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Dragoslav Oooricic, YU 1 A W

The YU0B Yagi Antenna

Since its conception in 1926, the Vagi antenna
has always been a center of interest due to its
very favourable rat io between its electrical per­
formance and its mechanical properties (dimen­
sions. weight. windload). Both the theor etical
analysis and practical experiments have pro­
duced many successfu l designs Actual Yagi­
antenna designs are not limited to the original
rod-type element design: disc s, loops. quads and
many other forms, including combinations of the
above, are also being succes sfully used. On the
other hand an excellent acreement between
computer predictions and actual experimenta l
results has been obtained, right down to a traction
of a dB for the Vagi-antenna gain (2).

While the design of a single Vag i antenna has
been developed almost to the physical limits of
gain , bandwidth and side lobe attenuati on , the
problem of para llel operation of several identical
antennas (stacking) , and in part icular the inter­
action s between the single antennas connected
together in the system, has received considerably
less attention from researchers and exper i­
menters.

In this artic le, a careful analysis of the pro­
blem of stacking Vagi antennas is made first.
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The results are then used to produce a very
successful dual-yagi design ca lled t he YU0B
Vagi antenna for the 2 m amateur ban d. The
same results are also used to compute the
stacking distances for a number of YUOB
du al-yagi antennas resulting in very compact
high-gain arrays. Finally all the theoretica l
results have actually been confi rmed by many
different practical measurements .

1.
SINGLE VAGI ANTENNA GAIN

The gain of a single Vagi antenna depends pri­
marily upon its boom length (f ig . 1), only minor
deviat ions being possible because of different
reflectors, feeding systems and element length
and spacing tapers. Each doub ling of the boom
length yields some 2,3 dB of add itional gain

It should be noted that the gain curves of f ig . 1
only show the maximum obta inable gain, for a
given boom length, with a carefully optim ized
antenna . Many popular designs are unfortunate ly
far below these figures !
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2.
STACKING YAGI ANTENNAS
INTO A SYSTEM

Above a certain gain va lli e, a Single Vagi antenn a
becomes InCOrlWln;eo lly long for praclica l C()O+

struc tion and Installation . II is meeetcre necessary
to stack a flumbef 01 shorter Yagis to form an an­
lenna syslem of lIle reqUire<!ga in.

II is a widely held opi nion, thai l!le inleraclions
between the indiv idual antennas in an a~ay neve
a destructive mnoerce on the cha racteristics of
the array : dec reased ga in and inc reased Side
lobes. The refore , almost all the authors (and
malllJ faeturers) o j Vagi antennas just spoclfy lhe
minimum slack ing distance be tween the single
antennas In both ptanes The slra'ghl· lorward
pa rallel connectIOn01two judk:iously spaced an­
fet'Vlas can really provide almos t 3 dB of st!tdt,OQ
ga in. however, at the expense 01 increas ed Side
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lobes. unnecessarily narrow main lobe and also
requlnng a 101 of precious space ' An in-depth
anafysis ot ue mutual inllueocc betwee n the In­
dividual antennas is therefore required

It can be immediately seen from f ig. 2. drawn
for two stocked 2, 3, 6 and 7 element Yagis (1) ,
that the system gain is n01 a simple function of
the spacing between the antennas The inter ­
action between two stacked half-wave dipoles
shows an even morn noncoabre gain oscil lations
(f ig. 3). Interestingly, all these curves show a
clear maximum at a spacing of 0.6 ,.. atcou rse if
the stacking distance aporoacres zero the gain
dfOp s to lhe value of a sing le antenna

Besides lhe Integr8tion ct ne radiatior> patterns.
the gain ot two identical stacked antennas can
also be calcu lated trom lheir sell and mutual im­
pedances, prOViOOd that lhe gain orthe individual
antennas is knOWn. This method has the side
advantage Ihal the mutual impedances can be
measured much la ster and to a higher accuracy
than the radiation patterns !

The mutual impedance between two )', / 2 dipoles
as a function of their spac ing is shown on l ig . 4
(1 and 3).
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Fig. 3: a.in oj Iwo 5tec~ed hall·wave dipoies
depend"",t on l ile spacing

SInce to calculate the system gain we actually
halfe 10 compute the input power to each ar ae nna .
only the real parts oJ R,. the self and mutual im­
pedances. will playa role in the calculation. Ir s
easy to predict that the maximum gain will occur
when the mutua l resistance reaches a minimum,

In the genera l case. the stacking gain of two
identical antennas connected in a system, ex­
pressed as a field intensity ratio over a single
[refe rence) antenna. is given by the follow ing
equations (3):

in E plane:

in H plane:

R" + R"
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where:

fl... = sell -resistance 01a s'ngle Ireterence]
antenna (73 11 fordipole)

A" = self-resistance of each antenna in system
= R?~

RI ~ .. mutual resistance = R21

d. = distance between antennas expressed
,n radians

With ltle above equations, It is VeIY easy to
explain fig . 2 and 3. snowing ltle stacking gain.
for /.. f 2 dipoles and for shan Yagis respec tively ,
as a function of the slacking distance,

The slacking gain for A/ 2dipoles reaches the tirst
maximum of 3,8 dB at a distance 01about 0.65 A.
The next maximum 01aboul3.3 dB is reached at
a distance ol 1.7 ).. Both maxima could have
been pred icted hum fig . 4, observing the curve

lor R'2. Here it is import ant 10 notice. thai a
favourable interact ion between slacked anlennas
can increase the stacking gain even above me
3 dB value!

However, the effective antenna aperture in·
creases proport ionally with the antenna gain. Of
course. the stacking gain of two antennas will be
decreased if their euecnve apertures overlap .
Fig . 5 shows the opl lmal stacking d'staflCe 10
avoid enecwe aperture overlapping , Aperture
ovet1appi ng also explains fig. 2. In u e case 012
element Yagis. the respect ive apertures are so
smallthat the stacking gain peak at 0 65 1. is st ill
evident. In the case of 3 element Yagis, this
maximum is already flattened and shifted to a
slightly higher distance 6 Element Yagis show an
attenuated pea k al 0.65 ). wh'ls1 another maxi­
mum starts at about 1 ). stacking distance. when
the eaecwe aperttJres no longer overlap . Finally,
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Fig. 5 Optimumstacking distance avoiding aperture
overlapping

Fig. 6: Stacking gain at 5 8 i distance as a function
of the antenna length

for 7 element Yagis, the attenuatio n, caused by
apertu re overlapping, ends just in trontot the 1,7 f.
stacking distance maximum. The 0.65 f. maxi­
mum is 01course noticeably attenuated ,

From the above we may conc lude that we have 10
deal with two different effects when stacking an­
tennas'

optimum system, it is bett er to cho ose a suit­
able stacking distance whe re stac king gain
maxima are known to oc cur (0.65 r; 1.7 i., ...).
Then the optimum s ingle antenna gain t- Vag i
ant enna boom length) is chosen to avoid
excessive aperture overlapping, by the use of
lig. 5.

A gain rise caused by a constructive interaction
between the antennas:

2, A gain fall caused by effect ive aperture over­
lapping

The sum of both these effects is the actual
stacking gain!

The above conclusions have, however, an
even more Important consequence. It Is a ve ry
bad practice to arbitrary choose the lengt h of
the single antennas and then try to find an
optimum stacking distance. To design an
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When antennas are stacked at abou t 0 ,65 i, (slot
arrays ), the optimum antenna length lies between
05 and 0.8 t.,which means quite a short antenna,
Longer Yagis will exhibit a lower stacking gain at
this distance, decreasing \0 2 dB for 2 i. long Yagis
(f ig. 6).

If a stacking distance of 1.7 i. is chosen , the opti­
mum Vagi length is around 2,5 i.cor responding to
an antenna having a vertical radiation ang le bet­
ween 35" and 40°

In the case of bayed Yag is (Yagis stacked in the
horizontal (E) plane), the interaction effects show
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a similar behavour although their magnitude is
actually smaller than in the case of vm1ically (H
plane) stacked Yagis. From the mutual impe­
dan ce plot for two dipo les (shown in fig. 7 ) we can
predict a stacking gain maximum at around 0.5 )"
and another one at around 1 55 ;' ,

2.1. Qu ad and Lo op Yag is

The abov e theory can also be used to describe
the operation of a quad Vagi, since the quad Vagi
can be considered as two Yagis slacked at 025 ),.
the ir elements bent and joined. It can eo sn ms-

•• 0~ 0 2,-, 1c _
~ '"' 19
~S ',.•

f- '-r'
1.6 '

M.
D .O ~ 0,01

0.\0 0.2

Element leng tll A
Element lange- A

0.; Fig . 8 :
Self -re sistilnce and gain of
lruncated elements depen denl
on lheir length.

7'



diately noticed from f ig. 2 and 3 that the 0.25 },
stacking distance is fa r from optimum, The gain
of a quad is decreased by an additional 023 dB
since the elements are bent (fig . 8) .

Circu lar loop Yagis have about the same gain as
two Yag is Slacked at 0.25 i.. Other forms of loops
sf-ow on ly smalle r differences (see table 1) with
respect to tile quad and crrcutar loop s

VH F-CO MM UN ICATIONS 2186

On the othe r hand, in amate ur conditions the
space occupied is usually the limiti ng parameter.
Widely spaced Yagis will also present a much
higher wind induced torque 10 the rotator syste m.
It is therefore nece ssary to conside r also, the
relative space -sav iog (dl), which is defined as the
difference betw een the opt imum distance 1'1" and
0.6 ). , divided by tho boom length L:

It may be deduced that there exists an optimum
with the best ratio between relative distance
saving (dl) and gain loss (dG) . We shallmerotore
introduce an optimization factor K, as the ratio of
the above quanti ties:

Equilateral Gain Driving point
loop type dB i resistance

(Ohms)

Triangle 2 ,70 10 4
Square 2 .99 120
Pentago n 3.10 126
Hexagon 3.1G t ?9
Octagon 3.22 132
Circle 3,28 135

Table 1 : Estimated equilateral loop propert ies

dI

d l

I, ,,,, - 0,6 1.

l

1'1' - 0,6;'.

Very long loop Yagis have almost the same gain
as the basic roo -element Vagi , since due 10 the
very small equivalent stacking distance, apertu re
ove rlapping is almost tota l This was also con­
firmed by practical measurements (7),

3.
OPTIMUM ANTEN NAS FOR THE
0 .6 f, STACKING DISTANCE

The stacking ga in for 0.61, (abou t s z81.) is shown
in fig. 6. Ot course the stacki ng gain dec reases
with increasing the antenna length, since ape r­
ture ove rlapp ing also increases. If our des ign
goal were the maximum antenna system gain, it
is obvio us that this optimum ga in (Gopl) can only
be obta ined at distances greater than 0,6 I. for
antennas longer than about 0 ,8 i.. The actual
gain difference between the optimum stack ing
distance and 0.61. can be written as dG:
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dG (G,", - GO,oJ · L

A plot of K, as a function of the antenna boom
length L, K, =' f (L), is afso shown in fig. 1. A rather
flat ma ximum of K, exists between antenna
boom lengths of 2to 3 A suggesting the opt imum
antenna dimensions .

3.1. Feeding 0.6 A Stacked Yag is

From fig. 4 it can be seen, that the mutual impe­
dances between close ly spaced antennas have
considerable values. If eac h ante nna were indivi­
dually matched to the generator, a large mis­
match would ensue if the two antennas are
employed in close proximity to each other.

The few dB, obtained from the stacking gain,
can easily be lost if t he two an tennas are no t
fed with precisely the same am plitude and
phase. Careful attention must be g iven to con­
structional tolerances of the antennas and
(more probably) of teed-cables. Naturally a
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low Q fMd-netwoMl. i'- h ighly cIe. lrab la, ,Inee
It a llow. widliM' construct iona l to~r.nce• .

"
Avery simple and etlicient method 01 feeding two
Vag,s stacked at 0 6 ;. IS to use the sxeleton slol
radiator This ISactuauy mad e of two 0.6 i. spaced
hall -wave dipoles with the open ends bent and
JOIned toge ther, The impedanc e at these po ints is
very high (around 600 H) and can be transformed
dow n to a convenient value 01200 II by a delta-

match . A ha lf-wav e coeear balun can be used to
match IhlS value 10 ee stanoard 50 II coax

Due to its low Q (in comparison with other feeding
systemSI. the skeleton slot radi ator is less set1si·
live to constructional tolerances and influences
from othe r antennas in the array . Th is is sspecl­
al ly import ant in large antenna arrays where a
numbe r of very Similar antennas have to be blJlIt
hr5t and the n connected to form an array.

f ig . II, The YUOB horizon"l d i.gr.m
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4.
THE YU0B ANTENNA

Accordi ng to tM above theor l;ttiCal esccssoe a
pract ical sample 01a sot-tee antenna was deve­
loped by a group of amateurs.

A practical 2 l. Iof'1g Vagi antl;tnna gives about

"

VHF·CQMt.4UNICATIONS 2.·86

-..!,
i

13.8 dB,of gain. This corresponds to a horizontal
rad iation angle of 37' and a vertical radiat ion
angle of 45' . Two such antenna s stacked at 0 .6 A
will give an overall gain of 159 dB and the vertical
radiation angle will be reduced to 27' .

The VU0B antenna derives from lhe K eAT slot
Vagi developed by K 3 PGP. Acceptable omen­
SKlnS and the compactness 01 the K e AT EME
anten na system seemed very arnecnve lor COfI(II'
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",'

". Fig. 11 :
Horizontal diagram
01 two bayed
YU0 B Yagis

".

tees or restricted spac e. The original was modI­
fied and op timized lor besl resorts .

Tholirst modification was the adoition ottwopairs
of director s. This antenna seemed to have a
clearer diagram and a litt le more gain. A system
of lour such antennas was built and practically
tesrec in an EME0 50 .

Later , two more dilectol"S were added arid the
leedlng system was changed kom a "sfeeve'' 10

a coax ial 1 : 4 ba lun. The addit Ional directors
required some mole changes of e lem en t spac ing ,
especially between the radiator and the nrst
director . Th is was necessary in order to preserve
a clear radition pattern.

After two years 01work, inc luding many lJ'lOdrtica·
uons and radiation penem meascremems. we
obla ined an antenna at appteclab le qua lIties:

7S



Fig . 13: Ual<;:hln'il network fortwo antennas

200A a nt

4 :1

YU ClB

200A ant .

H 2 · k ~ "
;0.

" .
/
th / Rx

VHF-COMMUNICATIONS 2/86

t .) The antenn a was easily reproducible and all
lhe spec imens gave a clear diagram (f ig. 9
anet f ig . 10), The gain calculated from the
diagram corresocnced to the theoretical
calculations of 16 oa

2.) The malchlng was very good an over the 2 m
amateur band. The SWR did not exceed 1.2
between 144 and 146 MHz .

3.) The antenna is very suitable for stacking or
baying. since it exhibits a very clear radiation
pattern. The results for two YUOB are show n
in flg . 11 and 12,

200A a nt ,

A/ 2·k

"'.
2011 JL a nt,

4; 1

To obtain accurate results, many measurements
from cntersot locations were made, using di1­
terent signal levels and different equipment.
Stable and repeatable results are the proof thaI
the measuring procedures wlN'e correct (c om­
pare fig . 11 and f ig. 12).

;0 .

/

SOA h/R.

~',

4.1. Stacking YU0 8 Antennas into Systems

As already mentioned the good features of the
YUOB antenna me essential for building larger
systems Stacking YUOB antennas present two
possibilities :

First, placing the antennas 0.6 i. apart: 2 dB can
be expected lor each system doubling.

Second, using oplimum stacking distances to
avoid epenu re overlapping: about 3 dB can be
obtained tor each system doubling.

If a compact antenna system in a small space is
preferred , tour YUOBs can be Slacked at 114 cm
and bayed al 214 em. Such a system will provid e
aboul 20 dB of gain. The dimensions are inle res­
ling: 3.5 ~ 3,2 x3.8 m f

If more ga,n with the same number of individual
YUOB araeones is required, optimum slacking
distance to avoid aperture overlapping can be
found from the radiation angle e In the plane of
stacking or baying (6) :

200 A anl . , OOA a ni .
D •

FI'iI. 14: Mllt<;:hlng netwol1lfor four .nlennas
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For ltle YUCB ......ttl fl • • 37" and 1l<H .. 27". opn­
mum spaCings ase 2.' ''' ~ ("", .45 m) in the ve rtoeal,
and 1 6 l (3 .3 m) n ee honZofTtal plane. Stacking
in this way will give a sys1enl ga'" ol 22 dB. but
ltle d imens ions clfe mu chlal ge r, es pecially In Ine

vertica l p lane,

From the theoretica l d iscu ssion , it ca n be seen,
thai the mutual influences and COfresponding
adclltional ga.n are smallet when e eantennas me
bayed fl lhe hofironlal plane than wtlefl \tley are
stadwd irt 1M vertlcal plane. It is there-tofe tenee.
to use the optlmum horiDJnlal stacking di sta r1Ce
lor YUOB, sece w~h a smaQ ir.cremem 01 the
system dimension (lTom 3 .2 to 4.4 m). lhe maxi­
mum slacltlng ga in ca n be oblaiood .

In the vl:!rtical pla ne we have the opposite situ a­
lion . Du e to the narrow vertical rad ia tion angle 01
the VUOB, lheoplirTllJm spaciog is large. So 1 dB
can be sa cr ifICed in order to retain the 0.6 ;,
slacking in dle ve l1ic:al plane. wMe the eeee­
pied ...~uml is actually halve(i !

In th is ca se the distances are 1.2 m in the ve rtical
and 3 .3 m In !he horizontal plane (measu red ITom
boom to boom. System gain is 21 dB, and the

polariz ali()f1ts horiZontal.

The rna1chir'lg network tor two antenn as is shown
in f ig . 13 and lor 4 anten'IaS In fig . 1C Larger
enays, groups oI 1WO or lO\.rr antennas. should be
considered as an individual an lenna.

4.2. Mechank:al Cons tr\lctJon 01the YU0B

As! overall view of the YUOB antenna is shown in
fig . 15. The two booms are made of 25 mm ee­
metef~\IA>e . The~are 1l"1stal l ed

on insulating supports Ing. 16 c ). These insu­
lalors can be made "om practically any insulaling
material. such as PVC. p~xiglass , tel lon, etc.
(f ig . 16 b).

The slot radiator is manufactured !rom copper,
brass wire or tube d 5 mm external diameter.
The veoocs pieces are soft or hard soldered
together . The most surtatlle malerial is 5 mm
copper tube Since the coax center con<t.Jctor ca n
SirT()ly be ~()ered in10 the hollowtu be , Irte balUn
beng soldered directly to !he arm of me delta
matct1tranSforTTlOf (I ig . 16 d).

TT
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o
-t-
I 0

Boom
®

Coo. holder
Koox-Iln lt er

Coo. (o ble
I<o<r.c I(obel

' "

Fig .1 6 B:
Mast instal lat ion and leading the coax cable

, I I

_Im;u lat~ "e "
150la tor

Ail ihe duectors and renecto rs are made 01 5 mm
diameter AI welding elect rodes or AI wire (dime n­
sions and spacing s - see ta ble 2)

ss,
Elem ent l engl h (mm) SpaCing (mm)

All elements are
meoe ot AI S mm 0

SIal oreoor 1 . 18
RelL director 1 : 380
Spacing between all
d irectors is : 406

1020
933
914
908
898
889
879
870
887
851

aeneoor
Director 1
me-cora
Director 3
Director 4
Director 5
prrecto-e
Direct or 7
rxerctor 8
Direc tor 9

YUf}B.:::- =-l=-=-- - 1' -- -,, ,

,,0;]
,
Matet ial : PTFE, PIH iglas5,

PVC 10",,,, thick

1-- - +" - -

I'S'

Fig . 1&b:
Th& lnsu laUng support s

Tabk! 2: Dime nsions and specnqs ot elements
IOf the YUOB aruecna
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Boom
Trugrohr

F 200 lL

z

lnSIJkltor
Iso lator

"'
skaleton slot
SkP lelts(hlilZ

Fig.16 c :
800m, insulating support andelement

Fig . 1&d:
Feeding and matching the YU0B Vagi antenna

A 25 diameter PVC tube is used to support the
cil ble between the balun and the mast The nylon
rope improves the mechanical strenqlh 01 the
antenna.
Other details are visible in fig. 16 a,

dit ions 10 the LEoKC and KA QTH SqUiUCS. In all
the expeditions we used YU0B antennas.

The lollowing amateurs contributed to the realiza­
tion of the YU0B: YU 1 BB, EU. EV. NRV, MS.
NZV, WA, OAM, OlO, OJP, MM, YU 2 RKY,
00, RTU, YU 7 ACO, BCD and the author of this
article: YU 1 AW,

5.
THE ANTENNA'S NAME AND THE
RESULTS OBTAINED

Many YU amateurs contributed to the develop­
ment, practical construction and measurements
on this antenna. so it was decided to choose
YU0B as its name. The letter "B" stands for "YU
VHF-UHF BUllETIN" in which it was published
in 1980 for the first time. Unfortunately, this call­
sign could not be obtained for the activit ies pro­
moted by the publisher. We got the call sign
YZ0B and used it in several MS and tropo expe-

YU 7 AR, YU 1 EU, YU 3 USB and YU 3 ZV used
this antenna lor their first EME OSO's.
It helped to make more EME contacts and ob­
tained good results in various contests. The an­
tenna performed very well in MS work and was
used with excellent results by YU 4 GJK, YU 7
BCD, YU 1 AWl/I and many others.

Finally, I wish to thank all those amateurs who
participated in the development of this antenna
and who used it. notwithstanding the tact that its
outstanding qualities had not been fully proved.

Text revision of this article was carried out by
Matjat Vidmar , YU 3 UMV.
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Dieter Schwarzenau . Bernhard Kokot

More about the DL0 HV HF Millivoltmete r

OM y• • r lolk)wing the publ~lllon of the
conslruct lonl l details Ol lh. HFMilllvoUm.ler
( li lt I ppel l"l to be time 10 r. vl_ the project.
The Inslrument has. in the m.lnllme, been
construct.cl by man y pI'Ople snd quit. slot of
.od tl lonal • • p&rience i l now 10 hlnel. The
opportunity II liso lIken to Introd uce prKti­
cal u,," for Ih ls versali'e Ins tru men1.

1.
CONSTRUCTION TIPS ANO
CORRECTIONS

The only kF10Wfl actual JTlISlake. SO tar. concerns
\tie reel ll.., dIOde 0 401 01the throogh- ~ne probe .
II IS shown tn fig. 5 b WIred In the revel'$@d
polarity, The polarity shown on me component
plan, (fig. 13) Is. however, coeect (1) .
On the component plan lot the electronic boa rd
wllh eleclronic SWitching If lg. 21) and in the Circuit
di&\lf!lm (Ilg. 7) the polafity lor all electrolytic
capacitors has been omitted. As In all cases. one
leg ISconnected to the SlIpPlyrail, It would'nthave
beef1 very d1!f1cu ll to wor1<. out the correct way
round 10 Wlre them In. Wrth the • • oeploOfl ollhe
bloc kca~ C 615. near the VQIIage regula tor
I 612 (f ig . 211. al the plus leads should po.nt up­.,,,..

The components part s list lor lhis module also
omitted C OOS. R 642, R 643 and POO l. The
resetaoce of preset P 601 IS identical With lha l 01
tho conespondtng polenllOmeler in tile meenaf\l ­
cally operaled module and IS 100 II. Capacitor
C 605 is a tantalum capaCllor of 2.2 " F ilInd
25 V wOflung votIage The r8SlStors R 64 2 and
A643serve only as bndges and ltoefe1ole . are flO!
nctuded lf1 !hit ar-eu ll diagr am. They 5hould
no! eeceec a va lUe ot 10 n . The capaotOf C 607
should be removed from the eirc:uiI as It caused
!he regUlator to osotlale onslead of redUcing
rt>Ple as 11'1lendt!d.

Apall lrom !he probe. !he HF mtllrvotllTMlter
may be regarded as a PlJl"ety audio frequency
IflStrumenl and W-1$gtVefl!he <tppropnale design
meaw res Wllfl Wf1ICtlIhrs merits.

The COf\sIructor~ thet'etore adhere 51r1Ctty

to the instructions oonceffllng 9roundplane
through COflfllKflOflS, In or<ter thai earth loops are
aVOIded. The old HF addage tnar "ttl e more earth
coooeceons the beller" does nol apply here . The
use of a r'"9"'OOre Iranstc rmer in the power supply
.....as not tcc ootc be ju~ll hed '" c rectc e. Because
01 the small lell kil ge inductance ot this trans­
lormer, mains Interference was hardly reduced at
all. II poss.ble. Intendlfl9 constructors should
use a normal PCB transformer or ones .....ith an
M-core . whose pnmary and secondary windillgs
do I'IOl ill above Nd'I other but in jlOOaposIIlOO.
lJnder certain c:ondlIoOfISIIcan 0C0lA" thai eumlr1tS

IIow ltvougtl !he C4lblneI afld into !he tnaIf'IS

"
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ground line and imel1ere With the measurements.
In thIS case the mains earth ccooecuo n may be
removed 101' lhe measurement but it must be
stressed that the earth lead should never be
disconnected perma nently .

le rminating ressic r may be used . connected
orecny to lhe line output termmal of tne through­
line probe. The probe can. however, be part of a
50 n coaxial line system with say, a frequency
counter on the other end. In this case the coaoa:
cable should be as short as possible, otherwise.
the less than per1ect termination may cause
errors in the voltage measurement due to renee­
tons back along the line These errors can be
considerable.

2.
USING THE HF MilLIVOLTMETER

The measurement of treqoeocv. voltage and
power are the most important measurements
undertaken by the exper imenting amateur. !t can
also be interesting sometimes 10 be aore to
determine the reflection coefficient The measu­
rement of frequency presents no problems
nowadays Quite a large number of articles,
dcSCfibing the const ruction of low-cost freque ncy
meters. exiSl and lor those who do not wish 10
bUIld there are many suitable proprie lry instru­
ments 10 choose from, For lhe measurement of
lhe other quantities however, the picture is Quite
a bit different. Conmercrat instruments are,
almost Without exception. expensive and useable
constructional articles are very few, In the past
many amateurs had to be content with the
"go" I "no go" type of voltage measurement
obtained with a rectif ier and capacitor combina­
tion stuck in Irool of a mumrrete -. The following
examoies will serve 10 emphasize the coosoer­
able improvement which the eescn beo HF milli­
voltmeter reoeesems.

It the item-under- test canno t be made part of a
50 n measurement system. the high impedance
test probe musl be used. Although th is probe has
a very high impedance and low capacitance, il
is always good measurement practice to select
a very low-impedance test point at which to car ry
out the measurement. This should be practice­
larly observed when measuring tuned circuits
and oscillators where oetunmq ot such circuits
by me probe may make the measurement
meaningless.

Sometimes, when using the proco . a difficult
problem occurs as to where earth connection
should be taken . For measurements over 100 mV
it is sufficient merely to clip the grouoo lead to
the nearest available glou nd point This.
however , is not good enough lor low-level
measurements. This is particularly thecase when
the measurements are to be made in equipment
where large levels ale also present. To check
their effect, simply coonectme probe ground lead
to its tip and see if the re is any voltage indication
on the meter range being used for the test. The
extremely high senSlllvity of the meter and the
high-impedance probe Wilt sense the high-level
interference signals in the vicinity ot the area.

2.1. Measuring HF Vo ltages

As the name suggests, the measu rement 01
small high·froquency voltages is the mam pur­
pose of an HF millivoltmeter , Before the measu­
rement is undertaken, some ccoseeranon
shoold be gIVen as to the loading me measunng
device imposes upon the item-under-test {IUTl ·
11 is best when a 50 ll terminalion can be used to
terminate the item-under-tesl via the l hrough-lil"le
connector probe In the simplest case, a 50 II
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11the circuil to be tested IS enclosed in a lin-plate
housing , it may be possible to earth the probe wi1h
a convenient point on the metal mass near the
lest point. If that is not possible, a short piece 01
wire may be used from probe ground to the
nearest ground to the test pont.

When making the measurement. a range should
be selected which causes the meter to indicate
z f 3 FSD or qreater starting with the 10 V range
The leading can lhen be read on In volts or in
mV. II only a normal mull imeter (digital or
anaJogue) is connected to the AF module and a
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dBm measurement result is required. the follo­
wing equation has 10 be useo.

a (dBm ) = 20 log V/ 0.2236 (in mY)

Th is is only meaningful, however. when the
measu rement is taken across a known resistance
0150 fl.

With the lowest scale 01the indication. desc ribed
in me consmcnoeat article, the value In dBm may
be read off directly, II is even more simple if the
logarithmic amplifi er is ava ilable , The input
selector switch is set to the app ropriate Input
V 1 or V 2. The pointer morceuon must be read
againsl the upptlf scale aro added to the
measurement range seilin g (scale value l"I69a­
live).

2.2. Power Measurement

As the use 01the through-line probe is intended
lor use in a 50 II measurement system , a vonage
measurement is atways also a power measure­
ment The power is de termined by including the
measured voHage In the expressio n:

P =V2 / 50 H

It is still simpler it the voltage can be read off in
dBm I 50 n . as a dBm represents a power 01
1 mW / 50 n . With the well-known tact mat
doobling the power is + 3 dB and increasing It by
a factor of ten is ... 10 dB. it is quite easy to de­
duce any measured power read on the dB scale

(examples: + 23 dBm ,. to dBm + 10 dBm + 3
dBm = > p "" 1 mW x 10 x tc x z e zco mwor
- 16 dBm = - 10 dBm - 3dBm - 3dBm = > P
= 1 mW )( 0 .1 x 0.5 x 0.5 " l / 40 mW _ 25 j.tW).

The only cond ition tor the power measurement
is that the output of the through-line probe must
be terminated in a 50 n resistance at the Ire­
quency 01measurement. It is recommended that
a pl"oprietry 50 n lerminallon re sistor is used
to terminate me probe, The HF millivol tmeter is
capa ble of measuring dll ect ly pow ers between
100 nW and 1 W.

2.3. Attenuation Measurements

The measurement cr auenoanoo or amplil lcation
in a 50 II system is certa,nly lhe most interes ting
and , for the experimenting radio amateur, the
most usetul app licat ion of Ihe miuvonmete r.
It must, however, be provided wilh two through­
Iina probes and the loga rithmic ampli fier must be
used. One probe is cooreciec between the lest
gener ator and item-under -test inpul and the
olher IS connected between the tUT output
and the 50 n term ination , This arrang ement
may be seen in fig. 1.
According to which of the two voltages is qreatee,
the logarithmic amplifi er is sw itched to "V 1 >
V 2" or "V 2 > V 1". The lour lEDs Will indicate
whelher a higher or lower range lor V 1 or V 2
should be selected . The work ing range has bee n
selected correctl y when all LEOs are extinguis­
hod. The attenuation f amplification in dB is given

,
so Ohm

Fig . 1 :
Test ;lr r1lngemenl lor the
me..u._ nt of insertio n
losS I 'ila1n
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from medi"ereoce In the ranges plus fhe reading
on the Uppal scale (negative).

Until now, these measurements 00 not mean
much. The could have been obtained by using
a simple HF millivoltmeter to lake two separate
measurements. The big advantage of this
arrangement is only apparent when the test
item has to be optimized and adjusfed for a
particular performance objective. Every altera­
tion of fhe attenuation / amplification can be
seen immediately by the meter deflection. It is
therefore very easy to test the dynamic range
01 do a frequency run on the test object. Using
a normal Simple millivoltmeter there would be a
C\lf11befsome procedure 10 follow . Take for
example thedelermination of the 3 dB-bandwidth
points o' a wldeband amplifier. The signal·
gellP.ralor tuning is adjusled until Ihe leading
tans by 3 dB The output from thesignatgenelator
would then have to be checked to ensure that
it had remained constant at this frequency,
The output variations of the signal generator with
frequency are of no importance wifh the DlOHV
MVM because it is the amplification, i. e . the
relationship between input and output that is
being displayed on the meter.

2.4, ReflecUon-CoeHic ienl Measurement s

The designer 01 HF circuits is always faced
with the problem of matchinq circuit inputs and
outputs to tM nominal impedance of 50 II real.
Only in the matched condition, i e. when the
characteristic impedance of the output, tho
nanse ussooune and the input are the same, the
maximum power can be transmitted. In all other
cases, standing waves are developed by renee­
nons from mismatched impedances. A measure­
ment of the mismatch is either the renecuo n
coettce or or the voltage stanceq wave reuc
VSWR.

An UbIQuitous mstrurnem lor measuring the
resecton coefficient is known as the resecio­
meter. II ccoeet s ct a directional coupler with two
rectifiers whose output voltages can be read
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ott on a meIer. Normal renectomerers contain
only a single diode rectifier with a filtel ceoactcr.
They ale tneretore lnsensmve and only suitable
lor lhe measurement of large voltages. Also
the measurement is liable 10 enors owing to the
diode barrier voltage making the characteristic
non-jnear. Both these disadvantages are
avoided when using this HF millivoltmeter, A
directiona l coupler, however, must be used, This
can be purchased or constructed (2), If only the
more simple version of the millivoltmeter is
available, the incident and return voltages must
be measured separately The esnecnoe ccet­
ficient and the voltage standing wave ratio can
lhen be calculaled.

USIng two through·l ine probes and the IogarilhmlC
amptlfier, the rerum loss can be directly read
ott the upper dB scale Under these conditions.
adJUslmefllS and tuning may be very easily
camec oot.
The same may be achieved with a simple HFmilli·
voltmeter and the use of a directional bridge (3).
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Jochen Jirmann. DB 1 NV

A Miniature 70 cm Handheld FM Transceiver

In VHF CO MMUNICAnONS 1 /86 . mini.tur.
handheld tr.nllCelv~r lor the 2 m band was
introduced by DL 5 NP. Th is pr~sent artic le
descri~ a alm ila r un it lOf the 70 cm be nd . tt
is sorn_h.t larger than the 2 m V«'S1on (PCB
dimens ioM'd 70 )( 130 mm). detlven the ..me
power output of sao mW end possesses a re-­
ceiver sensitivity 01 benet" than 0.5 IJ.V lor a
20 dB signal to noise rllio. The cu rrent con­
sumption Is, at lbout25mA, &O'"~wtta l hlghef
than the 2 metre varian!.

1­
CONCEPT

For Ihe reahzabo n ol a UHF handheld Iransceiver .
several variants may be cc oseeec whose
advantages and dlsadvanlages ment 8 short
discussion

1) The smalles t conswctcoareHort would entan
using the same Circuit as mat for the 2 metre
band , This would ovove principally the syntbesi­
zer scaler being replaced by one designed for
UHF and all tuned circuits re-omenetcrec . There
was, unlor1unately. only one surtable scale'
modu le available al the start 01 Iha oosig n. in
mid 1985, and that was tha Me 12018 by
Molorola_This Ms. however, the very awt<:ward
division ratio of 128 / 129 which would neces sitate
a very com plicated ancod lng circuit between Ihe

BCD sweeties 101" me " 9QIJeflCY seecece aflCl lhe
synthesizer.

2) This probIe<n may be orcvrnv eotll(\ II Ina
VHF signals are translated in Ireq uency by VIa
ITIIxing process This wou ld raquire a Iurthur
cry slal OSCIllator. a multip.er. a mixer and a hher.
all costing space and current consumptiort There
is also !he Inherent risk of spunous emissions on
seocl and birdies when switched 10 recew e
The extensive screening measures, requirll(\ for
this approach. are no! very practi cal in such a
conlioecl construction.

3) The veo worl<lng al VHF and tho worl<109
I requency achievtld by muttJpI!C8l1on This
method requir es only the addlbonal eJement$ of
mU~ l plier and Mer, The dlsadvamage of Ihis
lechnique is thaI the PLL phase como arator
frequeocy mUSl also be divided by the sam.,
teeter tend ing 10 increase the lock time 01 the
synthesizer. Ot particular importance is the
careful f lnering 01 Ihe veo tuning potentaa' in
order that suff iCient soporesseo of me adJacenl
channels is achieved

Only a multipl icaTion faclor of two is feasib ll:'. as
a rector of three wOtJId place a spunoue signal
in Ihe IWo metre band which could interfere With
cross-band working, The necessary doubling of
the veo frequency from a maximum 01220 MHz
can easily be done by the same module as that
used in the 2 m hanctheld. namely the ~essey

sca ler SP 8793 .

The autnoe decided upon lIle vanent 3. as ItIe
components are easie r 10 obtain and the ee­
mands ...pon compcoeors and current eonscmp-
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Fig . 1: 10 em H.ndheld TR block diagram

bon are held wIthin bounds. An add itional asven­
tage 01 doubling the VCO hequancy is a oener
isolation between 11m oscillalor and lhe send
Irequency

The rest 01 the handheld 's circuit can be Simply
adopted trom the 2 m version. In the receiver
however, an IF of 21.4 MHz was chosen in order
10 achieve a usuable image freque ncy rejection .

A pruprietry he lica l filler was chosen for the rece­
Vef preseleclor.

As the channel select ion 01400 chara-tels w ith a
frequency separaticmof 25 k.Hz is a litt le awkward,
it was made selectable in steps 01 t MHz,
100 kHz and 25 kHz. The block diagram of the
handheld may be seen in fig. 1 and its princi ple
specificat ions are tabulated in table 1.

Frequency range:
Modula llon:
Channel steps:
Relay OFF·SET:

Output power:
Mix ing produc ts :
Harmon ics:
Adjacent channel output
Curren t consumption {send} :
Receiver sens itivity :
Band width:
Imaga suppress ion:
Curreot consump tion (rooted):
PCB dimeosions :

430 - 440 MHz
FM
25kHz
7.6 MHz. rel::eiver higher lhan transmit1er 10 allow
ees ser monitoring of relay l raffic
> 3OO mW. ty pically 500 mW
Su ppressed < - 60 dB
Suppressed < - 50 dB
60 dB below carrier
200 mA at 9 ,6 V
Better than O,5p. V at 20 dB S f N
Approx . 12 kHz depe nding on crystal f ilter
SOdB
25 mA
68 mm x 13Omm , height wi lhcomponen ls 20 mm

Table 1: Miniature handheld TR data
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2.
CIRCUIT DElAILS

Now that the basic concepts of the handheld's
design have been 1MJ00Jced. details of bolt1
changes 01 C1rCU<! from ee 2 melre model ard
completely new circuils WI. now be undertaken.
The complete Cll'CUrtd,agram rs shown in fig_2.
A start win be made with the HF part 01 the
synthesizer.

2.1. The Synthesizer

It has already been meotlOll8d tha t the synthest­
let works at hall the output!r~. that is be­
tween 204.3 and 220 MHz. The e;tt'curt used by
Dl 5 NP was !tlcrctore d,reclty adopttld for this
project . n was only oecessary to programme a
basic 12.5 kHz-Slep freQuency into the MC 145
152 synIhesiler IC and Iodimuosion the loop hiler
LM 4250 I 5 10 sud !he Mw pha.\'I~H;omparator

frequency , It may be SetlI'l from flo. 2 thai the
dmensionng of the VCO has also beeo sloglltly
anerec . A UHF OSQIlator Iransis\of BF 979 in a
T plastiC package is now employed

The frlilQt.lef1CY selecbOll logiC I 1 10 I 3 was
adlUsledlor a d,rea frequency S61ectlon in 25 kHz
steps and for lhe 011'161 relay onset of 7.6 MHl .
The VCO delivers approx 3 mW 10 lt1e direcUy
coupled Ireqoency doubler which uses two
SChottky diodes. FolloWing Il'1e doUbler there is a
power 01about 200 ~W avallable. lhe lundamer\­
tal being suppressed some 10 dB principally by a
careful construction 01 tho couphng Inductor . A
hlgh-pass nner takas care of the matcl1 ing to the
amplifi er stage T 2, a BF 979.

In the collector c econ IS a two-Circuit. over­
cntical 'y coup led IiIter wt1lch guarantees lhe
freedom of the output signal from mixing products
of more thafl 60 dB, The Iwifl peaks of the pass
characteristic lie at 415 MHz (receive mixer
freqo ency) alld 435 MHz (sender frequency). A
power oj 3 10 5 mW is available al the outpul lo
drive lhe receive mixer alld lhe trer emu amplifier.
Owing to the very lage tuning range of the 70 em
version, using ooly one VCO lor sand and re­
ceive , the phase rcee ct tre osonatoris relatively
poor. This must, however, be put up with in
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extremely minlat\lrized &qUIpmenl. expeciaMy
s oce many malu re Japan ese fixed station
equipments are scarcely any bener II may be
just as we" to pain! out that the sIQnal eo m lhis
handheld should r10I be amptihed to many
t OO Walts'

2.2. The Tra nsmit Amplif ier

h may be seen from lt1e 0'Ief'lIII diagram that the
trallSlTlit ampl ifier has hardly been allered at all
from lIlat of me 2 me(re version . Only the final
franslSlor T 6 was changed 10 a UHF lype MRF
629 and set 10 worK In class B ifl order to Obtain
more amplihcatlO1l . The MRF 629 is eminootty
SlJ itabie tor mounfing 00 a pnnted CWCtl rl board
as it has a grounded em itter, d~IV9fS 2 W al 12 V
and is therefore highly O'Y9ITal tld tor ttVs ap­
pIlcation . Too IS jus t as well because 01 me
UrWlo"Wn matching cor'lMIOO9 of the various roo
eraeonas wriCh coutd be used wltn ttl ,s handheld
The overdimen sioning altha Iranslslor does not.
irl any case, irMllYe much add.nonal expense and
Itlefelore represents a good premium against
la iu e. The low-pass fitter Itnd ant9f1f'a ct.aoqe­
0'0If!#: are ~Ied aller the 2 mtrtre versiorl .

2.3. Modulator and Send { ReceiVfl
Switching Logic

The com plele opeI'ah()l'kll lf ansminer 51111requires
a modu lator and swilch,ng logic lor the SlJW ly rail.
Here also. nothing has been changed rescect to
the 2 metre version. AddillOnally. a CMOS nme r
I 7. leM 7555 . serves as a cau.tc re generator.
The somewhat suspect ci rCU itry 01this g&fleralo r
may be expla ined by the fact tha t ground lor the
c ircuit is the positive supply rail.

2.4. The Receive..

As previoo$ly mentioned . the rOCOlver uses an
IF 01 21.4 MHz in order 10achieve a reasonable
image reject ion. Because 21.4 MHz monof,thic
crystal fitters have become rea$Ollably priced . an
IF at this Irequency is a natural solution . The
complete IF J AF circunry is takon directly from
DL 5 NP.

The input signal is taken to a preeeectc- V18 a
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Transistors:

Diodes:

3.1. Component U sl for Complete TR

the com ponents around Ihe syn thesizer to be
mocnteo more easily.

CD 4560 . Me 14560; RCA . Motorola
CD 4008 , Me 14008; RCA. Motorola
MC 145152, Motorola
l M 4250, Natl()Ril/
SP 8793 , Plessey
ICM 7555, lntersil
TlC 555 , Texas Ins truments
S 1469. TB81469,S~
l M 386, NatKll'la'
Tl431 C. Texas

BB 105, BB 505 : Valvo. Siemens
MSO 101. Motorola. HSCH 100 1:
Hewle tt-Packa rd

05, 06, 07, 09.
BA 182, BA 243; Sieme ns, Valvo

06: HSCH loo t ; HP
09,0 10, 0 11, 0 12, 01 3, 0 15, 0 16. 0 17:

1 N41 48
l ED red

o 1,0 2 :
o 3.0 4'

I 8:
I 9:
110 :

Ie.
,.
2. 13 ·
4 ,
5 ,
6
7,

T t . T 2. SF 979 ; Valvo. Siemens
T 3 BF 246 C:Valvo. Texas, Siemens
T 4, T 7.T8,T15: BC 547
T 5: BFR 96 : Siemens, Valvo , SOS
T 6: MRF 629 : MotOloia
T 9,T10, T 11. T1 4 : BeSS7
T t 2 : BFA 90. BFA 34 , Va lvo, Soemeos
T 13 ' BFW92; Valvo, Siern&lls

01 4:

3.
CONSTRUCTION OF THE
HANDHELD TR DB 1 NV 004

PIN-<liode sw,tch. The preselector matches
tne input «rceceoce to that of Ihe pre-amplifi er
transistor T 12. The BFT 66 was replaced by a
BFR 90 (Of BFR 34 \, The atleoualor diode be­
tween the base ol T 12 and earth has a special
purpose. 11 is recesserv because lhe eff icacy
ol1tle PIN-<loode swl1ch1$ no! as great al70cm as
a12 m and on "transmit" tranSISlor T 12. Withou t
supply vottage, acts as a frequency multiplier
sending spuriOus mul1lp1lCahon products back
through Ihe PIN-<liode anercerce and reachlng
!he antenna ill levels approachong " 40 dB rei .
70 em ca rner. The acklItlOllal diode s.mply
oewoes the~ 1uned Circut ther eby reduCIng
ee AF Ievet at T 12's base.

The pre-amplrll8f transistor WOfks into a two­
stage hel icall1n81 haYIng a 10 MHz bandwidth.
The foilowW'lQ mbler is proIIlded WJth a blpolar
transrslOr BFW 92 because a FET does not
provide the requ..OO amplI fJcabon al thl$ Ire ­
Quency The 1ocaJ-osciIla tor Slg"a118 t8d Vl8a PIN
diode, on -recewe- . Irom a doUbler 10the mixer 's
emitter. The miX@! .s terminated in a mooolyttllc
21.4 MHz crystal filter , The cons tructor can
choose here between a mlf'Mmum selectMty with
a lwQ.poIe ~lter rang.ng to an eoght-pole fllter.
!tie only consIde<atlOll being that Imposed by !tie
pocket The author seected a $Ix,poIe Mer from
NKO, The rest ol the IF remamed as lor lhe 2 m
version except, of cou rse , thal lhe secorc ceca­
lalor workS at a cryslal trequancy ol2O,945 MHz.

Following lhis cursory review of the circuitry .
the next paragraph Will deal With the loading of
circuit components on to the board .

Nole t : The PCB DR 1 NV 004 is so densely
packed with components that only experienced
const ructors should consider attempting this
project .
Note 2 : In a lew places on the underside ct the
PCB a ground lead IS laken lor through-contact·
ing ol a tew components , This measure enables

Cryslals, Filter :

6.4 MHz , 30 pF parall el resonance
10 ppm accuracy
20.945 MHz, series resoeaoce
Crystal filler 21.4 MHz, 21 M 15 - series from
Nik:ko Oensh i
CeramICfitter CFU 455 0 , Murata
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Resistors :

Type 0207 (K 0204 carbon 'ilm
Miniature presets, upright, spacing 2.5 x 5 mrn

L 2,

L 3
L 4, l6:
L s:

L 7

L 8,

L 9
L 10:
L 11.
L 12:

Inductors :

L 1: (VCO coil) Neosd coil kit 7.1 S
with F 100 B core;
2 turns + 2 x 314turn 0.5 Cui .
teeo with paint or glue
Neosid coll 00 514631 brass core
with turns reduced to 1.5
As L 2 but turns reduced 10 1.75
6 turns as Cui on 3 mm termer
1/2 tum 1 mm silvered wire loop
5 mm dia, 7 mm high
2.5 turns silvered on
2.5 mm former
2.5 turn s Silvered on
3.5 mm lormef
Neosid coi l 00 514 83 1
Taka LMC 1202
Neosid Helicallilter 0051 19651
2.5 turns 0.5 Cui. 3mm termer

t.epeceors :

Ceramic 2.5 mm spacing
foil S mm spacing
MiniakJreelec trolylics 16 V upright or tanlalum,
spacing 2 5 mm
Miniature foil trimm er 5 mm spacing

Various Co mpo nents:

3 Miniature BCD coder SWitches
Single pole change-ove r switch (relay Preset)
Miniature o udspeaker. e. 9 Valvo AD 0580
Minialure elect ret mic rophone
10 k!l variable pot. with SWitch (on I on-vor.j
50 kU var iable pol. (mutInQ)
3 ferrite beads
swacnes for call tOile and PTT
BNG antenna socket
RG-174 coaxial cab le (antenna swncti Wiring)
Batteries e. g. 8 x 452 RS Varta (1.2 V / 460 mAh)
Charging socket for batteries
Hous ing : latm optional
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3.1.2. Pr inted Circuit Board

The construction is best unde rtaken in a step by
step manner, completing whole circuits and then
lesting them before proceed ing 10 the next part
of the circuit. First chamfe r all the holes, 001

indicated in fig. 3, with a dot , using a 3 mm drill .
The component mounting is best started with the
voltage regu lator 110. T 3 and then the veo T 1.
The supp ly Voltage of 10 V is then appl ied and the
8 V and 5 V regulators checked for coerauoo.
They shou ld function until fhe input voltage drops
to as iow as 8 5 V.

A frequency counter is then connected to the
OU1put of the VCO. in place of the freque ncy
scaler I 6, and the veo lre(luency is checked
as the tuning voltage is varied. There should be
a freq uency shift of 200 to 225 MHl as the tuning
vollage varies tram 0 t0 8 V. The centre frequency
IS adjus ted by L 1 and the tuning range adjusted
with the parallel 10 pF capacitor. If the frequ ency
is too low, a brass 3 mm split screw can be used
as a co re toe L 1.

When the veo is working properly the doubler
components can be mounted The blocking
capacitor of the BF 979 is Critical. some examples
can cause Ihe doubler 10 sehcscutate. The coils
used in the filter following the doubl er are UHF
types and their luning range is limited. don ',
l(Kget to modify them in accordanc e wil h the
pans list. The tuning range also is made eo­
mewnat unpredictable owing to the ± 0.5 pF
icseraoce 01 the tuning capacitor which coukj
lead to quite large frequency errors. It the triCk
With the 3 mm brass screw slug does 'n, work.
the next norm value of tuning capacitor will have
to be tried. For this adjustment te rminate the
tiller outpu t (anode of PtN diode 0 5) wltn a power
indiCator and tune the lilter In order that both
the receive frequency (415 MHz) and the transmit
frequency (435 MHl ) are at the peaks of the pass
band humps. The output power should be at least
3 mW at both frequenc ies, the author obta ined
5 mW_It may be possrole. by bending the high­
pass coi l in T z's emitter, to obtain even more
power. If the two humps 01 the response are
too tar apa rt, the coup ling capacitor must be
reduced (0.8 100 5 pF).



Fig. 3:
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Assuming thaI everthing has been tuned and
adlu sted salis laetorily , the scaler SP 8793.
lhe synll1esizer IC and the rest 01 the associated
DC circuit s I 1 to I 3 and I 5 may be inserted. Do
not forget the four wire bridge s befo re soldering
in I 4 and Ihe two bridges under I 3.

In order 10 ecneve a good adjacen t channel
scporesson. the enemet circuitry 01the requta­
tirlQ amplif ier I 5 should be of clo se tolerance,
S % or even 1 % resistors and the foil capacitors
should be of 5 % to lerance. With the coder switch
in ope ration. log ether with the luning voltages lor
bo th send and receve. the synlhe sizer shoold
IlOW ope rate and lhe exact frequo llC)' adjusted by
means of the crystal lr immer.

If , after switching the un it on and off atew times,
a false frequency appears, or the Irequency
jumps when touching the eocoder ICs, it is most
probable that an input 10 a CMOS IC is rloating ­
perhaps a lorgoUen high· resistance solder
connecto n. The electrol ytic capacitors on the
MC 145 t 52 pin 3, ECL sca ler SP 8793 pin 2 and
on the control amplifier l M 4250 pin. 7, should
nol be eithe r dispensed with, or a smaller value
employed , as Ihls Will affect the spurioos prod ucl
ootput level.

Whon the synthesizer is working satisfactorily,
the transmit amplifier can then be completed.
The Oflly poinl 10 watch here is that Ille ferrite
bead in til e emihor dec oupling or T 5 (BFR 96)
doe s not cause an osci llatory CirCUlI 10 be set up

with the 2.2 nF capacitor. Th is capacitor is requr­
red as a low-freqoency oecoucle r. Before the
transmit sect ion can be tested, an RF choke must
be connected from me cathode of PJN diode
D 6 to earth. Tl1is ctl o11e consists of 10 turns
0,5 Cui Ofla 3 mm former soldered lo ground. The
choke ensures that, in the absence ot the receiver
port ion, RF is fed through the diode to the antenna
because 01 the flow of diode bias current. The
send amplifier can now be tuned lor maximum
octc ut power ove r lhe whole or lhe band, 500 mW
should be obtainable in the ceetre 0' the band
falliflQ to 300 mW at the band limits. A final
tweak ot the oulput match ing of the output
transistor T 6 may help to reduce the current
co nsumption consistent with 1111'1 specified
output power .
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When the modula tor (T 7, T 8), the transmit I
receve SWitch (T 9 , T 10, T 11) and call-tone
gener alor I 7, are completed, til e whole of the
transmi t side is ready. The frequ ency 0' the call­
tone generator is fixed, jor reasons 01 space
savinq . and is determ ined by a resistor (marked
with an .. ) which must be selected, The timing
capecnor 4.7 nF should be a hlgh-qu ality foil
type. II must be ensu red that the ratio of til e
lime-constant resistors must always exce ed
2,5 to 3 in orde r to obtain sure-tee osc illator start
behaviour,

The mai n poin t about the rece iver construction
is that the grounding connections or the helical
filter are 01cruc ial importance in obtain ing a well­
defined filter response curve The receiver tuning
is test carried out using a swoop generator
appl ied to the antenna input. til e sweep detector
is connected to the emitter of T 13, The input is
tuned lo r a clean . t o MHz wide bandpass. During
this aoju sfmeot . the veo must be SWitChed 011
with , lor exam ple. a tempo rary short between
base and ermtter of T 1 11 a sweep generator is
not ava ilab le, it is poss ible to adjust the luning
using strong received signals at the band limits,
Following the receiver inpul luning the demodu­
lator inductor L 10 is adjusted tor maximum AF
output

11 the audio output is distorted badly the fault
may lie in a poorly ad justed second mixer crystal
oscill ator frequency. 1\shoold be tuned to 20.945
MHz .!. 1 kHz , The loading 01 compo nents onto
lhe PCB is now completed and a lew ideas con ­
ceming the construction 01 the handheld TR will
be presented,

3.3. Housing Co ns t ruc t ion and Wir ing

For the final commissioOlng of the PCB a few
external components and connecting leads must
be provided (see fig . 4). To Itemize them. they
are: -

10 V supp ly VOltage from sourc e to the POint
"+ 10 V trom battery" and " 10 V" near the
'r x outpultranSlstor . Til e supply to the output
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Fig . 4: 70 emHandh eld TR prototype

stage is separate In c-oer to pro VIde" wIth a
power limiting resistor .
Antenna
Caoling of transmit I receive 5witch, 11 cm 01
RG 174 coax ial cable are .ecuire d.

SWItch voltage from " + 8 vr" at the output
slage
Stabi lil ed vouaqe " I 8 V' to " + 8 v.. in
transmit I receive swucn
loudspeaker
Microphone
Code switch: thewoer tsconnectec to ..+ 8 V
decoupled"
ShIh switch to t - 8 VR", " ~ 8 VR relay" and
" .. 8 VR Djr"

- Vo lume pot meter
Muti ng: There are two possibihties her e,
ether strap the points "Mute switch voltage"
and "AF switch voltage " together and mak e
the mu te level potmeter variable from the TR

ex terior or so lder a preset onto the PCB, and
sw itch the preset mute noise level via an on I
off switch in the above line ,
ceu-tcoe button switch
PTT switch

It is absolutely necessary that the housing be
made 01metal In order to prevent hand-capacity
effects on the synthesizer. Using a few tricks, it
is possible to use the same tin -plato housing as
tha t used by the two -metra version . II might.
however, be easier (and tighter) 10 use a large r
aluminium housing.

It must be ensu red that a good earthing sys tem
for the PCB is achieved as othe rwise, there Will
be crackling noises as the set is moved i'lrO\.lndin
opeeanon The author accomplished a so lid PCB
grounding by soldering a 5 x 5 mm brass ang le
sect ion trom 0.5 mm stock on bo th end s 01 the
PCB and screwed them both directly on to tho
housing,

3.4. Post script

Since early 1986 the Plessey crsmbotors have
had a now UHF scaler, With a smaller current
consump tion , available , For example the SP
87 19. an 80 I 81 sca ler l.or max. 520 MHz or the
SP 8716 a division ratio 01 40 I 41 lor the same
frequency limits. USIng one of these sca lers, a
diract synthesizer at 435 MHl ISeasily ach ieved .

He who is not atraid of a little experimentation,
can alter the circuit 01 th e VCO so that it wor ks
direct ly at 70 em. i. e. wit hout th e doubler, and
the MC 145 152 mod ify to suit lheoew conditions
l.e. 25 kHz phase-comparator frequencyete Tho
whole PCB could the., be redesigned 10 make if
even smaller.

4.
DUAL·BAND VERSION

Right at the start 01 the design 01 the set. it wa s
planned to construct a 2 me tre and a 70 em board
in one housing thus realizing a dual-band h8fld.

93



VHF-{X)MMUNICATION S 2186

Fig. 5:
Diple.er circulI
diagram

Aot

L 1 "" L 3 : 4.5 tumsmt dia S mm, Iength 6 mm
L 2: 8 turns int. ota a mm, length 9 mm
L 4 "" L5: 2 t lJms inl dia 3 mm, length 3 mm
All 0.8 mm-elia silvered wire.

The housing used was one which happened 10 be
available, see 47 mm )( 28 mm x 12 mm, aild
provided wilh a lid. Constructor s could use the
TEKQ container 433 (SO.5 mm x 31.5 mm x 13
mm). All the diplexer components are soldered
into the lid as shown in fig. 6. The HF is connected
via three teflon feedthrough points. No screening
walls are necessary as the isolat ion between
elements is achieved by physical ooentanco .

held T A. The concept is more interesting if it could
be used to provide duplex wOf1( ing or the moni­
toring of Iwo frequencies. This is the reason why
a careful croce of mixing I mult iplicat,on fre­
quencies was necessary to monimll"e det6CIable
spurious signals caused by mixing products be ­
tween the two TRs. The key element in Ihis con­
cept is a v9f"Y small amer oa diple.er which will be
looked at in detail .

As can be soon mthe circuit diagram 01fig . 5 , the
diotexer comprises two cascaded high-and low­
pass filters in a T circuit. The capacitors in every
case, ccoset 01 two miniature cera mic cap acitors
(teads 2 .5 mm) in order 10 minimize lt1e soil
mouctence . Tuning elements are , in geomal, noI
required .

The winding detai ls are: -

- l id

" teflo n
feedthrough

1m7ll<m

Fig. 1 : Inlen>al view 01dual-band IiandI'leld TR
(70 emplIrt)
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Foliow'ng the soldeflng 01the d.ple xer into the I,d
the follOWing data was oblained : -



The cross-band isolation was considered to be
more than sufficient. To give soma idea, two
mast-mounted antennas for the two different tre­
quencies have a cross-coupling loss of between
20 and 40 dB .
The diplexer is capable of hand ling powers
above l OW making it suitable lor fixed-station
use A similar coostnctco. using three coaxia l
sockets . serves the author lor the coooecnon of
2 m and 70 cm FM eaoscevers to a discone
a nlen na. USIng this d,piexer, perleel duplex
operation is assured .

The figs. 7 and 8 give an impression of the con­
struction of the 22 em x 7.5 cm x 4 7 em dual­
band handheld TR A srorteoed Lambda { 4
anten na (40 em long radiator) filled 10 a base
mouctor can be used Telescopic antennas driven
in a 1;4 or 3/4 wave mode may also be employed.

V",F-eOMMUNICA.n ONS 2;86

..

ui

Fig . 8: Dual-band Handheld TR

..

Insertion loss 2 m:
Insertion loss 70 ern:
Stop -band loss 2m to 70 em :
Stop-band loss 70 em to 2 m:

< 0.2dB
0.5 dB

45 dB
48 ee

You ca n now orde r m agaz ine s, kits etc. uSing

your Euro card or VISA Credit Ca rd !

We only require the order againsf your

s ignatu re , th e ca rd number and its expi ry oate

VHF COMMUNICATIONS / UKW-BERICHTE

k 'JJ["§li'berichte To"y D Billan . Jahns" . 14 . Pos tlach 80 . D-8523 Ba;. " dort
Te l. W es t G ermany 9 133 47-0 For Bepresentanves see cover page 2
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Matjai Vidmar, YU 3 UMV

Mierostrip Transverters for 23 and 13 em
Part 1

,.
INTRODUCTION

The microstr ip technology is certa inly well known
to anybody working in the RF or microwave field,
since most 01 both professional and amateur
equipment is. at least, partially built using it. Our:
to its widespread use. the name "rrucrostrip". it­
sell does not rcally say much about its application
in equipment, ranging Irom simple transmission
lines and matching nanstormers built in microstrip
and combined with components manutactured in
other technologies (cavity, coaxial, waveguide)
to complete circuits including single resonators,
complex filters, power splitters, coup lers, chokes.
matching transtorrners, tuning stubs, small
capac itors and even antennas! In the production
at professional equipment, the microstrip techno­
logy brings a signif icant reduction of the manu­
tacturing time and, consequently, a reduction of
the overall cost. In addit ion to this, a number of
theoretical tools, measuring instruments and
computer programs were developed to reduce
both the design time and the production line
tuning 01single circuits.

Unfortunately, most amateurs do not have access
to the expensive protesslonat instrumentation or
computer-aideo-desipn (CAD) tools. On the other
hand, many very common design problems can­
not easily be solved by theoretical tools or CAD
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programs like (real world) lossy laminates having
an anisotrop ic dielectric constant e, or semicon­
ductor devices operating in their non-linear region
(mixers, varactor anc transistor multipliers, power
amplifiers). Of course there are other even less
predictab le factors . such as, the inl luence 01
various shietds and / or the resonances of the
metal case actually containing the micrc strtp cir­

curt Practicat experiments are therefore neces­
sary in any case, oven with the best CAD pro­
gram.

Fortunately, we amateu rs only have moderate
requirements such as narrow-band operation or
gain tolerances . Sincc most of components used
in our desig ns are usua lly not suiliciently charac­
terized at microwave frequencies in data sheets,
such as cheap plastic case transistors or con­
ventional qlass fiber-epoxy laminate, tho logicai
design procedure is to rough ly calculate or esti­
mate the circuit parameters and then practically
optimize the circuitperformance.

Microstrip circuits are usually built as a double­
sided printed circuit board, The transmission lines
and othe r microstrip components are all etched
on one side of the PCB. The other side is not
etched, since it acts as a ground plane for the
transmission lines and other components. Since
the distance between the transmission lines and
the grou nd plane (thickness of the laminate) and
the widths of the lines are small, compared to the
wavelengt h and to other circuit dimensions, it is
assumed that most of the electric and magnetic

1I
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f ield is constrained to the close proximity of the
transmission line. Since the magnetic and electric
field intensities decrease rapidly with distance,
microstrip circuits usually do not require any
shields or additional ground planes. Additional
metal planes or even ciosed metal boxes gene­
rally only have a very small influence on the cir­
cuit. Unfortunately, closed metal boxes have self
resonances with very high e-rectors At these
particular frequencies they can introduce con­
siderable unwanted couplings even between
physically distant microstrip transmission lines.
There are many efficient solutions for such pro­
blems, and some of them will be shown later in
this article. Actually it is necessary to understand,
that improper shielding may even introduce new
problems at microwave frequencies!

Selective circuits at microwave frequencies may
be implemented using 1, / 4 or), 1 2 rmcrostnp re­
sonators as stand-alone resonators or arranged
in more or less complex tilters. In the amateur
literature two basicaliy different designs are
described. The first uses full-size tlxed -tuned
resonators and therefore requires very close
tolerances 01 the PCB laminate and the circuit
pattern etched onto it. Due to the manufacturing
tolerances, the loaded o-tactor of the single
resonators has to be kept low and a large number
of resonators are required to obtain the desired
spurious frequency rejection. A large number
of resonators in series calls for a low-loss. ex­
pensive teflon laminate as a substrate material.
Practical experimenting is difficult and costly .

The other design approach employs significantly
shorted ), I 4 resonators (acting practically as
coils) by capacitive trimmers. Suitable trimmers
allow a very broad tuning range, Unfortunately,
this also means that the circuit may be easily
tuned on the wrong mixer sideband, harmonic or
other spurious frequency! Since the trimmer does
not act only as a tuning element but it also pro­
vides a signilicant part of the capacity required in
the circuit, the tuning may become very sharp and
critical and the mechanical stability (post tuning
drift) may not be sufficient. This is especially true
when using cheap trimmers, not or iginally de­
signed for microwave frequencies, close to their
minimum capacity. Suitable microwave trimmers
are, at least, an order of magnitude more expen-

sive and are not eas ily avai lable. In any case
the circuit contains an unpredictable variable,
the parasitic reactances of the trimmers used,
making the duplication in amateur condit ions
considerably more difficuit

In t he transvert ers described in t his article, a
di fferent so lution was sucesstuuy tested.
The fil ters in t he nansvertars are made of
sing le or coupled, fu ll-length ),! 4 reson ators.
The I, ! 4 microstri ps are etc hed very close to
the fin al dimensions and the tuning is per­
fo rmed by adjus ti ng the length of the reso­
nati ng st rips at t he ho t end (see also fig . 1).
Cutting th e hot end of t he str ip, produces
large freq uency variat ions and Is of course
an irreversible operatio n. A f ine frequency
adj ustmflnt can be obtained by sotdering a
short length of 1 mm Cl sil ver -plated copper
wire at the hot end of a 2 or 2.5 mm wide strip
(charac ter istic impedance 60 or 50 II respec­
tively on an 1.6 mm thick glass fiber epoxy
laminate).

Of course a reliable method has to be used to
detect the actual resonant troqoences of the
microstrips. A very simple method is to use a
small dielectric rod (plastic screwdriver tor RF
ferrite cores) and approach it to the hot end of
the rrucrostnp. The presence of the dielectric rod
causes a decrease of the resonant frequency of
the microstrip. Monitoring the output of the circuit
it can be immediately discovered whether the
microstrip resonator is too short - the presence
of the dielectric rod increases the output signal,
or whether it is too long - Ihe presence of the
dielectric rod decreases the output signal.

Where larger capac ity variations are required
due 10 til e lower loaded Q (as in the 1296 MHz
power amplifier), a small piece of thin copper
plate is used in place of the silver-plated wire to
tune Ihe circu it.

In both transverte rs for 1296 MHz and 2304 1
2320 MHz the requ ired RF seiectivity is not con­
centrated in a single multi resonator filter but it is
distributed among the RF amplifier stages, both
in the receive signal path and in the transmit
signal path, mainly in the form ct two resonator
filters (see f ig . 2) which are used, at the same
time, as match ing devices between two amplifier
stages.
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Fig . 1: Tuning a .. / 4 mi crostrlp resonato r

l.tt: Original ;"14 mlcrostrip reso nator
as etched on t.... PCB

MIddle: Th. r. son ant f requency is increased by
remov ing part of the micr olltrip wi th the aid of
a sharp kni fe

Right : The f ine fr. qulln<::y tuning is accomplished
by 1IOidering a short length of wire 8t the reso nator's
"hot end "

To obtai" a usaoo value 01 COUpl ing ootwwn
two i. 14 resonators ther e are two basic arrange­
ments : both rmcm stnps pmanar and orinnted in
the same direct loo (f ig . 2 a) and bot h microstrips
parallel but oriented in oppos ite directions (f ig.
2 b) The coupling capacitors allow a more con­
venient selection of the laps on the microstrips
and prov ide also DC deco uplinq of the amplifier

s~apes.

Designing the transverters. paencurar care was
taken 10 use exclusively chea p and easily avail­
able matenats and components witholl1 degra­
ding the overa ll perlormaoce or the reprod ocibi­
lily_BoIh nensveners a re bu ilt Ofl low-cost glass­
libel" epoxy FR 4 !aminale which has noliceablc
losses at 2304 MHz (thiSISprobabl y its frequency

l imit for high 0 se lective circuits ). Except tor the
AF pow er ampl itiers antno transisto rs are pack­
aged in low-cost plastic cases. The reproduci­
bility ca n on ly be enhenced by designing o ut
the needs tor criti cal co mponents like Chip
capacitors or microwave trimmers. All the
critical AF groun ds are therefore directly con­
nected to tho ground plane on the other side of
the PCB or 10 "prmted'' capac itors. The remil ining
caoececrs are conventional ceramic disc (max .
diamete r 5 mm) or pearl types with wire leads,
even e cee used 10 couple the microstrip reso­
neioee. since IlO dIfference could be measured in
the eiocmcerperlonnances wtlen replacing them
With the more expensive, and fragile. dlip cape­
c eoes.
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2,
BLOCK DIAGRAMS

The block dIagrams of lhe 23 cm and 13 em
microslrlp eensveners ale shown in figs. 3 and 4
respec lively . Both jransveeters are 01 modular
cons lruchofl, each ' bo x- on the block diagrams
represenlulg a sirtgle module bUIN on its own
printed circuit board. Separate mill ers are being
used in the transmit and receive signal paths,
Since the single - ended bipolar - transistor
mixers are termination sensitive. each converter
has its own last LO multiplier stil gc or stages.

BottI s erever te rs inClude a solid state, RF­
antenna switch with PIN ocoes to replace ex­
pensive aod potenl ially llOre liable coax ial re4avs_
The VOX module is used 10 jr nertace Ihe trans­
ven ers 10 any coove nncoer 144 MHz base trans­
ce-vee having a common transmu f receive art­
tenna connector TIle VOX modu le includes an
RF detect or driving a solid stare DC supply
switch. a receive IF preamp at 144 MHz with a
base station. TX protect ion creon and a power
anerwator to reduce the base station TX power
feed it-.g the transmit converter. Of course the

operation of me VO X module must be "trans­
parent": it must not limit the operational perfor­
mance of the transverter in any circumstances.
On the other hand the VOX modu le simplifies
the operation and increases the reliability. since
a singl""connec tion cable is used between the
base RTX and the eaosvener. and !he Circuit 01
!he irensvener can nol be damaged by a wrong
coo necuon Of a fauhy cable .

The 23cm jransverter has a single iocat-osonaroe
modu le, since the 1296 MHz segment is being
used jar narrow-band operation in most coun­
tries. The LO power splill ing at 576 MHz is made
with a simple capacit ive divider (f ig . 16). The 13
em transvert tlr has two locar-oscntator modules
since only 2304 MHz seqmeot is allowed in some
coc omes (Italy ) and only the 2320 MHz segment
is allowed In some crter counlri es (GelTT1<l ny).
Fortun ale ly. in Yugoslavia and in many other
countries, bol h sec rreots are allowed and trans­
verters covenng both subbands are required to
be compa tible with all possible corraspondents
A diode SWitch is requi red in this case to SWitch
between the cutouts of the La modules and the
LO inputs of tho converters. II coeratcn in a
single subband only , is required . the LO module
OIJtput may be con nected as in lt1e 23 em trans­
verier .

bose
tee ra retver

144 11H l

,11V '....
VO X

·I1V R,l! _ motlu l f'

••

' 196 ~ H, llecPNP ,onvertEr . .. MHI

t or t l ~~ H , -- --
! ~ f t~ '')

~ JVR' ,11, '""',-,
I
!.swih:h - "1VR' S16 ~H, LO modulp
i l "" ,

( " "I ll)
, _ "l ~ H

I h~ll~ 101,

12% MHz RF no

antcnoo
'0. 1l

YU 3UM V

' H TX

I I i ' 'I
Ii 1M ~H , Trnn~i t pcve r 1Nti HH, Transmit wllvert. " ,I'H,
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fig. 3: Block diagram of lhe 12961144"~tr"R$-"er
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Fig. 4 : Block diagram 01 tile 2304 2320 1144 MHztransv&rter

Finally the mod ular ccnstrucnon allows a numbe r
of vanatons. iodoo,ng modules built in other
tech nolog ies. and I or transmit on ly. and rece ive
on ly corw ener s primarily lor the satcuee upl ink
band around 12 70 MHl and dow nlll'lk band
around 2400 MHz respectively

3.
RECEIVE CONVERTERS

The recei ve converters for 23 cm (l ig .5) and
13 em (f ig. 6) are basically 01 ldenlical design
except lor the obvious changes duo 10 lhe almost
2 : 1 frequency reno .Botnccnvertera have two RF
amplifier stages (T, and T~) , the main RF setsc n­
vify provided by the two resonator mterstaqe
filters The input resona tor only provides a broad
selectivity to reject far removed enertererce.
since its insert ion loss has 10 be kePI tow to avoid
noise -figure degfadalJon.

"0

The receive mixers employ <I sing le bipolar
transistor , Both LO and RF signals art! applied to
lhe base 01 the mixer transi stor throug h i . / 4 lines
(L,o and L,&in f ig . 5. LlO and L;>:> III fig. 6). The
purpose of these line s is to tfansform the eeta­
l ively low c ut-of- passband impedance of the
filters into a high impedance at the base of the
mlxef transistor In this way the RF uttor does not
anenuale the LO sig nal and me LQ l ilter does not
attenuate the RF signal. To increase the conver­
sion gain of a transistor mixer . the base must be
effic iently grounded for the out put frequency and
the collector must be efficiently grounded for the
input frequenc ies The base 0' the rece ive mixer
ueosrs toe is virtually grounded lor 144 MHz
through the 10 nF capacitor . The collector is con­
nected to a low -pass " l ,lter l impedance matching
network tuned to 144 MHz. The first cao actor of
the filter is printed on the PCB to muu-ruze its
parasi tic inductance,

The 23 em convener includes a single frequency
doubler stag e (T J) to obtain the 1152 MHz signal
trom 576 MHz. The 13 cm trensverter needs two
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frequency doubler stages (Tl and T. ) to obtain
first 1080 (1088) MHz and finally 2160 (2176)
MHz from the original 540 (544) MHz signal.
Transistor multiplier staqes have a similar
requirement as mixer stages, concern ing the
input and output impedances: the base should
see a low impedance for the output frequency
and the collecto r should see a low impedance
for the Input frequency The function of the two
stubs L,~ and L" on fig . 6 (i, { 4 al 2160 MHz
Including the parasitic inductivity of the transis tor
package) i~ to provide a short circuit for the out­
put frequency of the multiplier stage. At lower Ire ­
quencies. a capacitor between base and emitter
IS usually sulflCient (low-impedance tines L" on
Ilg . 5 and L.. on fig .6)

The 23 cm converter reaches an overaj noise
figure of around 3 ca . Since the oertormences of
the transistors used fall off rapidly with Increasing
frequency. the perlormance of the 13 cm ccnve r­
ter is considerably worse . the overall noise figure
being around 7 oa This portoen arc e can also be
attained by a tar simplier interdigital·cavity diode
converter. however the manufacture of the inter-

digital cavity requires a considerable amount
of woO<. and the mi~er and multiplier cooes ale
nol easily available . they actually cost more
than all the plastic-case transistors used in lhe
microstrip converter. Of course it is possible to
use better transistors. since the tuning elements.
already present in the circuit, enable a correct
matching for senost any bipolar microwave
transistor .

4.
TRAN SMIT CONVERTER AND
POWER AMPLIFIER FOR 23 em

The transmit converter fOI 1296 (1270) MHz
is shown in fi g . 7.The ffcquencydoubler (T,l «om
576 MHz 10 1152 MHz is very s,mllar to that in the
receive converte r. The transmit mixe r (Td is a
single-ended configuration using a single bipolar

t::"I"' u ,

I", n .~--l-LJ
LO 'n :::l...JL ' 1' tfl '

' :'< """;: II ---r \U.(Bf IB 4A T'
L ~ T ·~ ._1

Fig. 5: Receive converter lor 1296 MHz. All transmission lines L, 10 L" .... printed on tile PCB. L" self
support ing. I. d. '" 5 mm. wi... = 0.1Cui. L" 8 turn•• variable . p.clng!

'0'
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Fig.6: Receive converter for 2304 ' 232(1 MHz. Alilransmiss;on Ii.....' L, 10 L" lire prinled on Ille PCB. L" sell
...pporting; i. d. ~ 5 mm, wire = 0.7 CuI. L"" 8 turns. variable spacing!

transistor Both LO and 144 MHz IF signals are
applied to the base of the mixer transistor. An
addit ional 10 dB attenuator is placed in the IF
signal path as n is more cooveoere to perlor m Ihe
base staeon TX-signal attl!llUation in two con­
secotee steps thus avoid ing some otherwise.
critical connections.

The transmit mixer is followed by two select ive
RF amplifier stages (T3 and T. ) at 1296 MHz. The
five in total 1, 1 4 resonators are complete ly suf­
to e nt to attenuate all unwanted signals such as
the LO at 1152 MHz and other unwanted products
generated In the mixer stage_The second ampl i­
fier slage SUpplies aboul 20 mW of power at 1296
MHz and lhe Iransmil conve rter can already be
used as a tow -power transm itter in me 23 em
band,

The transmit power amplifier for 1296 (1270) MHz
is shown in f ig. 8 It includes three amplili er
stages to increase the output power to around
1.5 W. The main function of me microsl rips is to

' 02

provide mterstaqe matching with minimal inser­
t ion loss . The urst two amplifier stages use BFR
96 tran sistors. which can provide 6 to 7 dB power
gain at 1296 MHz depending on the oulput power
level and bias conditions The lirs t BFR 96 (T,)
operates In class AB supplying about 100 mW to
the socoueo BFR 96 fT,), This transistor increa­
ses the power level to aboul 400 mW , This is pro­
hably the maximum sale power level a plastic­
case trans istor. like the BFA 96, can supply. For
higher power levels more expe nsive transmission
transistors are requ ired. packaged in metal­
ceramic cases with a stud or lIange lo r heat
orssmaton. The transisto r used in the third ampli­
fier stage (T31, 2 N 5944 . does notprovide a very
high gain (about 5 dB), bu t n is quite rugged since
il was designed lor transmitter oper alion , Since
this transistor is internally matched tor operat ion
in the 70 em band, its input impedance at 1296
MHz has a very high reactive com ponent,
compensated with 4 and L,.. L7 is an air-wound
i. I 4 choke since a single pnnted microstrip
A. { 4 choke was not sutticieot.
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FOg. 1, Transmit eon...... .. tor 1296 112701MHz.. All ' ,anSlTliu ion W.... L, to L" .. prlnted on'" pce .

5.
TRANSMIT CONVERTER AND
POWER AMPLIFIERS FOR 13 em

The transmit eoev ertee for 2304 (2320) MHz is
shOwn on l ig . 9 The two Irequency mult,pIler
stages (T, and T2) ' rom 540 \5441 MHz to 2160
(2176) MHz are very smnano eose in the receive
converter , The transmit mixer (T., ) is practically
iden tical to that lor the 23 cm band . includ ing
the 144 MHz IF ane neator. However, due to the
higher Irequency , the transistors have a lower
gam, and more amplifier stages are requi red ,
The residual lQ signal and other unwanted
mixing products are relatively less distant Irom
the desired signal and therelore more hltering is
required , UnlOfluna tely, laminate losses become
s'gn ificant at 2,3 GHz and some gain is also
necessary to overcome the losses in the mic ro­
strip reecneiors.

The rwo seecwe RF ampllher stages {T. and Td
folloWing the mixer , provide abo ut ha ll of tne
se1ectivlly required (anenualion 01 unwanted
signals) and increase tI1e wanted 2304 , 2320
MHz signal lelltll 10about 5 mW.

This signal feeds the selecUve transmit POW'"
amplil ,er lor 2304 /2320 MHz, shown on f ig . 10.
This ampl ifier consists 01 lour ampl ,IIer stages .
The flrsl two stages (T, and T. ) provide the
remaining selectivity and about 10 dB 01 gain
thereby increasing the useful level to abou t
SOmW .

The following two stages (T.J and T.) employ BFR
96 transistors. With care ful input matching. these
can supply abo ut 3 dB 01 gain pel' stage, and
about 200 mW of POW'" at 2304 / 2320 MHz.

Note that all the amplifier transistors are tnased
in clas s A 10 obtain the maxrmcrn poesatse gain.
W hen bipolar trensetcrs are operatl:l'd in cla ss A,

,OJ
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Fig. 8: Transmit poweramplifier lo r 1296 (1270) MHz. All transmission lines L, to 4 and l , to l " ar" prinled on
Ihe PCB. l, is self supporting, r. d. _ 3 mm, wire = 0.7 Cui, L7 Slum s, spaced 1012 mm

. 1,\1 IX
o

~o n
~. ,+,

",,",, :

Fig. 9: Transmit converter lor 2304 / 2320 MHz. Ali lf ansmisssion lines L, 10 l .. are printed on the PCB

close to their maximum useable frequency and
at high signal levels, it is very common to observe
a "neqative rectification" phenomenon . with the
drive power applied, the collector DC current also
decreases This is actually just Ihe oppo site of
whal we are accustomed 10 when warl< ing with RF

104

amplifiers in class AB or B at lower frequencies !

The 200 mW available from the last BFR 96
trans istor are already sufficient for a low-power
traosverter. In this case only a RF antenna switch.
such as thai descrIbed in the follow ing section,
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reecs to be added to comple1e the microwave
par1 of the jransvener.

However, Ir'l the case a sloghlly hlghef output
power and somewtlal bener recewer sensitMtY
are eeseeo . a lral\Sffllt power amplifief and a te­
eewe preamplifier are req oJWed To aVOId inl er­
colll18Cbon losses. bott1 stag es are irrlegrated ,
lo9alhttr WIth a PIN diode AF aM eI1I1aS swrtch .
onto a SIngle prIMed CIfCUlt board (see fig . " 1.
The AF pow er transistor (T,) BFQ 34 reqeres a
talrly c:ompIe~ ma tch4llg nefWOril to allow lt1e use
of sim ila. m lcfos ll ,p lti ning elements as in the
lower level stages . T~ Be 2 13 is a bi as regula·
tor tor the AF powel" nans etcr. II stabilizes me
operating po int 01 the RF transistor around the
optimum va lue 01 140 to 150 mA of DC col lector
current in order to counter the "negative rectmca­
lio n" proble m, The obtainab le output power, sub­
tractlng the losses in ee PIN antenna sWitch . is
in lhe 500 mW range at the anteona co onecior .

The receve preamp i~ the recew e-coo­
verre- "",sa h~8 by about 1.5 dB whef1 equip­
ped with \t1e re lat ively cheap lfar&sk)r BFa 69 ,

"

"~'rlllH"'_, ~ ...

,...... 011 '

6.
RF ANTENNA SWITCHES FOR
23 em and 13 em

MlCfOWave COaJOai re lays are stlM very eq>errsive
componenlS CllJ8 to me hlgh amount 01 skilled
mechan ical W()I'I\. felpred lor their coosmceoo.
Since they are electromechanical com cco eots ,
they are also subjected 10 wear ood are \tlus
po tentia lly unrel iab le Fortunately , for Iow-power
tran smission on ly, lo r modera le insertioo loss and
cross-talk r(!Quirements. a solid slate replace­
ment is readil y available . Popular PIN erodes like
the BA 379 can be used to sWltct15 10 10 W 01RF
power depending on the clrcuil configuratiOll 01
the sw itch and number 01diodes used. The maxi ­
mum switched power is limited both by the power
d iss ipa tion ratng and breakdow n vol tage ol lhe
single diodes. The BA379 has, however , another
VefY in teresting ploperty: the PIN--diode strudlJre
IS also VefY slow to tum on . Therelore RF voltages

Rg. 10: $elec;1i.... ' r. n.mit~ ...ptifier 10123Of / 2320 MHz. All tl'ansmlulon lin.. L, 10 LI S . ,. printed on
... PCB
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Fig. 11· T X power am p. antenna ewuenand receive preamp 2304 .. 2320 MHz,

Alilransmissi on lines L, to L,. are printed on t r.e PCB

ant
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Fig.12;
RF antenna sw itch for
1296 MHz or 2304 2320 MHz.
A ll t ran~miss ion line~ L, to L,
are pr inled on tile PCB
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of sufficiently high frequency can not switch the
diode on even if the posifive halfwaveamplitude
greatly exceeds fhe diode fum-on vonaqe of
about 0.7 V, In our particular application, this

10 6

means that these diodes do not need any reserve
DC bias in the non-conduct ing state,even if an RF
voltage of more than 20 VPO' is applied to these
diodes during transmission.



VI1F.co"""'UN lCATION$ 2Je6

Doe ~ the residual <lode resistance in ltIe on­
stale. and 0lheI" prasitl <::s,!he insert.... loss otltle
RF anlenna switch ShOWT'l in fig . 12 is around 0.5
dB 1fl1tle 23 em band and ilrOISId 1 dB in the 13
em band. Accurate insertioo-bss measurements
are dlfflcult ckIe to the mismatches at coax 10
mu::rosb'ip transillOO. micrClStrip radialiOn and
oIhet ca uses. Thecross-talk atterluation is sutfl.
dent for !he application stlown. limili l'g the 13 cm
TX power 10 below 1 W 10 aVOid RX frOnleod

dam".

The AF antenna switdl is control~ by the two
supply voltages + 12 V RX and ... 12 V TX SWIt·
ched by the VOX module. The $IIicondIOdes 1 N
.. 148 in seoes with the supply 01the "5t1urlr PIN
ecoes are requ>red 10 soeec up the swi1chng .
eece me supply vo/Iages do root fal imme(hale'Y
tozeroafter a transmit I receive or receive nr ane­
mot switchovel'".

Conduding part in de nelll ed.tIOn.

New High·Galn Vagi Antenn as

The SI1F 6964 ISa special anlenna lor the space
communlea tion allocation of the 24 em band.
Thema u Tlom gai n of Ihrs IoogVag is 19.9 dB" al
1269 MHz and lalls at! quote qu;ckly. as with an
high-gain Vagi s, with oncreaSing frequency, We
do net, therefore. recommeod this type 01 anten­
na lor oce retcn at 1296 MHz bul lor ATV app l i­
cat ion s at 1152 MHz II is em irtef1tJ y !KJitable.
There ISno 2-4 emATVan1enna on the world mar­
ket which possesses more ga ,n.

The eecreocs are precise, !he ga....freQuency­
swept and oplim tsed. Measuremems carried out
during heavy rain snow that me antenna is not de­
h.med by fTIOislure

The SHF 1693 is a special version lor !tie recee­
Uon 01 METEOSAT 2. Thcs unobl fUSlVe alter­

native to a 90 em d,arnel8f parabolic aflteona
enables , willl l~ aid 01 a modern pre-am pl ifier or
down-eonverter, noise· lJee weatnee p cture
rececuco.

3 m
18 ea,
16.8"
25 ca
- 17 dB

Pri ce: OM 398 .-

l eng th:
a a.n: 20. 1 dB" i. e.
Beam-width:
Front I Back ratio :
Sioe-lobes:
Stoc k· No 0102

5 m
19.9 ee,
13,6"
26 d8
- 17 ClB
1.2 : 1
52 mm

Price: OM 298.-

l englh:
Ga in: 22 ClB,. i. e
Beam-w iClth :
Front I Back rauo:
Slde-loces:
VSW F! ref. 50 0:
Mast mounting clip (max).
S1ock-No . 0 103

k ltmWiberichle T. !!'{ D. S,ltan · Ja".,1t 14· Posit,," eo · 0-8523 Sa;. " . ""
Tel. West Germany 9 133 47-0. For Representali ves see cover page 2
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Jocnen Jirmann, DB 1NV and Friedrich Krug. OJ 3 RV

Microcomputer System
Part 1: Switched-Mode Power Supply (S.M. P.S.)

We wou ld like to introduce the power supply
to start the description s of the individual
modules announced in the 4 I 85 edition 0'
VHF COMMUNICATIONS (1). This unit is
real ized as a switched-mode power supply ,
the theoretical groundwork tor this being
covered extensively in (2) by 08 1 NV.

1.
CONCEPT

The c ecou concept of the power-supov module
was motivated by the Idea that, even with fhe
largest complemenf 01 possible extension mo­
dules, all would be powered with good efficiency
In order that under partly loaded conditions the
efficiency would also be favourable, the module
was buill as a primary switching regulator using a
single-transistor choke converter.

The disadvantages of lhe chol<e converter are
thaI the crcce of suitable and sufficiently rated
compor1ents is crit ical and thatlhe output filtering
must be quite e)(\ensive In order 10 suppress
mtertererce to a workable level. This will be
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mentioned in more detail In the circuit description.
For the circuit conception, the total power require­
ments and work.ing voltageswere the determining
factors. Working potenlials 01 V. ~ • 5 V.
V?= • 12 V and V, - 12 Vata lolal secondary
power output of 100 W were provided under the
lallowing considerations:

FO/ the powering of a modern microprocessor
module . only a fixed voltage of + 5 V is neces­
sary. this being standard practice since the
introduction of TTL integratod circuits. The
torererce lor this voltage amounted, in the most
unfavourable case. 10 only i 5 %. although for
high-speed CMOS chips. a supply range of 2 V
t0 6 V is perrmssabie.

For the operation of floppy-disc drives, monitors
and a few special units, a supply of 12 V :!: 5 %
is necessary and a V 24 interface requires a
- 12 V supply. Asupplyof - 5 V !orolder memory
elements or the use of a supplementary 8080
mcroorocesso- was flOt provided as, if it be­
comes necessary. n may be relatively easily
taken from the - 12 V supply rail by means of a
h ad Voltage regulator.

The estimated power requirements 10/ a maxi­
maily utilized computer system, complete with
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Fig. 1: 100 W Cho ke co nverter microcom puler sw ilched·mode power s upply

monitor and two fIoppy-dlsc drives. all in const ant
operanonis:

The figures in brackets represent short-term
peak values which arise from the drive motors 01
the foopies or lrom a trer eistory operation of a
further ul1i1 such as an EPROM programmer card,
It was not thoughl necessary to provide extra
heat-sinking to cover these Iransistory powers

The power loss in the rectifiers. stabilizing
ercuss and in the transformer must all be added
10 the 67,2 W qiven above. A figure of 100 W
would cover all reQuiremenls plus a reserve lor
the peak demands, That is the sort of powe r re­
quirement that a modern television would ha'le,

5V I 6A (8 A)
t 12 V f 3 A (6 A)
- 12 V / O,1 A

Tola l

30 W
36 W

1,2 W

67 2 W

and lor this appNcation. there e.ists a wea lth
01well-tried circuit:> and favourably pnced com­
ponents. Besides this, nearly all serrs-conooctor
manulactu rers supply cooveeeor. highly-inte­
grated control and regulafing chips for the switch­
ing transistor. At the same time. these chips pro­
vide a variety of monitor functions which greatly
increases Ihe funcfiona l integrify of the SMPS
and also its sure-l ire duplication. We have de­
cided to use Ihe Siemens control Ie TOA 4600-2
or TOA 4601 for the switching transistor control
module. this being compr ehensively covered in
(3) 10 (5), Both types are pit'1 and funcliofl com ­
pahble with each cner. the TDA 4601 having a
Iow·voltage protection facility which is of no un­
portance to tr ns application .

Should more information be required aboUl
l he basic lunction of swifched-mode power
supplies. reference is again made to (2) and also
to (6), (7) and (8). The principle function of the
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subject SMPS ..... iU be expla ined wllh the aid altha
block diagram 01 fIg. 1

The chol<e converter stOles all Its energy in a
" transformer" in magnetiC form dur ing the
conducting phase 01 ltle SWltet'led transis tor
f ollowing the cut-ott phase of the s.....rtch, the
transformer wind ing voltage polarrty changes.
The rectifiers In ee Winding n 2 10 n 6 Circui ts
conduct and deliver eoergy l rom ee l ransformer
eoee into the cha rging capacitor s , The charge
bme depends upon the _ gy $1ored in the cere
and the load OIl tne seccocaees. At !he same
trme . the secondary YOIlage18 heavily dependent
upon the curren! load In Older k) achieve as
constant art output voltage as possible . ne
confrol eircuit must COfl1rol the penod that \he

s.....itched Irans lstor conducts according 10 the
quantrty of ene rgy slol"ed in the COfe A reference
signal trom winding n 3 aSSISts on lI1rs PlJrp0s6
The swrtching Irequency is then a tunc1ion of the
load and vanes between HI kHl (lui load) and
50 kHz (no load) .

As the secondary load d1stnt)lfhOO can vary
drastically between wlI1d.ngs n 4 to n 6. the V,
(- 5 VIis regulated trom ill secondary regulatot
whiCh also reacts upon the coo lrol-elrcurt reguta·
tor . TheV1 ( · 12 Vj and Va ( -12 Vj suppliesare
both stabilized addltlOflally by senes pass regula­
tors. At the sam e time, the unavOIdabl e magne tic
COOpllng betwee n .....lnd lng!l ls ba lanced out.

The other Circu it part s In the block sche matic
coocem the mains supply to the unit The 220
VAC is ted II1 to the mains rectll,er via ao rh
suppression li tter. The rectolied ou lput is then
Ilitered and led to the pulsed transducer (the main
"t renstcemer'' IullClions In thiS circUit electrically
as achake).

Ow ing to 1he pulsed operation 01 the SMPS. the
required outlay . in terms 01 smoothing and
supp ression measure s. is qu ite high.

Tho supply jor the control circuit during operation
is taken from winding n 2. Upon iM Ia! swecn-on,
however, this winding cannot supp ly any power
and the control circuit must be suppl ied trom a
rectified start er voltage. Aher the start coecmon
and 1he power supply has settled dow n to steady
cceratco, the conlrol-c ircui t supp ly is automati­
ca lly sWllched overto lhe auxiliary wind ing n 2.

2.
CIRCUIT DETAILS

Rcremng to the circuit scnenasc 01 fi g . 2. the
power-supply lunction wil l be eeseeec more
etosely and ire cereus 01 the block diagram in
1ig . 1 win be highlighted. The corccoeot spec,,,.
ca tIOnS can be ta k.enfrom the parts hst

2.1. SUrge Limiter and SUppression Fillers

The matflS~ voltage is taken via two ca nndge
tceeeand R 1 to the mains intcrfCfence supples ­
sian lIlI er. Thts comprises a current-compensated
choke 012 )( 27 mHand twoX-cap.acrtors,e"Ch ol
150 nf. The variste r R 2 removes dangerous
vol tage peaks 1mm the mains supply. R6$I$tor
R 1 and the nTC lhermlSlot R 3 sorvo10 hm,t lhe
swrlch-oosurge C\J lTen1.They aec Ioml , log e4her
wrth the capacrtors in the suppress.anfilter. II low·
pass l itter Jar add itional rh MJPP'e5SlOI'l. T~

IS also trnproved OWing to eececeee C 3 kl C 6
whiCh are coo nected across mo bridge recbbrr
diodes. These have the effect 01Y-caceceorsand
are con nect ed via C 1 and C 2 '0 the grOUnd I
earth 01 the mains supp ly . Capacelor C 215 only
necess ary in 1he event lhat lhe power su pply ISIO
be lully iso lated trom the mains. tl the coovenllQ­
nal con struction . using a metal {scrlffl'll lng ) rcce­
ing . is employed. C 1 and C 2 may be dispensed
with the low poten tia l side 01me maIns rcctll,er I
filter betng taken di rectly to chaSSISgfOUnd.

The conslruct ion 01this power supply is anQnded
by the obs ervatio n of mandatory sa lety measu­
res. The capaci tors C 1 to C 6 must on ly be those
types which are expressly ma nufactueed lor this
application And wh iChhave been app rove d by the
relevant national standard s aomonnes.

2.2. Mains Rec tifier and Fillers

The mains reenter bridge 0 14 provides the DC
and capacitors C 7 and C 8 serve as cha rgo
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capacitors. Because otthe mvietcn oj lhe capacity
into two, connected via choke CH 2. they also
work, in conjunction with C 35, as a high-fre­
quency suppres sion Iilter . The fast-b low fuse F 3
is fitted for protection against fault currents, In
the even! 01a biown fuse, R 16 acts as a bleede r
resislor lor C 7 - anoth er satery mea sure This
rese ro- should, of course. be capa ble of wuhstan­
dIng the Voltage across it. This goes also for
resis tors R 4, R 8 and R 15

2.3. Starting Supply fo r Control Module and
Shut-Do wn Circuits

Upon swlldling 00 ue power supply the contl ol
circu il module I 1 is immediately sup peed WIth
power via 0 1, R 4 and T 2.CapacitorC 9 cnerqee
to 12 volts in about800 ms and the control module
starts producing start pulses for the switched
transistor T 1. Capacitor C 9 then discharges
The Zener crooe0 15 in parale ll with C 9 serves to
protect the capac itor in tho event of a fault.
Following the operation of the transistor switch,
the Winding n 2 supplies a volta ge. which is
recnjed by 0 9 . 10 lhe coonormodul e. P,n 1 of 11
al Ihe same time produces a reference voltage
cauSingT3 to oooduc iand T 2 to cot-on. Resislor
A 15 has, at the same time. the function of a
bleeder for C 8.

2.4. Co nt ro l Module

The switet1lng traeseto- T 1 is caused to conduct
dUring Ihe periods of the pulse s suppl ied by the
control module I 1 pin 8 via R 5. CH 3 and C 15.
AesislOf A 5 is a feedback elemen t and serves to
fiMthe base con trol current of T 1 with the ou tput
of 11 pin 7, The ferrite bead FB prevents parasitic
osc illation but has a minimum effect upon the
fo rm 01 the current pulses. Use only the territe
bead mentioned in the parts list During the
deve lopment of this circuit, the use of the wrong
ferrite material resulted in a paraSitic osc illation
which was dltlicult to locate .

The period of tha base curr ent pu lse Is controlled
by me voltage on f 1 pin 3. It is developed across
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the potentiometer formed by R 6. R 7. R 9. R 13
and R 17 and supp lied by a combi nation of the
posit ive reference voltage at I 1 pin 1 and the
rectitied nega tive voltage from wind ing n 3, The
seconda ry voltage may be adjust ed by R 17 pro­
viding that the ..... ind ings have a high mutual
inductance. A, transformer which has bee n hand
wound usually possesses a relatively htgh
leakage induct ance and an add lbonal ccoeot
from the secondary side. via the oplo-coupler
13 and A 17, IS necessary Unfortunately , be­
cause of the long lime constants in the socon­
dary , the contro l is largely ineffective , C 24
prevents control-loop oscill ation.

The voltage provided by wind ing n 3 via filler R 19
f C 22 and R 10 /C 21 to 1 1 pin 2 serves as a
through-zero transition detector. With me. the
dIscharge 01 C 15 via I 1 pin 7 is inlllated. The
voltage prese nt at I 1 pm 4. WIth a time constant
OfT R 8 " C 23.determ ines lhepower overload
point , set here to 100 W. Maki ng C 23 larger In
value incr eases the overlo ad limit.

At pin 5, the supply voltage to the control modu le
I 1 is moni tored via resistor R 11. In the event of
insufficient voltage - perhaps a seconda ry src rt­
circuit whiChbrings down also the voltage across
n 2 - the current pulse to T 1 is suppressed. ThIS
renders the power-supply output sron-ceccu
proot.

2.5. Choke-Converter Transformer aod
Swi tch Tra nsistor

When the switched transistor T 1 IS conduc­
ting. magnetic energy prod uced in the wind­
ing n 1 is stored In the transformer . ThiS ene rgy
must be stored without the transformer core
saturating and therelole a large core WIth an air
gap must be provided . Thecore has . in fact. an AL
factor 01250 nH per turn ~ When working at its ful l
output power of 100 wan, the duty cycle (T on I
T off) is 1 : 2 and the switching trequency an
inaudible 18 kHz. The conduction time T on =
18 p.s .

The stored energy W (per pulse) produced with
a linear slope pu lse in the wind ing n l may be
given as; -
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When Vnc is 280 V ecross c 8. L = 2.3 mH

At the given AL factor of the core, the requ ired
number 01primary turns is:

N '" \ ![':'"AL = 96 turn s

The current in the winding rises to i.

I .. T.. Vocll .. 2.2 A

Wilen T 1 is swtcoec off. the T 1col lector vol tage
rises . diode 0 8 con ducts. C 25 charges and limits
me nse 01the collector potentIal. Upon sw itcl1ing
on T 1aga in. the C 25 dIscharge is limIted by R20.
An OSCilloscope monitor po lol has been provided
on the board in order that the T 1 conduct ion
current may be con trolled. C 25 and R 20 can
then be optimized lor the transform er.

The current and vo ltage waveforms. at full load.
are show n in f ig . 3 for transi stor T 1,

The peak at the moment of switch-on caused by
the discharge of C 25 can be clearly soo n. Note
the linear rise of th e cu rrent to its peak va lue of I.
This l ine ar characterist ic ind icates l l1a \ the «ens­
former is nol saturating .
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The SWllch "OJ1 cur rent peak shook:!be as sma ll as
poss ible as. at this iflslanl , lhe collecl or voneqe
VCE has net. as yet dropped 10 zero, !he reby
developing a power loss Ie Va' in the na nsisior.
By a suilable seledion of va lue 101" resislor A 20,
most ol lM ener gy Slored in C 25 may bediverted
from the transislor inlo lIle resistor. The BU 508A
has a maximum permitted junction temperature of
only 150"C and the ACOcomb ina tion (slow -rise­
network) of C 25, D 8 and A 20 serves 10 protect
the transiStor.

When T 1 is turned off e e ccuecror voltage nses
to twice or three times \t1e applied voltage Vocand
then lalls, as the seoondary ocoee start coedec­
ling, 10a steady value of about 480 V. The YOItage
surge is delayed by C 25 and 0 B10about 500 V f
~s in oo:jer that it is Itmitcd 10uooe- thaI soeceed

for the collec lor-erni!t8f voltage Vu o '" 700 V

During !he time lhat l he collector potential is
constant , the magnetIC 11cld is dcc:llning ao; !ti e
secoodary deliYel1l eflelyy 10 lhe load The
voltage on the outp ul wind ing, calcu la.tl:!d on the
data glyen . is aboul 2 V pee rum lhtJs de1erm,ning
the number 01secondary rums necessary lor me
required outp ul voltage,

2.6. + 5 V Supply

Across wind ing n 6 a voltage of aboul6 V appears
during the cot-ott period 01 T t The rese rvoir
capacitor C 17 IScharged up to 5 V owing to the
pote ntial dillereflC9 across l ecfill el D 12. In order
to keep the efficiency high and the ripple voltage
low, all the secondary rectif iers employ Schottky
diodes. Tho elect rolytic capacitors also are
speci al low-resistance and inductance types ,
Which have been specifically designed for
switched-mode powe r supplies. In spite otttus, a
further filtering proce ss Is necessary to keep the
output voltage as free as possible from residua l­
interference-producing components. This is car­
ried out by Choke CH 6. C 12 and C 33,The choke
is wound on a ferri te rod in order thai it has a high
saturat ion point.

The diode 0 14 eervea as an over-vol tage protec­
tion. whiCh. in lhe eveot a fault . limits the outp ut
vo llage to - 6 V whilS1 LED 0 6 acts as an "on"
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indicator as well as bein g a bleeder for the electro­
Iytics.

In order to hold l he output within a tole rance
rangeol ± 0.25 V during mains and load f1ucWal ­
ions, an additiona l regulation supp lements !tIal
carried out via winding oa 'ros supp lementary
regulabon uses !he rerereoce elemem I 2 and
oplo-coupler 13.

The output voltage sample is taken via voltage
dividers A 27 to A 30 and compared In I 2 with
a 2 5 V reference voltage . The ditfel'ence voItil9E'
is !hen caused 10 all9l" the current ttl rough the
oplo-couple r pholo diod e in !tie appropoate
OO~.

A 27 is a feedback resrstce wtl ich, together Wllh
R 24 and C 26, inc reases ue loop -eectco time
there by reducing tile teooercy forocc if\stab~1fy

The combination C 26 and A 24 also serves this
purpose, The photo Iransislor in !he opto-eoupler
ts con nected in paralic/ 10 the \fOliage divider
resistor A 17 in the regulation loop and also
partlc ipales in the regulatIOn. The time oooslallT
of A 13 and C 24 is so crosen lhal voltage
transients. due 10 large load venatons. remain
within the specified volIagc ioior aoce .

2.7. - 12 V Su pp ly

Winding n 5 delivers a voll age of abou t t 6 V whICh
is rect ifie;j by Schot1Ky diode 0 10,prodUcing 15 V
across elec trolyt ic C 10. Following the filtel
elements Ch 4 and C 19. th is voltage is stabiHzed
by a series stabilizer I 4. The diodes 0 3 and 0 4
are protection against a ccienty taun. As the - t 2
V isalsousedas areference vol tageforthe ! 12
V supply. a resid ual load is formed by resistors
R 34, R 35 and R 36. This assists the regulation
and also bleeds the capacitor s after switching off
the supp ly when the load has been disconnected ,

2.8, + 12 V Supply

Wind ing n 4 supplies a full-lo ad voltage of
aporoxtmatety 15 V which is rect ified . filtered
and then stabilized with series-pas s lransi stor
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T 5. The reference voIlage IOf the regulal ion is
supplied by 0 16 to the emiltef ol T 4, to the base
of whiCh, is applied the output senso r voltage
supplied by the voltage divider R 34, R 35 and
R 36, Transistor T 4 amplifies the error voltage
via the gate of T 5, Resistor R 23 and cap acitor
C 34 serve on ly in the stabilization of the regul a­
ting loop and elements.

The LED D 5 serves also as a bleeder toad during
unloaded ope ration.

3.
POWER SUPPLY CONSTRUCTION

Despite the rather close ly packed PCB OJ 3 RV
010, the constructi on presents no real prob lems .

Basically. the coo ling 01the power serra-ccrcec­
tors must be attended to. Resistors R 1 and R 20
develop a lot of heat and must be suspended
above the board thu s allowing a coo ling air-con ­
vec tion current to flow around them.

Mounting the printed circuit board vert ical aga inst
the inside bac k wall 01 the cabinet also helps
with the convection oool ing The PCB should be
SO posi tioned Iha l the re sistor R 20 is uppermost
In the cabinet , Figure 4 gives an e.-amp le 01ho .....

the board Is mounted. the lea r cabinet wall
ass isling in the diSSipation 01heat.

The connectillQ leads 10 the mod ule and the
floopy disc drive must be ol large cross-secucnar
area. This app lies particularly to the + 5 volt
output lead. A coppe r connecting Icad 01 1 mm"
cross-sec tional area has a res istance of 17 mil
per metre, which means that with 6 A flow ing,
th lH"e will be a potent ial drop of 0 .1 V pe r metre.

Fig . 4: The SMPS board mounted on the tHIck wall 01the ell blnel
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2.2 nF, 25OV (ERO)VOE 0560
specs All OIher resistors are 0/ Ihe type 020 7.

The serrs-cooooctors can be supplied by variou s
hrms. but Boorklin , Sc!l<llersl 'a60 40 .
8000 Mueodleo 2. suppl ies eVefYlhing ,

3.1. Components

For INs type at SU PS wIth a SWItch frequency
0 1between 18 kHz aod SO kHz . normal standard
CO"Tlpone!1ls from \t1e juni< box are usually uescn­
able . Also. the relativefy compad construction
req uires a lew special compooenls whctI are
delailed in the following parts llsl lOgetrlElr wl1h
manulactur8rSand suppl-s

All other capecncea are standard comPCJ"tlflls.
Values and dimension s can be seen on the dia ­
gramor corrocoeot outlay.

3 .9 11, 4 .5 W (Vitroml 208 ·3,
wil e-wou nd upnght
SO 7 K 250 (Sie mens)
Q 69 - X 304-4
K231 f 3J II ($lemeos)
P.T.C. 0 63023 · K 1330 - N
10kll. 4,5 Wmela loxyd
res istor. > JOOV proof
e . g. WK 8 (Aesista)
330 kf1, 1.4 W, > JOO V proo f
150 kJ1, 1.4 W, > JOO V proo l
10 kI t, preset eel . hQlizoo lal
t oo n , 7 W (Vilron ) KV 2 12-3,
WlI8- WQtJnd upright

4.7 kU , preset. cer . horizoo tal
220 I I prese t cer. ho rizontal
470 n , O,5W

1 nF, 250 V (ERO) VDE 0560
ecece.
15O,. F , 38 5 V (Siemens)
843306
47 ,. F. 350 V. upnghl or axia l
e.g Vatvo 2222 133 4S479
470 ,. F, 25 V for SMPS use
e . g. ROE , Type EKR
68OO,. F ,1 0V (Siemeosj
8 4 1336 or l 0000 ,.F.l0 V
(VaNe)
2222051 54 103101 SMPS use
4700,.F, 25 V (Soemensl
B 41336 or (Valvo)
2222051 56472 !Or SMPS use
47 ,. F, 25 V lor SMPS
e g RO E, Type EKR
4.7 nF, l 500 V (Siemeos),
B 32650 ·K 1472 - T Pulse cap
0 .15 ,.F 400 V, MKT, Rt.A 15

A4 :

R 30:
R 36:
A37:

A 2:

R3

A 8:
R 15.A 16:
R 17:
R 20:

Resist ors

A 1:

C3S:

C25:

C 19 :

C8

C9 ·C 12:

C 17;

C2·C 6:

C7.

au508 A (Valvo . MOIoroia elC.J
BF 459 Of similar (Va: e 350V)
BC 550 or Similar
BC 560 or Similar
BUZ 71 (Siemens) or Olhef

powerFETe 9 Mot orola
MTP l 0 N 60

1 N 4007

lEO (10 - 20 mAl
BA 159 Of oItM!f la S1HV diode
BY S 2 1 • 90 (SIemens)

SChottky Ikx:le
s v s 24 · 90 ($iemeos)
SChottkyparallel diOdes

~) ~8 "

BYS 28 · 45 (Siemens)
SChottKy parage! eeees

ID 2: 25 "
1 N S629 (Thomson-CSF)
TAZ StJppr ossor diode for 5.5 V
B 250 C 1000 / 700 or eq ufv.

ZPO "
ZP 0 6.S
TOA 4600-2 or TOA 460 1
(Siemens)
Tl 431 ClP rru
COY 80 (Tl k), VOE proof
7912CT

Capacitors

C1 :

0 13:

12 :
13 :
14 :

0 11;

0 14 '
0 15 :
0 16:
11 :

0 12:

01 -0 4 :
05.0 6'
0 7 - 0 9 :
0 10:

T 1;
T 2:
T 3:
T 4:
T 5:

Semiconductor
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FB:

Tr 1:

Ch 2 - Ch 4:
Ch 5. Ch6:

VHF-COMMUNICATIONS2'86

Oth er Comp onents

Ch 1: rfi suppression filter,
2 x 27 mH f 1.4 A,
(Siemens) B 84110 · B· A 14
4.7 Ii H Ferrite rod choke
Ferrite rod core (Valvo)
4322 020 36810
Ferrite be ad . 5 mm,
mal. N 22 exF XC 3 B
AM 14,
ferrite core translr , complete
Al = 250 nH I twrn2(Siemens)

3.2. Winding Details

ChokesCh 5 and Ch6. aswell as the transtormer,
must be wound

Ch 5' 20 turns Cui 1 mm dia on rod
core 5 mm dia

Ch6: t ztc-ns c urt.s mm draon roc
core 5 mm dia

Tr 1: Start with the couecio- end 01
n 1 as reference

n 1: 96 turns 0.5 mm oa Cui in tbree
layers with insulating loll between
layers and also on top layer.

n 2: 6 turns 0,3 dla Cui
n a: 10 turnsO,3 dia Cul

Both n 2 and n a are laid besides
each other in the same layer, The
remaining space is filled with
teflon tape. Use four layers of
teflon tape to cover windings and
isolate mains.

n 4 ' 8 turns 3 x Cui 0.7 mm dia
parallel wires. covered with
insulation foil.

n s: a tums c um.a mm cia
n e: 3 turns 4 x Cul0.7 mm dia

parallel wires

Both n 5 and n 6 are wound In a single rever and
insulated as lor n 3 and n 4 above.

note: Cui = enamelled copper Wire,

The windings should be carefully wound and as
tightly as possible. otherwise there will not be
enough place in ih e available winding Volume.
High frequency litz-wlre can also be used in
place of single conductor copper wire. As the Litl-

wire is insulated with silk as well, the risk of
internal arc-over due 10mecl1anical movement ot
the wires in response to the current pulses is mini­
mized, It must. however, be stressed thaI the
Winding volume is only just sutlicienL

n t : JO x 0.1 CuI S
n2, n3,n5: 15x O.1CuIS
n 4. 120 xO.1 CuI S
n 6: 2x 120xO.1 CuI S
The Litz-wire may be obtained from lhe suppliers
Buerklin.

3.3. Component Placement

The important thing to watch is that all the
components have the specified ratings, The
printed circuit board layout plan, fig . 5, indicates
the component arrangement. The order attending
the component mounting is unimportant, I. e.
except for the semi-conductors. These should be
left until last and after they have been mounled
upon their heat sinks. This refers to T 1, T 5, I 1,
0 11 and 0 12, suitable heat sinks may be seen In
fig, 6 and their mounting in fig . 4 Take particular
cere with diodes 0 11 and 0 12 thaI Ul8y are
insulated from their heat Sinks By means ot a
l in-p1ale wall. mounled aCIDSSthe eoerdee heat
sinks are mechanically secured and lhelmatly
bonded - the wall acting as a heal Sink lor the
PCB as well. The heat sinks of T 1 and 11 are, on
mechanical grounds, bolted together by means of
nylon screws and insulating spacers - both sinks
work at high (different) potentials. This latter point
must be taken into account whenT ts heat sink is
boiled on to the board as it has collector potential.
No HV tracking must be allowed and ceramic
stand-off insulators are recommended.

4.
COMMISSIONING

In order to adjust the module, a (variable) isolalion
mains1rallSlexmer and two high-wallage resrsors
lor the outpul load. are required,

A digital muttrmater and a two-channel oscillos­
cope with a current clamp and 1kV probeare also
necessary.The SMPS is switched on without load
and with potentiometers A 17, R 30 and A 36 set
to a mid-range position.
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The current clamp is placed around the ccnen t
loop provided in the couecex orccn of T 1 and ue
oscuoscope prone connected 10 C 9 , The line
vottage between live and neutral is slowly ill­
creased.

At about 70 VAC the control cnccn starts ceeve­
vering pulses to T I . The oscuc scooe trace
shows the voltage pulses and collector current is
indicated in the clamp ammeter,

Above approx imately 120 VAC the SMPS starts
to oscillate and an output voltage appears, The
switching treouercv is about 45 kHz and the
pulses have the form shown in 11g. 3,

If the circuit is not forced Into oscillation by the
start impulses. the sense of the winding con­
nections on the mam eansrcrmer should be
checked. This check should be carried out in any

case in order to ensure that the circuit is in fact,
working as a choke converter.

If me Cllcuit is oscillating wilhout any problems,
the mains supply can be increased to 22 0 VAC,
The oUlpul voltage can men be adjusled with R36
and R 30 lo a voltage 0112 V and t 5 V at partial
load currents of 1 A and 2 A respecl ivety. Under
par1la1ly loaded condil ions (01 the 12 V supply),
the 5 V supply Should not be lett unloaded, other­
wise, the strongly regulated 5 V supply will cause
the voltage across n 4 10 be diminished.

The SMPS should now be tested at Ihe load
extremes in order to test the cutout voltage
requlation tolerances 11 the predominaling effect
or the 5 V regulation is too strong , R 17 can be

adjusted, thereby deaeasing the feedback lrom
n 3 via the opto-coepier.The 5 V outpul must then
be reset to ncmmat by means of R 30.
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Colour ATV-Transmissions are no problem
for our new ATV-7011

.....----
E'fl ..~ • •,~..-

• ,
"TV . ,O ~,~ -, ".et • •

seecmceucne .
Frequencies, cryslal-control'ed c
Video 434.25 MHz. Sound 439.75 MHz
1M-products (3rd order): better than - 30 dB
Suppressior 01 osc.lreq. and image :
better mao - 55 dB
Power-OUIpUI, unmoclulaled : typ. 10 W

~ Delivery : ex. stock 108 wooks (Slar'!dard MOdel)

~ ll~~~Yberichte Terry D . Bittan - Jah nstr. 14 · Post fach 80 · 0-8523 Barersoort

The ATV-7011 is a professional qualrty ATV trans'
miller lor the 70 em band It is only necessary 10
conned a camera (monochrome or colour). eueooa
eoo mICrophone. Can be operated trom 220 V AC or
12 V DC. The staoc aro unit operates according to
CCIf1, hul other standards are available on request.

The ATV-7011 is a further development Of our rA'li­
<lolaATV-7010 with better specifications, newer oc­
sign, li nd smaller dimensions. It uses a new system
of video-sound combination and rnocuratcn . 11 is
also suitable for mobile operation from 12 V DC or
tor ti ~ l:ld operation on 220 V AG.
Price DM 2995.-

The ATV·7011 is also available lor broadcasnnq use
belween 470 MHz and 500 MHz. and a numoer of
eucn units Are in COIltinUOlJS operation In Africa

T el. W est G e rmany 9 133 4 7-0 . For Repre sentat ives see cover page 2
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Friedrich Krug. OJ 3 RV

Microcomputer Clock-Pulse Generator

linked to DCF 77 Off-Air Time-Standard

For ttl e co rrect evaluati on of coherenttr.,...
ml11edcomputer signals the sync hronization
mint be of the htghest order of 8CCuracy and
stabi l ity . Together w ith the h igh input dyna­
mic ntOge and Interference resistant DCF n
receiver. OJ 3 RV 006 1 007 described in (1).
and the aubject module OJ 3 RV 009 , the ne­
ce ssary ll ynctw onlzing signals are generated
and ptI~ked to an otHir (German) fre­
quency standard. Tbe module deUy.,. the
• MHz CPU I ync.. and the 16 MHz dot etoeillor
the termtnalcard of the fort~omlng computer
desc ribed In VHF Communications 4 / 85 (2) .

1.
CIRCUIT DESCRIPTION

The circuit ct me module is shown in fig . 1. The
low noise junction FET (T 1) Co llpits osci llator
has already been used in this form in the circtJif

OJ3 RV 007. The bese mode 01the crystal (a )
osci llates in para lle l reson ance at 8 MHz and is
fine-adjusted with the 10 pF tflmmer and the
vareap diode D 1 in Ofclef that it is phase-locked
to a reoo-staocarc denve<lfr~.

The oscillator signal is then Iow-reaclively
COl4IIed 10 transistor T 2 where it is ampli fied and
passed to a filter L 1 and a Ievel lranslator T 5. The
latter amplifies the sognal to CMOS level and
con trols the Irequency divider in 13. The 8 MHz
signal is then divided by a rector of 40 and compa­
red with a DCF 77 derived, 200 kHz signa l. The
integrated circuit I 3 contains two programmable
dividers connected in senes. The first with a
division factor of 4 : 1 and the second with a
division factor of 10 : 1 nxeo. The output of the
first divider is available at pin 1 and the second
at pin 2. These signals at 2 MHz and 200 kHz are
available to adjust the frequency of the crystal
oscil lator .

The OtIlput of the phase comparalor is taken from
me 13 ln-stale output pin 3 and controls the phase
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Fig. 2: The bottom coyer of t he t in-plate hou.ing .. soldered d irectly to the PCB

of the OSCIllator via CMOS switch I 2 , Ihe low pass
fitter and the varicap diod e D 1.

The CM OS SWitch 12 opens in the event of a reoc
transmater failure. or a fault in modu le OJ :3 RV
007lhrough lack of vo ltage at PI902. The vancep
(0 1) rs Ihen sup plied by a fixed - 5 V nom the
prec ision regulator vol tage reference I 1, The
OSCillator is working in an unlock ed condit ion and
therefore it has to be adjusted initially in order
thaI its nomina l frequency is exact ly 8 MHz when
the prec ision 5 V is being suppl ied by I 1. The
6.2 MH z reference signal from the modu le OJ 3
RV 007 present at Pt 903 al a pow er of - 6 dBm .l
50n. is amplified by T 7 and T 6 up to TTL level,
The dividers 16 and I 7 (both 74 He 193) have
been cconeciec 10 scateoown by a factor of 3 1,
bnngi ng ttle reference ffequency down to the ne­
cessary 200 kHz (i. e. thaI of the phase conpara-

lor ). Transistor T 6 amp llf,es the level to thaI 01
C MOS

The 8 MHz oscillator Signal, ane r be ing amplified
by trans istor T 2. IS co nverted into a balanced
signal by L 1 and then doubled in frequency by 0 4
and D 5. L 1 is tuned to 8 MHz and L 2 to 16 MHz.
Th e 16 MHz signal. selected by L 2, is ampl ified
by transis tors T 3 and T 4 to TTL level. The tel­
low ing inverter I 4. with a high -spe ed CM OS
Schmitt-Trigger input, fo rms a square-wave
signa l wh ich is led to a dua l 0 flipf lop (15), inverted
again and de livered to the computer BUS . I 5 is
connected as a 4 ' 1 divider which de livers the
4 MHz sign al to the computer BUS via an inverter
used as a drtvar.

The - 5 V and + 12 V eocoees, needed lor the
operation of t"l is fl'lCldU le, are teeen from Ihe
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. ~

Fig. 3: COmpone nl "youl 01board OJ 3 RV009; !hel. ' 1. 9 wire brllige's on lhe boald and 11 throvg"'9lound
eon nectlons 10 Ihe hou alng

' 24



VHF·COMMU NICATIONS Z'86

computer rails The supplies for the CMO S chips
12. 13 and driver T 6 are taken from a 9.1 V zener
diode which is placed across the + 12 V raiL Also
a low-noise, highly-stable 5 V supp ly is derived
from me » 12 V supply which is useo lor me
8 MHz VCO . The + 5 V from the computer rail is
nol suitable fo be used as an cscnasorsupply as it
is not slable enough and prone 10 Int6f1e-rence
trcm rne computer workings

L 2 :

Q

'rumrner:

C l , C2'

Filter kil Vogt D 41-2 165,
Colour orange 12lum s.
0.2 CuI. 1.7,uH.a toms.
0.2 Cui
8 000 MHz.
pa rallel 20 pF
lOpF air l rimmcr,
Johanson Type 5200
100 pF, Srwouex

2.
CONSTRUCTION

The components not speci fiCatly de tailed can be
taken as being standard.

Resistors: Type 0207 metal film
Capaci tors' Ceramic with 2.5 or

5 mm spacing grid.

The mod ule is constructed using a double­
sided PCB in the Eurctorrnat of 100 )( 160 mm
as may be seen in fi g. 2, It is screened With a
tin-pla te hous ing soldered 00 10 fhe board - nus
helping 10 minimize radiated inlerlerence.

The construcnon (fi g . 3) is unproblemahc.deman­
ding the same requirements as lhe assoc iated
mod ules DJ 3 RV 006 and 007 cescnteo m (1),
The component data may be faken from me101­
lowing parts list.

2.1. Part s list

T 1,T2,T3 '
T4,T 5, T7,T8

T6:
11 .
12:
13
14:
15:
16, 17:
o r.
D2.D4.05:
D3:
L 1:

BF 246 A (TI etc .}
2 N 5179 (RCA) or
simi lar UHF Transis tor .
e 11· BFX 89;
BFY 90 (Siemens etc.;
BC 550 C (Siemens etc.}
REF 02 (PMI, Bourn s)
4066 B (RCA eIC.)
MC 14568 B (Molorola)
74 HC 14 (TI elc .)
74 HC 74 (TI etc.)
74 HC 193 (TI elc.)
BB 505 G (Sieme ns ole.)
2800 (HP etc.)
Zener cooe9 V 2
Filter kit Vog t D 41·2165.
Colou r orange 2 )( 12
turn s, 02 CuI. 7 ", H,
a tum s. 0.2 Cui

3.
TUNING INSTRUCTIONS

The adjuslmenl of the crystal osc illator is carried
Oul WIth no inpuf 10 PI 902 , to obtain a trequeflCy
01exa ctly 2.000.000 Hl al 13 pin 1. Induct ors L 1
and L 2 are then adjusted lor a max imum at the
drain 01 T 3 The mod ule is nowready to be con ­
nected to the compu ter BUS, Before using this
mod ule to supply the computer' s sync , require­
ments. the ex isting sync. aen r ccmonts on the
CPU card and the ferminal card must be rendered
inoperative.

4.
REFERENCES

(11 Krug. Friedrich :
A Receive!"tor the VLF Time and Frequ ency
Standard Trans missions from DCF n ,
VH F COMMUNICATIONS, Vol, 16.
Ed. 2 f 1984 . Pages 96 - 114

(2) Jirma nn, J. and KRUG, F.:
A Microcompute r Syste m for Hade Amateurs
VHF COMMUNICATIONS, Vol. 17,
Ed. 4 /1985, Pages 252 - 25 4
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BRIEFLY
SPEAKING...
On the 20th - 2 '5t Sept. '986,
Bo,....amwooc! .. Eis tree
""'-l. ur ~dlo Society and
B.B.C. EI, t,..,. Ce ntre will
eommemorate 50 Years of
High Definibo n Television .

On lhe 2nd Novembef 1936.
Ihtt B B ,C . staned Ihe first High
Dehnltlon T61evision Service in
the world The fi,st proqram­

mes were seen by probably no
more man 2,000 people . a
figure whdl had growll to
50 .000 by!he stertor thewar in
1939 wheo uaosrrasssons abo­
IUpUy ceased . In 1985, lhe au­
dience tor me B,B .C .'s relay of
the -Live Aid8concert was est i­
mated worldWide to be 1500
mi~ iofl. III Mil a century it has

bel;ome the mo s1 powerlul
mea...,of commuoocation in It-.e

""""-
The 6oretwnwoOO &. Elslree
Amat eur Rad io Society 'll'il
be operal ll''I9 S. S. B., C. W aoo
pos$ lblyR 1 .1. Y.on2, l O. 15,
20 , 40 and 80 metres su bject to
prop agahoo cond itions. A spe­
ci al a SL Card has been desig·
ned and it IS hoped that coo­
tacts w ill btl made throughou t
the world.

The Iransmissions wi ll begin Oil
September 20th al l 200 hours
G M, T and co ll linuing unlil
September 2 1st at 2000 hours
G M. T, under me call SlgO
GB2TV.

aor-hamwood .. Els tree
Am~eur Radio Soeiety

'26
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The constrl.lCtJoo6l details of a
WlCleband IF and FM demodu-­
talor "'as been received in the
cece from Rornao Poll, DC 2
CS, TNs module wi. be a suit ­
able add,lJQn 10 ee TV sate­
lite lronlend desa1bttdby YU 3
UMV . The wideband IF I de­
mod ulalOf artic le Is planned to
be publi shed in ~e VHF COM­
MUNICATIONS 3 f86 eortc o.

Praclk.a1 advte. 0 1"1 Home­
nwdePCB,

By chance, I came across a
soocret toil made hy the linn
CHE MITEC WlIt1 whiCh II is
poss.i~o to ma ke PCBs easier
than hitherto. How does it
wor1l. ?
The A 4 lormatloil is placed into
the paper magazI ne of a d'Y~

copy machine II JlOS5Ible , the
cooee IS adJUSled in erder 10

ach6'ls an opllmum btack·
ness Then lhe Ofcul l Iayeut
IS coped onto the spedal loil

lhe \011 IS then laid onto tt:e
copper side at t~ PC B and a
smooIhng-tron , set to -1Inen8

Of 8oot1on8 IS used 10 Iranslec­

lhe primed cirCUIt 0010 lhe
coppet' surface. This has 10 be
do ne wllh a certain -10018 since
eIther too weak or too short, an
applicat ion at The iron wi !1 re­
sult in the transfer be ing in­
complete. li the application is
too loog or too hard, the tracks
will be drttused. A prote seo nal
way ol doing it,WQuid be , to use
a hea l·ploss 01a heated roner.

Following me prmllng, lhe foil
IS removOO and the PCB placed
in the elchng baTh . For the
cecee at elchiog matenar and
etchirog tectmlques thete are
no restnc1ions. A rrllXtur eof 200

YHF-COMMUNICATIONS2J86

ml hydrochloric:: acd (35 %), 30
ml hydrogen peroxide (30 %)
and 770 mI of waler (note: Ille
lig<JreS in bracke'.s are 1M COIl­

cenlralions, also this mix1ure
COI.Jkl be dangerotiS, use good
vefrti ll11loo)

When the etch ing process has
linisned , me PCB Is washed
In waler" and the e4ch l"'9 resist
0'1 the tracks removed wrth
acetone.
The special foi l (TEC 2(0) is
oblainab~ !rom CHEMI1 EC
GmbH, Bc rgisch-G!adbacher
strene 977, 5000 Kooln 50,
West-Gormany , Fl\'e DIN A 4
sizod loilSccs r OM 9 ,50.

Or . Rolal"ld Milker , D L 2 OM

OieI8ctr lc Res onators

Slemeu 0"8'" the fotlowln g
lrequency delermin lng di­
eteciric resonators 'Of the
mlcrowavelectlnok!ogy:

The flat cy1indnc::at body 01
II1SUlalJOg cerarrsc WIth a high
dielectric COIlS1anl (81 present
38-5) are sma/lel' and dleaper
(hall h normal coaxial and
cavity 1B90'IatofS usng m ar.
a values 01 XlOO to 30 000,
acrording to fl'eQUtlOCY. Wrth
everdecreasil"lQ see.me app~­

ca lions range e_Iends born 2 10
16GHz.

Siemens Preu PIlolo
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 2 11986 of VHF COMMUNICATIONS

DJ 3 RV Microcomputer Clock-Pu lse Generator linked Art. No . Ed. 2/1986
to DCF 77 Off·Air Time-Standard

PC-board OJ 3 RV 009 single -sided, without component 6946 OM 30.-
plan, dri lled

OJ3RV/OB 1 NV Microcomputer System, Part 1: (S.M.P.S.) Ed. 2/1986

PC-board OJ 3 RV 010 single-sided, with component ptnn. 6947 OM 36.-
drilled

Kit OJ3RV010 with all components 6952 OM 498.-

DB 1 NV A Mini at ure 70 em Handhe ld FM Transceiver Ed. 211986

PC-board DB 1 NV 004 doub le-sided. etched on one side, 6957 OM 39 -
without cornp. plan, drilled, silvered

Components DB 1 NVOO4 10 ICs. i Stranslstors. 17 diodes , 6958 DM 529,-
1LED, 2 crystal s, 1cry stal f ilte r
21.4 MHz /1 5 kHz, 1 corarmctnter,
6 ready-made coils, wire for sen-
support ing coils, 39 ceramic caps,
12 blocking ca ps., 11 ton caps ,
9 electmlyfics. 5 tail trimmers,
1 preset, 1 pott'meter with switch.
2 presets, 84 resistors. 1 t in-plate
housing. 1 charge socket , 1 switch ,
2 push-buttons . 1 BNC socket.
1 m RG - 174, 3 BCD, code switches

Kit OB1 NV004 complete as fisted, except 6959 OM 539.-
microphone and batteries

k'~msjCberichte Teny O. Bitt" . Ja",,1e 14 · P,," ac" 80 . 0 -8523 Balecodod
Tel. West Ger many 9133 47 O. For Representat ives see cover page 2
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Weather Satellite
Receive Systems
for pr ivate or professional use

NEW 10 image memories disp lay NEW
NEW - in colour, if desir ed - NEW
NEW (s torage cupur ity 4MB;t) NEW

U KWalpha
UKW beta
UKWgamma
UKW delta

. :. .~ .- ..
· oJ . ..

.
•- .

Complete System

UKW alpha

from OM 4,950.-

inc luding : cnteom .converter
receiver. 1image memory,

monitor,interconn.cable

'"

This new Compact System offers .. .

• modular design,allowing extens ion
• movie display .... ith the aid of 10m image memories
• programmable automat ic reception

• brilliant colour images !Iii;;;;'":.:!",
• zooming
• digita l data output lopt ional)

More inform ati on available at :

METEOSAT-Image C 02

Terry Btttan Vortriobs-GrnbH Tel. (09133) 47-0
P.O. Box 80 • Jahrlslralle 14
o . 8523 aaersoortlW. Germany) Telex 62988 7



New · New · New · Now available ex stock

Interface "slave 10"
for the satellite rotator systems
KR 5400 and KR 5600

Sl ock-Nr. 1001 OM 590.-
(incl. connection cable)

• fully-automat ic anten na tr acki ng system lo r satell ite comm unications
• connection 10 any computer po ssi b le v ia RS 232
• reso lu tio n 01th e dual-channe l A ... D co nverter amou nts to 10 b it s
• OSCAR 10 software for the C 64 av ail able
• connection 10 exis ting rotator sy stems po ssible

Table of commands :

XX" V",t tc;" P< )"t l .o~ i4 a i~ 's l
,Y'f'i Horil ontal :;.o. ilo" 14d , it, ;
CR CAHl llAGlO "lfTU RI\

oorrma">d

R Gil
I ef'
U el l
n ce
s el l
v c»
" en
G " " 'IVY'! CP
F 0 11

R OR

, "
t. C;R

o en
s eR
v ca

" "G CR
F " " YYl'Y CR

rctalion c1ockwi, e
,ot a' ioc CO<J nt~r cloc kw ise

rotali"" up
rot" ioo dcw~

of ru~dl<Jr, ~I~

rc lalm stn , v~ rt

rul"!,,, s tep "on z
p r~",t pos ition

;hle H"Ydlio" f'U, itIUfl

System's

block

diagram

Hor. ver t.
Rotor Roto'·

~
Techn ic al da ta:

Oa:a exr:hi'ln 'le :

O" tq h rmat'

B HJ C rate :

Power suPpy

mr-eosro-s

J-v,; ir" Hsynch o'l _i un du plox
i1pul and ou:r u: ~ "qat,ve or
pcs'bv c

1 _.,ta rt bit

8 c a til h i ~ s

2 stop bits

l <2D:J 8 : s

14 V lJnf tiltJ, viii cc n:ro l bOx
KR 5400 or Kel 5hOO

wx h x d.e 16:J x 80 ' 130 mm

Control box
KRS400/S600

Interface
SLAVE10

S pe c ial acc essories :

Softwa re c- d is ke ~e to- C 64 Art. nr. 1100 OM 48.-

Satell ite ro1a lo r systems:

KF 5400
KR 5800

Art. nr. 1013
Art nr, 10 14

OM 809.­
DM 1070,-



You should know
whafs behind our sign

We are the only European
manufac turers of these

Miniature TCXO's
ceo 102, ceo 103 ,
ceo 104 , ceo 152
modulallie table

hiqhor stability them d

quartz cryatal:
le s s them ± 3 p pm OVOI
the temperature renq e
- 30 to +60"G (IYJ-J8s ill
low age ing rate:
le ss than 1ppm pe r
year,
wid e Ire q uency ranqe .
10 MHz to 80 MHz
low supp ly vottaq c .
+ 5 V
lo w current consumption :
3 rnA IIl dX, (series ceo 102)
small outlines: ceo 104 ... 2,6r;m3, ceo 1021]52 ""3,3rm",

ce o 103~ 4,0em"
widespread applications e.q, as channel elements or reference

oscillator s in UHf radios (150 and 9(X) MHz rang e )

Our R + D engine ers are
co nstantly working with
new te chnolog y to
develop new products.
We can offer technical
advioo for your new
projects or manufac ture
aq ains t your sp ecification.

Quartz crystal units in
the frequenc y range
fro m 800 kHz to 360
M Hz Mi croprocessor
oscillators (TCX O's,
VCXO's, OCXO's )
crystal components
according to customer's
specifications

C r en'
C0n" " "pl,, "

CC0 1M

, " r

TELE-Q:JARZ GMBlI D-BUZ4I\eckarbis chc ' 5he i'" Z
Tok fon 0 72 6611003 · 'l',,)ox 78~359 tq '" Te lefox 0728811436
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