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Or. In.~. .lcKhM /"71J.fJ1h. ORIN V

A Digital Image-Store for the

Spectrum Analyser

Equipped with an IF filler o f min imum IkHl
bandwidth, the spectrum anal yser DBINV
006·009 can also hand le naflOw·band lIIa lysis
of sipals as. well. orcoeese. ro echieve this a
very , 10...' scanning fall' ml6l be selected (a
few fll) 10 avoid a SUlK image on the screen .
Some help would be given by a long­
persiMmce tube btll al the expense of image
brigbtneM. M uch bet ter is a lcchnique used up
10 now in some co mmercial lIIalysen of a
combinN non 'MorIgt' andslorIge ima ge, the

laller with variable persi stence , Unfortunale ly
this kind of dev ice is not co mmon ly foun d on
jhe usedequipmen l ma rkel or whm il is, il is
in poorcond ilKx\.

Therdorr we now ~riM • pu~l~ d igital
ImlKe \to~lr , ) "tem "hkh combtnn
w\t'~1 Inte~llnl rellu,," wllh I ~II­

th rl, low-co'lt (undrr £100) material
requl~mrnl' Includi na:

..- •

Specnum Image SIO~ l -y Display

Analyser

y-v.. y

Printer

tla. l : Imaar Slo~ In Ioop-Ihrough modr
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"'IK.2: Image store with externa l control or Ana l)'M'r

---------. the u:bting display ca n bere-used;

• than k!l to CMOS techn ology, the power
require ments are sc small that the new
con..trucllon ca n be added without the need
for a supplementary power loupply;

• since the spect rum data Is aln'ad)' In
dlglhll rorm, graphic printer output 11
Jxmlblc;

• variable pcretsience disp lay Is not pro­
vlded, sc no reference curve need be stored;

• slmply-to-achleve digital anraglni can,
when requlred.Impreve the represemeucn
or noise-Impaired signa ls.

r,
SO~IE I:\IJ>ORTAS T l'lUM ARY
CO:-iSIOF.RATIO:-iS

To conceive lUI image store there are three
solutions:

l. the loop-through circuit in Fig. I, where the
image store is simply linked in with the lines
for video (Y) and deflection sawtooth (X),
allowing the choice of displaying either the
original signal or the stored one. The advan­
tage is that no modification is required to the
equipment and that this image store is
available for use with sweep generators, etc .

The whole construction, with its digital
circuitry, presents a powerful source of
interference . Care was taken therefore to
achieve good screening of the conductors and
to build a compact, easily screenable unit no
larger than a single Eurocard which would fit
Inside a standard screening case. Solutions
involving an AT with high-res graphics were
therefore excluded.

2. " remote control", as in Fig.2, W W I the
precondition that the analyser has an external
sweep port, s ince in image store operation the
store will provide the deflccuon sawtooth.
This normally means internal modifications to
the analyser.

J . the " raster screen display" of Fig.J
demonstrates a complete cha nge from the
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.·Oefleclion

v-veec
rv.vcec TV·M onitor

Spectrum Image Store

Analyser

Md'llo nalllgnl
lor overlaying
Ilphl-numerIC
data

t
Printer

FIR.J: Ima Rc store with raxt er-dlvplay screen

previous techniques. A normal computer
monitor prov ides the output here, the image
store provides the sweep sawtooth, and the
customary analogue display is dtspensed with
altogether. Thi s demand ing concept is
employed in most modem industrial devices,
allowing without further ado the overlaying of
alpha-numeric information such as IF, filter
bandwidth, etc.

The author plumped for the first variant since
no internal modifications were required 10 the
analyser, the existing display umt could be
re-used and the image store might also be used
for sweeping . ( It is possible that a dislike of
too much com pnerisetion also came into it,
since opt ion 3 would probabl y have required a
graphics computer with additional Rf adap­
ters.)

The basic circuitry of the image store is built
upas a nonnallogic circuit with A[D and D/A
conveners as well as some counters and a
store. The " Print Screendump" function on a
normal graphics printer. however, can only be
achieved In a sensible manner with the aid of a

132

microprocessor . Therefore the complete cir­
cuitry of the image store Is put on a
single-chip microprocessor (SOC31). If one
uses A/D and D/A conven ers for direct
connection to the processo r bus, the circuit
becomes extremely s imple and the whole
construction will fit inside a standard t inplate
box with the measurements 72 x 144 x 3Omm.

The next point is to clarify the resolution of
the image. It is well known that (for example)
weather sa tellite pictures with 256 x 2S6
pixels are easily recognisable. The present
application makes higher demands, though.
whllst the Y axis can be digitised in 8 bits
without difficulty (with 80mm picture height,
that is around three dots per mm), the X ax is
needs finer resolution, A.\ a simple calculation
shows. With a display width of SOMHZ/cm
and I filter bandwidth of 200kHz, a theoretical
total of 250 lines per cm or in all 2,500 lines
can be drawn on the screen. This means
digitising the X axis with atleA.\1 II bits (2048
points) or beuer 12 bits (4096 points ). A trial
also with S-bit resolution gave disappoin ting
results.
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To gel a fairlystable on-screen display on lhe
fairly short-persistence tubes used on most
oscilloscope displays we need an image
refresh frequency of around IS to 20 Hz.
Since the microprocessor used can deliver
data out of the image store to the D/A
converters at around 20kHz (as.suming the
processor spends: half its time on image
display). we need to accept a compromise on
horizontal resolution, which is fixedat 10 bits
• 1,024 pixels. Nevertheless A/D and D/A
converters with 12-bit resolution are used,
allowing users with longer-persistence dis­
plays (e.g. the OR screen used in many
magnetic deflection displays) higher resclu­
nonat the costofscreen refresh frequency.

2.
IlLOC K DIAGR AM

The result is the block diagram shown in
Fig.4. The video signal (Y signal) passes
through a preamplifier. via a peak value hold
stege. fo the AID converter with S-bil resolu­
tion. The peak value stage ensures that
betweentwo readouts from the A/D converter
no signals are lost. The Y signal coming from
the store is fed to a D/A converter and after
low-pass filtering via the output amplifier to
the display. A CMOS analogue switch allows
the source signal from the input 10 be patched
through as an ahemative. The same switching
circuits, apan from the peak value detector,

.,'"m

.....y

veee
v

y-Vldeo
[>

y.
trom SA nVO

Peak valueDetector I 8-bi!D/A Convener

t
8-bitA/D Convener

t

8-bit Microcontroller Printer bay

8K RAM, 8K EPROM (Centronics}

!2-bit A/DConvener I I l2-bil D/A Convener

I Blanking I--+-

llection [> . [>
J-Qet

lromSA no.
, ·00

HK.4: Block diagram of the Image Store
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VHF COMMUNICATIONS 3191

are to be found again in the X channel ,
although 12-bil conveners are used here. In
addition the X channel has a blanking cirt:uil
to preventmeasurementduring Ihe sawtooth's
flybackperiod.

A mlcrocontrcller of the type 8OC31 forms the
centrepiece of the image store. Since not
everyone has the capabllhy of programming
the EPROM version of the 8OC31, the 87C51,
the ROM-less type SOC31 is used and a
standard EPROM is connected ult'ma lly,
even thou gh this Increases the circuitry. An 8
kilobyte CMOS static RAM is provided as
eklernal data store.

As well as rt'ading and Slorage of the image,
the micrcccntrcller controls outpul 10 an
external prime r. Since prinling out can take a
few minutes during which the picture cannot
be altered, measurement i\ In terruptedduring
this phase of opera tions and the image is
"frozen" .

3.
TIlE CIRCUIT IS DETAIL

As Fig.S shows, the microcon trollr r 11 2 is
connec ted to an utemal EPROM 114 (27C64 ­
75) and a CMOS RAM m OIM62(4). Since
the addre ss and dala s ignals are addressed
eve r a single port, the address latch 11 3
(74HC573) separates the IWO signal paths.
This works as follows. Each lime the externa l
processor is addressed for the first time, pins
39 10 32 of the processor (with ADO10 AD7 •
address bits 0 to 7) pass for one time period
the low .eight a~ bib. This stale is
indicated with logic high on pin 30 (address
latch enable). The address lalch 113 detects
these address bits on i15 inputs (pins 2 10 9)
and passes them on as static address signals
AO 10 A7 for further acuon via pins 19 10 12.

The high eight addrn.s bits come straig hl from
the processor (pins 21 1028) nexr to the sialic
s ignals. After this operation Ihe PJOCeMOr
switches pins 39 10 32 as data pins DO to D7,
which are link ed 10 the data inloutpuLS of the
store and con vener units.

In order 10 be able to addre ss the sto re and
converters separa tely, the follow ing decodi ng
scheme is adopted .

Upon seizure of the program Mort', pin 29
(program store enable, active low) of the
processo r acnva tes. whereupon the EPROM
loads its data via DOto 07 10the dala bus .

The CMOS RAM 11' is arranged into the
upper 32K of the data address area . AClivilY
follows with address bit A15 5('1, .....hereby the
RAM is ecuvared via pin 26 (chip enable 2).
For reading pin 17 (rt'ad) of the processor is
active low, whereas for writing pin 16 (w rile)
is .

The AID and D/A conveners are connected 10
the lowest 256 bytes of the data address art'l .
For this an address decoder 7411CI38 (116) is
activated &!>soon 15 address bit A15 goes low
and the bit sample on A5 to A7 determines
which of the decodtroulputs YO10 Y7 switch
10 low and activate the appropriale peripheral
unit. So thaI adJrt"Ming aClivity with 10 the
program store does not accidrntal1y activ ate
the AID convener, the address decode r via 110
(pins 04 , 5 and 6) is only made operational
when eithe r the read or write signal is act ive.

Mention must also be made thai 10 miumrise
requirements, decodi ng of RAM and AID
coove rters is incomplete. It is thus "reflec­
lions" of the address regions that occur in the
address area of the processor.

Since the microcomrcller has 10 operat e al
IBMHz, a correspondingly fasl version of the
SOC31 musl be selected. such a1> the type
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VHF COMMUNICATIONS 3191

supplied as 8OC31S by Matrl ·MHS or AMD.
If only a standard 8OC31 is to hand, men me
crystal frequency must be brought down to
12Ml-lz. The standard models often work at
18M1Iz but this cannot be guaranteed; me S
types worked at up to 24MHz for me author
but men the conveners could not keep up.

The EPRO M too mU!>t be a fast example, with
an activity period of leu than lOOnS, such as
the AM27C64 -90 from AMD . The author
even tried me 75nS verno n. Since this kind of
exotica is not availab le in your comer
computer shop , these must be obtained
through a distributor.

Anyone interested in rmding out more about
the SOC)I microcontroller should investigate
me handbooks by AMD (8·bit Microcontrol­
len) and Intel (Embedded Ccoecuers, Vol. I,
8-Bit). There is also an out-of-print book
called "Die 8051 Mikrocontroller Familie"
by Otmar Feger. publishe d by Markt &
Technik Verlag .

The computer kernel communlcares with the
cutside world in three ways.

The AID and O/A converters 14, 15 and 16 are
directl y connected 10 the data bus of the
micrccontrcller. In order to address the
modules separately I addresses are assigned 10

them on side 0 of the external data store
(memory-mapped I/O). This is achieved by
the address decoder 11 6, a 74He l )8, which
also produ ces the trigger s ignal for the peak
value de tector.

Some s ignals. like opefllting push bcuons or
sawtooth Ilyback, are led via port ) to the
controller.

Oata for the printer comes from pon I. via a
driver 741-1045 (19). to the Centronics con­
nector for the printer . The driver is only
necessary for printers which confonn to the

Centronics nann and have lcw -restsience
pull -up reslaors of 470R or 1k to .5V.
Modem printers often have high-Impedan ce
inputs and in these cases the driver is
superfluous. The prime r control s ignals (only
Strobe and Busy are used in this app lication)
also come from port ) of the IIOC)I , For the
printer any gfllphics-capable matrix printer
with the Centronics interface and Epson
control se t. The autho r uses a Hewleu­
Packard Thinkj et in "enemete" (Epson)
mode.

To avoid multipl e reflections on the lme to the
printer and related EMC prob lems. all outpcr
lines are terminate din 75K resis tors , If this is
insufficient, aJd itiona l decoupling capaci lors
of around 470pF can be tried : they are best
soldered direct to me grounding collar of the
printer soc ket.

The autho r fed a ll d igital signals to a terminal
block and then through a plug lind soc ket
arrangement through a cabl e fonn 10 the
printer socket and the press bun ons (Reser.
Start screendurnp, Store reference curve.
Alternat e disp lay of reference and current
spectrum).

The AID converter section is shown in Fig.6.
All three converter units are . with thrir data
connections, connected direct to the bus of the
8OC) I. Addiliona l bus drivers are not necess­
af)' on such a small set-up, The Y section (14)
is made out of an AD7569 from Analog
Devices: this inlefC$ling CMOS IC contains
an 8-bit AID convene r with preeeueble
voltage range (se lectable 0 to 2,5V or 0 to
1,25V). The AD7569 can also be run olf a
symmetrica l . ' -5V supply if negative input
voltages are expec ted. Apan from an R-C
elemen t on pin 2 1. no other circuitry is
necessary.

In the X sec tion we have an A07248 (l J ·bit
D/A. 16) and an AD 7870 (( 2·bil A/O . 15).
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Data transfer is made every lime in two
sections, with one 8-bit and one 4-bit word;
the conve ners have contro l inpu ts to se lect the
high and low-value data words . Both conver­
ters are provided with an auxiliary -,SV supply
so that bipolar input and output signals can be
acco mmoda ted. Once more , apan from so me
decoupling capacitors, no external circ uitry is
necessary.

Fig.6 also sho ws the power supply arrange­
ments for the image store . The " ISV and · 12v
voltages taken from the anal yser are fed via
wrong-polari ty protect ion diodes and t -C
low-pass filters 10 the operational amplifi ers
in the analogue sec tion. The AD7248 is also
on the +l SV rail. The voltages of +SV for the
digital sec tion and · SV for the AID converters
are produced with 780S and 79LOS fixed
voltage regulators.

The ana logue signal handling is shewn in
Fig.7 and comprises two quad op-amps
(Tl074) and a CMOS ana logue switch
(CD40S3). The Y s igna l with a nominal
amplitude of 0 to 4V, corresponding to a
dynamic range of 80dB from the logarithmic
demodulator lDA IS76. is led to the peak
value hold circuitry made up of two op-amps
(II A, liB) and a switching FET (2N4393 or
BF247A). This is periodically reset by a
processor command via the address decoder
116. Th is ensures that a s ignal peak is only
assessed when the Y s ignal has passed the
AID convener twice .

A resi stive divider, adjustable with PI, splits
the sig nal from the 2.SV maximum coming
from the AD7S69. The outpu t voltage of the
AD 7569 is split vice versa with P2 to around
2V before undergoing a simple lew-pass filter
and the CMOS switch in II C ready for
ampl ificat ion by a factor of 2 for the display.
The CMOS switch CD40S3can a lso patch the
input signal with an amplification of I through
to the display.

The X signal route is laid out for a voltage
between +IOV and -SV, othe rwise si milar to
the Y channel . P3 se rves here to se t the s ignal
level at the AID converte r AD 7870 and P4
adjusts the output level of the D/A convener
AD7248. Loopin g throu gh of the X signa l is
done with the seco nd channel of the CD4053.
During flyback of the sawtooth the X sa w­
tooth becomes negative (flyback blank ing);
this is recognised with a comparator (12C) and
supports via the port rou ting P3.5 (p rocessor
pin IS) the measurement process.

4.
TIl E SOFTWARE

The author rea lises that mos t RF peopl e treat
microcomputer tec hnology with so me misgiv­

ing, for which reaso n this so ftware description

has been kept as short and intelligible as
poss ible.

In the microconlroller of the image sto re there
are normally two pan ial programs running
quasi -s imultaneously. One of these is the
picture output. Afte r enabling the image store ,
first the time r channel 0 of the 8OC31 is
activated and halted on a periodic intenupt
mode . Every SOseco nds the 8OC3) interrupts
the program al read y running and ca rries out
the following two funct ions . A IO-bit co unte r
is switched in and the cou nte r status fed out to
the X D/A convener. which is producing on
its outpu t I sa wtoo th with 1,024 steps. Upon
overflow the coun ter is rese t to zero . The
counter status abo serves as an address for the
image store , from which a Y value is fetched
and fed via the Y D/A convener to the vert ica l
channe l of the disp lay. The tota l running time
of the program is around 2S microseconds,
after which the 8OC3 1 progresses the program
execution to the intenupt stage .
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FlaJl: Sample screen prlnl -out wltheut (a) and wlth (hI dlglla llluraRlna.
The vldcobun dwtdth here I~ 100kH z..

In image store operation for the rest of the
period the X and Y D/A converters I fCpolled
periodically and the peak value hold circuit is
reset. The X ....Iue provides the write address
for the image store, the Y value lIle 001.1 10 be
wri nen there. Duringsawtooth Ilyback, detec­
led by 12C, measurement record ing is Inter­
rupted .

solution does not cause any problems. since
the microcontroller can handle this task
without diffi cult y and spends most of its time
wailing fo r the s low printer.

For improving print quality add itiooa l tricks
such 15 double-pass prinling can be ind icated ,
but a full description would take up 100 much
space here.

If screendump printing is activated by press­
ing the burton. instead of the storage progl1lm,
the plot algorithm is exec uted . To achieve th is
the amplitude values are turned mto X·y
co-otdroeres and passed line by line to die
printer. The printer expects an g·bil word per
X position , which determines which of the 8
vertical pins (or plouing pens) is to be
activated. For common paper widths .s 12 X
positions are convenient. The complete pie­
ture is buill up by 64 successs lve Iine-b y-lme
operations of the 8 dots on eac h line .

Since the store of the processor kerne l is noc
large enough to build up the complete gra phic
in the store. ano the r technique is employed.
The store is scanned 64 times and the plotting
a lgo rithm is used to determine which of the
dots Me to be printed. Th is a pparently untidy

'40

Before the plot data ls finall y fed out 10 the
parallel interface , it undergoes I liltering
progra m which Idd... frame and grid sca le .

In many meas urement applicalions , a direc t
comparison between the aClual measuremen t
and a reference value is dt'Sirable. for exa mple
to check the effectiveness of align men t being
ca rried out. Th is CAn be don e by pressing a
button to caplurt the current va lue in /I

reference store; ener this the refere nce end the
current spec trum can be disp layed Iltemllely.
To avoid 100 much nicker 00 the image in
reference mode. both spectra Ire drawn with
only S12 pixels ' horizon tal reso lution .

In order to find weak but stable s ignals in the
noise an averag ing can be called in. The
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smoothed avcraging can suppress the noise
thatvaries frominuge to imageby around 6to
10dS, so thai ccrtespondingly weaker signals
can be observed (Fig,8a/b). The aven ged
spectrumcan also be printedout.

5,
ADV ICE OS CO:\,STRUCTIOS ASO
OJlERATISG

TIle discmanghng of a computer PCB with
bus structures and fairly high packingdensity
is only possible withsome considerable effort
and the use of mulli-layer techniques. On
aCCOOnl of the proximity of the analogue and
digitAl circuits and itsapplication ina receiver
with interference suppression requirements.
only a single plane PCB could be considered.
Accordingly the author built the li~: pro­
retypeon a special experimenter's PCB which
had a groundplane surface on top and 0.1"
square copper "islands" for soldering below.
As these boards are drilled only where there
are: components, they allow a significan tly
higher compcnem densuy thennormalexperi­
menter PCBs. Wiring for the operating vol­
tages is carried out with O.5mm silvered

copper wire. which gives rhe low impedance
needed in panicular for digital devices.

The remaining wiring is done with line wire
or beuer with wire-wrap wire (lOAWG). The
wire-wop verslon is cem inly more tedious
(the insulation has to be removed) bUI in
consequence is also more rebuS!, smce the
Tenon insulation is soldering-iron proof.

Ir oee follows the eomponenr layoul in Fig.9,
the image store can be put inside a tinplat e
case 74 x 144mm (Fig. IO).The hard labourof
wiring up the board (Fig.ll) can be
accomplished in one or two afternoons. and
the packing denshy achieved avoids recourse
to mulu-Iayer technology. Sceptics may care
10 know thai similar "drawn wiring" techni­
ques using a computer-con trolled wiring tool
have beenused even at NASA.

wb eiher the ICs need to be provided with
soc kets is for the cons tructo r 10 decide; the
microcontroller and EPROM should cenainly
usethese. 001 please usethe precision variety
with turned pins. As ever, you are bene r off
soldering than using cheap soc kets: contact
failures can occur in the primitive WC kClS.

evenwith brandnew stock.
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Reset button

Reference-Store button

DB 1NV
PrintScreendumpbutton

Connec to r numbering

on Image-sto re

Cenucntcs plug,

36-wl)' . '1 51 .12: Wlr lnRof the press-buttons
and th e printer cennecuone

\\-111'11 you are ready 10put the unit into serv ice
it is best to con form to the following scheme,
which apa rt from a twin adju.'llable power
supply requires only an osc illoscope and a
voltmeter.

FiThIconnect the PSU to the + 15V and ground
connections, and slowly raise the voltage
upwards from 5V, With lIle voltmeter youcan
check whether the 5V regulator is working.
Current drawn should be at most 200mA,
higher val ue.s indicate immed iate switch-o ff.
The same experiment is carried out with the
· 12V supply; if this goes well, then switch
both supplies on lirm ly so mat the microcon ­
troller is reset proper ly.

With the oscilloscope and a 10: I probe check
can be made of osci llation on pins 18 and 19
of the 8OC) 1. On pin 30 (ALE) the osc illator
frequen cy divided by 6 is to be measured, The
timer interrupt should be functioning now,

measured IS I short pul~ every 40 uS lit pin
17 of the AD7248 and as a sawtooth on pin 20.

If you ground pin 15 of the SOC) I , similar
pulses should be measurable at pin 24 of 15
and al pin 18 0fl4 .

If things have not gone quite right so far, you
should check if there is any activi ty on the
data bus. If not, chec k the reset circuit (is pin 9
of the 8OC) 1 permanently high?). Should no
osclllauon be detected, try another crys tal as a
test . A frequent mistake is to leave pin ) 1
flol ting; the microcontro ller then tries con­
tinually to fetch the program from I non­
existent internal ROM. Miswired data or
address lines can lead the 8OC) I 10 interpret II
command as the Power-Down code and shut
down everything including the oscillator!

Another common mistake is to connect two
inputs wilh one anothe r: sometimes the
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CMOS devices will work but then shut down
at the approach of your band. To fmd this
situation or floatin g inputs me author uses •
hnle trick circ uit. The ca librator of the
oscilloscope (approx. IV p-p) is tied vi. 10K
to the tip of the probe $0 lbal the calibration
signa l is vis ible. If you now touch !he
suspected points while the circuit is running, I

normal CMOS output will pull the potential to
+5V or ground.noted by the disappearance of
the calibration s igna l. The small add itional
load is no danger for the circuit. Unwired
inpu15, however, will barely have any in­
fluence on the signal! This techn ique can be
usedwith success in all CMOScircuits.

All other errors, like short circuits 10 +SY or
ground.are foundfastest with me ohmmeter.

If. contrary 10 expectations, everything goes
smoothly. the image store can be connected
into the signal lines between the spectrum
analyser and the display unit. To begin with.
only the Image Store On swi tch shou ld be

connected to ground.

whee the swhch is open, the signa l paths are
looped through and the ana lyser should work
as before. Any problems can be found with the
oscilloscope. Now P2 and P3 are turnedhud

10 the lert . and P I and P4 adj~ted 10 the centre
of their range. The author incidenlally used
Io-tum potemicmeters, which a re easier to set

than standard pots .

After s witching 10 storage ope ration the firsl
picture 10 appear will consist of " rubbish".
First P4 (outpul vo ltage , X D/A convener) is

used to set the frequen cy IXis 10 the same
length as in non-storage cpeoncn. Then P3
(inpul voltage, X NO conven er) is turned
until the "rubbish " visible 00 the left-hand
and right-hand sides of the screendisappears.
Now you provide the input of the analyse r
with a signa l produc ing a line which easi ly
ove rloads the d isplay screen. As standa rd

values you can se t the X de flC'Clion 10
5OOkHz/cm and the filter bandw idth 10
200kHz. Now PI (inpul voltage, Y NO
convener) isadJU!>led so lhal the line is Ilmill,"d
above. Finall y adjU!>t P2 so thai the image
height is equal in both slorage and non -storage

operation .

After installi ng the image store the task
remains to make the wiring co nnec tions from
the terminal block to the primer and the
press -butto ns fo r Rest'land Screend urnp.

The author used a 2S·pin D·Sub soc ket for the
primer, as filled on Pes. Followi ng connec­
lion of an Epsoo -com palible primer the
appropriate buu oo is pressed and a print out of
the screen content should follow. If on ly
squiggly sy mbols aWC'&r. check the data lines
for sho n ci rcuits and thai they have nOI been
mixed up in wiring. II is alw worth chec king
in the printer's handbook fo r any DIP·
switches to set, e.g. weffect alternal e mode on
the HP Thinkjet. With unknown printers il is

abo worth checking the interface: it co uld be a
seria l printer and the 2S-pin D·Sub con nec tor
is sometimes used for both lyPL"5 of printer. If
the printer does no( move at a ll. this is
probably becausethe Busy line ispermanently
high . Alternately a permanent low on this line
leads to buffet overflow in the printer ; this can
be recognised by the firsl part of the disp lay
prin ting correcuy, then followed by wigg ly

sy mbols.

MIlDY readers may find this descript ion too
detail ed, but in the case of problems il is
bound 10 be of use. T ry asking a few PC

experts what happens when this o r thai line 10

the printe r is mixed with ano the r. o r is held
high or low . you will be surprised!

If all the foregoing 1C!>1S have been rewa rded
with success. then the image store is ready for
operauon . The three pul>h·bulton~ are u$C(J a\
follows:
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• the Reset button is the basic switch-en
seuing and cuts off other activities such as
screendump and clears me image store

• me Scrre ndump button starts me printing
P'OCeM

• the Reference button transfers the current
spectrum to the store

• holding the Reference button down while
pressing the Reset bunon briefly activates the
aVl"raging function.

.0
C() :\ I I ·O~ F.ST SOURCF~'i

The microconlroller SOC31 with 20MHz
operaling speed is made by Malfl ·PomS and
by AMD. V.lvo (Philips) has even announced
• 24MHz version. but the author hu had no
feedback on availability. The high-speed
EPROM (less than lOOnS) also comes from
AMD. The AID and D/A conveners are to tht
best of me author's knowledge aVllilable only
dim:t from Analog Devices. All other parts
can be had al any good electronics More.

In every case, pressing the Reset buuon is the
same IS liMit switching on the image store.

ProgramrnN EPROMs and In Ie set can be
ordered from the publisher.
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DSP Computer Update Nr.l

Since the publlcaUon o( lhe wriell o(arUdn
aboul the USI' ecmputer In VU.'.com·
munlca llon (I) several changell to the
origi na l project occurred. ~ Io\t of rhese are
of course lncluded In new and upgraded
son were.

There have m-en scme mfnor che nges 10the
hardware all ","'dl 10 Kllow for ","'Ider
component to!\'ramcc:", or 10 Improve the
perfcrrnanee ofthe circuit.

Therefore It wa~ decid ed to ","rile Ihls §hor1
art tcle j u.\1 10 de'oCrlbe all of the ChaOit'll
th at occurred In th e meantime a nd all of
the new liOftware that I. already belnll
dls rrtbuted . Since al lea \t th e sort were I,
very likely to chanKe and tmpreve In the
fut ure, thill article III Inlentlona lly kep i all
shcrt all pesvlb le,

Future !lOf'tware Chanlle! wlll be handled In
llimllar art lde update!lo

I.
S~IALL IIAKDWARE
M OUl FI CATIOSS

1.1 The CI'U Cluck Frequency

Most OSP software runs much more em ­
clenuy upgrading ihe CPU clock frequency
even by a small relative amoun t. The reason
for lbis is lbat the OSP routines , bdng
triggered by interru pts , require a prec isely
defined amounl of CPU operations per time
unit

Mosl nspsoftware is designed 10 usc around
SO" of the CPU capacity at a clock frequency
of IOMH,-. Upgrading the clock frequency to
12MH,- means that the remamins CPU capa­
city (less the fixed amount used by OSP
routines) will be doubled if compared to the
10MH: performance.

14 7
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or course, increasing the CPU clock fre­
quencyrequiresappropriate hardware:

• The MC68010 CPU itself is available in
three versions: 8MH:, IOMH: and 12.5MHz.
Most lO~lH l vers ions will work up to 15 or
16~lHz clock, hUI each MC68010 has to be
tested whether it can operate reliab ly al higher
clock frequencies than speci fied, also at
higher ambient tempe ratures .

. 11Ie 7411COO used in the clock oscillator
also affects the maximum frequency the CPU
can achieve. All of the memories and peri­
pherals also affect the maximum CPU clock
frequency.

8 ,,,
I
I
I

INTS I
/II NT6

14
...

"·la.1 Rewiring the 8530 Interrupt

7

1

It is therefore recommended to upgrade the
CPU clock to 12 or 1 3~lHz . Some peripherals
may nOI work reliably and the advantages of
an even higher clock frequency are very small
with existing software. •

1.2 Autum ntlc Trancelver Doppl er
cor rec tio n

Many modem transceivers have the facility to
control the transmit and receive frequencies
by remote control. It is now possible to
achieve this function, to compensate for
Doppler shift when tracking satellites, auto­
matically when using the TRACK program.

Th~ " AUX OUT" (port B) of the uPD71QSS
(or 82CSS) is now being used as an output port
by the program TRACK, so these active-high
outputs provide the UP/DOWN pulses for
automatic transceiver frequency adjustments.

l.J ~Iodincatlon~ In the Video Rnard

The video board also requires a few modiflca ­
lions for optimum performance. First, the
120pF capacitor from pins Sand 8 of the
74LS02 (74HC02) may need to be decre ­
mented down 10 only 68pF for proper ope­
ration at higher CPU clock frequencies .

Further, the 745374 used to drive the D/A
converter may only be replaced with a
74F374, or, in the worst case, with a 74LS374 .
CMOS versions (73HC374 or 74AC374 ),
although recommended elsewhere in the DSP
computer, should not be used here. since the
performance of the DAC0800 degrades with
CMOS input levels.

Finally, the J.SpF capacitor between pins 2
and 8 Dlay be decreme nted, or totally elimina­
ted, to obtain the best grey level transitions.

Some B2CSS chips require a much higher
value capacitor on pin 6 (C5) than indicated
on the circuit diagram for COrT« t operation:
sometimes up to ISOOpF!

".

1.4 Modlncallon for the Analoa 110

A single modification is sugges ted for the
analog I/O board. It was found very useful 10
increases the audio output impedance by
increasing the original 8200hm resistors up to
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22kohm. A higher outpu t Impedance
decreases the disllubances that are otherwise
picked-up because of ground-loop nctse
(mainly mains bum) by the MIC input of the
transceiver.

1.5 Chllni eJ to th e Scrlul l/O Ilnd the
DJ~k Interface board

Finally,lIle st rial llO & floppy interfaceboard
requires a few jumpers to be moved to
different positions. Fi~t, the 8530 intel1\lpl
should be rewired 10 lNT5 in place of lNT6
(fig.I). This was found moresuitable for the
new software, which is also using the serial
"O pon.

Secondly, OSI should also be wired on the
corresponding socket if a second floppy drive
is installed. This second drive can nOi be
accessed by the present operating system, it
can only be used by some application soft­
ware.

2.
UPGRADED A~D ~EW SOFTWARE

2.1 The Operlltlnll: SY'ttem

The operating system software has nee been
modifiedmuch: the latcst version is 7.3. and it
still resides in a 16kbYIe EPROM. It is
upwards-compatible with- all ihe exlsung
softwareand hardware for the DSPcomputer.

All of the software supplied on the floppy
disks should however be used exclusively
with the latesl version (actually 7.3) of the
operating system!

A revised mAnllll for OS 7.3 isalsoavailable.

2.2 The TRACK pro&ram

TRACK had stv~raladd i lions :

• Sun and Moon t'phC'm~ris are now buill-in
under the opnons 41 and 42.

• The satellite predictions now include more
parameters: the longitude and lautud e are
displayed too.

The new version of TRACK is also able to
control the frequencies of three independent
receivers and/or transmillers to compensate
for the dop pler shift automatically. The
program will supply correction UP/DOWN
pulses oa the outputs 00(01, 02/03 and/or
04/05 of the AUXOUT port, corresponding to
link 1,2 and/or 3 frequencies. The frequency
step(s)usedby jhe roceiver(s)and/or transmit­
teres) can be adjusled in menu 45. Steps have
to be larger than 10Hz. Negative steps will
reverse jhe direction of the frequency conver­
ter. or to compensate the doppler shift on the
uplink. The tWling rate is further limited to
1kHz per second (if the st('p5 ere smaller than
1kHz) and to a mnimum doppler shift of
"I-300kHz.

The new version of TRACK is also able to
automatically load the k plerian orbital ele­
ments from an ASCII file. Orbital elements
are however available in many differem
formats. TRACK accepts orbital data in the
"U OSAT" formal, which contains all of the
data in a single teu line Slaning with the
satellite name and followed by numerical
parameters. TRACK is also able to generate
an ASCII data fil e in the sam" formal
containing !.he orbital etemems for all 40
satellites.

To handle other dlll.a formalS two separate
progtlms are supplied with TRACK:
NASAKEP and AMSATKEP. NASAKEP
will translate the "N ASA 2·lINE" orbital
elements into !.he " UOSAT" formal. ab",
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computing the checksum and marking bad
data sets whh a 2- " . AMSATKEP will
trans late the .. AMSAT" orbital elements into
the appropriate formal for TRACK. The
resulting data file KEPLERDAT will pro­
bably require some modifications, at least to
eliminate unwanted satellites. This can be
done eas ily using the operat ing system text
editor " Y" and/or command "C" to ffit-r gt

more data files together.

1.4 Th e 1'1.,. ProRram

FFThas a bug that has not been corrected yet:
with v~ry large input signals (over 2Vpp) the
FFT algorithm may overflow in the weighted
mode. This appears as a sudden change to the
display that includes a very large number of
inexistent spec tral lines. The solution is to
check each time the input signal level . s ince
the AID converter corrupts too large s ignals
anyway .

2.3 The RTT\' Software 1.S AX2S a nd MAD S

RTIY now includes both reception and
transmission in the same former I.'l spec ified
in the main menu. Switching between recep­
lion and transmission is perfo rmed with the
" LineFeed" key for manual transmission or
"It" command to send a prepared text file. In
BAUDOT mode the program will print all of
the ASCII characters found in the text file that
is being transmitted , but ir will not beable to
translate all those characters into the BAU·
DOT code for obvious reasons. Another
modi ficat ion to RTIY is the el imination of
the squelch line: RTrY now ignores the
squelch input.

The Packet radio programs AX25 and X25
only had a few minor changes, to remove a
few bugs and optimize the protocol.

2.6 The PSKIlOO l' regra m

PSKI 200 now supports full -duplex operation,
so the set of param eters has been increased to
better define the switching of the transm iuer
on the off. PSK 1200 includes two different
PSK demodulators :

• The " LIMITING PLL " demodulator is
ident ical 10 the one in the old PSK 1200
program.

I lItttM: ~ OINY 'IC1l,RE

j P I~1,J,n llft.I til" ~.
Tr 'O;;lftll llft.I " "
Cr-IGa lftll ... (L "

PIC1l,RE FMI'IlII 5 . IXllsl ll.., le2I , h"';. l~1

RtCOilOIlC:1 1 .1>,1rl !.ll U ' • JIll .,>.ll 51'
INr-sc:,I ,~lll<ltl ' 1'"1"' I." I ~11Ct _I I

:~ 'dJ!S: :~
~: 113 D~ ~ ! I~I l:n~ lit i::::: l:l:l::..

OISfll.Jl'YI 11 .1>'1rl!.l l l" 'LIUr'l . 1..11 I
11.. r,h' . 11 2.1 JIll II", '" .>, ,.IN.-KII ,~I 16111"' .. ,.

IIJTOSTMh 111\'-\ \1" Il .. I' l l".~ lrdool n U _l iMu
21 1_,l.l.OlI l. lIE I ",rdoo l 12.1 u h l ll.l.Ol l 15.illj 23 "It'dowl 4.1

CR ltlIlN;1 24 I l<ltlNl'lCt1 -i 2S tl'Oll-l.rlCt1 II 2li ....., 2.5.

fI./lCSI V 1e.,,1 ClJlR 21 dlPI..l " l' .llllol TN: 31 rtrtl M O

'I"t d1t",lll • 3l "t'IIt Nrl.....-l diU
III' e.... l rtl.o.rft· " ,t

tnur ~\Ia. I tdd . .._ .... I FlK.2: Tht' ma in II RPT
Program menu
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• The "COSTA LOOP" demodulator offers
a beuer perfo rmance , bul requirea a highe r
CPU cloc k frequency.

P$K 1200 is des igned to operate with the
lAS-IS (FO·20) fIUlilbox or other standard
packet· rad io protocol communiCitions . The

Micl'OSlts use I Don-standard protocol and
require special so ftware .

BPS K400 was modified to provide a much
better d isplay. The data is fo rmatted 10 64

co lumns L'i spec ified for AO- I3 and each
block can be tagged with da ta from TRACK
(satel lite name, posi tion and time). Th ree
reception modes are poss ible : raw ASCII.
fn.med ASCII (show ing on ly blocks) and
HEX.

2.9 APT a nd W[Io'AX
2.7 TlM I200 8D~COut: lind

\\'~OERPIC

TlM 1200 includes both PSK demodulators of
PSK 1200 and was des igned especillly to
receive the telemeuy from the Micl'OSlts. It
can display and record the packets received in
both ASCII and HEX . Funher, the s ingle
packets caD be tagged with data from TRACK
(satellile name, position and time) if 50

desired . The received packets can be asse m­
bled in a file and processed by BDECODE or
WEBERPIC.

APT and WEFAX have not been modified
yel. I ithough many modi ficat ions Ire im­
minent . WEFA X sho uld be modi fied to
decode the new Metoosal digita l lmege header
while APT will be probably completely
rewri tten us ing the new program HRPT
(described below) 1$ a refe rence.

To print bo th APT and WEFAX pictures on
standard APT hardcopy devices the prog ram
TXAPT was developed.

BDECODE decodes the bulletin broadcms
from PACSAT and asse mbles thecorrespood·
ing files .

WEBERPIC assembles the CCD camera
pictures transmitted by WEBER$AT (WO­
18).

2.8 The ProKra m OPSK400

Both BDECODE and WEBERPIC require the
bulletin broadcasts from PACSAT and assem.
bles the corresponding filC1$. WEBERPIC
assembles the CCD came ....pictures transmit ­
ted by WEBERSAT (WO-18).

Both BDECODE and WEBERPIC require the
data to berece ived by rut: 1200 and recorded
in the HEX format .

2.10 TXAPT, SC RU:N a nd LSCRf:EN

TXAPT is • Terminate-and-Stay·R es icknt
(fSR) program that d isappean ener being
executed, When reca lled by <kpressing
<crRL-DEL> it will , however . transmi l the
sc reen content as In APT pictu re with I

300Hz stan tone , standa rd sync pulses and
450Hz stop tone II 240 lines per minute,
2400Hz AM sebcarrier, through the ana log
OUlput pon . TXAPT will however reprogram
and fmally reset the analog port . 50 it will stop
any real ·time ope rationof WEFAX or APT.

SCREEN an LSCREEN are also TSR pro­
grams reca lled with <CJ'RL·DEL>, They
will, however, generate a screen hardcopy file
that is understood by mos t dot ·ma trix com­
puler prin ters . The two programs will generate
twc differen t-size files for two different sizes
of the hardcopy. o r COUISe black·and·white

is
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only and with black end while eJlchangfii .
When using TSR program.' one should avoid
to use the operating system "K" inyruction

before exiling fromthe TSR program with the
"Q " operating sys tem instruction .

includes 8 DIP switches to adju.'it the frame
pctse phasing with respect to the synchronous
lO..bit words and select the desired spt'Ctllll
channel. The interface is built on a small
double-sided printed circuil board (~~ x 120
mm, Fig.4.).

2.11 Thl' ProKram II RI'T

HRPT is a program to receive and display
NOAA HRPT pictures . The latter are ItanS­
mined in the 1.7GHz ban d fonn NOAA and
FengYun type sarettnes in a digitll format at
66SA kbps .

Of COUf~e. the DSPcomputer can not demodu­
late such fest di gitallransmissions : an external
receiver, bit-rate synchronizer, frame synch­
ronizer and interface are required. The nsp
computer is used 10 store and display the
pictures.

HRP'T features automatic stan of picture
recording, advanced looming and grey-scale
enhance ment and picture gtidd ing, adding
coas tlines. borders and geographical grids 10

the image. The main menu of HRPT is shown
on Fig.2.

2. I2The pr 0ll:ram IIARUCOP\'

HARDCOPY is a TSR program that produces
a 25 grey' level picture of the computer sc reen
on a laser printer. The actual version of
HARDCOP Y is designed for the EPSON
00·3500 laser printer and sends the data
through the RS·232 port at 19200bps to the
printer immedia lely after <CTRL·DEL:> is
depressed. Due 10 the low RS·232 speed it
takes aboul three minutes 10 obtain a screen
hardcopy in this way. HARDCOPY uses the
maximum printer resolution of 300dpl . A4 x 6
printer pixel field is assigned to each DSP
computer screen pixel thus yielding 2S p.1S'

sible grey shades including black and white.
HARDCOPY can produce excellent resu lts if
used together with an imege-processing pro'
gram like HRPT: see Fig.S and Fig.6 which
were obta ined with HRPT and HARDCOPY.

HRPT requires three additlonalflles: a picture
s ro r a g e fil e, Il. Ir a ckin g dllta
fil e(TRA CK .DAT) and a map fil e
(EUROPE.ELM ). The picture liIe includes a
~ 12 byte picture header with all the necessary
dala for geom~lrical correcuoea and picture
gridding. Picture dall and organized as I
number of picture lines with one byte as.signed
to each pix el.

2.13 DTRA CK

DTRACK is very similar to TRACK but
modified for NOAA (F~ngYun) IIRPT recep­
tion . It includes a special DSP routine 10
measure the doppler shift and automalically
COlTt'.Ct orbital data .

Fig.3. shows the interface between a NOAA
HRPT bit & frame synchronizer and the DSP
computer. The imerfece selects one of the five
HRPT spectral channels and tllln5mits the
original Io-bit pixels as two consecutive 6-bit
words at 384kbps to the DSP computer serial
1,10 port. channel A (RXD). The int('rface

152

This is very necessary with NOAA HRPT for
two reasons : the beam of the 1m diameter
receiving dish I I 1.7Gftz is so narrow that a
lime error of ju.'il I~ seconds causea loss of
data, and the HRPT gridding routine requi res
even more accurate dala abou l the exact
salellite posilion .
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DTRACK measures the doppler shift on the
regenerated HRPT bit clock of 66S400Hz, so
thai no modificat ions are required in the
HRPT receiver. The bit clock has to be

downconvened to about 333Hz using a very
stable reference osc illator (fCXO) and then
fed to the analog input of lhe DSPcomputer.

A lock signal has to be derived from the
HRPT receiverand fed to the squelch input to
enable the interna l DTRACK routines to
operate correctly.

DTRACK is actually an experimental pro­
gram and it will probably be replaced by a
more sophisticated program designed espe­
cially for HRPT tracking.

J.
FUTURF. PROJ F.CTS

3.1 Hardware

IMbil static RAM chips are readily available
on the market and their prices are competitive
to the 2S6kbit chips used in the OSP
computer. The nell hardware upgrade will be
higher density memory boards using these
new devices. allowing much higher resolution
satellite pictures to be stored in the nsp
computer memory ,

3.2 Software

If HRPT and DTRACK are used together,
they require a 12MHz minimum CPU clock
frequency!

On the other hand it is difficult to predict
future software upgrades. Modifications and
improvements to the current APT and
WEFAX programs are most likely, together
with a new program to receive Meteoset fiR

' 54
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"'ii .S: An URPT plcture from . ·rnaYun-IB, chn. 2 (VIS), 12th Sept 1990 (I69S.5MIIl)
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n F:.6: An IIKI)T picture from SOAA-ll, chn.4 (lR),l\fan:h 26th.lm. (I701Mllz)
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images (of course wilb the appropriate recet­
vet, bit & frame synchronilt' r and inter!lce).

"-
3.3 Globall'o~llIonlnll: S)'~..em

A completely new project is a Globa l Posit­
ioning System (GPS) receiver. GPS is a very
accura te naviga tion sate llite system. Each
satellite also carries • caesium atomic clock
and each user bas thus I CCtsS 10 • time/
frequency standard in the accuracy range of )
part in lOa,

A GPS receiver reliesheavily on digital signal
processing. A two-channel GPS receiver was
developed also for the OSP computer and it
will be described in detail if there is sufficient
interest.

Finally, I wanl to memtoe ilial readers '
feedback is expressively encouraged: many of

lhe f'1lOlJification s and impro vements to the'
OSP computer so nwa re prf'S('ntt'd in this
artic le were proposed by readers m ill built the

OSPcomputer.

••
L1TEKATURE

(I ) Maljaz Vidmar, ynMV: Digital Signal
processing techniqu es for Radio Am:ueul"l .
VHF Communications 2188 pp 76-97 Theory
VHF Communications 1/89 pp 2-24 Pan 2
VHF Communications 2189 pp 74·94 Pan 3
VUFCommunications 3/89 pp 130·137 Pan 43
VUF Communications 4/89 pp 216·227 Pan 4b

(2) Maljaz Vidmar, YT3MV: Amateur radio
applications of rhe Fast Fourier Transfonn.
VHF Communications 2/90 pp 123· 126 Pan I
VHF Communications 3/90pp 1)0 -138 Pan 2a
VHFCommunications 4/90 pp 219·229 Pan 2b
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Modification of the FM-ATV Transmitter
DD2EK 002

Increasing the output power to 50mW

Thank... to the continuing development of
MMICs (Monolithic Microwave tmegrated
Circuits), (he constructor has a choice of
modules in the SO-ohm technology that work
up into the enz region. Hwe changejust two
of the elements, the f1\1-ATV transmitter
DD2EK 002 (1) can now deliver an output
power orscmw.

I.
CIRCUIT CHANGES

In the circuit the broadband amplifier
MSA0404 is replaced by the newer type
MSAII04 (2). In the 23cm band this MMIC

II . -. -.~.-.----o +12V

" I 71n~~T =in ~
Of - - - - ~ 1 20
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prov ides sOmw out put powe r with an am plifi­
cation of 9dB and a current requirement of
6OmA.

The power supply of the amplifier needs to
altered 10 meet me new requirements. Th e
IOO-ohm res istor between the cho ke (Dr) and

the 9V regulator circuit is removed. In its
place we pul I 120.0hm O.5W resistor, this
leads from lhe choke 5111lght to the 12V
supp ly ra il.

2.
OI'ERATIO;'I;

No new alignment is needed (or this alte­
ration. With . 11V supply it will produce
sOmw al me OUtput. For lhe author a single

~Iage hybrid amplifier 11.1 57762 (3) connected
in cascade and also fed with 12V raised this
signalto 2.2W.

3.
LITERATURE REFEREI' CES

(I) Wolfgang Schneider. DD2EK: FM-ATV
in the GH.r: Region; pan I: FM·ATV transmil­
let for the 23cm band. VlI F Communica tions
1/89 pp 25-30.

(2) Avante k data shet't MS A 1104 .

(3) Joachim Berns, DLI VRl : Linear ampli­
fier for the 24123cm band . VHF Communica­
tions 4/89pp 21 1·21s.

Electrical & Electronic Serv ices

!=LECTEK/ Ely 103531 722466

ELECTEK AMATEUR DATA COMMUNICATIONS
SLOW SCAN TELEVISION, FAX, PACKET RADIO.

RTIY and AMTOR
SUPERB SOFIWARE

FOR
AMIGA AND COMMODORE 64 COMPUTERS

FIVE WAY TRANSCEIVER - TNC/MODEM SWITCH
PLEASE SEND A LARGE SAE FOR PRODUCT LIST

•

Blcctck Amateur Data Communications, Paul Edwards
GOMEK, 41 Queensway, Soham, Ely , Cambridgeshire,
CB75BU.

TeVF..: 0353 722466
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Ko/}I("n B. lenu. Dl.JWR

HP AppCAD - A Software Collection for
Calculating Microwave Exercises

The b en reepon 10 my descr tptlon of the
CAD !'lOftware "Puff" (I) encouraged me
10teke note of a further I'C program which
lslnterestlng and helpful: liP AppCA D.

III ' AppeA l) com u on three 360K dl!4k­
eues, which conlaln a cemprehenslve selee­
lion o( II I' semk enducte r data a nd n lcula-

tlon progl"llm, (or CGmmonly-occurrlnll
rmereweve problems,

Fig. I showsthe mainmenu.As you move the
CW"SOr on the left-hand side of the screen from
Hne 10 line. a brief description appears on the
right (Fig.2).
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Afterclicking there then appears, for example.
a circuit of • communication system wilh
characteristic data, of which one can enter one
or more data and the rest is then calculatedby
pressing F2 (fig.) . This bappens in •
twinkling!

Pressing FI causes explanatory text to appear,
with F3 you can change units • for instance
between km, nmi Ind smi, or between kHt .
Mflz and Gll z, or between mils and micro­
metres .

In the communication syslem in Fig.3 il
happens thai I mu imum distance of only

9991an can be entered. Anyone wishing 10
calculate satellite path distances will have to
double the distance several limn and use
somemental arithmetic (2).

The "Microwave Calculator" (fig.4) com.
pdsee four independent modules (or calculat­
ingor r«alculaling commonlyused values.

Clicking " PIN Auenuetcr and Swi tch
Design" involves more effort. With the brief
explanation pops up • selection window
(fig.S); clicking on "Series Switch" brings
up I brief da.ta sheet from which you can fum
up the appropriate PIN diode from the UP
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catalogue (Fig.6). After entering the working
frequency and the impedance, the appropriate
insenion and isolation attenuation values
8ppear.

Much more comprehensive is the "Product
Selection Guide" . Here the choice is very
broad (fig.7) and after clicking you are led
down a route (figs.S,9, 10) until finally one or
more semiconductors for the frequency
entered appear with their short-form data
(Fig.II ).

J printed out figures I to 12 using "Print
Screen"; there are, however, also a pair of

modules which contain their own print option.
So for example the " Noise Calculation"
(Fig.12): using F5 you can print out the
calculation sheet with the values entered and
the results calculated (Fig.13).

The module "Two-port Circuit Analysis"
permits the analysis of linear circuits with
concentric or distributed circuit elements,
which can be chosen from a pop-up menu. In
addition data of S parameters in Touchstone
fonnat can be entered as a circuit element. For
the dipole v (Fig.14) shows one of two
permenenuy installed examples >after match­
ing the values and units or even altering the

16.
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dipole i~lf, you can work out the values of
51 l and S21 over the (fixed) range of 2 10

18GHz and prim this in graphic form on paper
using an Epson-compauble printer (Fig.IS).

conversion utility is needed, which Klaus­
Juergen SchoepfDB3TB has made available.

With this I have certainly not described .11
that HP AppCAD can do but at least a profile
of it. It is probably clear that you need a good
technical grounding: in my opinion, while the
help files give useful assistance, they are no
substitute for textbooks and reading . For
printed circ les (Spiral Inductor Design)
recourse will defmitely need 10 be made to an
American textbook.

On the other hand, the selection of HP
semiconductors offered is an up-to-date
metbod of reference in a datebook, which
every interested person can use immediately.
In addition the semiconductor S parameter
data provided in Touchstone format (one
complete floppy full) can be used in CAD
programs. To use them in the program Puff I

LITERATURE

(I ) Robert E. Lentz, DL3WR: Puff - A CAD
program for microwavestripline circuits VUF
COMMUNICATIONS 23 (1991),pp 66-68.

Follow-up to the art icle ' . IUFF - a
CAD Program for M lcrow'lIve
Srriplfne Circuits '

The editor and publisher would like to thank
readers for the many letters they received
advising ciher CAD software programs. As
soon as these come down to an amateur price
level, we will mention them.

"6
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PUFF Software Availabilty
Update

We have now (end August 1991 ) placed a
regularcombinedorder for Puff. In addition to
the original Puff diskette with handbook. the
publisher can nowoffer:

• IwO 360k diskettes with operational exam­
ples of Puff and S parameters of Motorola
semiconductors.

• a 1.2Mb diskette with data sheets, a selec­
tion list and S parameters(Touchstone fonnat)
of modem semiconductors from Siemens.
Commercial CADsystemscan use this data as
it stands, for Puffusers the publisher willcopy
the transformation utility by DB3TB.The data
is compressedbut comprehensiveinformation
is given on the disk (in English and German)
to help you.

• two 3.S" diskettes with S and noise para­
meters of Philips RF transistors (thanks 10

OMs Lampe and Lehnerdr al Philips Com­
ponents.Hamburg).

Once again the parameters are in Touchstone
format and Puff users will need DR3TR's
utility (on the Siemens disk), Philips disk I
contains comprehensive instructions (in Engl.
ish). selection tables and data on transistors
with leads. Disk 2 has data on SMD transis­
tors. For each type between Sand 12
operational points are noted.

Edlter, VlIF Communication••
Mike J . Woodlna G61QM

CAD Softw81'"t and semiconductor dala Irom VHF CO~IMUNICATIO:"liS

Name/source Floppytype Price (L)

Puff withhandbook/CaITech l :d60k 11 .00
Puffsupplement,
MOlorola,lSM6MOM.W64 211.360k 10.00
S Paramelers/Siemens 11I 1.2Mb 8.S0
S Paramelers{Philips 2 1I 3.5" 13.50
liP AppCAD/HP 311360k 15.50

Please add£2.50to each order for postage and packing.surfacemail.
Forair mailpleaseadd£6.00.

VIIF CO~I ~1U1Ii ICATIO~S, 5 \\-'ARE ORCHARD, BARny, Nr.R UGBY.
CV2J 8UF, U.K. TeI:078889036S. FAX: 0788890J6S
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Basics of Rectifying small AC Voltages

with Semiconductor Diodes

(1)

The cryu) ddmor dl'lCOnnd by Braun
and Bl'alndn at the bt-&Innlnl 0' thb
cenlury b the oldnt R.· rKUnrr knollon. IlS
cpersucn taln be akulattd by Schottky' ,
IhfOry of diodes (J).

The mu\ure menl of mall AC \'oltlll

pia" a mljor role In t'Ommunklitlonl
lKhnolo8J'. St'\'t'r1Ilaut hon In VIIF COM·
MUS ICATIOSS hau In (ad conct'~

tht'IDwhr wtth the prob!t'maUa or the
, ubjK t, amo ni IhcID Ikhrrn. (I), Kobt
and Schwarunau (2), Schuutnls (4l, Jk.
fenthaler and Rw"le (5), Vldllnd (6).

II rrmaln.~ now (0 !leI oul the greund ruin.
.'10 thai we can learn why ene diode works
"I'll an d another doel not. Ifw .: understand
the ph)'~Ic !l, then we can Improve chi, or
Ihat c1rtullry.

I .
Til E TllEORY

The formula for the characteristic curve of lhe
diode giyeo bac k in 19) 9 by Schouky (3) is
will valid cadl y for . USC'miconduetor diodes:

I k 'Y
- - . -' -I ;lJ,. ­
I, •

U and I ITpI'tSmI here the voltagc Ind C\lI1ftII
of the diode. Is • constan t dependent upon
materia l and surface Ilea (equiVllcm 10 the
thooretic.l barrier CIllTtl\I) and UT another
constant in which are comprised Boltzmann' ,
constanl k, absolute temperature T and to le­
menlar)' loading e. This semi·logu ithmic
function is seen in Fig.1. The tnek in the
rtgion of the zero pointsof the co-ordinates is
oOC very clear and bas been redrawn with
linear ordinates in Fig.la. Fig.2b shows •
section of the curve much higher up, once
more with linear ordinates. The zero point
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them­

equally..~
!his,

Fig.3.
,.hik

-~diode

, ,
these !hings can stubbornly prnmtI- 0 Burcha rd,,- selves. Both S«:lions of !he curve are

/ suitable rOf rKliflCllim andproduce !he

/ rectified DC voltage. To ~mon"D.le

some malhsare necess.ary.
Y:J'

• We think of a recuner arrangt'flW'lll like

I / AC is red to !he diode via a CApacitorC.

+.~
the (man circui t) rectifiedcurrent
led via coil L 10 the currem meter. Allhe

\ ,
1/

we have the AC voltage

2 U _O .."OI.,
I

in !he d iode i$nowing the current

0,'
1. _ . 0...." ""> _ I
I,

•o 2 .lL'
U,

G~ntnlll, n lid chanl rl tn\tk
r unt of the diodt acco rdlna to
SchoU"" . Thcory

,
According 10 Taylor . the e.Iuncuon for any
expoeents can be developed u a series

. .. .", '-1 _ _ + _+ _ +
11 21 31

region is inlt'reslinl for rectif.caliol'l withoul
forward bias. the other rrgion for rectiflCl tkln
.....i!h forward bias.

Curve leCtions a and b have the umt'

cO"t'tlgt' wi!h lhe scale cbcsen. Then' is no
sign of any dogleg or !hrt$hold, although

For lDII.l1 values of x we can already CUi off
after the s.econd drment (~ponding 10

reachinl cktsn 10 a parabola. bul should no!

be inletpn1ed as if it rea lly wrte a .-D.bola).
Then we,gt1

I 0 10-
- - ..,,0 ' + -;";'T ..,,, 0 t

.. U, e u,

t. ..

..
'"

•

oBU~ChQrd /
1/

/

/'
V •. \

'1.--

.".2: . ) Diode' t h..-ac ltrl \ t!c tun C'
In Ihe 1t ro-polnl rralnn
h) and "htrC' U/Ur - 2· In 10
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( L
To In the (00 k-d) recti rttd voltale .....e must
ca lculale lhe diode resistance, It is the
reciprocal or ee gndienl I I !he zero point,
!hus genera lly

1 0'
l"y -IY·i 'W:

irKkpendenl or Is. Ibat is of jhe material and
surfaceareaor the diode.

With rorward bias we gel a quile li milar
resull. ln . 11 the formulae we write Iv instead
or Is.giving the composite telull

I"

13)

and wilb U00()

c,
R,- ­..

The rect ified voltage is Iben

10'
U,, -~ 'l,, - -­• U,

and following the SOIUlion of the secced term
according to the rules oftriaooomdl')'

I 0 10' 10'

"

- - IinOl ... - iiT - -;-;'l COl 201 (2)
U, "U, 4U,

The fint and third term arc alternating
currents of the generator frequency and
double the frequency.They flow 10 and fro via
C. If wereckonon moreelements of theseries
development. then ampliludQ of Ihe bigher
hannorlic curren ts are produced. The second
term of equation (2) is the desired rectified
current through L and the CUJ'Tt'n1 mrter I, and
it increaseswilt!02•Thusthe known quadratic
rectifier effect is • natural consequence of the
cheracteristlc curve, and, since UTIs • natunl
constant, and equal and unahenble for all
diodes imk pendenl of the opt!nltional point
(so long as it is selectedwithin the exponauial
region). Since the kfl side of equatioo (2) is
$till normalised. the actually measuredcum:ot
is proponiooll to Is- thus indt'ptndent of the
material andsurfaceareaof. diode.

. ' a.4: l\I ~ll-\ured ch....clrrl , tk curve
or lOme commonly . vallable

nctlfien

,
, - 0 Burthard

~
,

~V
"y .e:
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A diode with little Is produces little III to Slart.

Supplied with matching forward bias, III then
grows proportionately. At the same time the
temperature-independence of Is disappears (a
few per cent per degree) .

An amazing fact emerges, that rectified
voltage is the same in all diodes and indepcn­
den! of forward bias. Quod erst demonstran­
dum!

2.
TIlE PRACTICE

Commercially available diodes have charac­
teristic curves as in Fig.4. Even with those
diodes which are exclusively for rectifier
applications, the manufacturers give no dall
for Is and U1'

If the characteristic curve has been recorded,
which for small currents is not easy, then these
constants can easily be read off. Extending the
straight-line portion to the ordinates gives us
Is. Ur is the voltage change in the straight-line
portion for a current variation around e-2.718.
On the curve for the BA48 1these values have
been noted.

The theoretical value of Ur is 26mV at room
temperature. From this we arrive directly at
the temperature coefficient of 81uV per
degree. In practice, however, values of Ur up
to sOmv appear. Scientists have therefore
discovered a "crumple factor" m. to be
inserted ahead of Ur in the formulae. It has
values from I to 2 and thus explains dif­
ferences in the rectified voltage from 1:2
between different types of diodes. To interpret
it as an increased temperature (e.g. "hot
carrier diode") is, however. a mistake. Even
Schottky diodes are close to I in m. A
significant reduction of Ur (freezing spray)

will increase rectifled voltage in practice. 111m
not aware of any apparatus which explous this
effect, however.

In recording the characteristic curve no values
below 2.Ur are necessary. As already seen in
Fig.1 the curve bends steeply below there.
Although it is just this region which is used for
rectification without forward bias. we do not
need to record it to determine's and U1' We
can note, however. that 2 • Uris the boundary
between quadratic and linear recuricetton
(smell and large signal operation). Disregard ­
ing that some curves in Fig.4 get flatter with
higher currents, which again does not interest
us for zero point operation, it is remarkable
how scattered the field of Is is. Varying with Is
are the rectified current, the diode resistance,
and also the increase on AC power and
decrease in DC power. The latter is much
more important than the rectification constant
KR in microamps per microwau sometimes
offered; its definition is given here for the
sake of completeness:

tl
dU2 IA 1

KA- mr -N: - "'1i;'

The input power is independent of the load
resistance

0' 0' I.
~ - T ' ~ - 7 ' ~ ' (~

while output power when matched to Ro is at
its greatest and then is:

I. O'
N...- - ' - . (6)

64 UT'

If Ro is small, because Is is large, then the
outpul power is also large. An AAI1 9 delivers
3 • lot fold output power more than a
IN4148. The lauer can produce just as much
when supplied with a forward bias of
3· 1O-7A . The convers ion degree of operat ion
is, on the other hand, not dependent on Is. It is

N.,. , 0'

N:" - 32 ' UT"
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HV.5 Double r circuli

Forward biassing is totally unproblematic if it
is just a case of recovering modulation. as in
ref.4 .

Schouky diodes can be produced in a lu ge Is
region, viz. from J()"3 to JO""A . Taking an
example, with 15. 0.6 • JO"), Ro is SO ohms.
This diode in a measurement probe could

172

If one can detect even smaller vohage
variations, then one can measure even smaller
AC voltages. The boundary of detection thus
depends more on the sensitivity (noise figure)
of the following amplifier. By reducing the
bandwidth and norse matching 10 the source
resistance Ro or Rv, it can Iheorelically be
made assmall asdesired.

For the radio amateur the gennanium diode
remains the besc choice for the time being and
one must live with 15 values of between 1(}4
and 10-7A.

record the complete AC power without
reflection. With such a low Ro the noise will
be low too (0.1 microvolt in 10kHz band­
width), so low drifting chopt)('r amplifiers
with less than 0.1 microvolt offset are
feasible. A boundary of detection of
O.07mVleff] (·7OdBmjSOohms) would result.
This notewonhy diode would. however, pro­
bably hi ve such I large surface area (capacity)
that il would not be suitable for higher
frequencies. But it would work in the short
wave region!

Schottky diodes are currently offered with
low, mediumor high barriers,which of course
immediately suggesr they have a built-in
threshold. As I hope I have substan tiated, such
a classification is nonsense. Wbat they really
mean is high, medium or low ISo and a figure
with the unit of meecremeu would be better!
Schottky diodes with a bigh Is (what the sales
"engmeers" call low barrier) are currently the
best for rectifying small AC signals. To label
them as a substitute for germanium diodes and
then sell then al 200 times the price can be
justified 1\ any event for the microwave
region, where germanium diodes are no
longer \Wble.

Because of the quadratic relationship of
equation (4) the recufledvcnage is in a strong

Modem diode power meters achieve the
indicated boundary of detection using diodes
with significantly lower Is through the use of
slow chopt)('r amplifiers and averaging for
several seconds. If you intend sweeping or
measuring sho rt AC impulses, hive nothing to
do with these. However, a broadband ampli­
fier can easily reduce the limit of detection
sufficiently.

"
$
I

The problem is the same as in differential
emphners . where bese-emiuer voltages of
several hundred mV have to be compensated
10 a few microvolts 101,). With diod es on I
crystal it would be easier and above I ll, more
thermally stable. Otherwise one can bold the
equalisation over some time perhaps only to
10 microvolts. To lhis rectified 'o'ollage
~Iongs an inPJI AC voltage of around ImV
amplitude. l.e. O.7mV effective value (-50
dBm/SOohms), which~Id be seen as lhe
boundary of detection (not the threshold!).

If, however, the interest in the rectified
voltage is in its absolute value (power
meescremenn, men the simultaneous pre­
senceof forward biasat leA5C of someconcern.
For com~nsalion we need a (possibly expm­
sive) diode of the SAme type wilh the same
forward biassing current (0 arrive II we
difference of the IWO diode vol tages.
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F1s:.6: Sca le o( an RF Voltmeter with
llnear- dJ\pl ay

sense independent of the curve shape of the
AC voltage and a measure for the power. If
the voltage is of interest, then UR must be
ca lculated by extracting the root. The quadra­
tic region ends at 2 • UT (Fig!), which
corresponds to 3S to 70mV [eff] (.16 to
- IOdBm/SOohms).

3.
l.ARGE SIGl'"AL OPERATION

The measuremen t range of such a rect ifier
covers 40 to 6OdB. To extend this without a
preamplifier is possible only with higher
voltages . The diode now works as a peak
recti fier , its input resistance is depen dent on
the load resistance and the shape of the curve
plays a role . The last depend ence can be
improved quite significantly if two-way recti­
fication takes place as in Fig.S. In small s ignal

operation as well it provides doubl e the
rectified voltage, has half the input resistance
and double the output res..istance compared
with the circuit in Fig.3.

In large signal operation, the input resistance
is one e ighth of the load resistance. If the
rectifier is to represen t a vonege-lncerendenr
input resis tance. then its load should be
selected as 4 • Ro(the value of a diode) , for
example 240ko hms if using two AAI19,
which eech have 6Okohm~ . With this load the
rectified voltage drops by a third in small
signal operation. One can use this criterion 10

select an exactly matching load without
knowing the value of RC)

Know ledge of the relationships enables us to
devel op an RF voltmeter with a linear scale.
We prese t the zero point /It UTand provide /I
linear division on ly above 2 · UT(Fig.6). Such
a device with IV full-scale deflection has no
recti ficat ion error larger than O.S per cent of
full-scale deflect ion. The technique was co m­
mon 30 or 40 years ago with universa l valve
voltmeters and of course can be used today.
Thermionic diodes follow the initial current
law, which is also an e-functjon. In this case
UT lies at 120mV because of the ca thode
temperature of 1200 degrees Kelvin. Hence
they have a boundary of detection aroun d four
times higher than semiconductor diod es. They
always opera te with forward bias, which is
produced by the initial current.

<.

•

'.
"... ,:;,,~, ......, ,

r ,
/ ,. \

,,

<,

b

Il.Bur-chnr-d

1' ltt·7:
a j t:quh 'alcnt circuit of a
diod e a t hll(h frc1IuCncit·"
and:
b) Broadband eompensa­
tlon for ecn- te nt 7,-50
ohms 10Jlelher with
optimum nat fr equency
re..po n..e (\'alu l'~ for
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Hf lMHz sine-wave
O.2.5m Vdf
Square-wi ve modulltion

20'" ,.,.
"1.8: n :TRedJnt'r wUh

low deteetlc n Ilmll

D. Burchard

-il"f-r-l<':!f-'" r-+~-I" "'1 nJW\,
1Olo Slgna125uVpop

Noboe20uV p-p

' 2.9 '1

••
RF USAGE

At higher frequencies of AC voltage the
inductance of lead wires and diffusion capa­
cily of the diode become noticeable. f ig.7.
shews the equivalent circuit. CD and Lo
produce resonance with excessive voltage if
the generator voltage is sufficiently small;
typically for I AA119 for example this is at
2.S0Hz. In large signal operation, moreover,
Cd varies because an appreciable barrier
voltage arises . A preceding resistance can
now be: selected 10 achieve as nat. frequency
response as possible at a given generator
resistance. This is generally determined faster
experimentally than theoretically.

lc • f(U..,) in a bipolar transistor or
10 • f(Uci' in a FET expoeemially in
defined current regions. Both transistors are
available as dual versions, which makes
compensation of ihe forward bias current
particularly simple.Also UTisentirely similar
to diodes. The boundary of detection and the
quadralic region also tum out similar.

An experimenll l circuit IS in Fig.8 produced
right away a bounda.r)' of deloction of
02 'mV.

6.
LITERATURE

(I ) S. Behrens: RF Test probe for test and
measurement. VHF COMMUNICATIONS
2/82, pp 110-111 ,

If the rectifier is in. So-ohm measuring probe,
lhen iI is possible to achieve a flatter
frequency response as well as reflection
factor . We need to dimension a dlplexer
according 10 Fig.7b which is proponiooed IS a
branching filler with Z·'O ohms. Proven
values for AA1191wo-way circuits are noted.

(2) B. KokOl &.D. Schwarunau: RF milhvoh­
meier for home COl1SlNCtion. V:F7 VHF
COMMUNICATIONS 2/84, PI' 66-80 and
3/84, pp 13().136.

(3) W. Schouky: ZeilSChrift fuer Physik 11 3
(1939) pp. 367-414 Springer Verlag, Berlin.

S.
TRANSISTORS AS RECTIFI ERS

(4) W. Schuerings: The SWR Indicat or . VHF
COMMUNICATIONS 3/88, pp 171·180.

Rectifiers which follow the same law will
ellohibil Ihe same dependency of one value on
another. Take IS an example the relalionship

(') C. Vieland: Sensitive lhermal power meier
VHF COMMUNICATIONS 4/83, PI' 22'­
231.
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Universal Transverter Concept

for 28, 50 and 144MHz

An edited version of the presentation at the 35th VHF

Conference at Weinheirn, 1990.

The tnln nrtt'r dt''Krlbfit . thInk' to Ib
unh trul eeneept, ereere nt"W dlmt'n\ lonl
for the 10. 6 ud 2 metre blndl. Tbe
unht'n111 nn lblllty I pplln nol only to the
frtqutnd... 'IfIhkh can be ar hlt"td but Iho
10 ItIt (hoke oflntt'nntdiatt' frt'qlK'fKy.

Following good raulu with modu les using
5().obm techniques • Iintar lr&n!ivt'n tr wes
. Iso made in this fashion. II comprised •
receive eceven er, trlnsmil miJ.t'f and osci lla·
101' all derivedfrom Il&ndard so-ohm circuits.
Considenble emphuis wu pUcnJ on &ood
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fl ll:.2: 810ck Diagram of the Universal Tranwertee

"""

technical data and reliable openting charac­
teristics. togNher with simple consuuction
and guaranteed ~producib i li ty . A further plus
poinl for the S().ohm techniques employed is
thai a variety of frequency bands can be
accommodated merely by changing those
components which are frequency-critical.

At fir..t sight the circuits might appear
somewhat demanding, but the results justify
the effort. Apan from the crystal and Neosld
coils, all the components should be already
available in the average shack and minor
component changQ should not jeopardise
integrity of opef1ltion. The result is a series of
modules which rnay not quite represent the
"state of the an" bUI will certainly measure

up to commercial productions in their techni­
cal specification.

This anicle describes the circuitry and coo­
!>truetion of a 28 to SO MHl rrsnsverter
prototype (Fig.I ) and also details the results
achieved. The block circuit diagram (Fig.2)
gives an overview of the individual modules
such 15 oscillator, transmit mixer and receive
mher, The functional elements such 15 ring
mixer, filtersanddivider..arealso visible.

As Fig.1shows. the transvener is divided into
three screen modules. designated DJ8ES OOS
(oscillator), DJ8ES 006 (receive mixer) and
OJ8ES 007(transmitconvener).

tlz,3: Cln:uit of the Universal Transverter
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.... 049 .5'1h: 1

Fla:.4: Spectrum of the O'IClllator

I.
TIlE OSCILLATOR MODULE

The oscillator module DJ8ES 005 is com­
prised of the actual local oscillator (to ). I

wideband amplifier with two-pole filter fol­
lowing and the Wilkinson divider necessary
for splitting the output.

1.1 Cirt'ult deecrlptio n

Fig.3 shows the complete circuit. The
O§Ciliator is a trusted circuit u.~ i ng a
U310 (TIOI). laid out for the overtone.
In the sample illustrated (for II 28/
SOMli z ua nsvenen the oscillator
OIJ('ralt'S at 22Mlb.

Following the LO is a loosely coupled
widehand amplifier. built in SO-ohm
techniques; it raises the oscillator
signa l 10 around 4OmW. A good
SQ.ohm match is achieved by push­
pull coupling between collector to
bese and emitter to base. Thill reduces
the 10lld amplification achievable hut
increases the bandwidth significantly.

The two-pole filler (Bcuerwcnh liltt'r) fol·
lowing ensures a "clean" oscillator signal.
Harmonic suppression of better than 60dR is
achieved.

For splilling the LO signal for the transmit and
receive millen a Wilkinson divider (I) is
employed. This 3dB coupler halves the
oscillator signal. providing 20mW (+13dRm)
on each output,

•

I

-. ... - ..:;:

""

•'";r

c.;

' ~. ::.e.l• ·U"',.. - c,. 0
oC::Ji~ " ._

o

DJ8 _8 00"

o
·11 ·
C",

·11

I

II·

nlt.~ : Component layout for the board UJ8 Jo:S 00,5
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Um. etz ung 28 MH.t I SO MH.t SO MH.t/144 MH.t 28 MH.t/144 MH.t

Ouarz 22 MHl 94 MHz 116 MHz

L101 BV5048 ge /g r BV5061 br/bl BV5061 br/bl

L1 02 BV5036 0r/ bi BV5061 br/bl BV5061 br/bl

L1 03 BV50360r/bi BV5061 br/bl BV5061 brrb!

L1 04 BV5036 0r/bi BV506t br/bl BV5061 br/bt

L1 05 BV5036 0r/ bl BV5061 br/bl BV506t br/bl

cror 56pF l8pF 12pF

C102 330pF 82pF 82p F

Cl03 4p7 2p7 2p7

C I0 4 27pF 8p2 5p8

Cl05 4p7 lp 8 lpO

ClOG 27pF 8p2 5p6

CIOl 90 pF (rol) 40pF (grau) 40pF (grau )

CIOB 90p F (rol) 40pF (grau) 40pF (grau )

Cl 09 100pF 27p F 22pF

Cl l0 l 00pF 27pF 22pF

Cll 1 l 00 pF 27pF 22pF

C112 l 00pF 27pF 22p F

ott01 10lJ,H ' _H '_H
,

(~ VHF COMMUNICATIONS 3/91

Table I: Frequency-dependent Items In o~lI1a tor DJ8ES 005
(see Table 2 for colour code translations)

1.2 Ecnstructlon details

The PCB is made from double sided epoxtde
material LSmm thick and has the dimensions
53.5mm x 108mm; in this way it fits in a
commercial tinplate case (55.5 x I I I x 30).
After the PCB has been trimmed it can be
drilled. The BFR96 (TI02) lies within the
board and a suitable hole should be drilled
for it.

' the PCB using a 2.5mm dri ll to milt away
sufflciem of the copper surface. Once done,
the PCB can be sprayed with flux varnish.

Componem assembly of the PCB (Fig.5) can
proceed once the tinplate frame has been
soldered on. The BNC connectors should be
fitted centrally, then the PCB offered up so
that its etched side very Dearly touches against
the teflon collars of the BNC sockets.

Following this the isolation holes for resisters,
capacitors, crystal, coil formers, etc can be
made on the grcundplene (unelched) side of

Special care should be devoted 10 winding and
connecting the transformers. In the wideband
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, , 1.2.1 Components

F1g.6: Transformer conn ection scheme

For the wideband amplifier ferrite beads
represent . s imple and cheap opportunuy. But
ring and double hole cores are equally well
suited. e.g. Philips 4C6. Siemens KI and
SiemensU17. and in this case 0.3mm wire can
also beused.

C I09· 112:

C I07, I08:

Resistors type 0207. formed 10 IOmm spacing

Tl OI:
Tl 02:
C IOI· I06:

U310 (Si!conix)
BFR%(Valvo)
ceramic disc. 2.Smm
spacing (see Table I )

foil trimmers IOmm dia.
(see Table I )
ceramic disc. 2.Smm
spacing (see Table I )

L1 01 ·1 0~ : Neosid coil (see Table I )
DrlOl : axial choke (see Table I )
Transformers: see texl
2 x tantalum bead e jectrolyncs lOuF/16V
I x 9Vregulator 78L09
I x crystal He ·lgU or HC·2~U (Table I)
I x Tenon feed-through
2 x BNe flange connectors UG-290AfU
I x tinplate housing ~~ x I I I x 30mm

4R7

47"
100R
220R
560"

IK
IK5

Ceramic disc capacitors, 2.~mm lead spacing
6 InF

e.­'0
eoeo

amplifier stage the transformer comprises a
bifilar coil (six turns on a ferrite bead). The
bifilar coil is best wound as follows: lake IwO
pieces of 0.2mm diameter varnished copper
wire ("A" and "B") of equal length and
carefully plait them together with a hand drill.
The appropriate number of turns of this
double wire is threaded onto Ihe core. Then
the end of coil A is connected to Ihe sian of
coil B (Fig.6).

'0

- (" ,. -.. ' "
.~---- .~

Fig.7: A comp leted oscillator modu le
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2.
TIlE RECEIVE ~lIXER

(f- -::::::=~--------==========='1.3 AlJannll:n1

The followin,tesl equipmenl is required:

• Mullirneter

• FnlQUCDC)' COWltef.

1.1 Circuit dncription

Figure 8 sbowI the circuit which has JUS! one
uusisaofaDd aring mixer.

To brio. the oscillatormodule UItO IotMce the
powersupplyd10uld be ccenected; IheCIll'm1 I

drawn ~ould be around SOmA I I ) 2V. The
iUpply vollage is 001 crilic.llo Ihe wideband
amplifierand the regulatorensuresa fixed 9V,
so any voltagc between I ) and 14V can be
used

The PI-filter IJ'an5fonns the antmna im­
pedance of 50ohms to the impedance gale of
the BF981 mol). AI the output of the
preamplifier the transistor impedance is mat­
ched to the following three-pole filter with
C203. Next come the home-made ring mixer.
a wideband mall,:hlna s!age and a two-pole
fiher for the IF.

The oscillator can be brought cnrc frequency
with the aid of coil L10!. Nut the two-pole
filter mUM be tuned for maximum OUlput
efficiency, which can be done without pr0­

blems by connectinga power meier to the TX
or RX output.

.\ ole that the unused OUlput must be temtina­
ted in SO ohms.

The moduleis now ready for Uie (fig.?).

This matching may I ppear burdensome I I firsl
sight bet its imponance will be revealed in the
nexi section (3. The Transmit Mixer) and
iUpponed by~ meuurement results .

Crucial to iu. quality is the module's perfor­
mance in the face of won. sipals. and the
3td order interttpt point (lPl) oerds to be
detmnioed. With IWO inpul signals each of
.25dBm a figureof .) 3dBmper single tone is

o.
I II . - - . -.- -rzv

- 'I =.••• 0 ,....:.
III ij)' I c. c. c. C_,. '- .. II - -II ...... -n-.-. -I 14.-.- 117,.<r."'.,- ,;- I --, L.;I' l 'l..I' l ''-I' l •

C.. : C_ = T•• >'O =,. -IC -I'C -IC
- ..:. ':':" _ _..:.. I - I • + •

l- C, .. C•., C.,. c,..- - - 11- .- 11 -•.•-11- .-.- 11""1 1F
~ '1'1

•• r- j ., L...' =l.-I='-I e C... : IC", + IC", -
o - -

tlK-8: Cll'(ull or the Rl"Ct' lu Mh er DJ8r.S 006
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••••n.,•••~
••••11. 1

••••

••••11. '••••
••••11•••••
••••'11• .••••
••••,11.1•••,....'..,...•••I.·~."""".'I

51 .. .. fIlTT I'" ... ,-

I su~urnl corn­
pceem ~II1DIY follow lhe sa me:
process as described for the (W;iI\1l10 r

module (see section 1.2).

Two transformers are employed in the
ring mixer; they are formed of lrili1ar
windings with six turns on Smm ferrite
bead.

Three I('ngths of varnished copper
wire of 0.20101 diameter are used and
the orne instructions given in 5t'Ction
1.2 are valid (Fig. IO).

f1g,9: Spectrum for determ ining IPJ

1.1 Conetructlon drtaU.

The PCB is made from double sided epcxide
material I.Smmthick lind has lhe dimensions
72mm x 1080101; in this wey it fits in I

commercial tinpillte case (74 x I II x 30).

I
3

Ceramic disc capacuor, 2.Smm lead spacing:
S InF.

2.2,1 Ccmpon ents

Resi!>lors0207, formed to IOmmspacing:
2 SIR
I 270R
I 27K
2 39K

007·209,
0 15,216:
Cl03 ·206:

n OI :
e201 ,202:

BF98I or similarDG·MOSFET
Foil trimmer, IOmm spacing
(see Table 2)

ditto
ditto
ceramicdisc, 2.Smmspacing
(see Table 2)

0 10-214: diuc
1201·208: Neosid coil (seeTable 2)
Or201 : Neosid choke lOulluillt
Transformer: see tear
0 201·204: IN4148 diodesor special

mixer diodes
Teflon feedthrough
RNC flange connectors
UG.290A!U
tinplate housing. 74 x II x 30

c.--B·

A

"'" C"

A

measured at the module's output. This repre­

sene through amplification of 12dB. The 3rd
order intermodulalion products (1M3) are
S4dB below the single lone, giving an 1P3 of
+2dBm(Fig.9).

"'" 8" C"

1'1g. IO: Trlnlllr Tran\rormer ccnneeuen
scheme

rat
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Freque nz 28 MHz 50 MHz 144 MHz

L201 BVS048 ga /gr BVS036 or/bl ' BVS049 ga /wl

L202 BVS036 0r/bi BVS049 ga /wl ' BVS06l brlbl

L203 BVS036 or/b! BVS049 ga /wl ' BVS06l br/bl

L204 BVS036 orlbl BVS049 ga /wI ' BVS061 brlbl

L20S BVS049 ga/wl ' BVS049 ga /wi BVS034 --1--

L206 BVS049 ga /wI ' BVS061 br/bl BV5034 --I · -

L207 BV5049 ga /wI ' BV5049 ga /wl BV5061 br/bl

L208 BVS049 ga /wl ' BVS049 ga /wI BVS061 bObl

C201 70pF (galb) 70p F (galb)' 40pF (grau)

C202 40pF (grau) 40pF (graul ' 40pF (grau)

C203 8" 4p7" ,,0

C20 4 3,3 1pS ' 0,5

C20S 3,3 1pS ' 0,5

C206 22pF t 2pF ' 3,.

C207 70pF (galb) 40pF (graul ' 40pF (grau)

C208 70pF (galb) 40pF (graul ' 40p F (graul

C209 70pF (ga lb) 40pF (grau) ' 40pF (graul

C2l0 l20pF ' 39pF 22pF

C2l1 120pF ' 100pF 22pF

C212 22pF ' 12pF 3,3

C2 13 Sp6 ' ,,2 0,5

C2 l 4 22pF ' 12pF 3,3

C2 1S 90pF (rol) , 40pF (graul 40pF (grau)

C2 l 6 90pF (rot) ' 40pF (grau) 40pF (graul

Table 2: Frequency depend ent Item~ In receive mber DJ8ES 006.
Slnee a total or lib transverter t omblnllllont art pollllible (28 to 30, 28 10 144,
SO 10 28, SO 10 144, 144 10SO and 144 10 28) cne module must be made
accord lni 10 the n lut'! In tach approplate column.

"t:xllmple: null'( mber SOMU. to 18Mlh

(Ke - yellow, i r - i rt't'n, or - orllnKe, bl - blue, KrIIU- Krey, rot - red,
br - bro wn lind WI - while)
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- -..- _..- -~ 0
G .... ... 1.0 ,. 0
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n R. I I: Cempcnent laIyoul or board DJ8[.,., 006

•
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n R.Il: Complt"ltd Rlffh,t \Ilu r DJ8f:"'i 006
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Fig.11 shows the component 'ayoul of the
receive mixer PCB. Fig.12 sbows a I~I

sample of this module.

the mixer, I tnmmit signal can be fed into uie
IF connector. Having connected • power
meier, 003can be adjusted 10 align the lilter.
Finally line up the PI-filler in the receive input
for best signal-to-noise: performance.

The following test gear is required:

• Multimeler

J,
TilE TRA~S~flT ~IIXER

• Test Generator, or received cn-atr signal.
fed to the receiver via the antenna.

3.1 Cln:ull dl:!>Crlplion

To put the receive mixer in service connect
the power supply (+12V) and the cscutarcr
module. The current drawn is around 12mA.
JUlioI like the oscillator, lhis module is suited to
aU "portable" and " mobile" vohages.

The transmit mixer (Fig.! 3) is formed of a
ring mixer, wideband matching stage, three­
pole filter and two-stage wideband amplifier,
Four IN4148 diodes Ire used in the ring
mixer, with trifilar transformers for coupling
in and OUI.

Fir.;t the two Butterworth filters should be
aligned. u.sing a signal from the lC!>t generator
or lin off-air signal. Alternatively, on account
of the facl !hal there are no active: elemems in

- .-j)i - . -
LD ®-----o ll I I Ilr1. 11

11' ~.-o-21 · li
I II I ' ow .. I I '- ·-H'-- -

IF ®---'

The wan ted frequency is led via a wideband
bandpass connection to the three-pole filter,
with a two-stage wideband amplifier to
produce the desiredoutput level.

L. , c., C_ C_ c_ c_
- - II II --U~1 11 +- +- 11 """"7

.~ '-I'h "I __''-I' -.." "6' ' I 11L..I=C_ I TC.. l 'le- I 'Ie-
, I

· J2V

n lil.lJ: CircuIt of (he Transmit ~1IJU:r ~Iodule DJ8ES 007
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Flg.14: Output Spectru m when driven with
a two-lone test !\Ia:nal

fla.1S: Thi ll photo 'Iho""! the harmonic
conlr nl more d r arl y

Frequenz 28 MHz 50 MHz 144 MHz

l 30 ' BV5049 ge twl BV5049 ge /wa BV5034 •• / ••

L302 BV5049 getwa BV5061 brlbl BVS034 ••t - ,

L303 BV5036 0r/bi BV50 49 ge /wa BV5061 br/bl

l304 BVS0360r/bi BV5049 ge twI BV5061 br /bl

l30S BVS036 or/bl BV5049 ge /ws BV5061 br/bl

C30 1 120pF 39pF 22 pF

C302 120pF 100pF 22p

G303 22pF 12pF 3p9F

C304 3p3 t es OpS

C305 3p3 tpS OpS

C306 22pF l1pF aes

C307 70pF (galb) 40pF {Gra ul 40pF {Gra ul

C308 70pF (gelb) 40pF (grau) 40pF (greu)
-

C30 9 70pF (gel b) 40pF {Graul 40pF (9rau)

Tabl e J: Frequency dr~ndrnl components (or the Tran~mll MiU'r 1)J8t:.~ 007
(see Table 2 ror colour code t rJln ~lallon 'l and selection eumpll')
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3.2.1Ce mpcnents

Apan from this, coestrucrioo is on the same
lines u described earlier. The stripline transis ­
101$ T30 I and T302 should be embedded in
lhe PCB.

A drive level of 1000W (two-tone signlll each
- 1)(IBm) produces al the OUlput of the
IJ'll1lsmil miller SSmW (+I8dBm) per sing le
rene, that is +2ldBm PEP. With these
operating condilions the 3td ordet intermodu­
lencn product! (lM3) are reduced by 41dB
and IMS by 60dB (Fig.l 4). Although the
circuil has no fllter for harmonics , suppression
is benet than 40dB at the drive level stated
(Fig. IS).

In prIIctical operation these modules can be
used with power amplifiers of any kind.
Harmon ic filtering is then absolulely necess­
ary and some appropriate suggestions can be
found in reference (S).

T30I :
TJ 02:
C307·309:

C30 I-)06:

L301-30S:
0301-304:

BFR91 (Valvo)
BFR96 (Valvo)
foillrimmer,l Ommspacing
(see Table 3)
ceramic disc. 2.Smm spacing
(see Table 3)
Neosid coils (see Table 3)
IN4148 diodes or spec ial
mixer diodes

3.2 Cc nstrucucn drtllll,

The PCB OJ8ES 001 is made from double
sided epcxlde material I .Smm thick and has
the dimensions n x I08mmj in this way it filS
in IIcommercial tinplate case (74 x I II x 30).

Transformers:(see descripcion sections 1,2)
I Ten on feedthrough
3 BNC Itenge connectors

UQ·290A/U
tinp lllte housing 74 ... I II x 30

• < ' " 0 ..--;.-- -Q .. 0 •0 " ,,- T. ,- I0 ...~ II I c~

I

II I BfR9f;i.
I

0'.

Q 1.1' • .2..-- - (~
0 0

c , c ~ •
9 II

f.. .. 'U
c•• c~ •

c_= n-
o ~

F1.:.16: Compunt'nl ( A l OUl (or board DJ8ES OOS
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VHF COMMUNICATIONS 3191

Resisiors0207, formed to IOmmspacing:
2 4R7
I 47R
I lOOR
1 S6()R
12 Ik
2 116
Ceramic disc capacitors, 2.Smm leadspacing:
7 loF

Fig.16 shows the component layout of the
transmit mixer board D)SES 007, while a
completed modulecan be seen in Fig.17.

3.3 AIIKnmenl

The following restgear is required:

• Multimeter

• Power Meter

• Frequency Counter.

After applying operating voltage (+ 12V,
about 7SmA) and coenecnng the oscillator
module the transmil mixer can be put into
service. All that need be done is to line up the
three-pole filter for maximum output power.

This can be done without difficulty by
connt'Cting the power meter to the TX output.
With the 1000W input drive mentioned lit the
beginning around sOmw should be achieved
at the output.

4.
LITERATUR E REFER El'iC F:S
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Wolfgang Schneider, DJ8ES: Conference
papers of the 32nd and 34th Weinheim VUF
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(4) Wes Hayward. W7ZOI and Doug Dr-Maw.
WIFB: Solid State Design for the Radio
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(6) Wes lJaywl rd, W7W I: Introduction to
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•' 1.17: Transm it module DJHF.S ready (or wnic:e
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READERS'
FORUM

TRAl'iS' I ITTIl'iG POW ER
T RAl'iSISTORS FOR 900Mlb

svm CRY~IALS FRO, t 4'lII z TO
360' Ub

The first European producn or surl"ace­
mounting crystals is Tele-Quarz. which is
supplying mese plastk-eased devices in a
form suitable ' ror infra-red or solder-bath
soldering.

Crystals are available (or the complete T1lDge
4MHz 10 36OMHz. and me XSQ.4 and
XSO-4L outlines have been proposed ror a
OlN standard.

Timed 10 meet the development phase or the
new digital cellular ndio networks, Philips
Componerns has released I ramily or trvJsmit
powerttlnSistors.SeriesBLV lot u enlble an
outpul power or so WltlS, wbile lhe
BLVI02u offer 100 Witts. Driver stages ror
use up 10 the OIi(illatorlevel are naturally also
V;F7 ..... ilable.

RF BROADBASD TRASSISTORS
WITH nVIS E~IITTER

COS SECTIOSS

FIRST EME QSO OS IOGIIZ
BEnrEES EUROPE ASD USA

On the 2nd December 1990 the stations
WA70 O{KY78 (Phoenix, Arizona) and
SM4DHN (Sweden) managed the first trail ­

sallanticQSO usingthe mooo as a reflector.

In use at the USA end were a 4.8 metre
parabolic reflector and 300 watts RF, while in
Sweden a 6 metre antenna and 7S walts were
used. The frequency was J0368.l 00GHz.
Mode: CW and SSB. Participant and reporter
SM6CKU thanks Dave KY7B ror the travel­
lingwave tube ( I).

Inpassing,he thinks that (or listening in I dish
of 3m diameter and a modified very low-noise
salellite TV converter would be adequate.
Whois goingto try this?

Inro (rom Henk Rlpd PAJ14 and Awl.
I'cndl OE6AP. Thanks!

AI the uppcr frequency reaches parasilic
CI,*ity and inducunce effects (rom device
housings can have a signifJCaDI infl~ on
the performance of the devices, particularly
00 the amplifICation achie....ble.

Philips Components bu started II the outsee
stage or developingSMD versloes or trvJsis·
ton 10 make their ca.ses better from an RF

viewpoinl than the old SOT-23 and SOT-89
styles.

The pew case styles SOT· 143 and SOT-223
have two eminer connections. The reduced
eminee lead inductance achieved in Ibis wl Y
provides an amplifICation gain or 2 10 3dB.
Housing SOT·223 is intended (or the higher
power devices. With its low thermal resis­
tance It enablespower dissipeucn up to 1 Will

_ wt ••• __IU 'm

,
_.~

H H
'.' .- _.. ,. .- _.._.. _.
~_ •• GOO -" •••-'.' _.,. ,,- _. -"'. - '.- ::::
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IT PAYS TO READ ELEK T O R ELECT1~ONJCS

Wh~lh" r ynu Me" pr"ch~inR ('1« lrleill/lrl«lmn·
1(' t' ll!tm<'Cr Ill' technician, " ~Iud,onl in ,'[!'CIne,,!.
..l...-tronl" or computer t'IIRin('('TinR- or "" "m,,·
l..u t ..l«lronln t'othusiM!. flrl tnr flrr rro" i"
ha, wmt'lhinp; 10off"T you.

r ubli, h,'d In BrU" in by Elek tor Electronic.
ll ' ubh, hinJij ), th.. mon lhly mdRaline end ..,1\'ounl
10 giv e yOll "0 und"'r!iI"nJing o f rh.. prinCIpiI'S
un J..,. IYlnll Ih.· Ittl"l l veri ..ly of 1'1t"Cironi~ l'l.'Jui p­
m''TIi ~lI rroundinlt u~ in " II Mf"'CI~ of ou r hvl"!l, II
d,ll"!I 50 n" 1only in Informanve, d......,.;plivo ern­
r!..~, bUI oIl~o by demoMlrolting the p tacucal
a~pl'Cb of ...1,'Clronin through proj«l~ Ihdl ca n
ho:> huill " I home, in .1~m.l 1l wo rhhop, or in Ihe
phy~I~~ o r ~~ienn' d" pM lm ..nl of ~~hool~ en d
rollf1;l"!I. Thl'!'l' projort"h r.nll" from fairly limpl..
dt<.'\J it5 for u... In Ih.. hom.. I" rompl.... rommu­
nica tlon reeervcnI M d rompuI..r adtunct~ .

Throughout lhl' y"'u, th l' mdg",in... publis he~

oriltindl ronst rucnon proj<'<:15 ,'nd informdliv...
u l ides on Au dio & iii-ii , Com p u l...n &
Mtc roprocesso ta, EI... ctrophcntcs, Radio,
T..l ..v i5ion "nd Communlnlionl, ScI ...nc.. &

T,'ChnoIOltY, T....t & M...u urrmml;,15 ........11.1" n("w~

from tbe world of ..1<,<:lron i('5, ~ommunlcdlionl

"nd rom pu l,·t!I;boo k 1"l"Vl"W5: dl"!l ign id...l~: ap pli­
~dhon nol....: anti informJlIton on n..w products.

[lrllor [ Irrtroll;n I~. in all pn ,h.1 t;., hty, Ih mOO; I
~u<x.....rul Brlli.h el<'CinmiOl m.lltd1in fM .11

("\porh Me conc.' rn .>d. II i~ pu hhsh, l no l only
by si~Il'r rompdnil"!i in F"nCt', Gt>rmdny and lh..
N..th..rldnds, but .11"" under fr"nchiw In Gtn.'C..,
Hu ngary, Indl", [. " ..1. IloI ly, r orlu jI,itl. Sp"ln,
Sw",I"o, and th,' Unil •..t Sla"",

Th.. maK"llO" I. di.lrib u ll'd Ihm ug h book­
~ht,J'"' n("w1\o'i'1"nI5 ,1I'Id ..leclwniC!ll"("l.. ill'r!i in Ih.'
Unued Kingdom and o" ..r~".u. II i5 itl50 sub­
~crib.'d 10 by many lhu u 5a nd . of rl'd d ..rt in
Brilain and Ih.. Tl"!Il of Ih.. worl d

If you ta ke out a n a nnu,, 1 ~ut;.~cri pl,on In
flrlto . C1,c'."N ;n , yo u nu l only ••1\' 1' mon,'y
romp.trt....l wilh buying Ihl' m.llt.llio.' hum your
locoll nl'w""gen t~, 1>ut you havt th.. conv.'ni.'n['('
01 holving it d..ltvercd 10 your hom., a nd th.,
pe"c e of minJ Ihdl you WIll not mi., "ny 1~.U.,.

Th.. 101.11eo....r pti~.. for th.. II 1~~ul'S dppearini'1
In 1992 w ill amo un t to (23.00 in Ih .. UOII,'d
Kingdom : more oversees, bNoIu,," impoTI"r!i and
Iht'ir n'l" il"nI h,,,,,, 10 ~dd Ih..i. Ipl't/ectly 1,.,;1tI ·
m..tl' ) "~pt'n .....

Th.. (po"'l p" id !) ~uh!octi pli"n Mit'!! for 1'N2 "n':
United Khlltdom 1:22.00
Rl'5l nl Ih.. world- ~urfa['(' mail Qli ,5O
~lI1M"'lt :

EUTOpI' & Eire (27.50

USA & Can"da; Mid dle I'''~I &: No rth
Alr icol : Sou lh Ea' i A~la; C..ntra l
& !.nulh"rn Altic,,: C..nt rdl &
Sou lh Am.'T"" ( 41100

AU~lra li ", N..w b,' la nd and
rdcific Tt'gion", ( 42.00

Th.. di lf"Tt'n«"!l In lhl'St' pric\'5 "re ~" u....J mcrelv
by th e po ",I,1lte: Ih., b,,"'ic subscnpuon p rice i·~

wt'll over 20'\ belo w Ih.. ('<IV<>' p.ic" and i~ Ih.,
same "II over Ih" world ,

1'1,'1.10' Elect ronics (J'Ilt;.h~hin,,) "I ..., ruh1i,h.... ,I
Ilumho:>r nf botlk~ o f mI.,!"", to ..1l'Clmnk~ cnehu­
~i ... ", I~, Th._ includ...vlllum.... In Ihl' I"'pul.u JIX'I
!l('ri<'!i, ..arh 01 which "fI.,1"'I " ('<Imptl'hl'Tl~i\"e c"l·
l<'Cllon 01 0\'<'1' J(X) pTdChc,,1 id",l"', ronn'pl' "nd
d..vtlopm..nh i n Ih ... It"mu l Ilf .. Iecl ronir""
Curn-ntlv ,1\·"il"bl.. a .e 301 Cirr" i ' .... no! T03
Ci......it . ;304 Circuit. i~ due III N' pu bli",h•..t I h i~
..ulumn. Th..n Ih.,1"(" "n' .1 numho:>r of J,.I,I In:,h,
for in..ranee. M icm"rtl(l'uor OM.. nlllll : n""1
n.... l .J: ('t rip""'" C" ;I'~; 0,,/11 Il" "k 4 .. M ,....•
,.,.I,."r,,,1 r h i,.l. Oil" 10 be l'u1>h",h .'d Ih i.
..utumn i~ U..,,, fI" "l So' A""lir" ti",. nll /,.

For furt her information on 1:"lf'1tor Elrrtro n/n, wri te or tel eph one: nu l' edrtonal t1mCl' ~ :

Eh·klof Electronics (I)u hl i ~h i nJl: ). Down 110110;(', llromnhill H.IJlId.
L() :"l UO~ SWI K4.1Q: Telephone fl8t K77 1688: Fa' 08 181-1 915J

For i nrnml~lion on ~u b'>Ctip' inn~. wrue or telephone
W ur ld W id e S UhM'r1p li n n Sel "ice Ltd , Unit 4, fOihh.. Ht'l'cI Far m, Pu..hll'} ' RIIllIl.

TlCElfLlRST. Ea,t SU'ist'X TS5 711 ..: ; Telr ph" ol' (05HIl120(J 657: I<'a~ ((ISHII) 21MI

,.9
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TIMESTEP

HRPT Syste m
Nolw"Tl'i? dlQllel HRPT lran~l" iofll from NOAA. with II ground rli'loOlullon of just 1.1km, llilow
ImagO'S 10 be received In incredl~ clari ty. RlIIe l'$, kak,u. mounllllns, ellie$ lind~n smali lOWllscan be
seen on good lJ.,,,,, . Fi!ltw'men will epp.eclale IN trc reesed reloOlutloo 01 W<'l lu rf<Ke 'emP<' . llh,l'<r$_

Image pl'ocl!uing, Including ve neble and hlstog ra.m cantrall equaliSilhon combined WIth fuJi ,%u.
wiling. giWi the boISI pouiw.. ,,,wlls from /lny image , Colour enhan(li'rTII;!nl allowssee IUdolClI
tempe rature ,,00 land lNllllli to stand outln high contrast, Any number of colour palelles~" be ....wd
IOf future use . The IlOphl$[1C1I10!d moow-drlwn toll _ 'e 1I1k:>w$ 1I11 IIVOI be.nds l,o be seved lind diSplayed
on nellrly 1111 VGA and SVGA clI,d. rlght up \0 1024 pl~ell. 768 linn and 256 colour•.

Zoom to SI"r ..III" ltv.n plxellewlls llvlIil.tbk lrom both II mouw-drlwn zoom bo x or lWrlg /I rwmlng
l oom tha i ...II~ re,,1 tllT\II' dyr, dmlc panning,

Sections olltw lfT\otge rT\jIY be wved ",od ron.....n ed to GIF Il'T'lltges for ll"''Y 1I~(ll<Inge ,

ul,lude "'00 Iongilude grkkhng oombined IlIllh '" mouse polnler r",1tdout of temperature will be aVllilollble
u.ll'ln 199 1

Tracking the W1tI'II11li! Is liMy and fun ' MM Udllr..ek,,'l9 ISwTY simpk es I"" pass is about 15 mlnules
long A lra.ckmg ~yst em is under dewlopnwnt and e xpected by the lind o f 1991 . A 4·loot dit.h and good
pre -ampli fier ",re recom mended The TIme-step Rece iver II selfcontemedIn an e~ l"rMI case and
feetures rnulu-chennel cperencn lind a moving,cQiI 5 rTM1t" r for preclwJlgM I streng th rreesureme nt And
Ir..ek,ng The dal'" ca rd is a T imeslep d.n lgn rnadoI und er lic",ncll from John DuBoIs lind Ed Mw ashio! ,

Compete S\l'>I..ms arll availabl" . cilil or wnte Icr a colou r brochure .

USA A_'...., Ooolo--r Sprtl""" 1"'.......lIonai. P 0 a.". 1084_Conwrd, M_IwM".01742 r.J SOli2bJ 21 4 ~

TIMlin,. WEATHER SYSTEMS
Wkkh"'ftIbrook NIIW",..rbt CB8 8QA Engl"'nd TII'I : (0440) !J20040 F..: (0440) 8202!J1
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M..I"oul ic;....'
, 1 OM dish ant ll'llna (UK OO!YI :"1 'r'IIg' anl"nna
, Prumpl,f.., :"1 2O~' mk:fOW_ cabIIl'
, MctOlO1ll tlGOES teuiller
~ VGASAT IV capturo: cam
, Cilptu ro: cllrdlr« .. lw r Cllbk>
" DJrJI t~ Icolll'e lin type)

Pol a r /NOAA
, Cror;wd dlpoW anll'flna
, Quadnhla. H..h anll'flnllllal" 1<)<) II ., Pr""mplif..,
, 2 cM nrwl NOAA 'ft:~IW' , PROseM 1«"","
, Cllpiur e card / ,ee.""', (ollt!W

Coli or ....rU. lor lurfll., informQf!on
l iSA Educol_ Do..J.r F"I_ S<,.,,"hc rduc."oMl "'.,~t>aIo

OM._ 4 <101~' u M.,.,... ~,... Oo<oqo IL (JI1f,!'>t
T.. l lWO t>21 ~ 7f>9

l '!>A~ o..lrr ~p«l"""h .......-.,naI P O """ 10fl4
e-oocI ~_". Gnu T.. !'>OfJ 2'-] 2lH

VHF COMMUNICATIONS3191

VGASAT IV & MegaNOAA APT Systems
1024 x 768 x 25 6 Resolution and 3D

The TllTW't"p Sotvlln" ~1"m can rece ..... lmagM from M"'C'O'llI GOES , GM5. NOAA, M"tt'Ol', OIwlln
and r"ng 'r'un Uilng an IBM PC~omJlllllblv computt'f vn.obla thf dlSploy of up to 1024 p1."It, 768
IIrIftand 256IlmuilarlVCl\5 coloo", Of grvy thadn dvprndlng on the graphIC cam luted We «ll""v
tupporllWarly aU knQ\O.'I'l VGA and SVGA ca m, u.t"nllW tmage! p1'O(:ol/$Iing 11'lC1udet. reallstiC 3D
pToi<'chon

100 Frame Automatic Anim ati on
AntrMlIon of up 10 100 fuD tet""n ft""Tl('lf rom GOES and M" leOlllt It blllit In W" CIlIJ thtl 'sla nd alooo
anlr1\1ll\Ol'l al It automatlC4lly fer"ivn IrMgl"l , Ilorn lhem and conhnu<:ll.llhJ dilpill yl them Old IJna!3""
are automat l(al!y MWtvd and updaled \Oillh rww ll'l"lagl!l , TIw tmOOIh anlmatvd lmagM a,. Com pWlf'1y
fIldl4'rf,~... One....... In opl"I'alion \Oilth a Ilngll' mc:llN' click, In.. progfam ....10a........ show lbe latnl
animation WQtll'nr" \Oillhoul any hUl"", oporralOf acuon

NOAA Grfddlnq a nd Tempe ra ture Ca libration
The mroceu..... MegaNOAA prog rilm \Oillitakethe ....now JIll" of an orbnmg !IIllltlht" and IIOf" the
complete dllia Automatic gflddlng lind a 'vou ere h",,. ' function help Ima9,Hnt"'p''' tation on cloudy
"mll' r dIl\lfl Spr< I~u"" colou, II bUIlt In fOf IUnny IUmlTll'f daY' S<>1/-ca hbratll1g '" m!""ratute ro:'adout
ena bles the mouw poml", to .now !onglludr!,la l,'udr! and l..mperalurellmuilanf'OUJ!y

Equip men t

TIM.un:~ WEATHER I TSTI MS
Wlc-kha m hr ocHi N""''fNl r....1 CAII IIQ" [ ng"nd T.I , 10.. 4011120040 Fa.: (0440) 820 281 ,.,



(j< VHF COMMUNICATIONS 3191

MATERIAL PRICE LIST OF EQUIPMENT
described in VHFCOMMUNICATIONS

DJ8ES FM ATV Receiver ror the 2Jcm Band An.No. &1. 1/1991

Converter

PCB OISES 001 double-sidcd 6147 OM 22.00
Components 018ES 001 6148 OM 179.00
Kit 018ES OOI (Ofnplele 6l4. OM 194.00

Diliral Frequency Indicator

PCB DJ8ES 002 double-sided 6310 OM 19.80
Components DJ8ES 002 63~1 OM 94.00
Kit OJ8ES 002 co mplete 6352 OM 110.00

IF Amplifier

PCB DJSES 003 doub le-sided 6m OM 15.00
Components DJBES 003 6)54 OM 105.00
Kit DJ8ES 003 ccmptere 6311 OM 115.00

Demodulator

PCB OJ8ES 004 double-sided 6356 OM 19.00
Components OJ8ES 004 6357 OM 136.00
Kit DJ8ES 004 complete 6362 OM 150.00

DL6MDA AD{OACard An.No. Ed. 211991

PCB D1.6MDA 001 lhough-Q)[lt.single 6366 OM 38.00

Kil DL6MDA 001 <oonpI<te 6367 OM 110.00

Floppy disk with .EXEprogramme 00 JS' floppy 6368 OM 20.00

ColNY Digilll Storage (or the Spectru MAn alyser An .No. Ed. 3/1991

PCB DBINV EXper.1 (ed.•.) 6m OM 29.90
PCB DBINV EXper.1I (soldeupou 2.3x lnun) 6476 OM 29.90
PCB DBINV 010 6477 OM 44 .00
SpecialComponents:

DB INV OIO.inc1.programmedEPROM 6478 OM 276.00
OBI NV 010, EPRO M only 10080 OM 44.00

Post and pac kiog min imum charge. DM 6.~0

The above items are all supplied by, and obtained from,UKW -Berichte in Gennany.

To obtain supplies please contact your country representative for detai ls of local prices and
availabilily. Alternatively, you may order direct from UKW-Berk hte Of via KM Publical ioos.
whose addresses may be found on the inside fron t cover or this ma gaz ine.
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Plastic Binders for

VHF COMMUNICATIONS

• Attractive p1a.'ltICcove-fro in VHF blue

• Acct ptJ up to 12 tdhloni\ (three volum~)

• AlloWi .ny reqehed copy to be found easily

• K~plI lhc XYLhappy . nd con l~ltd

• Will be ~l . nywht Tt In the world for
DM8.00 + fIO!iI and packln,

Please order your bindervia the n.l lonal
~tative or ditMly from UKW·8 ERIOfTE,
TnT)' Bltt.n 000 (_ below)

The following editions of VHF COMMUNICATIONS
are still obtainable for reduced prices from the
publishers of UKW-Berichte.

Subscription Volume Individual cop~y,--- _
VHF COMMUNICATIONS 1991 tach DM3S.00 each DMIO.OO

VHF COMMUNICATIONS 1990 each DM27.00 each OM 7.50

VHF COMMUNICATIONS 198810 1989 each DM2S.00 each OM 7.50

VHP COMMUNICATIONS 198610 1987

VHFCOM:MUNICATJONS 1985

VHF COMMUNICATIONS 1980 to 1984

each DMZ4.00

each DM20.00

each DMI6.00

each OM 7.00

t ach OM 6.00

tac h OM 4.50

(Edition 3/ 1982 DO longer Iv.ilable)

Individual copies OUf of elder. lncomplere volumes, as long as stock lasts:

2/1971 • 1,2,4/1972" 2,4/1973· 1, 3/1974· 1,2. 3, 4/1975 each OM 2.00

2.3. 4/ 1976 · 1,2,4/1977· 1, 211 978· 1, 2, 3/1979 each OM 2.00

Plastic binder (or 3 volumes each OM 8.00

When ordering 3 complete volumes. I free binder is included!

Post and packing minimum charges OM 6.50

k'll~\' berichte T. B,"ao OHG . Jahnst.. 14 . Post fach 80 ·0·8523 Bai. " dorl
T~ I : 09133-47-0 · Telerax 09133-4747 · Postgiro Nlimburg 30455-858 code 760 100 85



EASY·PC, SCHEMATIC and PCB CAD

BRITISH

:wmH
AWARD

1989

._--~ ·;~-- I I
:~4tl!~: '':-I;''.-.. ..... .
, '.

Options:
1000 piece Symbol Library £38, Gerber Import facility £98

DIGITAL SIMULATION SMITH CHART CAD
PULSAR £195 Z·MATCH II £195

~-;;.:;;; ~~~. _--

j . ~ '.

... ....~ ...
- ,~

• 00 •

r ,-
M--..._.

See us . 1 DES, Sl.nd 1214, NEe , 8-11 Oct

• Z-MATCH 1l.lmp lill ., RF mlI l chlng , od loclud..
1M")' mot, l"turn In." th. , t' nd.reI Smith C....rt.

. Hl nd le' tr,o,mlnlon II". no.lonn , tub l ,
dlscr-" co mpontnl. , S p.,.~ It.~c..

. Suppl l" with InlI ny workl'd , . , mpl .

.Su~ly .n)' 10 " , m Ind u...
, Run, on IBM PCIXTIAT/3Itl411, Ca A,EGA,Va A.
e Hol COpy protte!".

1Number One S ystems Ltd.
REf: VHf, HARDING WAY. ST.lVES , HUNTINGDON, CAMBS , ENGLAND , PEI7 4WR.
TlI .pllon,: 0"10 ' 177' (711nlt' F,o: 0410 4'4042
Inl. tn.llonal: t ..... •...0-6177. . Fl.: t ..........0-..t 40..2 ACCESS, AMEX. MASTERCARD. VISA W,leomt.

, AI 11.11 A M llu lu, itd Dlglt,r Circuli Slmul. IOt lor
~" lh.lIn [10001

. P lll..... . 110..... you10 Inl yOUld"llIn, wIll\out ,....
neecl lOf • •~n.l¥. I..' I'qulpm.nt.

• e,lch glltche. down 10. plco 'KOM Pfi ""Hkl
, 'ne!ud.. 4000 S...... CMOS .nd 74LS Ubr, .Ie.
t Run. on PCIXTIAT/21&l3lS/4. e wllh EGA or VOA.
, Not Copy ptol".;~"~'.,-- -t- f-~~"'-"""""''- -(
For lull lnlorma lll)ll, Writ" Phon. or hi:
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