatory its presence depends on the
power of the microwave generator; it is
usually inserted to protect the crysta
detector. The different measurement met-
hodologies will be explained in detailsin
the following paragraphs.

2.1 Frequency measurement

To measure the frequency with a dotted
line it is necessary to close the open end
of the line with a short circuit to obtain a
perfect stationary wave pattern with evid-
ent peaks and troughs. Then the probe
has to be moved along the length of the
line and the results of the value detected
by the voltmeter connected to the crystal
detector at each position recorded (the
dotted line has a ruler). It is possible to
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Fig 3.
v Load Position Experimental setup
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for impedance
measur ement.

Slotted-Waveguide

find a voltage minimum at half a wavele-
ngth away from the short. Fig 2 shows
the setup and the corresponding standing
wave obtained measuring the signal
along the length of the dotted line closed
with a short circuit. It can be seen from
Fig 2 that the standing wave with a short
as load is quite evident, troughs and
peaks are present and found at the same
distance d. The frequency of the electro-
magnetic wave that travels along the line
can be found by measuring the distance
between two peaks or troughs. The follo-
wing formula provides the wavelength
inside awaveguide filled with a dielectric
material of given permittivity er:

)

Where d and a are the distance between
two peaks or troughs and the width of the
waveguide (a=2.1cm for WR90 rectangu-
lar waveguide) respectively. The freque-
ncy can be directly calculated using the
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following formula:

@)

where c=3x10? is the velocity of light and
er is the relative permittivity of the
propagation medium that fills the waveg-
uide, er =1 if the waveguide is filled with
air. The measurement of frequency is
quite simple and accurate, the only prob-
lem is that the measurement takes a long
time and the operator must be quite
accurate to obtain good results

2.2 Standing wave ratio (VSWR)
measur ement

The measurement of the standing wave
ratio is quite important in many practical
applications since it gives indications
concerning the matching condition. This
parameter is particularly useful for the
design of antennas. Despite the importa-
nce of such parameter directly related to
the load reflection coefficient, the measu-
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Standing wave Vo
with short connected

Standing wave |
with load connected

Fig 4

Experimental setup
for impedance
measur ement.

rement of the VSWR with the slotted line
is quite smple. The VSWR parameter
can be easily obtained from the ratio
between maximum and the minimum
values of the standing wave. Considering
the following relationship that gives the
value of the VSWR expressed in linear
and decibel scales respectively:

1+ 0] Vs

= 3
1= Vi 9

VSWR =

v
VSWR sz = 20logys ——

I’min

where I is the reflection coefficient of
the load. Fig 3 shows the experimental
setup for the VSWR measurement with
the dotted line and how the standing
wave of a generic load Z, appears. The
VSWR measurement results are dightly
more complicated than the frequency
measurement from the previous subsect-
ion.

2.3 Impedance measurement

The impedance value of a generic load
can be estimated starting from the knowl-
edge of the standing wave and the
VSWR. The measurement procedure is
dlightly more complicated than the previ-
ous measurements. First of al it is
necessary to record the standing wave
given by a short circuit, to calculate the
wavelength of the electromagnetic wave
provided by the generator. Then the short
circuit must be removed and the open
end of the waveguide is closed with the
device under test represented by a gene-
ric load Z . The standing wave pattern
for the load Z isrecorded, the distanced
between the first maximum of the stand-
ing wave pattern and the first minimum
is measured as shown in Fig 4. Then the
following relationship can be used to
calculate the complex impedance of the
load:

1—j(VSWR - tan(6))

= 4
Lo yswr = j-tan(8) @

Zy
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Fig 5: Photo of the developed
experimental automatic dotted
waveguide measurement system.

where: 8 = 360dmn/dV=
is the wavelength inside the
waveguide
d is the distance between the two
minima measured as shown in Fig 4

Z,, is the characteristic impedance of
the waveguide, for a rectangular
waveguide that is Z =7, (f).

The same calculation can be performed
graphically with a Smith Chart. The
measurement of impedance requires a
long time and an expert operator, howe-
ver all the calculations and recording of
the standing wave pattern will be perfor-
med automatically by the prototype deve-
loped.
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3.
Prototype Description

In this section the automatic dlotted wav-
eguide prototype is described in details.
The rectangular waveguide with dimensi-
ons, a = 21cm and b = 1.0cm was
fabricated with two blocks of aluminium
with a dot of thickness s = 2mm and
length | = 8cm in the upper section of the
structure. The length of the waveguide
segment is L = 20cm. The field probe is
a monopole fitted with an SMA connec-
tor and placed exactly in the middle of
the waveguide to maximise the coupling
between the probe and the electromagne-
tic wave inside the waveguide. The probe
and the SMA coaxia connector are mou-
nted on a moving carriage connected to a
long screw. The screw is coupled to a
servo motor and this moves the carriage
and the probe along the line with a high
degree of accuracy. The servo motor is
an HITEC HSR-1422CR able to continu-
oudly rotate over 360 degrees. The detec-
tor is fabricated with an HMSM2850
Schottky diode inserted into a segment of
aluminium pipe and fitted with two SMA
coaxial connectors. The photo of the
dotted waveguide prototype is shown in
Fig 5. A PIC16F876A microcontroller is
used to control the movement of the
probe and acquire and the data related to
the standing wave pattern. It provides the
results of the measurements on an LCD
display or sends them to a remote display
unit by means of a serial interface. The
PIC16F876A has two PWM control
lines, four A/D conversion channels, a
seria channel, and three 8 bit 1/O digital
ports. For this project aPWM lineisused
to control the servo motor and one of the
A/D channelsis used to acquire the value
of the standing wave for each probe
position. The digital port D is used to
control a standard two rows 16 characters
Hitachi LCD display and the serid lineis
used to send the data to the remote
display unit that is a laptop computer.
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The use of the measurement system is
quite simple and suitable for inexperien-
ced operators. It is only required to
record the standing wave given by the
reference short circuit load then after
connecting the load under test the opera-
tor has only to push a button and the
system will display a measurement of the
frequency, VSWR, and complex impeda-
nce. To make the system more effective a
graphical user interface has been develo-
ped in MATLAB, with the graphical user
interface (GUI) it is also possible to
visualise the standing wave on a graph. A
PCB coaxia connector is used to connect
the A/D channel to the output of the
detector by means of a coaxial cable.

4.
Experimental Results

In this section the experimental measure-
ment system will be assessed considering

J (Measurement

— Load Dat 1.4

different reference loads, and the measur-
ements made will be compared with
those obtained using commercial devices
such as a spectrum analyser and a VNA
to correctly characterise the experimental
prototype. The first test concerned the
frequency measurement of an old micro-
wave X band Gunn generator. One side
of the dotted line was connected with a
coax to waveguide transition and a semi
rigid coaxial cable to output of the
generator. The other end of the dotted
waveguide was closed with the reference
short load. Fig 6 shows a screen shot of
the GUI for a frequency of f = 9GHz. As
can be seen the standing wave pattern
shown is quite clear, the peaks and
troughs are evident. The freguency is
shown asf = 9.41GHz, avalue confirmed
by a spectrum analyser that indicated a
frequency of f = 9.401GHz. Measureme-
nts using the generator have been perfor-
med for the whole frequency range betw-
een 8 and 12GHz and the data compared
with those obtained from a spectrum
analyser. The results are summarised in
Table 1. From the data in Table 1 it can
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be seen that the generator requires an
alignment of its frequency scale since a
shift of about 0.3GHz has been observed.

The second experiment consider the mea-
surement of a commercial X band
dummy load for rectangular waveguides.
The dotted line was connected to a
microwave generator and the other side
with the matched load. The VSWR was
measured over the whole frequency band
with a frequency step of 0.1GHz. Fig 7
shows the standing wave pattern measu-
red a 9.0GHz, at this frequency the
measured VSWR = 1.184. As it can be
seen the variations of the standing pattern
are quite limited. The data sheet for the
load guarantees a VSWR < 1.2 over the
whole X band. The measurements obtai-
ned with the automatic dotted waveguide
have been compared with the data obtai-
ned using a commercial VNA and conf-
irm the data shown in the data sheet.

In the third experiment an X band pyram-
idal horn antenna with a gain of about
17dBi was measured. The antenna data
sheet gives a VSWR < 1.3 for the whole
working frequency. For the sake of the
correctness the measurement should be
done inside a shielded semi anechoic
chamber, to assure free space conditions.
To simulate the free space conditions as
closely as possible the antenna was conn-
ected to the slotted waveguide and then
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aligned along the vertical direction point-
ing toward the sky. The VSWR measured
with the proposed measurement system
confirmed the data given in the data
sheet, the worst VSWR = 1.3 measured
at 11GHz.

In the last experiment a vector measure-
ment was performed. In particular a
microstrip stub was measured at a freque-
ncy f = 9.0 GHz. The measurement first
recorded the standing wave pattern obtai-
ned with the short. This step is mandat-
ory to obtain the wavelength A and then
the reference necessary to measure the
distance d from the first minima of the
standing wave pattern produced by the
load. The short was removed for the
second step and the load mounted on the
open end of the dlotted waveguide. The
microstip stub is fitted with an SMA
connector and then connected to the open
end of the waveguide using a coax to
waveguide transition. The standing wave
pattern of the load was recorded and the
impedance measurement performed. The
measured impedance at f = 9GHz was
Z,=10.729-j11.7779 as shown in Fig 8
that displays the two measured standing
waves. The load shows an inductive
behaviour. For the sake of comparison
the same measurement was performed
with a VNA, the difference obtained
between the automatic slotted waveguide
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was less than 8%. 6
References
5.
Conclusion

In this work a measurement system based
on an automatic dotted waveguide able
to perform measurement of amplitude
and phase over the whole X band (8-
12GH2z) has been designed fabricated and
experimentally assessed. The reported
experimental results, performed on refer-
ence loads, demonstrated the capabilities
and the efficacy of the proposed system,
confirming that such a kind of device
could be considered as a good alternative
to more expensive measurements syst-
ems.

[1] D. Pozar, Microwave Engineering,
John Wiley and Sons, New York, 1998.

[2] N. Marcuwitz, Waveguide Handbook,
McGraw Hill, New York, 1951.

[3] Agilent Application Note 12871,
Understanding the fundamental princip-
les of vector network analysis, USA,
1997.

[4] R. Sorrentino, G. Bianchi, Ingegneria
delle microonde e radiofrequenze,
McGraw Hill, 2006.

[5] Massimo Donelli email:
massi modnll @gmail.com

With over 700 members world-wide, the UK Six Metre Group is the world's largest organisation
devoted to 50MHz. The ambition of the group, through the medium of its 56-page quarterly newsletter
'Six News' and through its web site www.uksmg.com, is to provide the best information available on
al aspects of the band: including DX news and reports, beacon news, propagation & technical articles,
six-metre equipment reviews, DXpedition news and technical articles.

Why not join the UKSMG and give us a try? For more information contact the secretary: Dave
Toombs, GBFXM, 1 Chalgrove, Halifax Way, Welwyn Garden City AL7 2QJ, UK or visit the website.

The UK Six Metre Group
www.uksmg.com

81



@

VHF COMMUNICATIONS 2/2013

Dirk Muller, DB6FM

The RTL-SDR

Working with a USB stick

Software defined radio is all the rage
and there is now a wide variety of
equipment and application software
for this purpose. Commercially availa-
ble DVB-T USB sticks can be used not
only for their intended purpose but
can be “converted to” an SDR receiver
with different drivers and additional
software. This is a popular area that
cannot be achieved without specialist
knowledge and skill. Thisisa practical
guide to my first attempts with the
RTL-SDR.

1
The RTL-SDR

The versatility of the RTL-SDR receiver,

whose name derives from the chipset,
comes from the simple use of the IQ
stream. A lot of fun and amazement
among the VHF - SHF community can
be had with special open source software
drivers. This offers an inexpensive entra-
nce into the world of software defined
radios and is sufficient for many users as
an easy wide band receiver and analyser.
Due to the performance of modern PCs
and because of the enormous variety of
cheap DVB-T dticks available, this offers
an entirely new perspective that can
complement the existing receivers and
scanners. With an ELONICS E4000
tuner it is possible to reach a useful range
of approximately 55 to 1700MHz. Versi-
ons that work to over 2200MHz have
been found. All the versions tested have a
gap of about 100MHz in the receiver
coverage in the range of 1100MHz. Nev-
ertheless, the 23cm band should be avail-

DVB-T+DAB+FM 28

UsB20

"';:%Fig 1. Some

- |variants of the
DVB-T USB stick
with different body
shapes.
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Device Options  Help

[~ Device -

=l8xllFig 2: The
program " Zadig"
helpsin the

l

[~ Details Driver

zl I~ Edit Wame %Iectlon Of the

device and driver

VID: FID:

Current: l

Install Driver

}YU devices found.

Talgetjl"s't"\r|\,I5Ei (v6.1,7600. 16385 j ‘ installation.

able. The reception parameters vary from
device to device and can be different in
similar looking devices due to different
chipsets.

2.
Theinstallation

What do you need?

A clean installation of Windows
XP, Windows Vista, or Windows 7
with the latest available Service
Pack!

e Net Framework 3.5 (download
from [2] or later)

* An RTL2832U stick with ELON-
ICS E4000 tuner

* A high-performance computer

e Administrator rights to run the
driver

» Up-to-date antivirus software

As so often with computers and freeware
software solutions, there are usually
some obstacles to clear out of the way
before the fun can start properly. The

PC user is able to do this "by
magic" and, if he is lucky, it works it
right out of the box. But generaly, it is
better to follow a known method during
installation that has proven to be success-
ful several timesin difficult cases. That is
successful preparation.

The device has amost unlimited capabil-
ities, you can expand further in the future
according to your own knowledge with
ambition and existing software.

To begin with the use the basic functions
that are many times better than those
found even in conservative analog recei-
vers especially comparing the purchase
price of an RTL SDRs..

Like any PC hardware, you need specia
drivers, but the original drivers from the
manufacturer offer no benefit for the
alternative use as a wide band receiver.
They can even be an obstacle when both
drivers are installed on the same USB
socket. If you want the device to operate
with the functions envisaged by the man-
ufacturer and the aternative use as a
wide band receiver, two different USB
ports are recommended. Only the alterna-
tive use is described below!

Use a USB port that has never been used
for any device or has been completely
removed so both the installation and the
registry entries have been removed.

All important files for "SDR# (pronoun-
ced SDR sharp)" are located in the folder
[1] and run directly (without installation).
Save the compressed file in a known
location on your hard drive, unzip it there
and follows the instructions in this article
to install. The installation refers only to
the folder [1] that has been extensively
tested with the versions of Windows: XP,
Vista, and Windows 7. Now open the
folder RTL-SDR [1] and the program
"Zadig" (Fig 2).
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Zadio =10IxlFig 3: Enabled

Device [Optmns Help

options; the list

Extract Files Only (Don't Install}

e [ Create 5 Catalog File
v Sign Catalog & Install Autogenerated Certificate

e v List All Devices
v Ignore Hubs or Composite Parents
~| ™ Edit hame

shows that four
devices were found.

Advanced Mode

Target: | WInUSE (v6.1.7600. 16385, =

,,,,,,, =

Log Yerbosity »

Install Driver

}‘4 devices found.

3.
Zadig contains the driver

When the program "Zadig" is started the
devices will be found. If they are not
found, select "Options' from the tab
menu and select "List all devices', see
Fig 3. The window should show that four
devices were found. A maximum of two
entries per installed RTL stick, (in most
cases only one entry) are shown in the
Device Manager for the hardware that
you want to install, see Fig 4.

Ideally the name is already RTL2832U
and this plus several programs and plug-
ins are already available. Some sticks are
also known as DAB stick or similar. If
you cannot identify the name, briefly
unplug the USB stick and observed the
entry that disappears. The name varies
depending on the source of the product or
firmware. Alternative names, instead of
RTL2832U can be used by some progr-
ams, although they may not be properly
installed by “Zadig”. One that | tried was
identified as "HDSDR". The device can
be renamed to achieve wide compatibil-
ity by using "edit name". see Fig 5.

[gadio

Device Options  Help

=lElxl|Fig 4: 1deally the
name of the

[~Device

detected deviceis

| T Edit iame

3 Metwork Adapter
T

displayed; Here
RTL2832U.

00, 16385 <

T =

Install Driver

Install Driver
|4 devices found. [
Device Options  Help Bl ,',:I g 5 US ng"the
- Edit Name
|ch . o e | |OPtiON to change
" | |the name of the
[~ Details Driver har dwar e to
VID: | DEDA  PID: | 2832 ‘ (Current: I WinLISE Target: I WinUSE (v6.1.7600, 16385 ill RT I 2832U .

4 devices found.
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=lExlFig 6: " Zadig"
automatically
selects the correct

Installing Driver...

—Detalls Installing Driver...

VID: | OBDA  PID: | 2832

> | T Edit Mame driver to the
. |specified hardware.

NUSE (v6.1.7600, 16365 j

Install Driver

Installing driver. Please wait. ..

Now you can change the name of the
hardware to "RTL2832U" in the white
box shown in Fig 4. "Zadig" will selected
the correct driver in the greenish box so
press the button "install driver" (Fig 6). If
all program dependencies, NET Framew-
ork, and so on have been solved, a
message as shown in Fig 7 should appear
after a few seconds.

Normally Windows Vista and Windows
7 contain the correct NET Framework
versions, or they have already been insta-
lled on the PC by some other route.

Now nothing is in the way of further use.
At least the program "SDR#' should
now be able to deal properly with the
SDR hardware. "SDR#" isideal for gene-
ral use. Other interesting programs with
more complicated adjustment procedures
can be used with the stick. "SDR#" will
be developed even further to provide
more facilities so watch for new releases.
It is open source code so the program has
found many interested parties who have
adapted it for their own purposes, or
integrated additional functions. There are
several variants on the Internet, some

older, some newer but they may have
problems such as; not stable, resource
hungry or fraught with bugs. A stable
version should be used that can save
parameters automatically while closing
the program; afeature that is available in
the official version. Some versions that |
downloaded completely failed with the
existing drivers or libraries. The folder
[1] contains the all the required software
(freeware) and the appropriate program
components.

Computer crashes can aso be caused by
faulty or poorly shielded USB cables
especially when they are used for transc-
eivers. The same problem can cause
interference to USB keyboards and mice.
This is caused by inferior quality cables
so you should not cut corners to save
money but use high quality USB cables
with ferrite chokes.

=l8IX|Fjg 7: Now nothing
moreisin the way

Driver Installation

i) The driver was installed successfully,
<

[~ Details

YID: | 0BDA  PI

of further use.

:I I Edit Mame

Install Driver

Driver Installation: SUCCESS
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~2xFjg 8: Open the

Play i @10 Stieam € Wave file
= Radio

CONFM @ aM € LSB € USB
C WM C DSE © WL C oWl

— FUNcube Dong!
e = FUNcube Dongle
et SoftRock / 5570

Conect 10 V.

! |program " SDR#"
.- |direct from the

‘|- |main folder by

‘| * |double clicking the
|- |SDR#icon. The
i |program opens
== with this screen.

The program " SDR#"

The program is loaded by double clicking
the program icon "SDR#" from the main
folder. When the program has loaded,
select the hardware by choosing RTL28-
32U (Fig 8). The saved version should
load defined by the existing configurat-
ion file. Now select the modulation type,
the filter bandwidth and unlock the sque-
Ich.

The button "Front End" allows you to
choose depending on the performance

and utilisation of your PC, this should be
adjusted downward if errors occur in the
frequency spectrum being observed.
Generally speaking, one should not
exceed 24MSPS = 2.4MHz otherwise
distortions and packet loss occur. The
lowest setting is 0.9MSPS = 900kHz
width (Fig 9).

First, choose the "WFM" mode and test
the reception in the FM radio band. There
you can immediately start your first
attempt at reception even with a small
antenna. The complete frequency in
Hertz is always displayed, the dots are of
no important; they are added automatica-
[ly by the program.

The desired frequency is entered in "Cen-

Gorter | YR RTL-SDR Controller x||Fig 9: Setting the
A Device eqopo [SAMPling rate.
I~ Shift 4
IGenenc RTL2832U (e.g. hama nhano) Ll
Front end | [RTLSDR /RTLC
Sample Rate
Filter type Blackman-Harris 2 8MSPS LI
Fiter bandwidth Fierord RSB MEES B
| 1800005 | 2.043 MSPS
. |1.92MsPs
L Sepslet Cw Shif |18 MsPS
[ 0= | 1.4 MSPS
1.024 MSPS oo
Step size  0.900001 MSPS =
Snaptogrid [~ |100kH: Close |
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Fig 11: You can make more detailed settings usmg the " Front End" button.

tre”. The bandwidth can be chosen depe-
nding on the peripherals and performance
of the computer up to a maximum of
2.4MHz. At 2.4MHz the quality of the
signals is sufficient to apply further digi-
tal processing. An frequency offset can
be compensated for by a correction factor
setting called " Shift".

Choose the centre frequency; click the
button "Play" to launch the spectrum
display. The red line in the light grey
transparent small window indicates the
spectrum and the demodulated bandwi-
dth. The window can be moved or scaled
and varied so that nominal frequency and
bandwidth are as required.

Depending on the sampling rate, the
bandwidth is shown asin Fig 10. The 3m
band is aways a good test environment
to test the function of the stick before
exploring other areas.

Note about the PC:

The power consumption of the PC and
the load on the operating system increa
ses for higher 1Q stream bandwidths (0.9-
24MHz), higher audio sampling rates
and the demodulation bandwidth. The
energy consumption causes the system to
heat up! Some Netbooks can be overwhe-
Imed, depending on their architecture.
Smooth operation should be possible
with desktop PCs made later than 2008.
A 3.6GHz PC with the core 2 Intel
architecture was used for these experime-
nts and all modes and bands were correc-
tly used.

Caution:

Because the software is installed can
interfere with existing software and the
computer hardware is used excessively,
failures or damage can occur — the author
assumes no liability. Everyone is respon-
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S.

Frequency Manager and scan
modes

Frequencies can be named and organised
in groups using the Frequency Manager.
These groups can be scanned (Fig 11).
To do this, select the "Frequency Mana-
ger" and click on "New". Additional tabs
provide further facilities:

e For SSB operation, the adjustable
AGC parameters prove to be
useful.

» The waterfall view can be customi-
sed from the "FFT Display" option.

Depending on the antenna and site you
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can receive a wide range of channels.
Considering the price of the stick it is
good value for money but may lack input
selection. This is a do-it-yourself system
so individual experiments can improve
the results.

6.
Additional Requirements

A good sound card is an advantage and
recognised by al the programs improv-
ing overall performance but even a cheap
on board device is sufficient for simple
operation modes.

The installation has been tried in severa
different ways and has been successfully
completed. Some parts of the program
have been updated separately but using
only programs directly from the folder
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[1] is recommended. The motto: "Never
touch a running system!" is very true. All
programs required for the stick with the
dependencies for NET Framework and
service packs as well as al files matching
each other are in the folder.

Using Windows 7 helped to resolve
problems with starting "SDR#* from the
folder [1] in the event of a fault "ext 10
installation". This was probably caused
by some system dependencies that were
not present on other PCs. The "ext-1O
installation" online update found a better
SDR program "HDSDR" but this requi-
res many times the performance of
"SDR#". There are also additional setti-
ngs for sow PCs.

™

are externally completely identical, even
though they are different.

To be continued with the
topics:
e Extension of the reception range
for the missing band from 0 to

55MHz using a shortwave conver-
ter

» Specifications of different SDR
sticks

» The use of aternative programs.

7.
Source of hardware

8.
References

The stick is distributed with the follow-
ing names. Noxon, Ezcap or Hama nano.
A search on the Internet should give
suitable suppliers of these specific
models otherwise you will end up with
older versions of sticks or unusable chip-
sets. Some sticks are visualy similar, or

[1] Folder containing SDR stick softw-
are; download from www.vhfcomm.co.u-
k/downloads/SDR-2-2013

[2] NET Framework 3.5; download from
http://www.mi crosoft.com/en-gh/downl-
oad/details.aspx?id=21
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Gunthard Kraus, DG8GB

Development of a preamplifier
for 1to 1.7GHz with a noise

figure of 0.4dB

This article is a revised and expanded
version of a lecture given at the 2012
VHF meeting in Bensheim. It shows
the current state of development of low
noise MMIC amplifiers and a sample
demonstrating the procedure for a suc-
cessful design. Measurements of the
prototype should confirm the design
and simulations.

1.
Overview

The development of high quality integra-
ted microwave amplifier modules
(MMICs) is constantly in flux, leading to
better performance. Therefore it isintere-
sting to build such an LNA because of
the following benefits:

* Input and output are optimised for
a 50Q system

e The noise figures have fallen to
under 0.5dB in a 50Q system at
higher frequencies (e.g. above
500MHz)

» A single device achieves approxi-
mately 20dB gain up to 2GHz.

 Little external circuitry necessary.

The sentence "No roses without thorns'
applies here. You should know the probl-
ems because you can only achieve these
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values when you solve a whole range of
tasks:

» These MMICsaretiny SMD comp-
onents without connecting feet. A
die is used with the dimensions of
2mm x 2mm and with 4 connecti-
ons on two opposite edges (Pads)
plus ground.

e The common ground of the chip is
often not fed to the edge of the
package but in the middle of the
underside

» The layout design requires very
high accuracy (tracks and connect-
ion pads on the IC are typically
0.2mm with a maximum width of
0.5mm)

» The additional SMD components
for the external circuit should be
0603 size (1.25 x 0.75mm) asfar as
possible

The cutoff frequencies of the components
are so high that the stability below 1GHz
and unconditionally up to 10GHz must
be controlled. The operating point must
be very carefully stabilised due to the
high currents (often over 50mA per IC)
and the supply voltages decoupled even
more careful and for extremely broadb-
and. The thickness of the board was
reduced, for all applications due to this
extended frequency range, to 0.25mm to
prevent undesirable signal modes on the
strip lines. This means that many vias are
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Fig 1: Thiscircuit
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Figure 6. Demo Board Schematic Diagram

necessary so it cannot be made manually
with silver plated tubular rivets.

This project is for use in the 23 cm band
(approximately 1300MHz) and intended
to receive METEOSAT a 1691MHz.
The following data was used to trawl the
Internet for an MMIC suitable for devel-
opment:

» Noise figure: maximum 0.4dB
» Amplification (S21) approximately
20dB

» Absolute stability (k greater than 1
up to 10GHz)

The choice was Agilent Avago, whose
sourcing proved absolutely no problem
(die components took one week to arrive
after ordering online at Mouser.com) and
the price (€80 for 25 pieces) for the
"MGA 635P8" was acceptable.

2.
The development of the circuit

The starting point was the data sheet for
the MMIC together with the downloaded

S parameters and two application notes
provided by the manufacturer for
2500MHz and 3500MHz [1] [2] [3]. The
same basic amplifier circuit and the same
PCB layout are used in all cases. Only
the component values are adjusted to the
different frequency ranges. Fig 1 shows
this circuit and it is not hard to underst-
and:

|t uses a supply voltage of VDD =
+5V

* Inside the MMIC package is a
GaAs pHEMT Cascode amplifier,
as well as a bias circuit.

e The operating point is set to the
desired 55mA using pin 1 to conn-
ect aresistor (3.6kQ = R, ) to the
bias circuit and the generated bias
is connected to the gate of the first
pHEMT on pin 2 through L1 =
6.8nH.

» The other inductor (L2 = 6.8nH)

provides the load resistance of the
second stage.

A major problem of the HEMT compon-
ents is stability at low frequencies, they
tend to oscillate. A simple trick helps to
deal with this: with decreasing frequency

91



@ VHF COMMUNICATIONS 2/2013
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the additional resistor R1 of about 50Q is
introduced at the input pin 2 that effectiv-
ely prevents such an oscillation.

Explanation:

The reactance of L1 (6.8nH) decreases
with decreasing frequency but the reacta-
nce of C3 (10pF) increases. So at some
frequency only R1 is active on the input

pin.

In addition the very small inductance L2
6.8nH as aload resistance for the second
stage reduces amplification at lower freg-
uencies down to zero. The resistor R2
also shown in the circuit with a value of

zero ohm was ignored.

Before the development began this circ-
uit was investigated with ANSOFT Desi-
gner SV, Fig 2 shows the created simula-
tion diagram.

First, the noise figure in dB was ssimula-
ted and at the same time the influence of
the quality of L1 = 6.8nH was determi-
ned (see Fig 3). In both cases studied the
NF remains below 0.6dB. However, the
noise figure till needs to be reduced for
our purposes in the desired frequency
range from 1.3 to 1.7GHz to meet the
requirements.

100

0.50

IBINF)

A

Q forL1=60

QforL1=30

Fig 3: The noise
figure achieved
from the circuit in
Fig 2 is unsatisfact-
ory and depends
heavily on the

| |quality factor Q of
the choke L1 =
6.8nH.

1.00
F [GHz]
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2.00

Fig 4: Because the
developer was not
carefully enough,
400 this circuit will

] oscillate.
. m\

_ v Instability
g area
200 ! |
1.00 <)
0 0%.uo 2.00 4.00 6.00 8.00 10.00
F [GHz]
40.00 Flg 5. TheS

S21

\
‘ | par ameters |ook
| | | very promising so
] \ there is hope.

-40.00—

Y1

-60.00—

-80.00.
0.00

F [GHz]

0
<
10pF < =
Q=3p0 :
‘IH—{
e > Tre =
C g1 (] We0 S0
k « (‘ - G=1mm
[ 1 2 A VAA,— .
[
100pF 10 100pF _
PNUM=1 > Qmion  MGAGIS_Some el > Rzpr;:ghz
= ~ Rz=
RZ=500hm > < 1Z=00hm
1Z=00hm

I

Fig 6: Thisisthe simulation circuit after some work (see text).
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NF = 0.3dB
at f=1.25GHz

NF = 0.25dB
at f=1GHz

0.00

Fig 7: Theresult of
the simulation to
control the noise
figureisalmost a

NF = 0.4dB dream.

at f=1.7GHz

0.00 1.00
F [GHz]

2.00

The stability was investigated up to
10GHz and it is evident that this must be
improved (Fig 4). This is only under
control up to 8GHz from the simulation.

The S parameters look good - S21 is
shown in Fig 5 and it is greater than
20dB between 1GHz and nearly 2GHz.

The circuit was adapted to the frequency
range from 1 to 1.7GHz (Fig 6). Thiswas
carried out by gradually increasing of the
values for L1 and L2 in accordance with
the simulation results for the noise figure
and permanent control of stability.

The desired value of 0.4dB was achieved
with L1 =33nH /L2 = 15nH and a small

additional resistance of 10Q in the output
revealed sufficient stability at 9 to
10GHZz (fitted close to the output pin of
the MMIC). The amplification, S21, dro-
pped a bit as a result but not below the
requirement of 20dB at 1.7GHz. The two
coupling capacitors C1 and C2 on the
input and output were reduced to raise
the lower frequency limit. The output
microstrip line (more correct: "Grounded
Coplanar Waveguide" with a track width
of 0.59mm, a gap distance of 1mm on
each side and a length of 30mm) could
not be missed in the simulation and that
resulted in the final simulation diagram.
The noise data achieved is shown in Fig

5.00

4.00

3.00

abs(K)

2.00

Fig 8: And it looks
like the stability
factor "k" givesa
really stable
circuit: significan-
tly greater than 1
up to 10GHz.

0.00

0.do 2.00 4.00 6.00
F [GHz]

8.00 10.00
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30.00.

20.00—
10.00—

0.00—

-10.00—

Fig9: The S
parameters have
not suffered much
due to the changes.

-20.00—

Y1

-30.00
-40.00—
-50.00—

-43¢dB

-60.00.

-8dB
dB -8,5dB -9,5dB
41dB

-42dB

-70.00.

-80.00.

0.do 0.50 1.do

F [.GHZ]

1.50 2.0

7 as aresult of the simulation.

The required stability (k greater than 1 to
10GHZz) is now no longer an issue, as
shown in Fig 8. The simulated S parame-
ters also give no cause for concern (Fig
9).

The practical circuit has been modified
dightly compared to that proposed by
Agilent. Fig 10 shows the final version.

The circuit board design could now be
done (material: Rogers RO4350B, 35um
copper coated on both sides, board thick-

ness = 10mil = 0.254mm). Overall dime-
nsions are 30mm x 50mm as shown in
Fig 11. There is a short microstrip on the
left up to the DC isolating capacitor
before connecting to the input of the
MMIC. The output stripline is 30mm
long and both lines are designed as
"Grounded Coplanar Waveguides' with a
track width of 0.59mm and a gap of
1mm. The line calculator integrated free
of charge in the ANSOFT Designer SV
software provided these values for
Z=50Q.

) ’—'g;Ceramic / Fig 10: This circuit
8 g X7R "3 diagram was
pH @885
o 2 vl developed for the
2 2 . Jord
“{ If 150 practical circuit.
0= "= B R2 R3 ’ '
o ——_—1 Ct ‘4 7p 0805 ;
ok 33k 270 L ——g— — Ceramic /
c3 | |+ C5 4, 7u @805 X7R
TOF: o
e b L%
N
c1 —|ek j SRB o
1t ] - T+ % >
100pF |> — 100pF
i o
All unmarked components are 0603 size
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Fig 11: The double
sided PCB, size
B 30mm x 50mm. See
Ml text for details.

MGA ©635P5_02
RO4350 0, 25mm

The central ground connection on the
bottom of the MMIC required its own
0.6mm wide ground island with 6 vias
that can be seen in Fig 11. All other
ground islands on the circuit board have
enough carefully separated vias. For
those who do not heed these rules with
the separate islands including many vias,
the circuit will very quickly oscillate.
Note: al vias have a diameter of only
0.3mm

3.
The prototype

The worry with homemade PCBs is that

the silver plated tubular rivets fall out
with a low board thickness of 0.25mm.
So a professionally manufactured and
through hole plated printed circuit board
was chosen but that is not exactly cheap.

This only needs a Gerber plot to be
created (1 mouse click in the "Target"
software) and mailed to the PCB manufa-
cturers then everything else runs by
itself. Unfortunately there is the so-called
"setup costs' and a minimum order quan-
tity of 4 PCs due to the minimum size of
board for the production base load. The
people at "Aetzwerk Minchen" [5] were
very cooperative; there was even the
correct PCB material (RO4350B 0.25-
4mm thickness) in stock. But even the
"minimum order" costs (including PCB
material) was €235 for 4 PCBs

Fig 12: Looking
into the finished
housing everything
is small.
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30.00.

20.00—

S21 measured

Y1

10.00—

0.00

S21 simulated

Fig 13: When the
S21 theory and
practice are the
same the story is
complete.

Required
S$21=20dB
at 1.7GHz

1.do 150
F [GHz]

A comment on the PCB material: usually
for this purpose Rogers "R0O4003" is the
lowest priced and low loss standard
material. But it is not “flame retardant”,
if thereisafire, what is the advice? It has
been given the appropriate additives and
is now caled "RO4350B". This has
changed the electrical data dightly (er
rises dightly, but the losses are higher, at
10GHz: loss tangent It = 0.0027 for
RO4003 and 0.0037 for RO4350. At
2.5GHz however: It = 0.0021 or 0.0031).

The assembly process is quite slow beca-
use of the 0603 size components it needs
a steady hand under a stereo microscope

or an appropriate microscope (see [4]).
Without SMD solder paste in a hypoder-
mic syringe it also takes longer. It has to
be attached to the solder in tiny amounts
with a sharp scapel. In addition, a
narrow temperature controlled soldering
tip 0.8 mm wide is required. The MMIC
is only 2mm square with 4 connections
on each side with a pin spacing of
0.25mm so the track and pad dimensions
are tiny as well.

Fig 12 shows a picture of the unit after
successful assembly and fitting into a
machined aluminium housing (size = 35
x 55mm). The SMB female connector for

0.00

S$11 simulated ‘

aBETT

S11 measured

-15.00. ‘

Fig 14: S11is
almost the same as
predicted by
ANSOFT Designer
Sv.

1.d0 1.50
F [GHz]
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0.00.

-5.00—

dB(S22)

-10.00—

S22 measured

-15.00.
1

Fig 15: S22 was
better than
expected from
1.5GHz.

S$22 simulated

o 150
F [GHz]

the + 5V supply can be seen at the top of
the picture. The input and output signals
are special SMA connectors with the
centre conductor already flattened (gives
the required low reflection transition
from the round inner conductor within
the socket to the flat microstrip line on
the PCB)

An auminium plate was placed underne-
ath the PCB to lift the now much thinner
board, with its microstrip lines, up to the
flattened centre conductor of the connect-
ors to give a good and stress free solder
joint (Tip: this is absolutely necessary
because it is not possible to bend the pin
of the socket; this thin pin and the flat
flag will break suddenly and quickly).

4.

S parameter measurements to
the prototype

The S21 measurement was made with the
well known vector analyser (hp8410), the
associated S parameter test set (hp87-
45A) and a 20dB attenuator connected in
front of the input of the test piece to
avoid clipping.

The S21 curve can be seen in Fig 13 and
it matches the simulation exactly. The
S11 measurements meander around the
simulation values as shown in Fig 14.

G = 44dB at 100MHz
and 40dB at 3GHz,

Fig 16: Measuring
noise figure using
the well known
principle of
doubling the noise
power output.

NF = 3.3dB
Test piece /
G > U

/

Noise generator
SKTU

(white noise from
10MHz to 1GHz)

Spectrum analyser as a
power meter

(Bandwidth = 3kHz set to
an input frequency of 1GHz)
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to measure the
performan ce,

R 8/,
‘Additional
® ;Amplifier

h £
" - ‘
- S s 8

S22 matches the simulation up to 1.5GHz
but is better than expected (Fig 15). The
S12 measurement was more difficult due
to the low amplitude. But a value of
about -44dB was determined in the range
from 1 to 2GHz that is till smaller than
the simulation result (between -43dB to
-40dB).

5.
The noise

With the very small noise figure of 0.4dB

Fig 17: The
practical effort to
make a measurem-
ent according to
Fig 16 is however
considerable.

maximum expected, it was a very diffic-
ult to measure anything at al with the
existing local laboratory equipment. Nev-
ertheless, an attempt was made and a
suitable setup for the frequency f = 1GHz
was put together (Fig 16).

In Fig 17 you can admire what looks like
something in practice. The "swept" spect-
rum analyser is not swept but is set as
pure measuring receiver with a bandwi-
dth of 3kHz on the frequency f = 1GHz.
Then, output level of the noise generator
SKTU was dowly increased until the
noise power at the output of the auxiliary
amplifier doubled. This correspondsto an
increase of the noise displayed on the

T.00

|NF =
0,5dB

Simulation

0.00

Measured

Fig 18: This curve
can only be
classified asa
precious Christmas
gift.

0.do 1.00
F [GHz]
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o Agilent  07:12:18 24, 45

File Manager Y - C
[ Markerfrequenz NF__ $21 original picure

9.008

-1.868 i i i i i

4.0

Fig 19: Hereisthe

S21 together with
markers. So a
modern device give
a good result.

Delete»

Rename»,

spectrum analyser of 3dB (or the displa-
yed noise voltage by a factor of 1.41).

Now the residual noise of the amplifier is
as big as the performance delivered by
the noise channel and the noise figure NF
in dB (or the noise factor as a linear
ratio) can be read on the display of the
noise generator SKTU.

Several measurements showed values of
the noise factor somewhere between 1.1
and 1.2. That would be a "noise figure"
(NF) for the amplifier between 0.4 and
0.8dB but because of the very low poin-
ter deflection of the SKTU this result can
only be considered as indicative. But it is
at least the right size (certainly less than
1dB = NF).

The influence of the additional downstr-
eam amplifier can be neglected due to the
high gain of the device being measured
(24dB at 1GHz). The cascaded Noise
Figure therefore only shows an increase
of 0.02dB.

For more accurate measurements it relies,
as always, on help from friends with a
modern noise measuring instrument with
high resolution and accuracy. One of
these friends (Ulli Kafka with his comp-
any "Eisch Electronic" in Ulm) gave the
author great pleasure with an email cont-
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aining pictures as well as the classificat-
ion as "excellent amplifier". This will be
immediately understandable if you look
at Fig 18: indeed the noise figure up to
1.7GHz remained below 0.4dB and close
to the simulation. It only remains to say
"Thank God" and thank all contributors.

The original measurement of noise and
S21 that provided the good impression
was good, especialy when you consider
the "cold temperature specified" (Tcold)
of 306.3K with about +33° Celsius
during the measurement as shown in Fig
19.

For the specialist there is an addendum
from the data sheet for the MGA635P8
for | = 55mA at 2.5GHz:

» Output 1P3 = +35.9dBm
e P1dB_out = +22dBm

If you then start to think about the
possibilities of a two stage version for
weak Meteosat signals and reception
with a patch antenna ... there would be
enough space on the board...
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6.
Addendum

7.
Literature

A listener of my presentation in
Bensheim recently emailed me with an
interesting proposal in order to determine
these small noise figures with the noise
generator SKTU:

"Why don’t you use an attenuator with a
precisely known value of 10dB between
the generator output and input of the
measuring device? Then you will proba-
bly need a noise level of 10.5dB delive-
red by the noise generator to double the
output noise power indicated on the
screen of the analyser. If you then subtr-
act the 10dB of attenuation from the
delivered power level you get the solut-
ion = the unknown noise figure (In this
case: NF = 10.5dB — 10dB = 0.5dB). |
have done this severa times in the past
with success'.

He is right, and this method must be
tried. You are aways learning.

[1] Data sheet and S parameters files for
the MGAG635P8 from the homepage of
Avago Technologies

[2] Application note from Avago: "MG-
AB35P8 GaAs MMIC ePHEMT 2.5GHz
low noise amplifier with superior noise
and linearity performance"

[3] Application note from Avago: "MG-
AB35P8 GaAs MMIC ePHEMT 3.5GHz
low noise amplifier with superior noise
and linearity performance"

[4] Soldering advice for 0.5mm pitch
SMD ICs, Bernd Kaa, DG4ARBF, VHF
Communications Magazine, 4/2011 pp
232 - 236

[5] Etching factory Munich, Germany;
PCB manufacturer website:
www.aetzwerk.de

Convention for Amateur Television 2013

o
batc
H\ = .
= - ’ .
CATI3 .

October 26" & 27t - Finningley Amateur Radio Club, Robin Hood International airport, Yorkshire.

See http://www.batc.org.uk/cat13 for more details

e Technical talks program, with a special emphasis on
“getting started in DATV”

Demonstration area ranging from historic studio
equipment to the latest DATV equipment

Test and fix area

Selected RF and video suppliers

SMD soldering class

Members bring and buy area
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Gunthard Kraus, DG8GB

An interesting program: DOS
programs (e.g. PUFF) on

Windows 7

Since the transition to Windows 7 as
an operating system (e.g. after buying
a new notebook or PC), most existing
DOS programs no longer run. This is
annoying because there are one or two
small tools only available in a DOS
version. The solution to this problem is
relatively easy if you ask someone who
knows. And you should redistribute
the findings... So what isit?

Settings

General

DOSBox Folder
Folder Path:

I C:\Program Files\DOSBox-0.74 J Browse...

Config Options
Mounting Drive Letter: {C n/ l

un programs directly in fullscreen mode
V|Keep aspect ratio when in fullscreen (useful for wide screen!
Hide console

V| Automatically dose DOSBox at ending of execution

Not activated
Path for DOS Box

OK [ Cancel J

Fig 1: This basic setting of the path to
the DOS box must be set. The full
screen setting is rather annoying and
should be deactivated.
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1.
I ntroduction

It was an afternoon in the laboratory of
the telecommunications company, Duale
Hochschule Baden Wirttemberg, Friedri-
chshafen. The task was to design a
10MHz Tschebyschef lowpass filter and
(thanks to Windows XP that was till
active) the necessary component values
could be determined pretty quickly with
the proven DOS filter calculator "fds.-
exe". Because you must move with the
times the filter design was practiced with
a modern online calculator from the
Internet. When walking out through the
ranks of students at their workplaces, a
notebook with Windows 7 obviously had
an "action game" on the screen. Of
course, it disappeared from the screen
within milliseconds and the game was
replaced by the familiar form of "fds' on
Windows 7! So, how is that possible?
You can safely skip the next 10 minutes.
All the details on the subject of "DOS
programs under Windows 7" were

~ coaxed from the student and the game

was immediately forgotten. It is amazing
how easily this can be done on your own
computer by following the instructions
here.
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Add New Entry u Flg 2 A DOS
‘ program is added
Name: aroup: as shown. The top
2 | CAD v three entries must
ath to Executable: Parameters: be made Thet .
C:\Program Files\Puff_XP\puffp.exe [I] rafglglpr;llgga?q res
.‘g Path to Icon:
E&_’a C:\Program Files\Puff_XP\Puff.ico
User Manual:
Description:
Microwave CAD program
OK ] l Cancel l
2 Third step:

Step by step instructions

First step:

You search the Internet for the program
"dosbox", download it and install it on
the local computer.

Second step:

Then repeat the procedure with the prog-
ram "dosshell" (from the Russian server
of "Loonie's software"). Tip: the option
to download can only be found at the
bottom of the page.

"Dosshell" is started and connected to the
DOS box. It goes like this: "Edit settings"
is used to open the window shown in Fig
1. First set the path to the DOS box
(using the “Browse” button). Also it is
advisable to switch off the full screen
mode, because the graphics of most DOS
programs looks so shockingly poor.

Fourth step:

Now for the applications that is demonst-
rated using the microwave CAD program
"PUFF". First start the dosshell program
and click on "Edit". You need to "Add
new entry" to open the window shown in

DOSShell v1.9 by Loonies Software

== WS Fig 3: All DOS

File Edit View Run Help
& |

caD |

programs included
can be run from
here in future.

way to start

Click here in the normal
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F2 : PLOT

Points 160

Smith radius 1.60
£

GHz
S11
| XS21

: PARTS

file : setup
1 177 .59pF

1 218.78pF

t1t 126.50 15,

50.800 @
8.011 GHz
3.380
8.813 mn

70.808 nn

50.808 nn

microstrip

' IFig 4: PUFF lives
again!

Fig 2. The entries marked in red (the top
3 for those viewing in black and white)
must be correct otherwise things will not
run at all (name / group / path to the exe
file). The other entries are optional (e.g. a
small Smith Chart as an icon for "PUFF"
is available) and the green marked field
is more for your own information (the
bottom one for those viewing in black
and white).

Fifth step:
So far, so good! Now click on the

highlighted icon (Fig 3) to see exactly
what you wanted to see again (Fig 4), the
familiar screen of a DOS program.

Sixth step:

Now you can repeat this with all your old
"DOS Favorites' to your heart's content —
the filter program "fds' (Fig 5), the
antennas calculator "PCAAD21" (Fig 6)
or the Patch antenna design program
"patchl6" (Fig 7).

DOSBox 0.74, C;

FilDes—Filter Design System—Uer 1.20

ilter Requirements;

rro e t e desired optio
owPass
utoff Freq(MHz): oles:

urce :

Copyright 1991, 1992 Bob Lombardi

— Fig 5: Also, the
very best filter
design program
"fds' isjust a click
away.

ipple:
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XXX MAIN MENU  ***

Fig 6: "PCAAD" makes calculating
different antennas (including lines and

waveguides) easy.

3.
Closing remarks

By the way:

¢ Anyone who wants any of the DOS
programs that are no longer availa-
ble on the Internet, please email me
and the problem can be solved.

¢ Since March 2013 there are full

PATCH Ver. 1.62 Main Menu
Enter Dimensions of Patch
Auto-Design Mode

Edit 7/ Review 7/ Print Design
Calculate Patch Properties

Plot Radiation Patterns
Laminate Material Properties
Quit Program

instructions for the above in Engl-
ish on the web site:
http://www.gunthard-kraus.de/

plus atutorial on using PUFF and a
package of useful files.

Direct printing of the results or
charts is not possible but easier
than it was under the original DOS
program. Simply take a screen shot
("Print Screen") and then open the
stored screen in a photo editing
program (e.g. Irfan view). There
you can cut out the interesting
portion and save on a blank page
under "WORD" and finally print
out.

By the way: the return and toggle betw-
een Windows mode and full screen mode
when in a DOS program is quite simple;
ALT + Enter.

This now means that you can have fun
with all your old "DOS Favourites'. The
student was right: the game "Indiana
Jones Atlanta’ can be more fascinating
thzsér::i many modern programs. Already
tried...

== =iy 7: The proven
program " Patch
16" for calculating
Patch antennasis
useful.

L T T TR TR TR T}
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Matjaz Vidmar, SS3MV

Updating the AX.25 network in
Slovenia. Radio transcalvers for
the new Non-Flawless Protocol

(NBP) Network

The AX.25 protocol was defined
around 1980, shortly after the success-
ful Vancouver experiments. From the
protocol point-of-view, AX.25 used
amateur radio callsigns as addressesin
an otherwise very similar protocol to
other professional protocoals.

From the amateur radio point of view,
AX.25 was the first widespread proto-
col to allow automatic networking in
place of smple point-to-point contacts.
The AX.25 built-in but inefficient " dig-
ipeater"” was soon replaced by many
different AX.25 network nodes develo-
ped all around the world.

AX.25 arrived in Slovenia around
1985. Initially all contacts were made
on a single frequency 144.675MHz
using narrow band, voice grade NBFM
(15kHz) radios with Bell-202 AFSK
modems. A single 1200bps channel
only allowed hand typed chatting. Inc-
reasing the number of channels and
installing 70cm band interlinks among
nodes only brought minor improveme-
nts.

The first decision was simple. In 1988
simple WBFM radios operating in the
23cm amateur band were developed,
where "wide band" means 230kHz
filters as used in broadcast FM receiv-
ers. These radios allowed a 38400bps
network backbone with smple M anch-
ester modems.
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This article was taken from part of
Matjaz Vidmar's web ste [1] and
describes the new transceivers desig-
ned for a major upgradeto the Sloven-
ian AX.25 network using a new version
of the AX.25 protocol. The new proto-
col is described in detail on the web
site.

1.
BPSK RTX update

Several decades of AX.25 packet radio
networking left a comprehensive hardw-
are heritage in Slovenia including mount-
ain top sites, antennas, cable installations,
cabinets, power supplies and radio trans-
ceivers of al kinds. Most of this hardw-
are is still useful today while deploying
the new NBP (Non-Flawless Protocol)
network. Of course, new, even more
efficient radio transceivers are also plan-
ned for NBP while old hardware requires
maintenance or updates.

All megabit BPSK transceivers develo-
ped for the AX.25 SuperVozelj project
are still useful today with NBP. Besides
replacing electrolytic capacitors after
many years of continuous operation the
complete list of maintenance, modificati-
ons and updates will be briefly summari-
sed.
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e Old BPSK transceivers (1995) for
2360MHz with double conversion
receivers (75MHz/10MHz) can only
be used at 1.2288Mbps with some
limitations. All ZIF-BPSK transceiv-
ers can be modified for operation at
2Mbps or more.

In al ZIF receivers it makes sense to
check the quadrature (symmetry and
phase shift) of the ZIF chain. A CW
signa generator has to be connected
to the receiver input. A frequency
offset of about 100kHz is recommen-

' |Fig 1. Theold
dual-channel ZIF
* |restored and ready

ded so that the | and Q signals can be
compared with an oscilloscope at
different locations in the ZIF chain.

Small differences (1 - 2dB) between
the | and Q outputs of the receiving
mixer can be corrected by soldering
small pieces of copper foil on the
guadrature hybrid. The 1.27GHz ZIF-
BPSK RTX usualy requires such
trimming on the transverse arms of
the quadrature hybrid.

On the other hand, the 2.36GHz ZIF-

P

330 —

Fig 2: Modifications to the old NE59-2-ZIF chain.
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AANTEN NA

ZERO IF

— ZIF-IQ
i LPF AGC COSTAS
I LOOP
z =
> X
é:: RX/TX -
\_¢/ SWITCH =

RF HEAD

®
TX DATA

| N
i |
SYNTHESTZER

i i— =

BUF vco PLL

~ SHIELD
RX DATA

Fig 3: Block diagram of a ZIF-BPSK transceiver.

BPSK RTX may require such trimm-
ing on the longitudinal arms of the
quadrature hybrid.

» The schottky quads BAT14-099R are
no longer available, but may be repl-
aced by the HSMS-8209 schottky
quads. For best performance, the ori-
ginal choke (differing values in diffe-
rent versions) and the original 4.7uF
tantalum electrolytic capacitor have
to be replaced with a 33uH choke
followed by a 1uF capacitor.

e The old dual-channed ZIF (1996)
with many BF199 transistors and
corresponding demodulator with two
74HC4067 analog switches require
several modifications for operation at
2Mbps, including the removal of one
complete ZIF stage. Fig 1 shows a
refurbished unit.

Even with al of the modifications in
place, the BF199 ZIF loses some 2 - 3dB
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SIN ratio when compared to new NE592-
ZIF chains. A much better solution is to
remove the two old BF199-ZIF and
74HC4067 demodulator modules and
replace them with the latest SMD ZIF
chain (2011) described later as part of
the "Low power ZIF-BPSK".

The improved BPSK demodulator (2001)
with 8 comparators LM311, 74HCxxx
logic and NE592 ZIF already works as it
is at 2Mbps. For best performance at
2Mbps, a few modifications to the NE5S9-
2-ZIF chain shown in Fig 2 are recomm-
ended.

The same circuit diagram of the impro-
ved BPSK demodulator is also used in
the latest SMD version (2011), except
that the 74HCxxx logic in the Costas
loop is programmed into a CPLD (Altera
EPM3032ATC44).
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2.
ZIF-BPSK RTX for 430MHz

The block diagram of a ZIF-BPSK trans-
ceiver shown in Fig 3 may look quite
simple. In the real world thereis a hidden
problem. Some radio frequency may leak
from the antenna back into the frequency
synthesiser. Such aleak causes unwanted
frequency modulation of the VCO. The

resulting carrier instability may corrupt
so much the BPSK signal to make it
useless.

In the BPSK transceivers developed for
the SuperVozelj network, the above pro-
blem was avoided by not using frequency
synthesisers at all. All of the required
frequencies were obtained by crystal osc-
illators followed by complex multiplier
chains.

In the meantime, professionals found a
workaround called fractiona PLL. A
fractional PLL does not produce such a

| |[Fig 6: 70cm PLL
synthesiser.
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clean spectrum as a conventional, integer
PLL. On the other hand, the comparison
frequency of a fractional PLL can be
made several orders of magnitude faster
to actively suppress any external unwan-
ted modulation of the VCO. Fractiona
PLLs are widely used in WLAN (WiFi)
equipment, since they allow the integrat-
ion of a complete radio transceiver on a
single chip.

If reasonably good shielding is available,
aconventional, integer PLL could also be
used in a BPSK transceiver. The first
attempt was to build a prototype BPSK
transceiver for 430MHz, since less absol-
ute frequency instability is expected at

“|Fig 7: 70cm RF

lower frequencies. The whole frequency
synthesiser was installed in a brass box
while recycled ZIF modules used form
1.27GHz or 2.36GHz transceivers.

Since the prototype results were encoura-
ging, anew ZIF built with SMD compon-
ents and CPLD logic was developed. The
whole 70cm BPSK transceiver only incl-
udes three RF printed circuit boards and
is not much more complicated nor much
larger than the simple 70cm WBFM RTX
developed two decades ago.

The synthesiser VCO operates at half of
the fina frequency to further reduce
shielding requirements, see Fig 4. The
PLL logic is programmed into an Altera

BPSK transceiver
showing the
additional shielding
required.
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INTERFERENCE TO VOICE
FM REPEATER INPUTS IN
THE BAND 430-432MHz
DIFFERENT POLARIZATION -20dB
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DIFFERENT BANDWIDTH -20dB
(5,5, =100x8,,

S/N,., FOR FM THRESHOLD +10dB
REQUIRED ATTENUATION -30dB
OR POWER RATIO 1/1000
USEFUL FM-REPEATER RANGE 100km
PROPAGATION LOSS  1/SQRT(1000)
HARMFUL BPSK RANGE 3km
...MUCH LESS IN PRACTICE DUE

TO IMPERFECT REPEATER DUPLEXERS
AND OTHER INTERFERENCE

INTERFERENCE TO CW/SSB
WEAK-SIGNAL COMMS IN
THE BAND 432.0-432.4MHz

SAME POLARIZATION (HP) 0dB
DIFFERENT BANDWIDTH -30dB
(8,,,,=1000xB_
USING THE FIRST NULL OF -30dB
THE BPSK MODULATION SPECTRUM
(f,,.=430.800MHz @1.2288Mbps)
EXPECTED ATTENUATION -60dB
OR POWER RATIO 1/1000000
BPSK TRANSMITTER POWER 4w
(+36dBm)

EQUIVALENT INTERFERENCE Apw
BPSK TX POWER (-24dBm)
. .ORDERS OF MAGNITUDE LESS THAN IMD
FROM QRO STATIONS IN AN UHF CONTEST

Fig 9: Interference
calculations.

EPM3032ATC44. The latter is fully
static by design and avoids using unrelia-
ble microcontrollers in the freguency
synthesiser, see Fig 5.

The RF head (Fig 6) includes HEMT

mixers in the receiving chain and a
doubly balanced diode mixer as the
BPSK modulator in the transmit chain.
The power amplifier is designed with a
large safety margin including a 24V/15W

transistor TP5015 in the output stage.
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uTP
CABLE
(OPTICAL
FIBER)

TRANSVERTER

equipment.

Fig 11: Three different ways to solve the problem of where to place the

The antenna switch uses two PIN diodes
HP3043 and the receiver input is further
protected by a BAV99 limiter.

The ZIF chain (Fig 7) includes an AGC
stage (74HC4066), two NE592 amplifi-
ers (SOIC-8 version) and a Costas loop
demodulator programmed into an Altera
EPM3032ATC44 CPLD. The inputs of
the latter are biased into linear operation
to accept analog signals directly without
additional comparators. The Costas loop
uses a DPLL/1024 in the version for
1.2288Mbps, 430MHz

The whole ZIF-BPSK transceiver for
430MHz is 170mm wide, 150mm deep
and 30mm high. Only the freguency
synthesiser requires additional shielding,
see Fig 8.

A much more detailed description of the
ZIF-BPSK RTX for 430MHz including
al circuit diagrams is available in the
ZIP archive [2]
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Using 1.2288Mbps BPSK in the 430MHz
band might cause interference to other
users. Some simple calculations (Fig 9)
show that the likelihood of interference
to narrow band users is very small provi-
ded that the operating frequency and
antenna polarisation of the BPSK link is
chosen carefully

In practice, no complaints about interfer-
ence from 1.2288Mbps BPSK transmissi-
ons were ever received athough some
BPSK links in the 430MHz band were
intensively used every day for a period of
two years. On the other hand, the BPSK
links occasionally suffer interference
from narrow band users. The ZIF-BPSK
transceiver for 430MHz excels in non-
line-of-sight links, see Fig 10.

In the above example, a pair of ZIF-
BPSK transceivers for 430MHz transfers
as much as 80kbytes/s using TCP/IP over
NBP with a 10dB power margin. No
known professional equipment (2012)
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Fig 12: The different possibilities for experiments.

can match this result in such unfavoura-
ble conditions and no commercial
WLAN (WiFi) equipment can ever come
closel

3.
Low power ZIF-BPSK

A packet radio network aso requires
mountain top network nodes. Frequently,
radio amateur equipment is only a guest
in some larger telecommunication or bro-
adcast installation. In these conditions,
amateur equipment has to accept long
antenna cables, interference from high
power professional transmitters, severe
size limitations of both amateur antennas
and equipment cabinets and last but not
least restricted access to the site, especia-
Ily to the antenna tower. The problem of

a long antenna cable can be handled in
different ways as shown in Fig 11.

The traditional solution is to have all
electronics indoor and use expensive ant-
enna cables like Cellflex 7/8". This solut-
ion is not scalable, since the larger the
coax cable, the lower its cut off freque-
ncy caused by higher order waveguide
modes.

The inexpensive commercial WLAN
(WiFi) solution is to put all electronics
close to the antenna. Inexpensive data
cables, UTP or optical fibre, are used to
connect to the indoor equipment. Copper
data cables like UTP or STP are not
really designed to operate in a difficult
electromagnetic environment, like high
power broadcast transmitters or nearby
lightning strikes. Electronic equipment
mai ntenance on the antenna mast is diffi-
cult if possible at all.

An intermediate solution is to put part of
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Fig 13: Low power 70cm BPSK transceiver to drive transverters.

2X BAV99

LOW-POWER

ZIF-BPSK RTX RXM

SHIELD

210MHZ

the €electronics, the microwave head,
close to the antenna and the remaining
electronics, IF modulators and demodula-
tors, indoor. Losses in the IF coax cable
can be overcome easily and the same
cable can be used for power supply to the
antenna unit. Although this solution is
the most complex, professional microw-
ave links use it regularly.

Considering amateur packet radio links
of a few megabits in the 2.3GHz and
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3.4GHz frequency ranges, an intermedi-
ate frequency around 400MHz is a reaso-
nable choice. Such a "transverter" micro-
wave link offers yet another possibility
for amateur radio experiments, see Fig
12. Besides connecting two or more
(X)ATNCs to a single IF unit, two or
more |IF units can be connected to the
same outdoor RF head using a simple,
passive |F coupler.

Of course only asingle IF unit is allowed

| |Fig 14: The RF
| |head.
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Fig 15: Block diagram of the transverter for 2360M Hz.

to transmit at the same time. A cavity
filter is required at the antenna to limit
interference in the unfortunate case of
two or more simultaneous transmissions.
Additional IF units allow experimenting
with different modulation formats and
very different data rates. A common
antenna and a common RF head allow a
fair comparison among different modul a-
tion techniques in our experiments. Most
important of all, adding new experimen-
tal equipment does not require any work
on the antenna tower!

The ZIF-BPSK RTX for 430MHz could
be tuned to be used as an IF in the
400MHz band. A better solution is to
redesign this transceiver for a lower
transmit power, a lower receiver gain,
faster RX/TX switching, higher data rates
and tolerating wider carrier frequency
errors as expected when using microw-
ave transverters, see Fig 13.

The RF head (Fig 14) is redesigned and
now becomes an IF head. The main
differences are in the transmitter power
amplifier. The output power of the new
design is reduced to 200mwW and both
amplifier stages operate in class "A" with
a strong feedback for stability.

The modifications to the other modules
only include a few component values for
higher data rates and different firmware
to be programmed in the two CPLDs.
The PLL CPLD is programmed for a
lower frequency range. The Costas loop
CPLD is programmed for a DPLL/256 to
tolerate wider carrier frequency errors as
expected in the microwave frequency
bands.

The low power ZIF-BPSK RTX is
150mm wide, 150mm deep and 30mm
high, therefore dlightly narrower than the
full power version for 430MHz.
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Another successful experiment was to
replace the unreliable and expensive cap-
acitive trimmersin the RF/IF tuned circu-
its with fixed SMD capacitors. The corre-
sponding SMD coils had to be replaced
with air wound, silver plated copper wire
coils. Circuit tuning was accomplished
by coil stretching

A much more detailed description of the
low power ZIF-BPSK RTX including all
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| |Fig 16: The RF

- |head and mixer

' [built on two
|microstrip printed
‘|circuit boards.

circuit diagrams is available in the ZIP
archive [3]

The PLL and ZIF printed circuit boards
include a few minor corrections and may
also be used in the full power ZIF-BPSK
RTX for 430MHz with some advantages.
The same PLL printed circuit board is
also used in the following BPSK transve-
rter for 2360MHz.

Fig 17: The
complete 2360M Hz
transverter.
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BPSK transverter for 2360MHz

A BPSK transverter for 2360MHz (Fig
15) had to be developed first to replace
old BPSK transceivers (1995) for 2360-
MHz with double conversion receivers
(75MHz/10MHZz). The latter could only
be used at 1.2288Mbps with some limita-
tions, like rather dow RX/TX switching.
Of course, the new transverter should
include a wide bandwidth and fast
RX/TX switching to allow present and
future packet-radio network extensions.

The transverter uses a single, passive
HEMT mixer for both transmission and
reception. The receive and transmit ampl-
ifier chains at 2.36GHz are switched by
PIN diodes. MMIC amplifiers alow a
simple design of low power stages at the
expense of higher power drain. The tran-
smitter uses an ALM-32220 hybrid ampl-
ifier to achieve 2W of RF power at the
antenna connector, including losses in the
antenna switch.

The RF head and mixer (Fig 16) are built
on two microstrip printed circuit boards
etched on 0.6mm thick FR4 laminate.
The latter introduces losses especialy in
the bandpass filters that have to be
compensated by the MMIC amplifiers.
On the other hand, alossy laminate helps
to avoid unwanted millimetre wave oscil-
lations of HEMTs. Microstrip bandpass
filters with unsymmetrical frequency res-
ponse are used as appropriate:.

The IF limiter (AGC) alows IF drive
power levels between 20mwW (+13dBm)
and 200mwW (+23dBm). The same IF
drive signal also controls the RX/TX
switching of the transverter. Fast and
reliable, IF driven RX/TX switching reg-
uires quite some electronic components.

Both microstrip modules and the freque-
ncy synthesiser are installed in three
brass frames for shielding.

The whole transverter (Fig 17) is 135mm

wide, 150mm deep and 30m wide includ-
ing a switching power regulator for +5V.

The shape of the printed circuit boards is
selected to avoid unwanted resonances in
the frequency range below 4GHz. The
brass frames therefore only require
covers from thin copper sheet while
microwave absorber foam is not required.

A much more detailed description of the
BPSK transverter for 2360MHz includ-
ing al circuit diagrams is available in the
ZIP archive [4]

Practical experiments show that the rece-
iving section of the described BPSK
transverter offers similar sensitivity and
interference rejection as the old BPSK
and ZIF-BPSK receiver designs. The
transmitting section of the described
BPSK transverter provides some 6 - 7dB
improvement in the link margin thanks to
the higher output power (around 2W)
when compared to the old BPSK transmi-
tters with the CLY 2 output stage generat-
ing 400 - 500mW. The transverter spuri-
ous emissions are 40 - 50dB below the
desired signal at 2360MHz and can be
totally eliminated with an external cavity
filter.

5.
References
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Carsten Vieland, DJ4GC

A Sengtive Thermal Power

M eter

Reprint from issue 4/1983

A measuring instrument is to be descr-
ibed that has seven measuring ranges
from 100uW to 300mW, and whose
upper frequency limit is way up in the
X band. Construction should not be
difficult for those reader s having adeg-
uate mechanical skill and a magnifying
glass. Only a few special parts are
required which are easily available.

1.
Power Measurement Problems

For radio amateurs, power measurement
is probably one of the most difficult areas
in radio frequency measuring technology.
The various types of diode voltmeters,
see Fig 1, have three distinct disadvanta-
ges.

1 The junction capacitance of the test
diode (1-4 pF) represents a parallel
capacitance to the load resistance.
For instance, the amount of the capa-

citive reactive impedance will be less
than the 50Q load resistor when
using a Schottky diode HP 2800 even
at 1.6GHz. In conjunction with the
unavoidable circuit inductivity, this
will lead to noticeable resonance eff-
ects, which limit this type of power
measurement to frequencies up to
approximately 1GHz, if a specia
scale calibration is not used.

The non-linearity of the diode chara-
cteristic will be noticeable at low AC
voltages. This leads to a non-constant
mathematical scale calibration in
spite of subsequent amplification and
de-loging. If one is to avoid the very
extensive compensation method, it
will be necessary for the scales to be
calibrated point by point, for instance
by calibrating it against a precision
meter.

The calibration of the diode voltme-
ter is made in RMS values; however,
the measurements are made with
peak voltages. In the case of subsequ-
ent measurements on amateur equip-

/&r—'

N T

Fig 1. A diode
voltmeter as power
meter.
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Fig 2: Principle of

:
|

a thermo power
meter operating

according to the
bolometer

principle.

ment, the required sine wave signal
will be superimposed with harmon-
ics, sub harmonics, conversion prod-
ucts, and unwanted oscillations.
When the maximum values of the
individual voltages coincide, peak
voltages are provided to the diode,
which have no relationship to the
RMS value. The output power of
oscillating stages can be even higher
than the power consumption from the
power line.

The described disadvantages of diode
voltmeters can be avoided or at least
reduced when using the bolometer princi-
ple (see Fig 2), since the load resistance
is only to be found in the RF circuit. The
heating is a linear function of the RMS
value of the RF power, at least at low
temperatures. The temperature increase is
measured with the aid of a NTC resistor,
which will lead to a power linear scale
calibration. Calibration and accuracy
measurements on such a unit can be
made with the aid of DC voltages.

Fundamental considerations were made
in[1], [2], [3] and [4]. A suitable constr-
uction was described in [1]. Higher sensi-
tivities can be achieved with the aid of
thermo-elements using thin film technol-
ogy [5].

The described meter has seven measuring
ranges from 100uW to 300mwW (FSD).
Its upper frequency limit is in the X
band. One disadvantage is the somewhat
long transient time of this method (50%
of full scale after 1s), which means that
no modulation measurements can be
made

2.
Component Selection

The 50Q load resistor should be as small
as possible. A small mass results in a
short thermal transient time, as well as a
high temperature coefficient (meter sens-
itivity), and has a positive effect on the
upper limit frequency. The smallest, ine-
xpensive, and available resistor (51Q)
uses a flat metal-glazed conductor and is
sometimes designated as micro-miniature
resistor (62.5mW). It is in the form of a
bead-type microchip resistor that has
been dipped in lacquer, and they are
usually used in layer circuits. After caref-
ully removing the lacquer, one will
obtain a ceramic chip whose dimensions
ae 22mm x 1.2mm x 0.8mm. The
temperature probe resistor should aso
have a low mass and thus a short transi-
ent time. In addition to this, high impeda-
nce resistors are preferable, since these
exhibit the lowest intrinsic heating as
result of the connected test voltage. The
Siemens Thernewid NTC resistor type K
19 is very suitable. This component
comprises a glass bead of 0.4mm diame-
ter and possesses virtually invisible conn-
ection wires. This component is so sensi-
tive that it will react to the radiation heat
of on€’'s hand without delay, even at a
spacing of 1 meter. Unfortunately, this
resistor, which can aso be supplied in
pairs, is not inexpensive, but it is aso
offered by several other manufacturers.

Experiments made with the thermoprobes
SAK 1000 and KTY 11 resulted in an
inferior limit sensitivity, and the transient
time was at least ten times longer
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3.
Construction of the RF Circuit

Of course, the NTC resistor must be
directly glued to the load resistor (with
very little two component adhesive).
However, due to its high sensitivity, it
should be thermally decoupled from the
input connector. For this reason, it is not
recommended for the load resistor to be
directly soldered to the RF connector,
since the mechanical tension passed via
the inner conductor could destroy the
chip resistor. A favourable solution was
found by using a 50Q stripline in conjun-
ction with a heat sink (brass plate) for
interconnecting the load resistor to the
input connector. This type of construct-
ion is shown in Fig 3.

In order to ensure a high cut off freque-
ncy, the stripline should be ideally on a
PTFE material (double coated). A stripl-
ine width of 2.3mm will result when
using 0.8mm thick RT/duroid 5870 mate-
rial. In the author’s prototype, the stripl-
ine is 12mm in length. Of course, epoxy
PC boards can be used up to several GHz
without problems due to the non-resonant
conductor lane. When using 1.5mm thick
epoxy PC board material, the stripline
width is 3.1mm.
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Specia care must be taken in the transit-
ion between the coaxial connector and
the stripline. Although N connectors have
more favourable RF characteristics than
BNC connectors, the former will exhibit
are more noticeable in continuity at the
transition. Professional users specify
SMA connectors up to 18GHz.

In order to achieve the shortest possible
transient time of the bolometer, a good
heat dissipation is obtained at the cost of
maximum sensitivity. Heat conductive
paste should be provided between the
gtripline board and the brass heatsink,
which is aso placed around the chip
resistor. Temperature fluctuations
coming from the input connector are
compensated for with the aid of a second
brass plate (Fig 4). Since the thermal
probe still reacts to the radiation heat
reaching the case, the whole bolometer is
surrounded in a metal case.

Any excessive solder on the stripline
should be removed with afile in order to
ensure a low heat delay. The NTC resis-
tor should be glued into position only
after this has been carried out.

The fragile connection wires of the K 19
are supported on the RF side with the aid
of feedthrough capacitors, and on the
lower side with the aid of a small board
that has been glued into place.
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Fig 4: RF circuit with bolometer and
heat sink.

4.
Measuring Amplifier

Fig 5: Photograph of the author's
prototype; RF portion under the
metal cover.

In order to maintain the zero point stabil-
ity and the calibrated meter sensitivity it
is recommended that a bridge circuit be
used together with a second K 19 (paired
to have the same temperature coefficient)
in order to compensate for ambient temp-
erature fluctuations (see Fig 6)

The first operational amplifier, maintains
a constant current via the test NTC
resistor,which allows a linear transfer of
its resistance value to the actual test
amplifier. The zero point should be adju-
sted before commencing the measurem-
ent with the aid of a low-impedance,
shunted, ten-turn helical potentiometer If
a larger case is used, it is also possible
for less expensive coarse and fine contr-
ols to be used.

The reference voltage is provided by a
LED, which is connected as zener diode.
Higher voltages than 1.5V will, howe-
ver, improve the sensitivity of the read-
ing. however, will lead to considerable
intrinsic heating of the thermal probe.

In order to change the measuring range
the feedback resistors of the second
operational amplifier are switched.

The resistance values and measuring

ranges (full-scale deflection) are:
* R1=22MQ (0.1mW)

R2 = 680kQ (0.3mwW)

R3 = 220kQ (1ImW)

R4 = 68kQ (3mwW)

R5 = 22kQ (10mW)

R6 = 6.8kQ (30mW)

R7 = 1.4kQ (300mW)

The meter cannot be overloaded since the
operational amplifier possesses an inter-
nal current limiting. Since an offset alig-
nment is not required, it is advisable to
use a low drift dual operational amplifier
in an eight pin case, such as the TL 082.
In the most sensitive range, the flicker
noise of the operational amplifier will
cause a certain fluctuation of the meter
reading. The operating current is only in
the order of 5mA, which means that two
9V Dbatteries can be used as power
supply. The meter will also operate perf-
ectly at £5V.

5.
Alignment

Cdlibration of the meter is made with
direct current. It is advisable to adjust the
full scale deflection current of the appro-
priate range with a digital multimeter.
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The feedback resistors R1 to R6 of the
test amplifier are selected to have the
highest accuracy from a large selection of
resistors. Since the sensitivity of the
bolometer is greatly dependent on the
mechanical construction, the given
values are only for orientation.

Due to the non-linear relationship betw-
een the temperature and the resistance
value of the NTC resistor, it is necessary
for the highest range of 300mW to be
calibrated independently on the scale,
(see Fig 7). In the 30mW range, the
deviation is till only a maximum of 4%,
and should thus be acceptable.

6.
Measured Values

return loss of 10dB (approximately 2
VSWR) is only exceeded at 11GHz.

A 3GHz oscillator having an output
power of 25mW with an accuracy of +
0.1dB was now connected to the meter
and this power was indicated with an
accuracy of the meter needle.

The Gunnplexer manufactured by Micro-
wave Associates (15mW at 10.36GHZz)
provided 12mW of heat after being adap-
ted from waveguide to BNC.

The meter reaches 50% of the full scale
value after approximately 1 second; 90%
of the final value is passed after 3.4s. The
transient time't (63% of the final value) is
in the order of 1.5s.

It was possible before manufacturing the
power meter to measure the input return
loss of the RF circuit with the aid of a
network analyser. It was found that a
return loss of 20dB (corresponding to
approximately 1.2 VSWR) can be achie-
ved up to a frequency of 2.1GHz. The
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7.
Practical Experience

Due to the short length of the stripline
used, a certain temperature sensitivity
exists via the inner conductor of the input
connector, since both NTC resistors are
not heated simultaneoudy. In the very
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attenuators, or directional couplers. How-
ever, the frequency range will be limited
by this. It is possible, for instance, to use
a directional coupler with an attenuation
of 40dB to increase the measuring range
up to 3kW. The exact value of the loss
can be measured previously using this
meter.

The high sensitivity of this meter (the
resolution is in the order of 1pW) allows
one to aso measure the frequency, or
attenuation characteristics of filters, ban-
dpass filters, directional couplers, freque-
ncy multipliers, mixers, low signal ampl-
ifiers, etc., in addition to purely power
measurements, and its high dynamic
range can be used right up to X band.

8.
References

Fig 7: This photograph shows the
scale calibration with the 300mW
scale at the bottom.

low power range, it is advisable to work
together with an intermediate cable
which remains connected to the meter.
Otherwise, the zero point stability is so
high that it is possible to carry out
measurements directly after switching
on. In the case of the two most sensitive
ranges, it is advisable to leave a warm up
time of approximately three minutes.

The cdlibration was made at 20°C. A
further test in a refrigerator at 5°C did
not show large deviations.

The speed of the reading is approximat-
ely as high as that of a dampened
laboratory meter. Taking all advantages
of this measuring system into considerat-
ion, it will not be found that alignment
work is made more difficult due too ow
an indication.

The dynamic range of the power meter
can be increased by adding wideband
amplifiers (e.g. as described by DJ7VY),
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Franco Rota of RF Elettronica is sponsoring a
competition to encourage new articles for VHF
Communications Magazine in 2013.

The first 3 articles submitted for the competition have been printed but
more articles are needed for issues 3 and 4/2013 There is a voucher
worth €150 to spend with RF Elettronica for first prize and a €75 prize
for second prize.

For those who do not know about RF Elettronica there is an
advertisement on the back page of this magazine or visit the web site -
http://www.rf-microwave.com. Franco has a vast range of electronic
components with many that microwave constructors find difficult to
get anywhere else.

To take part in the competition submit your article on a subject that you
think will be of interest to the readers of VHF Communications
Magazine to me by email or post. | prefer the text in Word format and
any pictures or diagrams in jpeg format but | can work with most
formats if you cannot manage these. If you have never written an
article for a magazine before do not worry | will help with the format
of an article and work with you to get it right before it is published. All
you need to have is the basis of a good interesting article, probably
based on something you have made or developed, with a description
and some diagrams or pictures. Articles must be submitted by July
2013.

Voting for the winners

There is a voting form on the web site or send your choice by email /
post. The winners will be decided in autumn 2013 with the winners
announced at the end of 2013.

Good luck, 73s Andy

Send articles by email to: andy@vhfcomm.co.uk

Send articles by post to: Andy Barter, K M Publications, 503 Northdown Road,
Margate, Kent, CT9 3HD, UK
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|nternet Treasure Trove

Mixer noise and design

NXP

This document represents the absolute
best, most accurate, and yet easily reada-
ble summary of the topic of the noise in
mixers to be found on the Internet.

Address: http://rfic.eecs.berkeley.edu/
~niknejad/ee242/pdf/
ee242_mixer_noise_design.pdf

1.2 THz SIS mixer for Herschel
radio observatory

If you are interested in the forefront of
receiver development and the resulting
technology, it is time to take a look at
this publication. A 1.2 Terahertz mixer
with integrated antenna on a chip using
new technologies and ideas. That is defi-
nitely not boring!

Address: http://safir.jpl.nasa.gov/
BeyondSpitzerConf/proceedings/
postersd/karpov.pdf

and for those who wants to look at a
short film on "Superconductivity", go to
the University of Cambridge site

Address: http://www.msm.cam.ac.uk/
ascg/lectures/el ectronics/
stjdetector.php?video=flash

Because Philips are hiding behind this
name it takes some time to recognise.
There are as always interesting new RF
module developments (E.g. a complete
Ku - band LNB for 10.7 and 12.7GHz in
a smal IC).You should visit this page
more often.

Address:
http://www.nxp.com/products/rf/

Fundamentals of RF and
microwave noise figure
measurements

This is the famous "HP application note
57/1" in a beautiful new edition. It has
been listed in almost every publication on
this topic for decades.

Address: http://cp.literature.agilent.com/
litweb/pdf/5952-8255E. pdf

Ferrites

For those who want to develop and use
components with Ferrites you can find
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some interesting points of contact on the
Internet in the following list. These give
basic information as well as component
suppliers.

Address: http://www.epcos.com/web/
generator/Web/Sections/Publications/
Ferrites/Page,locale=en.html

http://www.we-online.de/web/en/
wuerth_elektronik/start.php

http://ferrite.delen/

http://www.ferroxcube.com/

http://www.fair-rite.com/newfair/
index.htm

Skyworks

You must remember this name because
the RF semiconductors are always intere-
sting. For the developer, there are LNAS
from this manufacturer with noise figures
that have already fallen below 0.5dB.

Address: http://www.skyworksinc.com/
categories.aspx?Categoryl D=4

Integrated LNA and mixer
basics

This well-known application note 884
from National Semiconductor is aso
used by Texas Instruments with the same
content but a different cover. Still good
and worth reading!

Address: http://www.ti.conVlit/an/
sn0a290/snoa290.pdf
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Horn antenna design

There are some very nice sites on the
Internet and if you are designing a Horn
antenna these may be useful.

Address: http://www.radio.feec.vutbr.cz/
kosy/soubory/bocia/
High_performance_horn_antenna_
design_II.pdf

Or: http://smartech.gatech.edu/jspui/
bitstream/1853/34414/1/PG_TR_
040813_YL.pdf

SMARTech

Once again a large "box" where you can
root around to your heart’s content for
many hours. You should have some
patience because it lists contains over
51000 documents. Much fun!

Address: http://smartech.gatech.edu/

Note: Owing to the fact that Internet
content changes very fast, it is not aways
possible to list the most recent developm-
ents. We therefore apologise for any
inconvenience if Internet addresses are
no longer accessible or have recently
been altered by the operators in question.

We wish to point out that neither the
compiler nor the publisher has any liabil-
ity for the correctness of any details
listed or for the contents of the sites
referred to!
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Back Issues on DVD

VHF Communications Magazine has been published since 1969. Up to 2002 it was produced by
traditional printing methods. All these back issue have been scanned and converted to pdf files
containing images of the A4 sheets that formed the A5 magazine when folded in half. These have
been put together on DVD in decade sets.

From 2002 the magazine has been produced electronically therefore pdf files are available of the
text and images. These have been used to produce the 2000s decade DVD.

® % % | 1970s- 1980s - 1990s

VHF C \ns ine yns

mararss | These three DVDs cover the first 3 decades of the

A decade of (Aq The 1990s [The 1980s | (including 1969)

/| magazine. The 1970s DVD contains all magazines from
| 1969 to 1979 (44 magazines) the 1980s and 1990s DV Ds
contain 40 magazines for the decade. The DVDs are
£20.00 each

VHF Communications Magazine

This DVD contains magazines from 1/2000 to 4/2001 in A docade of ' The 2000
scanned image format and from 1/2002 to 4/2009 in text and
image format. This DVD is £35.00

magazines

_ Bumper 4 decade
‘/’\’IHF Communications Magazine DV D

Four Bumper
decades of release 1969

L e This DVD contains al magazines from 1969 to 2009.

Oy ”"eaw;*n::,:; That is 164 magazines. It also contains the full index for
sy Rt e g2 e those 41 years in pdf and Excel format so that you can
search for that illusive article easily. This DVD is just
£85.00 - just 52 pence per magazine.

To order, use one of the following:
» Use the order form on the web site - www.vhfcomm.co.uk

e Send an order by fax or post stating the DVD required (1970s, 1980s, 1990s, 2000s,
Bumper)

» Send the correct amount via PayPal - vhfcomms@aol.com - stating the DVD required
(1970s, 1980s, 1990s, 2000s, Bumper) and your postal address

Add £1.00 for air mail postage in Europe or £1.50 for air mail postage outside Europe
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B oy Eommn B ||Avalable either as photocopies or actual magazines. Issues
1 . |lfrom 1/1969 to 4/2011 are £1.00 each + postage. |ssues from
2012 are £5.40 each or £19.60 for al 4 issues + postage. See
web site or page 34 of issue 1/2013 for back issue list.

Blue Binders

A new style binder was introduced in 2010 with an embossed
spine. These binders hold 12 issues (3 years) and keep your
library of VHF Communications neat and tidy. You will be able
to find the issue that you want easily. Binders are £6.50 each +
postage. (UK £2.20, Surface mail £3.25, Air mail to Europe
£3.40, Air mail outside Europe £5.10)

PUFF Version 2.1 Microwave CAD
Software

This software is used by many authors of articles in VHF
Communications. It is supplied on 3.5 inch floppy disc or CD
with a full English handbook. PUFF is £20.00 + postage. (UK
£2.20, Surface mail £2.90, Air mail to Europe £3.20, Air mail
outside Europe £4.50)

Compilation CDs

Two CDs containing compilations of VHF Communications
magazine articles are available. CD-1 contains 21 articles on
measuring techniques published in the past few years. CD-2
contains 32 articles on transmitters, receivers, amplifiers and
ancillaries published over the past few years. The articles are in
pdf format.

Each CD is £10.00 + postage. (UK £0.50, Surface mail £2.20,
Air mail to Europe £2.70, Air mail outside Europe £3.30)

AMATEUR RADIO AND PROFESSIONALS VHF Communications Web Site
www.vhfcomm.co.uk

Visit the web site for more information on previous articles.
There is a full index from 1969 to the present issue, it can be
searched on line or downloaded to your own PC to search at
your leisure. If you want to purchase back issues, kits or PUFF
there is a secure order form or full details of how to contact us.
The web site also contains a very useful list of site links, and
i B P LT downloads of some previous articles and supporting informat-

SINCE 1969‘ jon.

K M Publications, 503 Northdown Road, Margate, Kent, CT9 3HD, UK
Tel / Fax +44 (0) 1843 220080, Email: andy @vhfcomm.co.uk
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HF, RF and microwave

electronic components
Drpar G000 Tterms always ready in stock
shipped all over the world

www.rf-microwave.com

DIGE
MINER: balanced, active and pasaive,
TRANSISTOR: IF, RF, power,

GaAsFET; low noise, power. | )

¢ Schotthy, varicap, PIN, zeno bias.

Iuprhl!lit :mplﬂ'ler:, IF demodulators
for Ab-550-FM repeivers,

PLL and prescaler for synihesizer,
Reguiatars, RF power modules.
EDHHEMMH BRC and others
CABLFS: teflan, semirigid, handyform.
CAPACITORS and IMDULTORS,

FERRITE CORES: wide avallability of
toroids, binoculars, beads, rods, AMIDON.
FILTERS: IF, helical, saw, gigafil.
Inrm{mﬁmn, nﬂ:mu tors, irculaters,

a ,Amidon_“i ll

Special and hard to find
RF components

!\l P
Visit =

the SURPLUS section
to find many
special offers
at affordable prices

o ROGERS

Multipler and step-recovery diodes,
Feweer PIN diodes up to 1EW.

Malse diodes and nolsa sources.
Microwave prescaler dividers,
mmmuhluﬁxmhlm of
power FET, 3500 cables for power
splitbers and Wilkinson combiness.
ATCI00 high Q RF power capacitors.
Teflan laminates, ROGERS, RO4003




