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Woljgang Schneider, DJ8ES

VHF, UHF and SHF Measuring
Methods Using a PC

Part 5: mW Meters, Wobblers and

Spectrum Analysers

5.
mW ~mn:RS

5.1. Diode Detector

The diode detector has a dynamic range
of over 5UdD with 11 ISS99. This high

F i~,2 1 : O utp ut vor tegc to Input
Power Rati o:

n etetaor » Detector, LId. vr: = Seria l
no., Frequenzkorrektur = Frequency
cor rection

144 MHL

DJ8ES

Detektor 18599
(lId. Nr. S51)

fJJlQUftlUllor fCkll.IG
2 8 MHz 1,00
50 M Hz 1,00

144 MHz 1,00
4 32 MHz 0.9 7

1296 "1Hz 0,8 2

· ' 0 0

D.4 I
u ~.~' -....",~:.

0 .• -

,.

..-

U' l••..
The mW meter can be used to measure
pow er le ve ls be tw een 100m \\'
(f 20dBm) and IOIlW (-20dBm). For
this purpose, two functional units arc
used from the hardware range ava ilable.

The power level - or a voltage corre­
sponding to the power level - is meas­
urcd using the diode detector ( ISS(}9)
with an integrated 5W moving load.

This voltage must be suitably prepared
for the PC - say, be digitised. The AiD
converter is used as the second
assembly here .

Fig.20: Diode Detector Ci rcuit
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Fig.22 : T he B:\C Detectorver ston

value naturally requires the circuit to be
assem bled to be suitable for radio
freq uencies! Sf\..ID components and short
connecting wires where wired compo­
nents are used arc an absolute must.

F ig.20 sh ows the detector ci rcuit; Fig.21
show s its output voltage, plotted agains t
the mea su red input power in the range
between IOrnW (- 20dil rn) and 100mW
(--- 20dHIll).

F ig.2J: The N-l'<:o rm Detector

5.1.1. Assembly Instructions

The detecto r is inserted in the standa rd
way, in the BNC version. As an air
assembly, directly incorporated in a plug
i jack. it obtains the bes t perfo rmance.

All the details for assem bly have already
been described - in Part 2 of this series
of articles ("'m W meters for short-wave
to SI IF"). Assembly in an N-plug is
naturally also possible,

Fig.24: A ID Converter Circuit with DctectorSteurung = Control
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5.2. Anal ogu e I Digital Conver ter

5.2.1. Circuit Description

A reference voltage between 0 and 2. V

is generated in the analogue I digital
integrated circuit from a pre-set x-bit
data word with a ZN416E (Fi g.24).

The comparator compares this with the
vo ltage to he measured. 11 gives rhc
dec is ion a:. to whcther the reading is
higher or 100\e r than the referen ce

voltage at the I>E con nection. in the
form of a high or low level signal to the

PC.

5. 1.2. Component Li, t

I x I SSl)lJ diode

I x lIG 8S/U B NC plug
(All ernative : 1 x N-plug (A ircomj)

I x lJG 89/lJ Bf\iC ca ble j ack
(Alternative: I x micro-jack P-r in»

Im. RG5SU coa x cable with suitable
pin-and-socket connectors

(to --- - ----- ---""''-''''= = ''-'''''-==
Th e photographs in Fig.22 and Fig.23
each show all the indiv idua l components
and the associated. fully assembled
detector head.

Fi~.25 : IU SES 033 PCB;
A J lJ Con ve r te r

jhe method used to determine the
measured vo ltage is that of successive
approximation. In this way. the sco rin g.
log ic in the program approaches the
measurement result throu gh a series of

Jumps.

So that usable measuring results ca n
also he obtained in the 100\-er. tlat
sect ion o f the det ector diode characteris­
tic curve. an operational amp lifier is

connected in series to the convener.
This ca n be adj usted in stages. \\ ith
rega rd to it:. amplification (x 0. 1 I :\: I I
x 10 I x 1( 0). Depending on the

Fig.26: Componen ts Side uf Prototype

LWU:S OJJ

and capacitors in 1206SM D resistors

for mat:

I x 270.
2 x IOOU
I x IOku
1 x InF
1 .\ IOnF

l o~====~
B...

D
D
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Fig.27 : ICs and Conncctton
Elements a rc mounted from
the Earth Side; Retats = Relay

Fig.29: Tracks Side has only SMD
Components

switching condition orthe CD 4066, the
input signal is thus a lways in the
optimum range.

individual tracks in accordance with
Fig's.2 Xand 29.

5.2.3. Component List
5.2.2. Assembly Instructions

The anal ogue I digital converter circuit
Is assembled on an epoxy board, copper­
coated on both sides, with the dimen­
sions 60 mm x XO mm (Fig.25). Ie's,
relays and all the connection jacks and
pins arc mounted on the components
side (Fig·s.26 and 27). All earth counce­
rions are soldered onto this fully lami­
nated side as well. The SMD compo­
nents arc soldered directly onto the

I x
I x

I ,

2\
I x
I ,

Sx
z ,
I \
I ,

LM 324 operational amp lifier
ZN 4261->8 digita l ! ana logue
converter
4066 analogue switch
ACS4S C, SMD transistors
LlA 148. Mini Molf diodc
Reed relay (I x Ur n}
l.Jmm terminal pins
Iu-pin socket terminal strips
4.711 1-" SMD electrolytic
DJ8ES 033 peR

SMD resistors and capacitors an: 0805
or 1206 format:

I)J ~ ' s
.l "He 0 ~,~"V

Fig.28: View of SMD Componen ts on
Tracks Side

I x
4 ,
I x
fi x
2,
I x
I x
I x
I x
I x

6800.
l kn
2.7ld l
JOkO
9LkO
9 10kD
1MD.
120pF
InF
IOnF
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5.2.-1. PUlling Into O peratio n

The data lines dO to d7 for the A ! D
conversion are to be connected through
a ribbon cable with the correspon ding
pins of the Selln-Latch on the interface
card.

The PE pin is to be used 10 repon back
to the PCon the A I \) conversion.

Lines dO to d3 on the Formj-eed-Latch
arc reserved to r setting the ampl ifica­
tion. Bit d7 of this pori switches the
analogue Input over (A or B).

Th e diode detector is connected to
input B.

The circuit should now be ready for
operation, so its funct ioning can be
tested using Hf M.ESS soil ware.

With a voltage of +5V, the current
consumption of the analogue / digital
convert er assembly amounts to about
15 rnA.

The final step is to measure. the refer­
ence voltage of the A I D converter. The
value should be 2.52V at pins 5 I 6, to
the earth of the ZN426 E. Any discrep­
ancies have an influence on the correc ­
tion factor, AU (cf Section 10.13.).

fig.30: A Filter fo r ATV Applications
at 23 em as Test O bject
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6.
WOB BLER

No additional circu it need be added for
the functioning of the wobbler. The
combination of frequency synthcslser,
d iode detector and A ! 0 converter
allows for wobble measurements over
the full range between 10 and 14000
MHz.

The dynamic range of the wobblcr thus
results. on the one hand, from the output
power of the synthesiscr, and on the
other hand, natura lly. from the limiting
sensitivity of the detector: in the given
circuit. there fore. just 40dB .

The test object i.. merely looped in
between the synthesiscr and the d iode
detector for the measurcrneut. The son ­
ware docs everything else.

Fig.30 shows the result of a wobble
measurement in the range from 1000 10
1400 MHz. For this purpose. the entire
range is traversed step by step. and for
each frequency step the current level at
the out put of the test object is deter­
mined and plotted .

7.
SPECTRCM AI':ALYSER

The only new assembly which comes up
under the heading "Spectrum analyser"
is a mixer with a logarithmic detector
amplifier.

Only in combination with the frequency
synthesiscr does the complete spectrum
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Fig.31: wlrlng Diagram of Mixer with Logarithmic Display Amplifie r;
Bereich = Range

ana lyser emerge, for the frequency range
from 10 to 1400 MHz.

7.1. Ci r cuit Descript ion

The mi xer assembly with logari thmic
detector amplifier operates on the direct
mixing principle. The frequency range
to be represented is traversed step by
step and mixed down (Fig.3I).

The two dee p pass filters make two

band widt hs possible: DC to 0.5 MHz,
or broad-band DC to 5 MHz.

The logarithmic detector amplifier is
created usi ng an le from FM techno logy
(N E 6 14). Depending on the input level,

Spektrumanalys e r
OJ 8 ES 034

the vo ltage meter output supplies a
voltage between IV and 4V; the dy­
namic range amo unts to j ust 70dB.

The PC takes liver this level inform ation
using the ADC assembly.

The voltage divider (39k / 47k) is
provided at the output of the IC, to
match the voltage range to the measur­
ing range of' thc converter (O...2.5V).

7.2. Assembly Instructions

The mixer assembly with the logar ithmic
detector amplifier is also assembled on
an epoxy board, copper-coa led on both
sides, with the d imensions 54 nu n

Fig.32: DJ8ES 034 Printed Circuit Board; Direct Mh er with Logartthmic
Level Oispla)i; Spdtrumana/yser = Spectrum Ana lyser
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7.3. Co mponen t List

Ceramic capacitors, 2.5 mill grid:

2 x S20pF
1 x 1.2nF
2 x 4.7nF
3 x JUnF

1/& W resistors . 10 mm grid:

I x 51 n
I x 1.5krl
I x 2.2kU
I x IUkU
I x ] 9kU
I x 47K!1

NE6 14
BC549C trans istor
l N4 148 diode
SMD C-2 mixer
relay (2 x Urn)
BV5 138 (2.61J11) Ncosid

I x

4 ,
6 x
1 x
1 x

I x
I x
I ,

I x
I,
2x
ready­
made filter
I x BV53 13 (22IJH) Neosid ready

made f ilter
l nl ' DF. solderable
(} . I ~tF. HM 10. MKII
IO ~I F / 35V tantalum
tinplate housing.
55 x II I x 30 mill
I)J8ES 034 PCB

Operating voltages, the switch voltage
for the finer convers ion and Ihe log.
voltage output arc connected by means
of InF fccdtbrough capacitors . The
rad io-frequency connect ions are carried
our using SMA connectors.

Fi~.JJ ; View of Prototyp e i\li X('r

The earth feedthro ughs are manufac­
tured using. silver-plated copper wire,
with a diameter of 1.5 111m.

x lOll 111m (Fig.32) . The circuit thus tits
in a standard tinplate hous ing (55.5 mill
x III mill oX 30 mru) (l' i~ .33)

T he coupling capac itors and the mixer
are soldered on the fo il side. all other
components 0 11 the components side
(Fig.34).

•
•

•

Fi~.34 :

Components 1'lan ;
SMn Mixer an d
Co upling COs are
mounted on Tracks
Side;
He/ais = Rela y
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- - ------:0 + 12V
~a = e5- ,-

Fig.35 :
Exa mple of Ci rcuit
for Power Suppl)

DJBES

1_ . ~ ----;.:a + 5V
r 1~ 6 = .5

, - -- -
- - ~ 33.}--+-~ - -0 -+ 3rN

_ , j;\ ~ _tO

-~ Ia 't' -~- -

7.... I'llllin~ Into O perati on

The assembly requires two operating
voltages: 15V / 3mi\ and, for the band
width selection. "'2V I I ~ mA .

The measurement output. URI. is COIl­

uecte d to input A of the analogue /
d igita l convener. lh c filter switching. I
to 10 Mllz. is determined by pin __hi 0 11

the Formf eed-latch of the interface
card.

'1he oscillator input of the mixer (1.0 )
must no t be saturated. The '-0 output
ca n be held constant at - 7dBm only
fro m software version 3.0 onwards.
Earlier versions requ ire a IOdB atrenua­
tor between the synthcsiscr and the LO
input.

Sinn: the compression on the S~tD C-2
mixer sets ill as early as app. IOO~lW
(- IOdHm), a WdU ancnuator shou ld also
be con nected in series to the radio­
frequency input. The maximum usable
input level thus rises 10 l mW (OdBm).

The value \ faxVoltSA for OdBm for the
softw are is set at z.uv. The default

value lo r :\linVolt SA (-70dBm) is
O...lV.

l.rurics are to he matched in the file
11r;\ l ESS.(T(J if necessary (sec Section
[( ),I 2,),

H.
I' OWER SUI' PLY

Three ope rating voltages arc needed for
the powt:r supply (Fig.35):

=:,V for d igital sect ion, PLL and A I n
or ]) I A converter

± 12V for switching relays. OP·s. ampli­
tier and transistor stages

i 30V as tuning voltage for veo
In the specimen un it. this ptlwer supply
is assembled on a standard breadboard.
Because the total current consumption is
[ow, no heal sinks are required fur the
7llxx family of regulators.
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9.
INTER-CONNECTING
INIIIVIIIlJAL ASSEMBLI ES

The individual assemblies arc to be
combined with one another depending
on the app lication (mW meter, synthe­
slscr, wobbler O[ spectrum analyser).
E.g., simple switching relays arc used
here, as well as a coax relay. fur the
radio -frequency branch - users can de­
cide the details for themselves.

For the prototype assembly, Nccormec­
tors were used for the external radio­
frequency connections. and SMA con ­
nectors for the internal ones.

Oth er connections inside the equipment
are carried out using single-row pin­
and-socket connec tors. Connections to
the exterior arc made using feedtbrougb
capacitors ( I nl'] .

10.
SOn WARE

" is frequently necessary to spend a lot
Oil electron ic components fo r opera tion
and display in con nection with measure­
mcnt and test procedures. The math­
emat ical preparation of the signals can
also he vel)' complicated .

The expense increases still funher if
interfaces also have to be providc'd with
other equipment such as, for example. a
printer.

Ideally, the computer can take over a
whole series of task.. from a measuring
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in..trumcnt. It can be ope rated throu gh
the keyb oard , and readings can bc
displayed numerically or even graphi­
call y on its screen.

Other equipment can be influenced
through its interfaces - printers can be
controlled, and in add ition readings can
be logged and put on paper.

Its capabilities for convert ing readings
mathematically leave scarcely anyth ing
to be desired .

The various assemblies essentially use
compon ents which arc highly compat ible
with a PC. Here. tor exam ple, there arc
r c bus circuits and up-comparfblc AD I
DA conveners. The HFMESS softwa re
was devel ope d SO thai th is techno logy
co uld he used as a whole.

The program contro ls the assemblies
through the printer interface , which can
be freely selected (l. PTI , LPT2 O[

I.PTJ ).

I0.1. Operatt na Softwa re

The program diskette contains the fol­
lowing files :

HFI\H:SS.EXF, is the mum progra m
itse lf. It can run on MS-DOS and
IBM-DOS.

HFI\1 E.SS.H tP conta ins help texts to

guid e the operato r. They can he called
up at almost all points d uring the
runnin g of the program, using the F I
function key.

Il FI\1 F.SS.c r G is used to pre-set neces­
sary param eters (e.g . inter face ad­
dresses). The data can be entered or
changed using a standard text editor , 0 1'

with EDIl .COM. supplied with MS-
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DOS. The contents are indi vidually
listed in Section 10. 12..

II f M ESS.1\I NU is the list of the menu
items a va ilable.

CALlBHI. H1N contain s level settings
tr am - lOdH to tlOdB, over the ent ire
frequency range. Th is fllc is generated
through the "Calibrate" routine (see
mai n menu).

FF.HL EH.TXT shows the measured

values per frequency in Ml lz for level
d iscrepancies . This file is generated
through the "Calibrate" rou tine (see
main men u).

J\1WTA IU'£'TXT contains all the ta­
bles for the output ca lculation and
ca librat ion of the diode detector. '111is
tile is d iscussed again, in greater detail,
in Secti on 10.13..

READ.I\n~ contains curre nt informat ion
on the s oftware. and should be read
before installation.

111.2. Hardware Requirements

Th e p rogram requires a PC with a 1 86
processor . a (dO-l.. b)1e main memory
and a VGA graphics card. However, a
386, or be tter mill a 486, is preferab le
for the wubblcr and spectrum analyser.

If a hard disc is available as well, if the
computer is faster, and jf mo re ma in
mem ory is available, plus RAMDRIVE
and a co lour monitor, then naturally
everything is even more sp lend id.
Above all , everything can he done much
faster!

10.3, Inst allation

To be able 10 usc the H Fl\I ESS.
program, it is more advisable to copy it
into a sub-directory (If its 0\\'11 on the
hard d isc.

MD C:\HF MESS

CO PY A:*:C:\!I FMESS

111.4. rrognam Sta r t

In order to sta rt the pro gram, go into the
d irectory on the hard disc and ca ll the
program up by its name. II FJ\n:SS. or
start it through a batch file .

Aller a short load ing time, the program
briefly introduces itself: and then dis­
plays a menu with its functions:

Synthesis er
Wobb lcr
Milliwatt meter
Spectrum ana lyser

Calibrat ion
Error list

End

The red bar above the indi vidual menu
items can be moved up and down using
the cursor key. Press the "Ente r' key to
go to the se lected fu nction.

10.5. Synt hcsiser

lh e sub-program ,S'ynthe,\i \w dis plays
two window s on the operator screen.
The la p window displays the name
"Synthesiscr", the current frequency and
the output level.
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The frequency can be varied between 10
MHz and 1400 MHz. 'lhe output level
lies in the range -10JBm to + IOdBm.

The messas c "UNCAL" may be dis­
played in the output level field, due 10
tolerances in the hardware (PLL oscilla­
to r, mixer and level regula tor ). The
inter-relationships arc d iscus...ed in Sec­
l ion 10.\),. "Calibration" .

The bottom window 011 the screen
indicates [he significance of individual
keys and (heir functions.

The frequency can be changed. step by
step, by moving the cursor key len or
right, and the leve l can be changed . step
by step, by mov ing the cursor key lip or
dow n.

Use the " Return" ("'I::n"..r"] l ey 10 go 10
an entry window, into which the desired
freq uency can be enter ed d irect ly via the
keyboard,

This entry proc edure is terminated ucing
··Enter" .

Use F I 10 view tbe "Help text", whic h
depends Oil the cont ext. Press " Enter" or
"Esc" 10 leave this text.

Use F lO \0 leave the "Synthcs iscr"
function and go hack to the main menu.

10.6. Wobhl n

When the ,,"ohMer function is selected,
the screen is set up in graphics mod e.
This preparation is dire ctly de pendent
on the pmecssor output and the VGA
card speed.

A large. wide window in the top half of
the screen shows the wobble curve,
while the bottom len-hand window
shows the current va lues for the mean

frequency and the span in MHz. The
bottom right-hand window, on the other
hand, shows the con trol optio ns through
the keyboard.

The mean frequency cun be changed
step by step hy mov ing the cursor key
left or right (half span ) and the span
[wobble width) ca n be changed step by
ste p by moving the cursor key up or
do wn, from t 10 MH/ to ±500 MilL

Usc the "E nter" key to go into an entry
window where the mean frequency can
he set thro ugh direct entry. l'his entry
procedure is to be ter minated using
"l-ntcr".

The program mon itors the technical
options and prevents the frequency lim­
it:'. from be ing exceeded.

Usc 1'10 to leave tbe "Wobhlcr' func­
tion and return tu the main menu.

H1.7. Till' I\li lliwa ll Mell'r

Three windows are displayed in the
Milliwatt meter funct ion. At till: top
right, you ca n see the measured output

in milliwalls in part icular ly large chamc­
tcrs, whic h can Mill he seen eas ily, even
from some di stance away. Below this is
a hor izontal yellow bar, whic h changes
in line with the output Jill' tuning
purposes.

At the bottom lctl. the current readings
are shown. such as mitliwa u s, out put in
dBm, volta ge in Volts, and uuturally , the
frequency runge set.

The bottom right window show s the
ope rating options.

The frequency band can 11 ..:: selected by
moving the cursor key up or down. Here
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the program takes account of frequency­
dependent non-lineeritics o r the diode
de tec tor and converts the readi ngs ac­
cord ingly .

Use 1'1 to call up the con text-dependent
help tex t, and "Enter" or " Esc" to leave
it again ,

Usc FlO to leave the " Milliwatt meter"
funct ion and return to the main menu.

10,8. Th e Spect rum Ana lyser

When th e Spectrum Analyser funct ion
is selected, the scree n is sd up in
graphics mode. Thi s preparation is d i­
rectly dep endent on the proc essor output
and t he speed of the V ( jA card.

A large , wide window in the top half of
the screen shows tile measured fre­
quency spectrum. The bottom Icfl win­
dow sho ws the current values for the
mean frequency and span in MHz.

Th e bottom rigiJl window , on the other
hand, shows the contro l opti ons throu gh
the keyboard .

Mov ing the cursor key to the left or
right ch anges the mean frequency step
by step (half span) and mov ing the
cursor key up or down changes the span
step by step from ± 10 MIlz to ±500
MHz (wobble width).

Use the "Enter" key to ente r an entry
window, where you can enter the mean
frequency direct ly. Press "Enter" to
terminate this entry procedure.

You can now use F2 to select the
intermediate-frequency band width ­
band widths of 500kHz and 5MHz are
possible .

The pro gram monito rs the technical
opt ions and prevents the frequency lim­
its f rom being excee ded.

Use F l O to leave the "Spectrum Ana­
lyser" function and return to the main
menu.

10,9, Calib rat ion

The Catihmtinn funct ion runs through
the entire available frequency spec trum.
step hy step . The maximum output
power of the frequency synthesiscr is
measured every 1 M l L~, and the level
sett ings in the range frum + IOdBrn to
- IOd Bm are de termined as well.

The test readi ng is graphically repre­
sented in the top half of the scree n.

Carrying our a successful calibration is a
pre-requi site for the functioning of the
"Synthesiscr" and "Wobblcr" appli ca­
tions.

Possible tuning problems • c.g . maxi­
mum output level sma ller than + 10 dltm
• an: outpulled in the form of an error
list (cf Section 10.10. "E rror list').
When the calibration is complete . this
tab le is d isplayed for the user in a
window on the lower left-hand side.

The " Calib rat ion" program item is time­
intensive ! In unfavourab le ci rcum­
stances, c.g, with slow computers or if
the param eters have not been set opt i­
mally, the complete running time may
amount to 10 - 15 minutes.

While the reading is heing dete rmined,
the func tion can be interrupted at any
time, just by press ing a key . In that
even t, the calibrated values are not
updat ed (file CALIBRJ.BfN) on the
hard disc.
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SPAN '" 2
Frequency span (I , 1...6)

\'lOBBI.E STEP "" 4
Step width for wobble measurement
(l..I6)

MAXVOLTSA = 1.0
Max. output spec trum of spectrum
analyser

10.10. Error list

Wh en the Ermr List menu item j ~ ca lled
up, it is set up for graphical display.
Implausible measurement values arc
shown in table form as frequencies,
theoretical levels and actual val ues.

Ir this table takes up more than one
screen page, the display can be changed
through the cursor key s.

Use FJ ((I view the context-dependent
help text and "Enter' or "Esc" to leave
it again.

"ES(;" terminates the error list display
and returns yo u to the main menu.

PRNP O RT = LPTI
Centronics interface (LI'"I" I..3)

FREQUENCY - 1200
frequency target (0 ..1400)

MENU "" HF MESS
Description of option screen

Mean

HUt. End

With this selec tion , the II Fr\.u:SS pro­
gram is completed, and the screen
returns 10 what it was before the call-up
procedure.

After a brief farewell, you return to the
DOS operating system level.

M IN VOLTSA -" 0.4
Min , out put voltage (no ise)

MAXo u r SYN "'" 17
Max. output level (d Um) o f synrhesiser

PR INT ERDRI VER = ...

li ard copy funct ion (carried out late r)

PRTNl ERCIIFCK - ON
Printer test (carried out later )

10.12. The Con r tg u rauon File

In the JlFMESS.CFG Jill'. various pa­

mmctcrs, esse ntially con ditioned by the
hardware, arc added to the lUMES~

S.EXE program.

T he individual values are brie fly out­
l ined below:

READI NGS = MWTAB LE
Con version table for diode detector

AD·DELA Y = 200
Time delay AID converter ( 1..1000)

[Q-DELAY " 20
Transmission pulse time de lay (1 .. 1000)

TEMPDRIVE '" C:
Description of RAM disc, if applicable

10.13. The Read tngs Ta ble

!\1WTAHLE.TXT

The elec trical behaviour of the diode
de tec tor (F ig.20) is summarised in the
MWTABLLTXT tab le. including nec­
ess ary correction factors for frequency
and voltage. Any standard text ed itor
a llows the correction of this tab le and
thus the capture of the current values for
the detector in usc.
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- Diode detector characteristic line

For the diode detector, the output
voltage should he measured in relation
to the input pl l\\ er. This call be done in
a sat isfactory way with a digital vo ltme­
ter and a test transmitter for, e.g. , 144
~Hz . A transceiver with adju stable
tran sm ission power can be used as well.
of course .

The pro g.ram is designed for a precision
(minim um step width) amounting to I
dB, lhe voltage values measured are to
be en tered in the table MWTAB­
LE.TXT in data fields MESSWERn A­
BELLE [ ,,31.

- Frequency correction

At high frequencies in particular, the
inpu t impedance diverges. in reality,
from the desired 50f.!. A correct ion
factor in the data lieIds FREQQUEN7.­
TAHE LLE [ • , 21 balances this out
throu gh a computer.

Fh.... factor should be measured for the
frequency mnge 28, 50, 144, 432, 1296
and 2320 MHz, with a con trol power of
• for example - Imw (OdDm).

Frequency correction '"
lhecrctical value at I·U Mjlz I Reading

- Correctionfactor. I\V

Small to lerances for the components, or
even for the 0 ! A converter Z;-.s
426E-8 , result in divergences in the
measurin g voltage. The eU factor acts as
a computer correction. Its value is app.
0.0099. The reference voltage can be
precise ly measured at pin 5 ! 6 of the [)
! A con verter. using a digita l gauge.

AU '" lJKef 1 256

10, 14. HFrt'l ESS,:\ll"U

The Hr\1 ESS.:vt~U file conta ins the
individua l items of the main menu. with
a descri ption and a screen number (e.g.
synthes lser; 110).

The description can be changed. but not

the screen number allocated. This datum
is coded in the program and is thus
a lways pre-determined.

I I.
Conclusion

As already stated at the start the test rig
just described represents a welco me and
cosr-cffccrivc gauging aid.

Naturally. with this relatively low ex­
pcnduurc. it is not poss ible to create a
high-end apparatus, and so practica l
work with the radio- frequency rig dcm­
onstrates the limits o f this techno logy
sooner or later.

Certa inly improvements could be made
here. as with any circuit. It is importan t
here that individual hard ware changes
do not also make a change in the
software imperative.

Circuit modifications by users can possi­
bly be published in this magazine.
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Gunrhard Kraus. OG8GH

Design and Realisation of
Microwave Circuits

Part 4

7.
:VIM IC AMI'L1Fllm

7. 1. Pre limina ry O bservations

At two points in our "Mctcosa t Con­
verte r" application project. we need at
least 20dB amplification with simultane­
ous to lerable noise background:

a. Direc tly behind the "low-noise pre­
ampli fier" referred to in Section 6.2. of
Part-, I'M the significant increasing o r
the signal level before the subsequent
1,700 MHz band pass, with simulranc­
ous dam ping of the pass ive mixer.

b. Directly behind the mixer, or in the
do wn stre am intcnnediatc-fre qucncy
stages to have a signal level sufficient
for a re latively long, coaxial cable
connection from the converter (ncar the
antenna) to the evaluation circuit in the
building.

The use of a "universal amplifier mod­
ule" from 50 Ohm technology is on

offer here; to this end. MMIC' s (m icro­
wave mono lithic integ rated circu its) an:
available in the most varied formats, and
with varying limiting frequencies.

After a look through the relevant litera­
ture with application circuits, the choice
finally fel l 011 type INA 03X14 from
Avantck/lf l', because of the current
price and delivery situation.

We lind the following spec ificat ion for
this MMIC in the data sheet; 25dB
amplification in the range up to 2 Gll z,
for noise facto rs of about 3dB.

The Scparamctc r can also be found. on
the Avantck data d iskette, which can be
supplied for Puff.

Here you merely need to convert the
"touchstone file" (INA03184.S2P) into
Puff format (which gives INA03 184.
dev ). As ment ioned. the conversion
program you need for this is supplied
with the Puff diskette.

But don' t forget to estimate the values
for the "zero Hertz" frequency and add
them to the *' .dev tile!
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7.2. Unlet Ci rcuit and Simula tion

To jud ge from what many scuii-conouc­
tor munnfacturers say, draft ing a micro­
wave amplifier circu it is child 's play,
and is exceeded in simplicity and opera­
tionaI reliability only by the drafting of
a power supply circui t with a haft-wave
rec tifier

The input and output p ins arc simply
connected using. 50 Ohm nncrosmps.
into which are inserted the DC blocking
capacitors. The power supply DC volt­
age IS fed in through it 47nl1 SM[)
choke.

If, during the simulation, the same
equivalent circuits arc used for chokes
and capacitors as for the low-noise
preamplifier , you obtain a wonderfully
smooth amplification curve between 1

and 2 (1Hz, with a peak va lue of app.
27dO. I"ig.2S shows the ,\1 \1IC ampli­
fier simulation.

However. in rea lity the assembled cir­
cuit will initially oscillate at f = I A
Grlz . Moreover. it is a lmost impossible
to produce any attenuation by means of
the well-known -cnlrning measures" ~

c.g. using conducting foamed material.
etc..

II' we now make use of the experience
gained in the dra1\ing of the LNA and
test the influence of the "earth feed­
throughs", using Puff, we discover
something really amazing::

Even a total inductance of O.3nll .
applied lo r the feed-through of the IWO

earth sur/aces of the IC 10 the bottom
earth plane, is sufficient to make the
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rig.2h: Simulation with Puff: MMI C amplifier with L = n.snH in earth branch

input reflection factor in the freque ncy
range at 1.4 (1Hz markedly greater than
(JdB (I' ig.26 shows the rat ios for 0 .5nl l).

The circuit then has a negative input
resi stance . In these circumsta nces, it
can't hel p but oscillate!

We must therefore use all mea ns to
ensure that this inductance falls ; Fig.27
shows how this is don e.

a. A hole with the externa l diameter or
the MM IC housing is dr illed in the
pri nted circuit board.

b . The top earth surfaces <Ire now fed as
a wedge into the layout until they arc
direc tly against the hou sing of the
MMIC.

c. The feed-throughs are star ted as close

<IS possible to the housing . 5 holes arc
dril led Oil each side .

It can probably he easily recog nised
from the diagram thai the que stion of
the insula ted earth surfaces for input.
earthing and output has aga in been taken
to heart (it's just that putting in the
many 0 .8 mm. rive ts, with a "wa tchmak­
er's pO\..,..er riveting machine" , spec ially
created for this, <I ~ an extra, that really is
a brute or it job!)

The outp ut and input microstrip s requir e
spec ial consi dera tion at 50 Ohms. They
should have a "w edge-shaped point" ,
and then be reduced. right down to the
width of tile Ie terminal lug, thus
avoidin g add itional inductances and
points of impact.
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r ig.27:
La vout of .\11\1 IC
a mplifier for 1.7 ( ;H,

The already well-known ~7n l l choke for
feeding in the ope rating voltage b here
too ,IS well. together with its 6mrn. long
feed and its.joint built- in capac itance of
n.46pr and the 13 Ohm losses in the
equ ivalent circuit diagram.

The coupling capaci tors ill the input and
output circuits are laid out. as usual. as
two US0 5· NI'(J types in parallel. at
IOOpF. Firstly, this precisely fills c ur the
wid th of the microstrips and thus re­
duces the reflections. and second ly. rhe
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joint inductance of 1.5nH and the ser ial
loss res istance of 1 Ohm are halved by
using one component.

F ig.28 displays the full results of the
sim u lation. including the measured re­
su lts for up to 4 (JHz. Of cou rse.
immediately after the measurement the
simu lation was adjusted to the reality.

The onset of ampIif cation at 3 .6 GHz is
ac tuall y brought about by the 6mm long
microstrip and tile 47nl l choke, with the
(assu med) 0.46pF capaci tor! IIcrc a
short-circuit is obviously transformed to
the ampli fier output, and Vie must
reduce the 0.46pF to O.3 'JpF for the Puff
simulat ion to supply the same reson ance
frequency . There is a quite simple
reason \....hy the minimum value in the
actual ass embled circuit is not as low as
in the pred iction. 11 is well-known that
the lo sses for FR4 equ ipment increase
more and more sharply from 1.5 to 2
GHz, and here we are always stimulat­
ing with a constant loss factor of 0.015.
The assumed quality is therefore too
high, and there is a discrepancy betwe en
rea lity and the Puff result.

Anyone who would like to have a more
precise result would first have to meas-

ure the valid loss facto r for this trc­
quency. and then simu late for on ly a
narrowly restricted frequency range for
which this de termined facto!" is approxi­
mate ly constant. For the same reason,
the measured am plification in the range
betwe en 1.5 and 3.4 Gllz is probably
always somewhat lower than the theo ­
retical progression, since . because of
the poon:r quality . as in every resonant
circui t. the resonance curve or th is
"resonant circuit" must be flatter and
broader.

One more liute thing:

The S parameters of the INA 03 184 arc
speci fied by the manu facturer only up to
a maximum frequency o f 4 GIlz. But if.
for example, an upper plot l imit of 10
GHz is inadvertently enter ed, a blccping
no ise is suddenly heard when the 4 GHL
limit is exceeded, which in normal

circumstances wou ld be the acoustic
signal for a computer fau lt. But the
program has not cras hed . It continues
operating and bleeping, right up to the
highest frequency entered, and you need
only wait for the compu ter to quie ten
down .
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7'1111(111-£'11. 0 \ '- Ta nta lum Elect rolyt ic C:l(lacitu rs,
Mikrofarad = :\l icr ofa ralls• Je = En'r)'

The diagram created using 11 network
analyser (liP X4IOA ) shows the simula­
tion behaviour of the circuit up to
12 GilL.

Finally. Fig.30 shows the wmns dia­
grant for the layout, which can certainly
be analysed without problems.

(To he continued]

Very low noise aerial amplifier for the
I.-band as per the YT3MV article on rag
90 of VHF Communications 2{92.
Kil complete with h~ing An No. 6358
£J6 .!'!' . Orde rs 10 K:\t Publicalklns at Ih
address shown on the insid.. coves, or to
li KW-Berichte direcl. I'ri~t i .\.,Iu.l .... p& p
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Technical Side
of Television?

•

CQ·TV Magazine Is for you,
. packed full of practical and
easy to build circuits for the

Radio Amateur and Video
Enthusiast.

For details, contact the BATe at
Grenehurst, Pinewood Road,
High Wycombe, Bucks, &
HP12 4DD, England \f
Internet http://www.batc.org.uk
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Lorenz Oelschlegel, DL6 NCl

DBINV's Image Memory in
Combination with the HP141
Spectrum Analyser

T he UR1NV-OIO imag e memory as­
scmhly rep resents a n hlcal extensio n
tu lhe HP141 spectrum analyser. T he
onl)' pr oblem to 1"-, lOuln 'lI ts th e level
mat chi ng.

The idea was 10 com bine the HP 141
from Hewlett-Packard, the usc of which
has recently become very widesp read,
eve n in amateur circles. with the image
memory from OB INV 11]. If possible,
this should cause no interference e ither
with the analyser or with the image
memory circuit.

The signals from the Spectrum Analyser
are picked up from the outputs o f the
intermediate-frequency assem bly 85528 .

A normal X-V oscilloscope acts as a
check monitor for the image memory
readings here (e.g. Hameg 203).

A small circuit was also positioned in
front of the image memory assembly for
leve l matching for the X and Y signals.

Since there are only a few components,

it layout was dispensed with. and the
circu it was assemb led. using discrete
cem poncnu. on an SMD demons-trill ion
board .

The- Y signal from the vertical output of
the 8S52H intermediate-frequency as­
sembly ( IF section ) is fed to a 111\741
opera tiona l amplifi er . Here it is inverted
and amplified. and it is then ted on to
the Y input of the image memory.

The X signal is picked up from the Scan
in/out jack. It is matched in level
through a 5Dk trimmer, and is fed to the
X input of the image memory through
anot her uA74 I.

Smoo thing is ca rr ied out using the
existing trimmer potent iometer of the
image memory assemb ly or that of the
matching circuit.

In combination with the PC-Plot [2J
software from Bernd Kaa, DG4RB F, we
thus obtain a use ful measuring system
for doc umenting the values measured
with the spect rum ana lyser.
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Denys Roussel. F6JWF

An Exceptionally Low-Cost
HF-SSB/CW Transceiver

Part 3: Assembly Instructions

A yea r and II half a fter th e first
prototype was put into opera tion
(VH F communica tions 2 & 3/1996) a
furth er transceiver h :.t~ 1I0W been
completed. The re a l work consisted of
designin2 printed circuit boards. car­
ryin~ out the mecha nica l assembly ,
a nd ~ceping an eJe 0llcD for the
possihilitit"S for furth er expansion.

Sume pro blems were recognised dur­
ing the second assembly, and some
n« essary' Improvements were mauc
whi ch provided for a hi~her degree of
reproducibility' (Fi~.I) .

I.
CHANGES TO Til E BLOCK
IllAGRAM

The single significant change is the
additional stage at the power amplifier
input. The reason for this is that the
level at the mixer outpu t was previously
too low, and was insufficient to cont rol

2 18

the PA correct ly and thus obtain a good
inter-mod ulat ion interval, 11\13.

The MIC level C<lO st ill be increased
somewhat. which gives a sufficient level
at the mixer output, which in turn
improves the inter-modulation products.
A n increase of 6dB in the amplification
keeps the If\lD tn an acceptable value .

, / ~.~....,,,
~ .

---'''''

FiJ;: .I : Second versiun of Sho rt-w ave
Tra nsceive r r eady 10 op er ate
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Fig.2 : The Mixer s, now with won ma tch ing

2,
CIRCUIT CHANGES

The circuit changes are explained below
in relat ion to the corresponding sections
of Part-2 (issue 3,/96). The correspond­
ing c ircuit diagrams are shown with
changes and component value s.

2.1. T he Mixer (Section 6.1.)

The mixers were previously matched to
SOr.t The mixers now operate at lOOn
which firstly reduces the stress on the

high-frequenc y phase shifter and sec­
ondly saves a tra nsformer (Fig.Z),

Space was provided on the board for an
opt ional balun transformer and a balance
potentiometer (220.) .

This allows better carrier suppression to
be achieved in tran smission operation
-50dS is possib le .

These change s arc not really needed for
the second asse mbly, as carrier suppres­
sion of 35dS, which has already been
achieved by other improvements, IS

sufficient.
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2.2, The Hlah -Frcquency
Pre-Am plifier (Sccuo n 6.2.)

IIerc the new assembly created instabil­
ity. A tendency 10 oscillate erose in the
600 • 700 MHz range. The effect
sounded lil..e microphony i f the C40X
cap acitor was touched.

Ihc C413 SMI) capacitor gives better
de-coupling on the basis of 1'40 1
(Fig.3).

A ferrite bead can be provided for
additional damping on the basic counce­
t ion.

2.-1. VFO an d lIi~h - Frc( l lJ cll (,)'

Phase Shifters (Section 6.-1.)

lh e Vf'O W:I<; completely re-designed,
thanks to F:'i OYV. The circuit (fi g.:'i l
became somewhat more universal. with
an improved output level and additional
opt ions: KIT. luning through Varicap.
frequency dritl moniroring, and an nddi­
tiuna! vo ltage regulator.

The cost of the additional stage was
balanced our by the fact that a bipolar
transistor was used in the oscillator
instead of the 1310.

23 . Le w-Freq uency Pre-Amplifier
a nd Mixer-[)rin:-r(Sect ion 6.3.)

There were llO circuit changes here. The
component values are shown in FigA.

It is not advisable 10 use Varicap tuning
without a crystal-stabilised circuit for
frequency drill compensation.

All components are housed on a small
printed circuit board, only 36mm x
46mm.
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The T riAC 7400 is replaced on the
phase shifter by a type 2N2222 tra nsis­
tor. T his increases the sensitivity and
reduces the costs.

The outputs to the mixers were alter­
nated between Q1 and Q2. These out­
puts arc not fed back to their inputs in
Ie 901, which increases the power for
the mi xer.

III case of any changes in the sidebands,
space was provided on the small printed
circuit board so thai the positions of the
resistors R903 - R904 could be ex­
changed. The wiring shown corresponds
to that (or the lower sideband.

The high-frequency phase shifter is
mounted all a plug, to provide for a
possible expansion to a multi-band sys­
tem.
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Fig.S: Circuit diagram of VFO an d Radio-Frequ ency Ph ase Shifter

2.5. Lew-Frequency Phase Shifter
(Section 6.5.)

The circuit has been expanded by three
potentiometers and a CMOS switch
4066, in preparation for a multi-band
version (Fig.6).

These additional potentiometers are nec­
essary, since the zero settings (image
222

frequency suppression) are different for
each band.

Since these funct ions arc not required as
yet, only P20 1 is fitted, and a bridge is
placed between pins-S and 9, instead of
rc 205.
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Switching from battery operation to an
external power supply is now done
manually through a switch.

PI T-Out has been provided as an
addit ional output.

2.9. Halld -Pa ~s Filter
(Sect ion 6.IU .)

The filter is now combined with a 6dIJ
amplifier (Fig.9). Only live additional
components arc required for the assem­
bly and switching of the stages.

D502 is switched from the transistor
current. The em iller resistance has been
inserted into the earth connection o f
TR502.

,+---------_----!-'"'-""""""""""~=
2.6. The Low-Frequency Section

(Section 6.6.)

A voltage regulator Ie 78L08 was used
instead of the stabilisation circuit for
+8.5 Volts (fig.7).

T he D307 d iode creates a better insula-
tion between the microphone and the
J01C Ie during receive.

In order to preve nt problems in the
low-frequency section dur ing switching
from transmit to receive. R312 and
R338 were provided , which arc there in
order 10 retain the potentials of the
capacitors. C305 and C330 respectively.

T he CW filter has been replaced by a
lower-noise circuit version.

A favourably priced 200J.lA ty pe meier
movement can now he used as an
Scrncter.

T he transistor is a favourably priced
IlC23RH in a p lastic housing. ade quate
tor the short-wa ve range.

An 8.211 resis tance has been inserted
into the p'l\\'cr supply circu it of the
TBA820M and suppresses the low­
frequency feedback to the 12Volt sup­
plies..

The ferrite bead. as the basic connection
lo r the damping. should not he forgot­
tell.

2.7. CW Oscillatnr (Section 6.7.1. )

The oscilla tor is now fed «xv direct ly
from the low-frequency printed circuit
boa rd (Fig.S).

2.8. T ra nsmit / Receive Switchin2
(Section 6.7.2.)

The transceiver now has reverse battery
protection, by means of a P600 diode
and a lOA fuse (Fig.S).

2.111. Power Amplifier
(Sect ion 6.8.1.)

SMD components are now used tor
power supply switching and tor the
input stage instead of the wired compo­
nen ts previous ly provided.

Moreover, D603/5 and D606/8 arc
availab le as protection aga inst a HiE
breakt hrough at an extreme Vcb value
(F ig.9) .

Two addit iona l transistors have also
been provided in the PA, in ord er to
increase the power by app. 200/0.
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3.
ASSEMBLY

The transceiver is divided into eight
modu les for assembly :

- Low-frequency board as core orTRX

- VFO

- I ligh-frequency phase shifter

Mixer

- Hand pass filter

- High-leve l stage

- Low pass filter

- Transmit! receive switching

3.1 . Low-Frequency Hua rd

Fhis is the most complica ted sub­
assemb ly. Mounted on the 17Gmm x
76mm printed circu it board lFig. IO) are
low-frequency phase shifters and low­
frequency phase switching (Fig.S), the
low-frequency section (rig.6) and the
CW oscillator. The tight squeeze is
necessary to keep the equ ipment as
small as possible (Fig. I i ).

It was the cost angle which led to the
dec ision 10 disentangle the prin ted cir­
cuit board on one side only, instead of
using a double-sided printed circuit
board with feedthroughs, which would
have cost 3 to 5 times as much to
produce.

In addition, the one-sided version re­
qu ires considerably more development
work, and a quantity of unattractive wire
bridges has to be accepted. So when
equipping, we first begin by inserting
the wire bridges, which are created
using O.5mm tin-plated copper wire.

In the Ie 2011204 range, it is recom­
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mended that insulated wire of 0.3 to
OAmm be used, to avoid short circuits.
Don't forget the bridges under the Ie' s!

Next, the diodes , resistors, IC sockets,
trimmers and finally capaci tors and
transistors are soldered in, For the IC' s,
it is recommended that sockets be built
in. The sole exception is IC 303, the
low-frequency amplifier, which is ad­
equately cooled only if mounted directly
onto the PCB.

C2 10 and R337 are SM D components
and are soldered on last, on the tracks
side. There was no longer enough room
left for any othe r form of construction .

In addition, three insulated connections
also had to be inserted, for which there
would otherwise have been no room
lett:

SV In had to be linked to +X V Out

CW Out had to be linked to CW In

Tone Out had to be linked to Tone In.

Particular attent ion has to be paid to the
earth connections with this const ruction.
As already mentioned in the theoret ical
section , it is particularly difficult to
suppress low-frequency feedback / cou­
pling loops in rece ivers with direct
switching and built-in loudspeakers.

The following methods have proved to
he particularly suitable:

The printed circuit board must basically
he connected to the earth. To do this,
the board is screwed down only in the
vicinity of the IC 303, with two screws,
about l .5cm apart , and earthed,

The earth pin near R3 I6 (ident ified as
" 0 ") must be connected to the earth



VHF COMMUNICATIONS 4/97

•

•;
•,

•

> > 0 -

"? ~ !

, -,
oJ> .a

~Sl "•
" <:: :5

1'5 c
~ •
~

c

'" 8-
~ E, ax
r= '"u
o ..
;; ~•
~

c•c
::::

~c,
• ..
"

••
~ j
o

~'"
~ "Ii:

229



VHF COMMUN ICATIONS 4/97
(~ -------------"~"""'=~"""'=

Ffg.L l : Bottom face of eq uipment. with view of Low-Freq uency boa rd

screw near C323 by the short est route,
and with an adequate cross-section (app.
1.2 to LSmm1).

Other options were also tested, hut
naturally gave only unsatisfactory rc­
suus .

3.2. VI;O

This caused the greatest difficulties in
the mechanica l assembly. If tuning using
Varicap is selected. DS0 1, D802 and
corresponding components do not need
to be fitted (Fig.12). 1.802 is formed
onto R811 .

The frequency range of the VFO lies
between 28.0 MHz and 30.4 MHz
which, when divided by 8, gives the
range 3.5 to 3.8 MHz. The frequency

drift lies at about 500 Hz. h at 28 Ml-l z,
depending Oil the quality of the capaci­
tors used.

3.3 . High -Freq uency Phase Shifte r
Module

This assembly take s the form of a
plug-in module. This route was chosen
in preparation for optional expansion to
the mult i-hand version. However, the
module can also be connected to the
mrxer assembly directly. using short
wires.

Ie 90 1 should be soldered in without a
base, to avoid any problems which
m ight arise from base capac ities
(Fig.13).

3.4 . M ixers
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LOCK RIT +12V

VCO

"9;;hOUT

Fig. 12:
v r o asse mbly
Component Overtay

This assembly includes the two mixers,
the high-frequency pre-amplifier and the
two pre-se lector stages.

The mounting sequence is as desc ribed
lor the low-frequency board.

The components plan (Fig. 14) shows the
basic version of the mixer, with the
opt ions as per Section 1 .1.

We should sta rt by wiring up both
mixers on the top face - c.g. with
bridges instead of the balun trans formers

, e

( L 2 L ~l

Fig.13: Compone nts of Phase Shin er
group

and potentiometers in the vicinity of
R002.

The SMD componen t under C409
should not be forgcucn.

When the assemblies have bee n succes s­
fu lly tested, the coils and rad io-fre­
quency transformers must subsequently
be secured using "radio-frequency wax" .

During asse mbly, make sure you obtain
perfect symmetry for the mixers. To this
end. the transformers must have exactly
the same numb er of windi ngs, and the
material used must be ident ica l.

SMD coils are fitted in the vicinity of
the radio-freq uenc y p re -a mpl ifie r
( rig. IS).

3.5. The Radio-Freq uency Filter
:\Iod ule

Pay attention to the direct ion of winding
of the transformer during asse mbly.

The ferr ite bead on T 50 I should not be
forgotten.
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F i ~. 14: Component Overlay of printed cirelli! hoard, 1\1 her and Radio­
Frequency Preamplifier

Following a successful test. ('508 can he
replaced by a bridge (Fig. 16).

3.6. The Tra nsmit Amplilirr

You must naturally think about a special
mechanical solution for coo ling the
transistors.

232

One vel) simple. but effective solution,
is to mount the printed circuit board
directly onto the cooling body. This
requ ires a nat bottom face - i.e. all
components. including the SMD compo­
ncnrs. are so ldered on the top face
tFig.17).
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• • _.~.

Fi~.1 5: :\-1h er assembly (centre ri~ht) - the Radio-Freq uency Phase Shifter is
O il th e bat tery

The printed c ircuit hoard was designed
for SMD components, which naturally
also brings other advantages:

Thus, lor example, the low-inductance
feedback resistors. with 2W R6 12 and
R6 13. which are very difficult to obtain,
can each he replaced by 12 norm al 22n
SMD resistors.

ruT[ R IN/ ().lT ~'1

Anothe r advantage is the small space
requirement, so that the PA assembly
can now turn out to be considerab ly
smaller.

Now for the assembly-

First. all SMD components are firmly
soldered on (Fig. IS).

...

Fig.16: Filler assembly Compollent Overlay
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Fi:;t.17: Vie" of Amplifier a~"iCm hIJ

During. wiring, the co nnections shon III
be continuously tested, using: an ohmme­
ter, to avoid short circuits , which could
have serious consequences.

The printed board assembly is d irectly
screwed 10 the corresponding prepared
rear wall.

The rear wall itse lf is made o f 4mm
thick aluminium and acts both as a
coo ling plate and as a mounting plate
for the PA.

The hoard is drilled and provided with
M3 threads - seven screws for the
printed circuit board and one M3 x 5
screw with insulating sections for each
PA trans istor.

When the 7805 voltage regulator and all
the transistors ha...e been soldered on,

check the resistance between collector
connections and ea rth. and betwe en base
connections and earth.

The 060 1/601 diodes must be in ther­
mal contact "itll the rear wall (heat
conduct ing paste). T wo breaches must
be provided in fhc print ed c ircuit hoa rd
Ior this purpose.

Finally, Ihe radio- frequency transforme r
is incorporated. The capacitors C604,
C609 and C6 15 arc solde red into the
assemb ly direct ly. C6 14 is soldered to
D602.

Up to 14 type B0l35 transisto rs can be
mounted on the printed circ uit hoard .

The origin or manufacturer or the
rranslsrors is important in connection
with usc in the m:r A. I have experi-
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Fig.19: Low-Pass Filter strips

"

"

cnced the best results using BD135-10's
from SGS-Thomson.

To keep specimen scatter values as low
as possible. the transistors should all he
from the same production series / balch.

It certainly makes sense to test transis­
tors from various manufacturers.

3.7. Low-Pass Filler

3.8. Transmit / Receive Switc hing

The PTT opt ion can be fitted if desired.

Wires with diffe rent colours should be
used for L1 101. The direction of wind­
ing at the output of L1 10I is important.

The value for C l 104 can be increased
up to 4,700).lF if the TRX is mainly
intended for battery ope ration.

Fig.20 shows the co mponents plan.

The printed circuit hoard is prepared for
two different types of relay (l-ig.f c) ,

Should other relays he selected, the pin
configuration shou ld be suited to the
printed circuit hoard.

(To be continued)

+-12VH.Rt'f' +-12Vf +-TX +-RX PH OUT

IN

av

..

PH

cv
RXIrX IN

Fig.20: Power Supply assembly Component Overlay
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Dipl.-ln1>:. DetlefBurchard. Box '.U26, Nairobi, Kenya

The Sine Converter

To l'UIIH rt DC von aae into another
valu e, or cbe galv anfc a uy insula te it
(a votda nee nf can h circu its). an AC
\ uUa~c muxt init ia l!) be gene rated.
Th e Ilu x anti btockm g-cscntamr IJpt'
converte rs predo mina nt ly u..ed gene t ­
ate sq ua re wave voltages, hu t na tu­
rail)' ", inu ..oitlal , oltagc can be used a",
l\ c11.

I.
I NTROIJUCTI(J~

The principle o f the stnc con verter is
explained below, a model is d imen­
sioned. and an example is given for
those who would like to asscmble and
test something practical,

lhis is simultaneously a little training­
ground fur work on the magnetic field ­
which is not greatly loved by many
design engineers. a lthough th... ...ssen­
tially still more complicated electro-

magnetic field provide s them with their
daily bread or with their hobby.

"Ihe calc ulations cannot be given like a
cookery recipe. hen for someth ing
which seems as simple as a mains
transformer, where then..' are cookery
recipes [J ]. we have to stan again ft om
the induction law if we want to u-sc a
core made of a ir, car..t iron or ferrite.
\\ hieh is possible • even if it is nOi
pract ical.

An unconventional but practical repre­
sentat ion of the magnetic field can be
fo und in [ IJ, which would allow calc ula­
(ions of the peculiar mains transformer.

The AC voltage of the sine converter
can help with aco ustic signals. call tones
or clock frequencies. It can also be thc
sole object ive of expense and trouble in
itse lf, so that apparatus built for 50 III.
mains connection (or 400 Hl ) can be
operated with an accumulator, or radio­
freq uency power can be generated for
coag ulation in the operating theatre or
for heating mctats for hardening.
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Fig.l:
Basic Circuit of Sinc
Converter;
Eingang = Input,
Ausgang = Output
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lh c principle is no! new. II has even
played a role in push-p ull power ampli ­
fiers in amateur radio transmitters, and
is regularly used in pc wcr -: inve rters .
A single literature refer ence [4] goes 10
show that it has not been com plete ly
forgotten in electron ics.

llere the range is restricted to converters
of this type with low-power 10 medium­
power ferrite co ils, which usc audio­
frequency. O[ frequencies appro ximately
I decacc higher.

2.
THE PRINCIPLE

The basic circuit, Pig. l, looks very
similar to a push-pull rectangular con­
verter. The differences are located in the
capacitor, C, the chok e, Dr, and the
dimensioning of the transformer , Tr.
The circu it is self-contro lled and starts
automatically. Following the start-up

phase, the trans istors work in pure
switch mode.

In contra st to the forward or hack type
converter, they switch at a limo: when
tile load is extremely low. namely when
their co llector AC voltage p<:lsso:s
through zero. The clmko provi des lor a
largely constan t cur rent from tho DC
source, which is automatica lly set to suit
tile load . and which a lso corresponds to
the co llecto r current in the transistors,
except for a slighl ripple eff ect. The
resistor in the base circuit must provi de
sufficient base current for th is co llector
current and must be cor respond ingly
dimensioned. Hut it can also be (almost )
as much higher as you like . Degrees of
efficiency exceed ing SOIl-(, are ccmpara­
lively easy 10 attain.

The frequency is pre-set through the
capacity, C, and the primary inductance
of Tr. A load can be thought of as Rp,
transformed in this resonant circuit Th is
must not be rep resented by an ohmic
resistance. Due to the Flywheel effect of
the resonant circui t, the energy output
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may not be uniformly d istributed over
the period. Half-wave. full-wave, bridge
and dra inage roil rectifiers, Dclon recti­
Ilcrs ami Grciuacher rectifiers and pha­
se-angle controls cuu be connected.
From the secondary side of Tr. things
contin ue as 'AC arc used to seeing with a
normal mains transformer. Only here the
" flywhee l" is mounted on the primary
side. which we have 10 imagine tor
elec trica l di"lriblllion mains as the sum
of all Inoving masses ill tbe power
stations.

Pulsatory energy extraction during the
period thus docs not cause a surge going
right into the po wer station. bUI ends at
the choke. Hr. This also ensures that
bounces do not spread into the energy
source during commutation « 100mV) ,

lhc primary KFI supp ression \I f this
converter is made considerably easier by
this.

J.
MOIIEL CONVERTE I!

1111.' model convener in Fi~ . 2 has been
designed with a I :1 transmission ratio in
'lr . A drainage ( o il with X2011 load or a
charging capacitor with 2k11 load can be
connected !<J the full-wave rectifier. The
load is transformed into the resonant
circuit us

R =0.5' n2 • Itr.
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Fig.3: No Load ;
Kurl'en! ormen im Model/wanJler '"
WaHform s ill model converter
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FigA: Nominal Load, Drainage Coil
Reeuner
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Es panatlon of Fig's .3 to 5;
wavcronn s in Model Convener

g: Rectified Secondary Voltage
C ( IOV/div)

h: Secondary Current ( IOmJ\/div)
(Loud Voltage 8.2V/d ivl

i: Secondary Current (20mAldiv)

The true zero line i.s in each case mixed
in with do uble illumination. X is a lways
20 j.Lv d iv.

in the first case, or Rp = 2 . Rl in the
second. If we d isregard the losses. then
this comes out as equally Rl' >1 4 kn.

The illustration of all AC vo ltages and
currents arising shou ld make things
eas ier to understand . In Fig.J, the
waveform s arc shown for no load. rigA
is then valid for the drainage co il circuit
under nominal load, and Fig.5 for peak
rectification. We shall omit any discus­
sion of the curves.

Th e drainage coil Fircuit has little
significance in practice, altho ugh it can
improve the efficie ncy. It has been
shown here because certain waveforms
repeal themselves primar ily and second­
arily in it. The secondary side RFI
suppressionis also simplified with it, if
such filtering is needed at all, because
lines lead out of the apparatus from
there.

g

d

a: Collector Voltage (I OV/div)

b: Co llector Centre-tap ( IOV/d iv)

c: Rase Voltage (l V/div )

b d: Rase Centre-tap (1V/d iv)

c: Primary Current ( IOmA/d iv)

f: Secondary Voltage ( IOV/d!v)

c

a

r

Fig.S: Nominal Load. Full-Wave
Recti fier
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The determining components were meas­
ured on this model, as well as the tota l
data:

Balance coils :
20mll + 2.9 U; Q '" 500 (20 kHL)

Transformer:
Primary 12.5mB .( 4.2D., Q = 200

(10 kHz)
Secondary 12.5mB + 7.3D.. Q = 120

([0 kIlL)
Stray inductance 4.RflH
Coupling capacity 350pF

Capacitor:20.5nl' + O.7n, Q '" 1,150 ( 10
kl lz)

No-toad cllm .'nI :

l.3 mA, inclusive of O.3mA base current

Drainage coil rectification:
Primary 12V / 15. lmA / l 81rnW
Secondary I I.l V / I) .SmA / ISOmW
11 - 0.83

Charging capac itor rectification :
Primal)' 12V / 13.3mA / 160mW
Secondary 16.2 V / It l mA I 13 1mW
11 "" 0,82

An analysis o f the losses reveals that they
are essentially brought about throu gh the
saturation voltage of the transistors
(0.2V) and the forward drop voltage of
the rectifiers (0.7 to IV).

The chokes could actua lly be wound to
have even higher resistance and induct­
ance. That would benefit the sup press ion
of ripple in the input and output currents.
1.4 times the number of turns would
double R and L. the addi tional vo ltage
drop would be only 45mV, and the ripple
would be halved.
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4.
TRAI'iSFORI\IER
CALCULATIO:-;S

The ca lculations for a transformer in­
volve, among other things, weighing up
the iron and cop per pr ices, the volumes
and the heating. Generations of engi­
neers have calcu lated and tested, until
the mains transformer as per 01:\ 4 1300
[JJ finally came about. There arc still a
few more degrees of freedom here
{frequency, mate rial. AL value), which
makes a single precise solution for a
given case very improbable . For this
reason. a rypc o f calc ulat ion is used here
which accomodutes an individual project
and is based on a well-filled components
store. Briefly, we've already got a few
cores and we' d like to know what to
wind round them.

The mode l converter above , for exam­
ple, took this partic ular form because of
what was avai lable - a number of die 18
x 1-1 AL 400 po l-cor es (;'; .8. Don 't
forget the 10-9 H multiplier!) and
styroflc x capac itors up 10 20nF.

hebe magnetische
L. l' itf tihigkl!it

luttspalt

Wicklung

l-'ig,6: Th e -'1agn etic Circ uit; the
Reactive Power is loca ted in
the Air Ga p;

Il ahe maglleli.w:he Ltdlfiih igli.eit =

Hi2h ly magnet ically co nd uctive,
Luftsp alt = Air gap, Wicklung =
Winding



u .. _ L . <Ii _ _ w . d~ ",, _w.AFdB ..

'" '" '"dH w di
.. - W.AF · lJ · - - - w .AF . lJo'-' - (1)

'" • dt

II and i arc the instantaneous values for
the voltage and the curr ent, w is the
number of turns.

The more power has to be converted.
the bigger the air gap must become! If
the AL value of a core is known. there
is no need to reckon with s at any point.
Only " hen there is a co re prese nt
with out an air gap, or when one with a
gap too small for relatively high power
has to be " bored out" , is it necessary to
calculate the gap insert th ickness .

The induction law is the basis uf a ll
calculations:

~ is the flux in w cbers (Wb = V . s},

B is the flux density in Teslas
T -' (V • s)Jm2 ,

If is the fie ld strength in A/m,

Ilo is the magnetic Iield constant:

)..I" -= 1.1 57 ' 10--6· (V/A) ' (sJm)

(prev io usly I(G/Oe), bu t with the legis­
lation on d imensional units in 1970, the
Gauss, the Oerstedt and the Maxwel l
have fallen out of favour).

For the sine converter, all wave forms
for u, i, Hand H are sinusoidal. Using
equation system (I). we can, since:

(dfdtXsin wt) = w . cos ult

Then. for example, the frequency
10 kllz and the resonant circui t grade
under load QL '= 5 were pre- set. But it is
also possible to pre-set the power and
the peak flux density, which are ccr­
tainly more normal sum conditions. The
core size re ferred to here is sufficient
for power levels from 5mW to 200W if
the freq uency is varied between 0.5 and
100 kH z and the AI. value between 630
and 25. There will he difficult ies with
cooling at the top end, as the hearing
has no t been taken into account here.
But IO-20W wou ld certa inly he worth
trying . The figures show how flexible
the ca lculation must be.

Core co nsrams which make the ca lcula­
tion easier can be found in the relevant
catalogues for ferrite cores. [21 is an
examp le of such a cata logue. which also
contains useful formulae for calcu lation.
There we can find (amon g other things) :

AF - magnet ically active cross -section
AI. - inductance factor
AR - resistance factor
AN - winding cross-section

It may be quest ioned from the catalogue
whether the ferr ite material is suitab le
above app. 20 kHz. Moreo ver, the
permissible peak flux density should be
looked up - it is always between 0. 1 and
0.3 T. With an unkno wn material. we

should always tend to the lower side.
You do n't go up to the peak value
unless you want to "squeeze out the last
drop" .

Th e reactive power in the resonant
circu it becomes. effective in the air gap
of the magnetic field (F ig.6). Air doesn' t
weigh much. costs nothing, creates no
losses and can not be saturated . For
practical reasons, the ferrite core must

VHF COM MUNICATIONS 4/97
="""'''''''''''''~~=------------(~

be there, with its spec ified operat ion
limits (overload level). It limits the air
volume to such a small part of the total
volume that the react ive power becomes
so low that it can still he fed in by the
coil.
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then transcribe , for the amplitudes (peak
values) and also for the effective values:

With the voltage values from Fig.I , the
parallel res istance, Rp, to the resonant

(9)

( 10)

(11)

( 12 )
82 ·AF 2

c = AL . n2.~

lf we put the cart before the horse, as
happened, for example, in the model
conve rter, we fir st obtain B from equa­
tion (12).

With the value ob ta ined in this way
(here 75mT) and the pre-set freque ncy
10 kl lz , N from equation (11 ) is
calculated at 180 mw , and finally w
from equation (10) at 178.

lt should always be borne in mind that
the legal units for f N, C and L are
derived units. Here it is always bett er to
use the basic units, i.e.:

and

Th is determines the numb er of turns for
the resonant circuit co il. Selecting a
suitable transfer rat io to the secondary
side is a trivial matter. Further algebra ic
conversion then gives us:

and since, in accordance with the first
and fourth terms of equation (2)

G~ 11: • lJ
o

= w • AF . W • B

we finally ob tain:

n U[) .B .AF
w = - ·

2 Q L ·N·AL

Rp -" ( rc2!2) . (IV iN) (8)

If Q,) is disregarded, QL is then :

circuit can be determ ined. It is inde­
pendent from the type of equation if
only the converted power is taken into
account:

(7)

(4)AL = (110 • AF)/s

L = (w 2!s) ' AF ' 110 (3)

and since L is also AL ' w2,

This equation makes it possible to
calculate an air gap for a desired AI.
value.

No further grounds need be given to
show that for a high degree of efficiency
the I. and C quality factor must be high.

Th e initial Q, 00 , can be estimated fro m
the coil resistance and the inductance, if
the core losses are disregarded :

0 ", m- L . i = m, w .0= (O·w·AF .B =

" w2 A (2)
'" (l) ·W ·AF "IJ. ·H = (I)· _ ·A F · I-IO· !

•

()o = (1)111{ = (J)' (ALlAK) (5)

The AI{ va lue specified in the cata­
logues relates to the total coil cross­
section AN. Since the reso nant circuit
co il takes in only a part t, of AN (e.g.
2/3), the AR value must be corrected: .

ARkmr = AR/t (6)

For a high degree of effic iency, the
resonant circu it quality for a load, QL'
should not bc too high . A value of 5 has
proved itself If importance is p laced on
a particularly good curve form and
frequency constancy , QL should be se­
lected still higher, but a sufficient
interval with Qo must be maintained:

From the seco nd and last terms, using
comparison of cocrtfctc nrs, we der ive
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lis instead of Hz

V . /\ instea d of W

(A . s)/V instead of F

(V's)/A instead o f II

5.
CALCULATIONS FOI{
CHO KF.

(13)

and to cheek for eac h calculation
whether all the units, together with
muluplicators. fonn an equation.

On plays no part in this calculation. SO ,I
separate check must be carried out to
see whether equation (7) is fulfilled For
the quality o f the ca pacitor. C, to be
sufficiently high:

Q~ '" l id = I/tano

types arc used utilising styroflcx. mica
or polypropylene dielectr ics, which have
a Qc value exceed ing 1,00 0 in the
audio-frequency range. Qn is then pre­
dominant ly de termined by the co il, and
values o f a few hundred can he attained
throughout.

The base winding is not critical. It can
be dimensioned for a peak voltage of

between I V and O. 5.lJll[:llIax o f the
transisto rs used It ensures that the base
current flows into the corre ct transist or.
which is guaranteed . even at a few lO's
ofmv's ofpotential difference.

The cho ke, Dr, has to fu llil three
condit ions:

1. The induct ive res istance must be
high, as against tile primary inductance
of the transformer. The transistors
switch it alternately in parallel to each
part windin g ofTr (primary ~ i de ).

If we want Lllr ~ q .L"' r> with q > 10
being desirable, then if the same core
size is used as for Tr it mean s:

• . J q·AFw .::!: - ·Uo ·B .
2 AL ·QL ·N

') The prc-ruagnctisin g hy the I X ~

current . I" '" N/lJo must no! lead to any
exceeding of H. thus:

3. The ohm ic resistance must not be 100

high. lt is ca lcula ted at

Rl)r -AR'w2 ( 15)

The IX drop volta ge is a llowed to
become only a few per cent o f lJo'

So if P = (1,,' RDr/ l fo' then

Fi~.7:

Hem e-Made
Radio -Frequency
Litz wire with same
C u C ross-Section ­
Easier Ccttt ng,
Reduced Sk in Effect
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20

• .. I .. Ii ' :llXlOiI)()

1_
2_

..

ri~.8 :

Fc rclng Coil Prevents
Stray f lux;
Huuptj1up '" Main nux ,
Slrl!lIflliJJ '" Stray Flux

Hnuptflufl

StreufluO

ln general, it will be established that a
wide margin for w exists. Depending all
the priority, ViC can optimise in the
direction of a low voltage drop or a low
current ripple.

w s;. Uo-J P
H·AR

is valid.

(16) 0.5 and a part , t. of the coi l cross­
section, at:

The sum of all t values in one coil must
not exceed l ! For the choke. t is
naturally 1.

6.
CALC ULATION O F WIRE
D1AMlnf.R

The co il eros....section ava ilable. AN. is
given in the catalogue, or is deter mined
through the measuremen t of the window
height and window width on the bob bin.
As regards the transformer, the winding
will usually be assigned the biggest part
or the cross -section which gives the
highest apparent power (reactive power
and e ffecti ve power geometrica lly
added). That should always he the
resonant circuit winding.

The wire diameters, d. are ca lculated. on
the assumption of a Cu filling factor of

7.
A FEW USEFUL TIl'S

Hobhins for ferr ite cores oft en have a
very delicate structu re. Co ils with sev­
eral parallel-wired thin wires create less
stress than a thick one which has to he
"forged in" . A home-made litz in ac­
cordance with Fig.7 can even counter
skin effect, .....hich becomes noticeable at
higher frequencies.

At low AL values, in particular. the
stray inductance can become consider­
able. The kno.....n disc winding to r
reducing this requ ires special bobbins
which may possib ly be difficu lt to get.
The less well-known push forcing is just
as effective and easier 10 wind (Fig.8).
The coil with the highest apparent
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power - i.e. here the resonant c ircuit coil
- is divided into a top winding and a
bottom winding. All other wind ings are
placed in between. No stray nux can
exist in the volume between the top
winding and the bottom winding. It
would result in different voltages being
induced in the IwO part-windings. But
this can not occur. due to the parallel
connect ion.

This forcing coil i'i therefore generally
recommended. It helps the model con­
verter transformer to achieve a stray
inductance of only 0.038%.

The only disadvantage is that the pri­
maI)' and secondary windings lie oppo­
site each other twice. The coup ling
capacity becomes greater. and IWu good
insulations arc necessary if high poten­
tial differences arise.

The resonant circuit capac itor may also
be mounted secondari ly, '1hal can be
advantageous if this means its value or
its electr ic rating can be adapted in the
desired manner. Such an example is
shown later (Fj,g.lO).

With many high-voltage converters, a
capacitor is not neede d at all if the
internal capacitance is sufficiently high.
Out a high 0 0 value can nor then be
attained.

air core). Sine converters of, for exam­
ple, 27 Mllz, are built for usc as
industrial generators !

If it' s a question of frequency constancy,
those pans of the ferrite core should be
glued with ttwo-part epoxy adhesive at
the po int where they are in contact with
one another (but nOI at the air gap).

Since cores with a conside rable air gap
arc a lways used here. the change in the
AI. value caused by the adhesive layer
can usually be neglected. The adhesion
also red uces ...... histling". Due to mngnc­
tostrlction, the core changes its volume
in accordance with the instantaneous
flux. 11 is an (almost) ideal isotropic
zero-orde r radiator.

This sound radiation can not be im­
peded, and another frequency must be
selected if the noise can not he toler­
ated. But microscopically small part icles
can hammer against one another at the
interface, which generates even more
noise. rhe two-part epoxy adhesive
fastens them reliably.

Dipping the finished coil into clear
polyurethane lacquer provides adequate
protectio n against a hostile environment
and decreasing adhesive force in the
insulation film and gives an attractive
appearance.

Fi~.9: XV HoFf Suppression Filte r

Instead of a single capacitor, it is also
possible to provide several, on all co ils,
which are then to be dimensioned for
values corresponding to the power trac­
tion ofthe coil in question.

Although initially it seems like an
academ ic game, this can be the only
possibility of making the power transfer
good enough if you have a transformer
with considerable leakage (e.g. with an

c.
c ~ ~ L 100IJ f

( y : O.1... lpF
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8.
SELECTING TRANSISTORS

Lower requirements are imposed here
on the switching times and SOA (safe
operation area) than for othcrr converters
of the same frequency. The voltage
rott ing can be read olT d irect ly from
Fig. I and the current switched is fairly
precise ly 10. BUI, as for any other
converter, requirements arc also im­
posed on the collector saturation voltage
and the base current demand. Thus the

B maxim um should be approximately at
10, and B there should exceed 100 .

If we now """ the base current 10
U.S.Bm.u . this automatically rc"ull" in a
low saturation voltage. This rule always
leads 10 over-dimensioned tran sistors.
which require no special pr otect ion
during the inrush phase . The po wer loss
for the two transistors is essentially no
higher than Usat.lo. A coo ling surface
can usually be dispensed with. Duty '011
high converted power levels (10 >2 In
5A) will more precise consideration and
calcu lation be required.

Fi~.12 :

Radio In terference
voltage li t O utp ut wilh
10V across 21KI{) Load

Y: 20 mV I div
X: 50 I.u I dlv
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Cheap low-frequency transistors such as
Be 107 or the like are suitable for low
power levels. For extremely low input
voltages (solar cell or a single storage
battery cell), ACt53's can a lso be used.
For medium and higher power levels,
transistors can be found of the types. for
example, which are used for audio
output stages. And naturally all types
recommended for sold as square wave
converters can be used here lou.

9.
SE LECTI ON OF
RECTIFIERS

There are a large number o f semi-fast
rectifiers fo r voltage converters which
can be used here, although their price is
markedly higher dian thai of universa l
diodes (I N4 148, IN4007, etc.j.

The best technical data are obtained
using Schottky rectifiers, which can
process both high current levels and
high frequencies. The sinusoidal form
imposes less stress on the rectifier. Try
an experiment using any diodes avail ­
able before making a special purchase .
Gc gold-bonded diodes from the old
days are better for low power levels than
anything produced since!

10.
Il.FI SUPPRESSION

A clean electro-magnet ic environment is
j ust as important as other tcclmical data.
Now the sine converter can be filtered
more easily than a ll other ty pes of

250

convert er. On the primary side, an X-V
filter as per Fig.9 is sufficient in most
cases, as also used in mains-operated
pieces of apparatus with divergent ca­
pacitor values. The power supply can
actually be unearthed, bul can also be
earthed on one side. Operating several
devices using a converter o f this kind
from one power source is as problem­
free as doing it from the mains. Earth
loops and other inter-actions thro ugh the
power source no longer arise.

The secondary side nee ds no filtering at
all if no lines lead out o f the equipment
from there.However, if any do. as in my
field laboratory power pack (Fig. I 0). the
rad io interference em itted is directly
proportional to the coupling capacity. It
can be detected using a measu rement
instrument set-up adapted from the VDE
0875 rad io interference measurin g
method (Fig. I I). FlJT equipment as per
Fig.10, this gives an osc illogra m as per
Pig.12.

It can be observed that small transients
ar ise during cornmutating and rectifying
which have a comb spectrum go ing right
up to high frequencies. What can be
seen here may still just be tole rable. If
one side of the output is earthed. these
interference effec ts disappear. Experi­
ence shows that. with a floating output.
the rad io interference vo ltage shown can
affect radio reception in the close
vicinuy. Mains operated series-con­
trolled laboratory powe r units can emit
similar inter ference signals with a float ­
ing output. Of course, the resulting
frequency there is 100 l iz,

RFI supresslon is thus important, and
should be included in every project.
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A fully weather-proofed very high-quality preamplifier
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remote mast-head mounting.
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NOISE FIGURE <1.6dB
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Motjaz Vidmar, S53..\IV

GPS/GLONASS Receiver
Hardware and Software Update
#1

Since the publication o r the series of
art icles about the Gl' S!(;!.ONASS re­
ceiver in UKW-RerichteIYHF-Commu­
nlcatio ns there have been a few modifi­
cations of the hard ware and softwar e of

these receivers. The original articles
descri be the opera tion of the GPS
softwa re Yi n and GLONASS software
V39. The current update describes the
new DPS software V 125 and 0 1.0­
NASS software

V42. The new (, PS V1 25 and (lLO­
NASS V42 inc lude the following mod i­
fications:

(1) Improved interna l ope ration of the
software. The new software is able to
handle the overflows of the hardware
counters correctly thus almost eliminat­
ing the occurrence of the "T" error.

(2) Additions to the comma nd set:

(2.1) In menu #5, key #0 will shift the
privileged RX chann el.

(2.2) In menu #7, key #0 has a new
function: in AUT mode it operates as
before while in :MAN mode this com-

mand sets the carrier frequencies o f the
current ly selected satellites.

(2.3 ) In menu #7, key #1 has an
addi tional function : the receiver \vilJ
display the Kcplcr ian elements of the
GPSiG LONASS satellites as decod ed
from the almanac data before entering
the total RESET sequence.

(3) 1\ simple b i-directiona l R. S-232 in­
terface is included. requ iring only a few
add itional hardware components to be
installed in the recei ver.

(3.1) The RS-232 interface output cir­
cuit is shown on r ig . I. Because of
hardware limitations, the bit rate can
on ly be set to 1000bps. The output data
format is a serial async hrono us transmis­
sion inc luding a start bit, 8 data bits, no
parity and one stop h it. The output
signal level ranges from OV to +5V
only, although these levels are usually
accepted by most RS-232 receive rs. The
signa l polarity is inverted as usual in
RS-23 2: OV represents a logical " 1"
while +5V represents a logical "0" . The
data output matches the LCD disp lay
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content, the display cle ar command
being replaced by a CR'LF combin ation.

(3,2) The RS-232 interface input circuit
is shown on Fig,2, Because o f hardware
limitations, the hit rate can only he set
to IOObps or 10 limes slower than the
output rate. The RS-232 input can be
used to issue commands identical to
those co ming from the 8-key keyboard.
Only A SCII characters "0" , " I", "2" ,
"3", "4" , "Y', "6" and "1" are therefore
accepted as valid commands. All othe r
codes are simply ignored. The data
format is 8 b its. no parity. one or more
stop bits. The signal po lar ity is inverted
as usual in RS·232.

Since the PC.'6 input is now used for the
RS·2 32 interface input, it can no longer
be used to select the display type, CRT
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COMPLETE KITS & PCB's
KIT DESC RIPTION ISSU : xo. PRICl:

DR6NT-OOI Meas uring Amp up to 2.5 GHz 4193 06382 £ 60,00

DB6NT-O(j2 Frequency Div ider to 5,5. GHz 4i93 06383 £100,00

DC8UG-007 5W PA tor 13cm 3/94 0693 8 £28 6,00

DJ8ES"OO I 23cm f]l,fjTV Convener 1/9l 06347 £ 93.00

DJ8ES-002 D igital Fr uency Indicator 1/91 06]52 £ 53,O()

OJ8ES -003 IF Amp lifier 1/91 06355 £ 5500

DJ8FS-004 Demodulator INI 06362 r 72. 00

DJ8FS-OI9 Transvcrtcr 14412X MHz ,1/93 06385 £143,00

DJ8ES-O I9mud Trausvcrtcr Sons r.1Hz 2/95 06392 £143 .00

DJ8ES~020 Hybrid Amplifier for 144 Mllz 1/94 06387 £ 179,00

DJ8ES-021 l Jcm 1M ATV Exciter 2/94 063 81\ £ h7,OO

Dm .':S-022 28/432 MHz 'I ransven er Osc illator 2/95 ()639 5 £ W OO

DJ81'S-023 28/432 MI lz Transvcrtcr Converter 2195 06]96 £114.00

H F- ~ll:SS PC Software for the DJ~ES proj ects '!H i\ £ 32.50

OE211.1 00 1 PreMixer for 23 and l1erll 1/97 £ 115 00

YT3MV low l\oise L-Rand Acrial Arnplilicr 21<)2 0(;358 r 29 ,SO

I'CB 1).:S(:KlrTIO :\ ISS!I.: :\ 0_ rRIO:

n c.SL(j -!'1I 5W I'll for lScrn 3/'i4 o(''i3(, r 19.25

rX:Sl ;( j-NT Power Suppl y tor the I'A 3i94 06937 £ 775

DJ8ES-OD I 2Jem F).,1 ATV Cunverter II'JI 06347 £ 10 75

DJ8[5-019 Transvcrter 144 /28 Mllz 4/9 3 06384 £ 17,75

LJJSLS-020 Hybrid Amplifier 144 .\lJlz 1/9 '1 0638 6 £ 17,25

DJRES-021 l Jc m 11,1AT V Exciter 2i'l 4 £ IS,50

DJSLS-022 28/432 .\1 111.'I'ransvcrtcr Oscillator 2i95 £ 16,50

r }I ~HS - (l23 28/432 Mllz 't ransvertcr Convener 2/95 £ 16,50

DJ ~HS-027 Milliwatt Meter for the PC 4i'l6 £ 13.50

DJ8E S-01X O'J - 15 GHz Synlhesi, er lor the PC 1/97 r 13.50

DJ8ES-029 Interface Card 3/9 7 £ 15 00

UJ8ES-(l30 VCO with PEL 3/97 £ IS.OO

DJ8! ·: S-(l31 Mixer ,' EO 3/9 7 £ 15.00

D.1 81-:S-032 Pill Diode Controller 3/97 £ 15.00

D.l8FS-033 ND Converter with Detector 4/97 r 1500

DJ8ES-03 4 Direct Mixer with Logarithmic Display 4/97 r 15,00

lll'-MESS Sottwarc lor the DJ8 ES PC projects I RA r 32 .50

DF9 PL-OOI 30 Voll PSI; 1/93 06378 c 9.80

DF9J'E-002 Pre-Stabiliser l/93 06376 r 10.20

m 91'E-003 Precision Stabiliser 1/93 06377 £ 11.20

OFlTZI.-OOI J'reMixe r for 23 and 13cm li 97 £ 15,00

Minimum Shipping charge £6.75 * Credit Ca rd orders ~5'% ~ Address data at bottom of Content s page

254



VHF COMMUNICATIONS 4/97

I ,

ommunlQ I

Back issues of VHF Communications Magazine arc
available at £2.50 each -

Issues available: 1,2,4/1972 * 2, 4/1973 1/1974 * 1, 2, 3,
4/1975 * 3/1976 * 1,4/1977 * 1,2/19 78 * 1,3/1979

1980 III 1996

less 21811, 118/ , 418/ , 1/ // 82, 3187, 1/88, 2189, 3189, 119111/// 9/

Price incl udes surface shipping, for Air Mail add £0.75 per
issue . Credit card orders +51X,

A complete set of ami/able issues 10 4//996
£l2/1J)0 p/IIS shipping' at cost

KM Publications, 5 Ware Orchard, Barby,
Nr,Rugby, CV23 8UF, UK

Tel: (0)1 788890365 Fax: (0)1788891883
Email: ,"'hfsales(a;vhfcomm,co.uk Secure \V\V\V Form It

hUps:llw" w.vhfcemm.co.uk/saleferm.htm
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AFFORDABLE SOFTWARE FOR PRO AND AMATEUR

I

winLlNE
Transmission line impedance calculations for all
sorts of lines: coaxial, sfripline. microstrip, plusrec­
tangular lines, eccentric lines, trough lines, wire­
above-ground plane, and many others, Computes
impedance, loss. inductance,capacitance and other
paramete rs, Uses data from Microwave
TransmissionLine Impedance Data. For Windows.

Order NP-ll 5195.00

Microwave Transmission Line Impedance Data
by M.AR. Gunstan Order NP·10 $54.00

"~,, " ~~ ", ,..
""" M""" .~_

Order by telephone, fax, mail or our Web site!
V'ie acceptpayment by VISA, MasterCardand AmericanExpress orcheck drawn onaU.Sbank. Shipping
charges are - U, S" $5.00 for the first item, $1.00 for each additional item; Canada: $10.00 first item,
$2.00 each ajditional item: Other countries (Air express): $32.00 first item, $10.00 each additional item.

; ':: :,,'

,--=
::~!jij@t0*i'[, ~

I

EEpal
The "Electrical Engineer's Pal" is loadedwith usefu l data
and utilities for the active designer. Includes units and
conversions, materials and component data, scientific
calcu lator with higher math functions, pads , filters,
matching, and more. Has a notepad and calendar, plus
aphone list with an autodialer. All this is topped offwith
a list 1800 EE suppliers! Runs in DOS or aDOS window.

Order NP-20 $195.00

winSMITH
The best electronic Smith Chart around! "Build" a
ladder network of up to nine clements (L, C, R,
transmission line or transformer) and usetile chart
to tune values until thematch is perfect.Written for
stand-alone operation, but makes a perfect addi­
tion to the book Electronic Applications of the
Smith Chart. For Windows.
Order NP-5 579.00

Electronic Applications of the Smith Chart
byPhilip Smith Order NP-4 $59.00

~------=-------'

I

~
CRESTONE
TECHNICAL BOOKS

CRESTONE TECHNICAL BOOKS
Div. of Noble Publishing Corporation
2245 Dillard Street · Tucker, GA 30084 • USA
Tel: (770) 908-2320 • Fax: (770) 939-0157
www.nobtepub.com



2 ex citing new kits recently added to our catalogue

DIGITAL FREQUENCY DISPLAY

A high -quality mic rocontroller based unit capable of measuring up to 32 MH z
as a bask unit, or by preselecting an IF offset by means ora trimpot it can be
use d as the freq uency rea dout of a Tx or Rx by add ing/sub trac ting the offset
from the LO. Also, by add ing a suitable prescaler it can be used up to 8 GH:l.
16 character LCD display with 100 li z resolu tion - e.g. 14.257 M l Iz USB ­
the mode disp lay is set by externa l resistors and ca n be prog rammed to show :
AM , FM, CW. USB, LSB, FSK, FAX , or can be left blank.

K it (no case):
Assembled (no case):

OFOI
DFD2

£42.46 + VAT
£47 .20 + VAT

DIGITAL INDUCTANCE/CAPACITANCE METER

A real breakthrough in Lie measuring equipme nt at the pric e. A must for
home constructo rs to help identify com ponents and as an aid to winding
co ils, etc . At 5 samples per second the unit will also track whilst chec king
adjustable components. Microcomputer based.

Once you own one you will wonder how yOIl managed witho ut itt

Basic specification: 0.00 1 ~lH to 100 mH (150 mIl typic al)
0. 1 pF to 1 )..IF non-polar ised (1 .5 I1F typ ical)

Auto-ranging and sel f-ca librat ing - 16 charac ter intell igent LCD display
4 digit resolution - accuracy typ o1% ofreading - d irect display in engineering
units, )..II[, pF, etc . Powered by 9V battery.

Ki t inc. box and hardware:
Bu ilt and tested (no batte ry):

LCM KIT
I,C MBLT

£79.00 + VAT
£94 .00 + VAT

P&P free in UK, Overseas extra. VAT is 17.5%

MAINLINE ELECTRONICS, P.O. BOX 235, LEICESTER,
LE2 9SH, U.K.

TEL: (0)116 277 7648/278 0891 FAX: (0)116 247 7551
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