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Wolfgang Guenther, OF 4 UW

Basic Rules
for Self-Co nstructed Equipment

Radio amateurs ,nG"~ lTl<lnv (DWl;l,ll have the pri­
vilege of blJllc1,ng the' l OWl! t'Qui~)rllelll withou t
having to submit It lor acceotaoce testing. A
recent cxcc ptoe ilppl,t'S 10 stations opera ting!
mm aboa rd nomen sh ips (1). In som e F;-ountries
a final acceptance examination by the /lahunal
corrunuocanoos autnonty 15 IlOrmal for <1 11 trans­
mitting equipment.

It is for this re ason that it is to be recommen­
ded that all home-ma de eq uip ment, espe­
ci ally f or use above 30 MHz, shou ld be c on­
struc ted accordi ng to the foll ow ing basic
principles which are well k nown in pr ofessio­
nal c ircles . These treat Ih e tran smitter and
receiver modules w ith equal importance and
in th e case of the latter, nol just from t he
standpo int of good selectivity, but that unau­
th ori sed radiation s can also oc cur from it. It is
these spurious radi ati ons which at all c osts,
mu st be avoided in orde r that th e tr ust given
to t he amate ur by th e nat ional authority is not
betrayed by a slips hod, open form of con­
struction which permits these emissions on
illegal frequencies (2).

A subsequent anereucn is very much more
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expens ive than to construct in a SPurIOUS. raoa­
no n-h oc , com mercial manner in lhe first prace .
The followi ng advice should help in lhis respec t

a) Cooseq oeu grouping in jux ta-position of
screened modules in accoroaocc with the
c ircuit frequeflcy plan , i.e . high-frequency.
mixer or intermed ial e-freq~ncy staoes all
enclosed with in lheir own screened comoa- t­
moo ts. This enah les bo th . HF and fF mod ules
to eoclose more than 000 ampl ifyi~ element
together witll several tuflP.d circu its (of tne
!'Wlffi() freqUeflCy order) in t~ same bo x,

b) Tho high- fmql lCf1(:y proof sc reened bos can
be fabricated from thin tinplate in which
every att empt should be made to make it
"wa tertight "

c) Overlapping lid eoces of tt-e hOllsing should
be uniformly tight fittin(j or screwed on flat
lids should close onto continuous fi nger·
str ip contacts which ensure an HF·ti ght fit
(see co mmercial co nstruction or an old UHr­
tuner).

dl All bo x and housing edge lap-joints. snouo
be soldere d "watertig ht" .
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e) Externa l connections for supply voltages or
relay/ elect ronic cont rols sho uld in princ iple,
be mad e via HF feedthrou gh ceramics
which have been soldered all around the
flange - 10 nF for 9 MHz, 4.7 nF for 29 MHz,
1.5 nF for 145 MHz, 470 pF for 435 MHz and
150 pF for 1260 MHz.

f) All input and output impedances should he
about 60 n or trunsformedup/down if neces­
sarv. Internal cabling between modu les may
be thin 50, fifl or 75 U coaxial cable. it doe s
not matter which.

g) Notwithxtandmq what has been said above,
doubl e screened coaxial cable RG 223U in
partic ular, is widely emp loyed for conn ections
between rnodutes ns the con nector recepta ­
des can be direct ly soldered in a "watertight"
fashion to tile wall oft the modu le. It is advan­
tnoeous tore very coaxialthrouqh-connec tion
to install a suitahlo soldered sock et onto the
sc roonort case in order to achieve a gaud sol­
oered connocton possib ility to ­
gether wilh rigid mechanical ~tah i l ity .

h) Amplifiers tend to exhibit parasitic oscillations
in the vicinity ot the limit ing trcquoncy fTof its
cons truct ional elements, A phase-chanqe ot
270" to 31)(} ' ;lI1d onto 4.')0" takes place
throuqh these elements from input to output
ncar f l ' The magnitude and the degree of
phase-change is dependent upon both the
mechanical and electrical construct ion and
the relationship of the workinq to the limiting
frequency.

Single stage circu its avoid thp.sp. oscillation
ettocts by including "p arasit ic sto ppe r"
res is to rs direct ly at the collecto r (or anode).
The following are reliable values: 455 kHz ­
4.7 ro. 9/10.7 MHz -470 ! L 29 MHz -220 n .
52 MHz - 100 n . 145 MHz -47 o, 435 MHz ­
10JI . Low inductance types of course, should
be used such as the old carbon composition

or modern carbon -f ilm resistors. Metal-film
resistors arc also suitable but under no cir­
cumstances use the carbon-film type s with a
recessed spiral track .

Tile values sho uld not be made smaller in
order to be on the sate side, as in relationship
to the 10 to 100 times greater tuned - circu it
dynamic impedance, they cause very litt le
po wer loss in the ampnnar. A smaller value
can however be employed which is suffic ient
to inhilJit tile spur ious osc illator effect in GISeS
where the work ing lreouency is large com ­
pared tu the linutinq frequency .

i} If a rTIulti-~t,lgE) nrnpuncr tcnos to self-osci llate
{i.e. around 111(, worki ng frequency) then the
only measures that wi ll help are radiation and/
or current decoupling botwoon t he sensit ive
low level input circu its <Jnd tile 11igh level out ­
put. It is simp ler to ilch ieve this through
further division into "watert ight " sc reened
comp artments followiuq points a) to g) using
in addition I Ir cho kes ill the supoty lines.

j) Every mixer staqo should also be housed ill its
own screened box ;JIld the HF, osci llator, drill
IF s i >J na l ~ connected via coax ial cantos. Only
very short coaxia l con nect ions however.
should ho IJsed to connect high impedance
points as the capac itance per unit (1 m) lenuth
is: 50 11 -100 pF, 60 iI -BO pF, 75 n ~G8p F

and 95 n - 47 pF. For an oscillator/amplifier
tuned circuit at 13G MHL with a tota l circu it
capacitance of 15 pF and a fa pf (mid-valu e
say 6.0 pF) trimmer it makes qUitAa difference
whether the 10 cm coaxial cable has acapaci­
tance of 10 pF or only 4.7 pF.

For this reason and tor other diverse reasons
it is better to adhere to point I) and transform
both sides to 60 H . This requi res a tuned
transformer in each box but not of cou rse if by
chance, a FET common-gate amp lifier (P
8000) or a low ohm input mixer is being dr iven.
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In orde r to achieve sufficient signal decou­
pi ing between inputs/outputs, preferably
double-gate FETs or push-p ull circuits also

diode ring mixers should be employed where
the tatter are to be bala nced in phase and
ampl itude. Ready-mad e modules don 't have

tobe.

II all the po ints outlined abo ve me diligent ly car­

ried out, the radio amateur may be sure that he
will immediately sat isfy at least the minim um
requirements 01 the German Federal Post Ottice
IDBP) set out in (3). In the requirements tor the
imp lementat ion of ti le amateur licensing regu la '
nons 01 March 196 7 para 12 it states -

"The ama teur rado stat ion must be constructed
and maintained acco rding to the curre nt stare of
the techmiq ue Unwanted emissions are to be
limited to the smallest possible values Tne
attenuation of the unwanted emission relative to
the power on tile wor king frequency shou ld be
for t ransmitters of over 25 watt

und cr 30 MHL at least 40 dB
over 30 MHl at least so oa

The rildiil led interference power from oscuarors
or hJ rmon ic frequencies Which fall w ithin the
hm <J dc<Js t or television bands must riot exceod 4
x tu v watt-

II all the components at a transceiver were toea
ted on one PCB which was thrn ptocoo In an
unbo nded cab inet wi th ho les throuqh it , or even
in a plast ic case, the above spec ificat ions wou ld
certainly not be met. The inteti erence em iss ion 01
diverse osci llators and th eir amplifiers a-e In
genera l, very muc h underestim ated.

It is also recogn ised that with VFO modules pos­
sessing litt le or no screening together with c rystal
osc illators (particularly with mult pliers for VHF
and UHF) become even more unstable when
amp litude -mod ulated signa ls (e.q. from SSB
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PAs) are radiatea into them The oscillators ex- u­
bit a sma ll Ireouency-rnod. natio n i'l sympat '1y
with the AF which can ieee to unintelligib il ity of
ti l e outgo ing srqnat (Lister to some U stat ions on
the HF bands).

It is not for noth ing toa t the goodness of ma'1y HF
eou.prnents may still be measured by thei­
weoht. Unfort unately. r-ottun c no wecavs is
given awav be t when the old basic rll l t ~ s of the Hr
techmca.es are followed exactly, success is sure
a-to the norno-cons t-ucteo coutp rncnt wi.l cxhib t

spurious signals - liO riB -c r. tLL ca-r c r outoot
rating or less than 4 x 10 ' watt wnentested b y
tne authorities between 1 and ROO MHz WI!'l a
spe ct rum -u-uuvscr conncctcn:o tt-o ar :erma

In cases 01 interference the a~l l d\e l.r is dee r-red to
oc at fault ,I n-o racot.o-' trcm tre equ.prrer".
osc iliato l s. PA' s OIC. exceeds the 10'lo\\'Hlg
power ievri e; outs; rl ~ the pprm ,tt<~ c arrialeur

band :

betweenau ,mrl300 MH L 1.25 x 10 q \·V t.o. 31
d R rei. p W
ever :10 0 MH7 - ? x to ' \.\1 ()'? na -to V'I or 3 3 dB
rcr.pw

II cannot be ta ken to- c rantec -t-at jus t beca.rse
tile ampuuo rs and m ixer staqes are sr ow i')'] ' IC
siqns of sort osr:illatlO'I 1hat it is nor 01T' il ' i119
apprecrahle sounoos reniafio-r. ~e~ (4! .

lilerat ure:

(1) cq-D t, 1/1981. Pil ge 3-1 ano cc -Dl, 2/ 1981.
Page 81:

(2) Vw Anw DV-AFLJG von 1980, ot 9. Paqe 46:

(3) DV-AFuG vern Marz 1967, Paraqraon 12
(PJge 13) and Pareq-ao- 16 (Page 15):

(4) cq-DL 4/ 1981, Page t 77. PI. 1 to 5
(Line<J rstule n-Uberstet.erunql.
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Carsten Vie/and, OJ 4 GC

Thermal Power Measurements
yet another look

The const ruct ion proposal (1) fo r a thennal
power-meter has evident ly been an st imulus
for many d iscuss ions and horne-cunstractic­
nal projects . From the many demands and
suggestions, I would like t o place a few po ints
forward for discussion.

The opt ima l design for a bolometer-head (trans­
ducor of IIr power into DC) is a deciding factor in
determininq the stability and the atta inable limit ·
ing frequency of ti le circ uit. Experiments with 1.5
mm thick epoxy-glass PCBs arouse litt le en­
thusiasm sinceas well as tile dielectr ic losses the
transition from HF socket to the broad conductor

strip signifies a rctlccno n point at the joint. Even
at 1.3 GHz, a return-loss of under 10 dB (SWR ~

2:1) was recorded (in Table 1 last line). A certain
reduct ion in the transition losses of all types of
PCB is attained by a ground coating of the con­
ductor track side. Opt imum results are achieved
when 1I1e two surfaces at the PCB's end are so l­
dered togethe r via a U-torm ed strip ot thin cop­
per (Fig. 1).

Experiments with cylindr ical resistors (metal film)
proved 10 be fruitless because of skin-elfects.
current in the d irect ion of the return (ground) con­
ductor , led to Ihe resistor's value increasing wilh
frequency.

DJ4GC

Feedthrougll caps
for NTC resist'"

~

ground

brass lIngl" strip
heal ~ i nk

Teflon PCG eooe bevelled:
C()~"rU-strjD so ld"rou to
both SidP.0

SOlder
top and
bottom

Hr soc kot
Fig. 1:
Mod ific ation of a
bo lometer-head
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( Oscillation
suppress ion

Fig. 2:
Modification of volta ge amplifier

Sflrl Sitivity tin"
M justment
(adjust at FSD)

The connecting leads of NTC resistors can only
be so ldered reliably at high tc mpcratcros . At so l­
der temperatures under 3~O°C, they are liab le 10
"glue" together, thereby increasing the risk of
deve lopin g a the rmo-junction.

The bridg e-supply voltage can be ma de potent i­
ally isolated wi th only a srnailloss of linearity (Fig .
2). The first operational amplifier, wi th its po ssible
offset-dr ift problems, may then be dispensed
with. This voltage must however. be perfect ly
stabi lised. The drift of the rc 78L05 is very small
and only influenc es the read-out info rmation in a
linear fashion but does rot dist urb the linearity of

the bo lomete r bridge.

LED di :;play:;, as well as power-supplies, should
never he place d anywh ere near tho bolometer , in
order that hea tinq effects may he avoided.

The displa y amp lifier is most advantageous ly
provided by the chopper-stabilised op erational
arnpnnc r ICL 765 0 hy Intersu (2). Offset- drift anrt
offset- voltage are practically absent. In the cir­
cu it ot (1) however, two of th ese op <Imps. were
requ ired . A po int to watch is the very small output
currant of th is C-MOS IC, whic h necessitates th e
use of a 100 J-tA FSD meter.

" ,

13 117 do"tal oo""tO(
n,,)(' .Jc with
. "" oa, oo "''',;tivity

,~ =
T

f-;
"," ,

'"' <-

",00 ,n------- - --- --
5 1 "

''"

DJ4c.C

""" St" p' ''~
HI."O",,,,' ' '''0

Fig. 3: Comp lete ci rcuit diag ram of a dig ital display thermal milli -wattmefer
R, ~ (te mperature compens atio n): mic ro-NTC resistor ca. 1 MD
R2 • (bolometer -pro be): as R,
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A jump ing a'ound of the incncatcrnull-point upon
ranqe-e wltchnq can uSLally be arnoutec to
cscmauon of the oper ational amplifier (check
with an o scilloscope). One remedy is 10 bypass
and bloc k tre supply lines to the rc as near as
poss ible to the pins. Another method is to ptace
a (1 nF - 0,1 fLF) capacitor between the output
and the inverted input of the up-a mp. which
red uces its AC amp lification sufficiently to slop
the cs cntatco.

The meter -movement is most advantageously
provided w ,:h an acomcoaroa-sceie.The FSO of
aooct 1 mW. corresponding 10 0 uElm. w Ih the
gradualions descending to a ccrwenera - 10
dBm. Up on range-switching in necaces, 10 dB
can be added to. or suostrectoo trom the indica­
ted value.It is thereby possible to obtain a dOm­
scale witt loul ha vinq to calculate anyti l ing,
Ampntication or attenu ation may be mad diredly
in dB, For til e optimal use of this scala a fine­
adjustm ent 6f til e indicator sensitivity is recom ­
mended.

A particularly interestmg erect on account 01its
amazing simplicity, was made by the author in
Imgc numbers. It was a thermal power-meter
with a digita; display which required no outoc t
amplif ier . TIle bridge-voltage was Simply ted 10 a
3'12 digit LCD mult i-motor modele.

At a briclge voltage of 5 V the differe ntial voltage
was abou t 60 mV al20 mW HF input po wer, The
resolution (one digit) then being 10 JJ.W. Rallge'
switching of 200 mW was carried out simply by
division 01the br idge voltage supply. The instru­
ments constructed in this manner. exhibited a
loss ot ind icated linearity of only a tow percent
when meaeurinq mpot powers of below 200 mW ,
Interestingly, the sensit ivity of the dual-slop e
converter could be altered from 200 mV lor mad­
mum reading by com pensating with the multi ­
turn potentiometer IOfthe requisite HF input.

The cmployrnefl l of a digital display tor tuning
purposes takes a bit of getting used to, but this
however, is Ihe same probiem with ail digit al
rnulti-melers.

literatur e

(1) carsrcnv.etaoc. DJ.4GC:
A scosmve Therma l Power Meier
VHF COMMUNICAn ONS Vol. 15, Winter
Ed , .4/ 1983 , Pages 225- 231

(2) Dr, Hannes Fuchs:
Messen 1m Mlkrovolt -Be reich (ICL 7(50)
Funkschau, Helt 1111984

DJ4GC 30 MHl , <101 MHz 440MHz 1.3 GHz Base material

BNG Return loss 35dB 33dB 27 dB 27dR RT-Ouroid

SWR 1.03 1,04 1 09 1.09 "'70

N Return loss 40dB 39 dB 37dB 23 dB 0.79 mm

SWR I 1.02 1 02 1.03 1.1 5 thic k

SM A Return loss 40 dB 42dB 55 dB 31dU

SWR 1.02 1,02 1.00 106

N Return loss 39dB 31dB 21 oe 10 0B 1.5 mm

SWR ' .02 106 12 2 Epoll.Y

Table 1: Return loss measurements from bolometer-head Fig. 1
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Josef Grimm, OJ 6 PI

Loop Yagi Antenna Design for 13 em

The following art icle describes an eas ily
reproducible loop Vag i antenna desi gn to r t he
13 c m amateur radio band , together with an
array of double and quadruple stac ked anten ­
nas.

1.
PRELIMINARY NOTES

With the rising activity in the lower GHz banos .
easily reproducible antenna designs are neccs -

sary. In !1], a sma !1array wi th relat ively lil t le qain
and large beamwidth was described tor the 13
em band, how ever, because at the high path
loss. hiqh- qain antennas are desirable. The pro­
minent characteristics of a parabolic antenna are
not disputed, but not everyone is able to nccon-­
mooate one at these extensive structures upon
his roof.

In 12J, a small loop YaHi antenna with relatively
high gain and small bandwicth was ocsobco for
the ;>3 cm band. The author has success fu lly
used this antenna since 1976, at t irst as a single

Fig. 1: Loop Vagi antennas for 23 em (outside)and 13cm (centre) by DJ6f>1
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antenna, then later on as a double-array antenna
for the 23 em band (Fig.1). At the same time the
author gave the sca led-down measurements for
a 13 cm ver sion, the antenna was described in [3]
with 23 elements, nne constructed with 37 ele­
ments (Fig. 1, centre). The design and construc­
t ion of lo op Vagi antennas has been dea lt with in
the meant ime by many authors [4], [5], [6], [71.

Reflec tor sc reen
Reflector ring R,
Radiator
Director 1
Director 2
Director 3
Director <1
Director 5
Directo r 6
Direct or 7

O. mm
43.6mm
569 mm
72.6mm
84.3 mm

109.3 mrn
134.3 mm
15 1.9 mm
184.3 m m
234.3 mm

2.
LOOP YAGI ANTENNA
FOR THE 13 cm BAND

Furt her ele ment s ,lIC space d at ",0 mm inter vals

Tab le 2: Uncoiled length of elements

Tab le 1: Distance of t he elements f rom t he
reflec tor screen.

The feed to the radiator is made with sem i- rig id
canto , via a 3.6 mm hole dr illed in the boom
direc tly in front, or behind this ercrncn t . Next , the
clements "IIC cut to thc len qth s qiven ill Table 2 .
formed into rings and soldere d to the positions
ma rked on the boom.

From the 23 em antenna data in 151, <I 13 em
antenna was sca led down. Special car" was
taken to use materials, easily obtainable in Ger­
many. 10 the nearest possible measurements so
thai no correc tion fac tors had to he taken into
acco unt lol, [6].

1 m lenqth s of 10 mm 0 brass or copper lub ing
can he bought inexpensively from hobby shops
or bui lder s merchants. Th is makes a boom with
enoug h room for ?5 elements. The elements
(ref lector, radiator and all directors) are fo rmed
from 0.'1 mrn th ick brass or copper plate. All the
clements are made from 2.5 r nm strips cut on a
guillot ine or with hand shear s. Due 10 the small
dimensions, the rings are adeq uate ly stable.
Next, the posit ions of the elements can be mar­
ked on th o boom. In order to i1vnid cumulat ive
measurement errors, table 1 gives all the eta­
ment spacings from thp n-troctor screen out ­
wiJrds. The construction is show n in Fig. 2

Rel lector rinlJ r:
Radiator:
Director rings 1 - 11:
Directo r rings 12 - 22:

135,9 mm
129.7 mm
115.9mm
112.4 nun

Fig. 2:
Configuration
of the elements

0 5R1 5

if ; cr e" edor
solder ,d sotrter

~. -
) n

~e f l e ( ~Or
su e. n
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S..m'_tig,d
c"'h ~1

lengll'5os slwlllS I"'s$'bl.

~l=:~~:lliL
_sold

Fig. 3: Construction detail$ Of the feeder and radiator element

The rad iator elnmrm t is proparco as in Fig . 3 and
soldered 10 the marked place on tne boom. The
semi-rig 'd r~1ble Should be Icd through the hole m
the boom as tightly as pussible. Fig. 3 shows
how thi~ element ~hould look wh()flthe hnal 501

derinQis comcieteo.

The end of the sem i-rig id cab le under the boom is
fitted with a suitable N-eable soc ket. Finally, a
mesh or ttat oint n is soldered or scr owoc to the
end otthe boom. as shown in Fig . 4.

In order to tune the antenna, connect it via an
SHFstand ing wave bridgeto a13 em transmitter.

First 01all. aciu sttor minimum rouoctco power by
pressing the raoetor element together or pull ing
it apart . The l ine tuning is accoroprened next, by
bend ing the reflector and the " fli t rnrectcr ring
towarcs or away from the radia tor. me scmi·rigic
cable can then be sold",red at the poets of pene­
tration through the boom.

In order to prevent ccnoslo o. the antenna mas t
be weatherproct . egoby spra ying it with w<lter­
proof varn ish,

The gain of such a loop Yagi antenna with 26 ele­
ments lor t he 23 cm band was determined in :8)
to be 16.33 dB n' Because of th c slightly sho rter
version of the 13 em anten na a ga in of 16 dB o is
to be expected . Both beamwidths arc around
70 " the oarcwmtn is around 3 % (2350 ::': 35
MHz). Sroorooos arc at least 10 dB weaker tnao
the main 10 00

3.
STACKING TO A
DOUBLE ANTENNA ARRAY

, 77 I- .
Fig. 4: Refl ed Ol"BCfeen of mesh

or 111Itplat..

Add ing extra elements 10 the antenna gives no
substantial increasl! in ga in, but slacking in the
horiz ontal or vertical oieoe does. The gain from
stacking two antennas cce to unavoidable e ter-
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DJ6PI
o

E

I~

B' 1
lz ~v)<.l

4

j
11ctb," '1lty

H-_ I

Fig. 5:
Oim" nsions and
charact eris tic impedaoces
ol lt'" DUAl divider

ecuoo ossee 8ffiO\r1ts 10 rot q u'te 3 dB . A/X;Of­

d,ng to [9J. t-e optimum st.'Kk SP.,,'}Clng should
arT'l()l.,nt to 0.37 m. For the 1.3 GHz band. the
stac kiflQ oste-ce COtTlt!'S to 066 m, 101' the
METEOSAT eeeo 0.5 m. ana 101' the 3.S GHz
t>.1fl(\ 02S m . Power dividetslcomblnots 101' the
~1'"'9 01 more anten-oas i ll"O described in 121.
131. and IS). These reler 10 co"TlP!lC.:Il cd alTat'lQ&­
rreots em pklylng en-ccac auec-oqccs.

To simpilly ma:1Cfs. the antenna coupiifl<Jcan be
ecneveo by a onnted circu<t ml l tchlng eccnon.
This was caeec out using 0.79 mm Ih ,ck RTI
ouroo 5870. Providing the feeo in both aoroooas
has been opl imi7ed as in Para 2, 0f16 can stan
Irom a base snoecance 01 50 II , The semi-f19io
cable running to ee connecting points A lind B
IF ig . 5) must be exactly tho sam e length. The
micr o-strip eectoos 01line L,. ~ lrilY eo of any
ceseeo length as long as they are eoual and with
a cheracterisnc eroecaoce or 50 \1 Thoy serve
only to bnng 1000ard the antenna reaos 10 the
coopling point C. At th is point. the impMllnce is
251 1, due to me parallel co nnec t ion of tw o cu n
trncedaocos.

The actua l matching section is between po ints C
ane O. At pornt 0 an impecance 01SO n exists for
the conoecno- to the download coaxial cable .
Thelength Ol :he m,erostrip line between poi!'ts 0

and E is ar1:lItf9ry , the cwecteostc ims:wal ncC
01 th is sectoe of line must amount to SOII. TIle
characteristic impedance 1: of the ma tching pan
C·D is cecuatoc from

Z? = \ ZcZo
Zc =?S U
z" 501>
Zz = 3S.35 U

TIle kmg lh 01 the rnatct unq sec tion (C·O} is: 12­
V ;'./4

The width w~ 01the transrcematon hnc, cacota
teonom tho know n mcrostrjptoe tcemota lor Rl l
duroid 5870, comes to 3.7 mm . The velocity tee ­
tor der ived from lhis torrnula comes 10V 0.698 ,

The lellgth of 12lor any frequency is: 12 ." V x 1.14 ,

e .g.
1296 MHz: 40.4 mm
1691 MHz: 30.96 mm
2330 MHz: 22.5 mm
3':56 MHz: 15.1 n-m
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Fig. 6: Layout for the RT/d uroid
PC-board DJ6PI 014

Tile width W, for the 50 Jl rrucrostnpunc rs uni­
form tor all frequencies, coming to 2.23 mm. Fig.
6 shows the printed circuit layout DJ6Pl 014.

The transit ion of the semi-rigid cables to tno
antennas at points A and B, as well as the toad-m
cable at point E, must be completely free ot dent
marks. Therefore the inner conductors at the
cables are fed through from the ground side at

12

Fig. 7:
Solde rillg coaxial c able
and PC-board toge th er

the printed c ircuit board. On the qround sloe of
the peR, some of the metal around the coax
innerconductor holes is remover. with a 6 mm
crill. Ttle outer cono.ictor of the coaxial cable is
soldered to the wo und side, <lSspawn in Fig. 7.

The finished soldered power divider/COr:lb i'1er
should be sprayed wille a wnto-p-oot va-nish to
p-oteet it against corrosion anc nttcc into <J

12

II

II

A

B

ZI

WI

WI

_ V X J.
-

4

W 2

Z 2

DJ6PI

W I

o

Z

II
E

= ..YL1..
4

W 2

Z I

ZI

I

F
WI

H

II

Fig. 6: onner etcne and cha racte ristic impeda nces of the quad d ivider
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waterp roof no,sing. The cable 'nlets in the
hou sing are seaiec with a malleable filler (e.g.
Teroson. Bcstik). The gall~ of this oou ole. bay
stacced toopyepi is approx. 18 rlB~ ,

4.
5TACKING TO A
QUAD ANTENNA ARRAY

An array o f 4 t.ooo -vaps aoo-oacnea u-egain of
a parabo lic Clsh at 0.9 m c iOlme:er (aporo x. 7 1
dAd). as menuone c In sect.co 7. Each pair of
antennas is stacked t-orecntany and ve-tcaav.
T'1cstacking spac ing IS qrven In sccnoo 3.

Tne e-ucru - ns are Inte-cornectec by a pnntcrt err­
cu i: c cao-oivoer as shown in Fig. 8 ,

ldenticallcnqhts of semi- ngid cabre from the four
antennas tarmmato at pomts A, O. F. H. The
nomir-al Impedance for each can be assumed to
be 50 n . The rr-tcrostnptnns AC. [I C, FG. HG
have a characteristic irrpsoanca Z. 0150 ! l each.
They se-ve;c b-ing lom'ard the amenn.1 ICIlOS 10
-ne coup iing :JUi 'l ts Card G. They are .,Ii I 'll'
san-e length I,. which is .lm itrnry, The o-ceoaoce
;]t t-ese por-es s 2!.> 11owing 10 r-e O<lml lc l con­
necuon of two 50 11impe dances.

For term or nar-stor-nanon one tr-ust t hl 'l ~ ot the
ccnrocnon at 0 as seoa-ateu into IwO halves.
The c-ra-actenstic impedance Z} of tr o ma:chi'lg
socnor- s CD end GO is calcu'ated Irom :

and

In order to ob ta in an irnpeoa r ce of 50 H at po int
D after joining (connectm q in parallel), both
halves, Zo. and ~}: must ea cf amount to 100 11

le G-25 11
Zo,; - 100 II
Z? -50 11

The length of the matching section CO, GO is : 17
V · ' ..'4

Tne stauon lead -in cable DL can be of any lengt h,
provided that :he cr eractenstc imped ance Z. is
!JO n. Thus. all the rnil:r ostnp ro es ot tt l is quad
d'vider/combmer have a unifurrn c namcrcnsuc
impedance of 50 Jl TlH~ velocit y factor V lor RTI
ddro;!l 58/ 0 and 50 II c ha racte ristic unpooancc
is: V - O.7t

Lenqtnl., for any trccuoncv is:
17 V ;./4

From this are ob tained the tonqths lur the follow­
In g co mmon frequencies:
1?96 MHL 4 l .08 mm
1691 MHz: 3 1,49 mm
7330 MHz: 2285 mm
3456 MHz- 15... mm

The printed CIrcUlI ravout DJ6Pl 0 15 lor fOUl 13
em antennas ISshown in Fig. 9

All fLrtner ooteus (soldefir lQ the coaxial c."lhles)
are. as already oosc nbeotor lhe dou ble array .

sen

Ar t 2 ')O:!.

s l--., ~O!l

DJ6PI 015

Ar t J

Fig. g ,
.....1.' 501". Layout for th e RT/duroi d PC· bO<!l rd OJ6PI 015
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Jochen Jirmann, DB 1 NV

Switched Mode Power Supplies (S.M.P .S.)
Part 1: Basic Theory

Swit ched mode power suppl ies have re­
placed conventional power supp lies bot h in
t he computer and consume r elec tronic fie lds.
Apart from the smallest app licat ions, this
tec hnique has bee n hardly used in amateur
equipmen t. Arguments abound, suc h as, how
complicated , difficult involv ed construction,
causes radio interf erence and prone to fa ilu re
etc. This art icle should help to make the
s.m.p .s. tech nique mor e understandable and
to open up more possibilit ies for its use.

1.
HISTORY
-~~~~_._.~-

History of Develo pme nt

From tile beqinninqs of electronics it was known
that weight and volume in power equipment
cou ld be reduced, if the rnams supply frequency
chosen. was higher than 50 Hz. The volume of a
power tr ansformer falls in proport ion to 1/fNe,,,

and the smooth ing capac itors can also be re­
duced in size as Ihe ripple freque ncy increases.
An early app lication of this techniqu e was the 115
V/400 Hz aircraft power equipment which
brought down the weight and volume by a factor
of 8 - an enormous advantage. For the same rea­
son the mechanical vibrator s in road vehic les
most ly operated with a frequency of 100 to 200

Hz. Higher switching frequencies were not
possible usinq d mechamca l switch.

With the first germanium power-t ransistors D.C.
converters with switch ing ucqocnocs in the kilo ­
herz-reqion, and powers in excess of 100 W
could h ( ~ huilt. Older rooo amateurs w ill remem­
ber til e first transistor converters used to power
v(llved tra nsceivers in cars or t il e VHF-FM equip ­
ment such as the KFT 160 wlth Iwo built-in con­
verters .

Nevertheless. before switched mode power
supp lies could be emp loyed in mains powered
equ ipment, the component manufacturers h(ld
to solve many problems:

- Transistors with high voltage ranrqs capab le
of being fed directly with rectif ied 230 VAC had
to he oeveropc c .
Ferrite material had to he found whir-h would
operate at low loss in pulse, power transfor­
mers at around 25 kHz.
For rectification on the secondary sioo, tast
power diode rect ifiers had to be rnonutac­
tured .
The cont rol and monitor ing was taken over
trom expensive discret e transistors by integra­
ted c ircuit solutions.

For a few years now these components have
been obtainable at reasonable prices and more
and more sw itched mode power supp lies are
being used in equipment. Even the cho ke/starter
combination in neon-lamps w ill be replaced in
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new models by a 120 kHz switching relJulator. In
this applicat ion, low weight and higher light
radiation with lower power losses are decisive
adva ntages

2.
ADVANTAGES
AND DISADVANTAGES
OF THE S.M.P.S.

Previously It was stated that an sm.p.s. could
replace", maills transformer/rectif ier corrooa
ucnwith consi(kJrahle savings in both space and
weig ht lor the samn etnc toncy. Add itiOnally, by
intortorlng with the switchil'lg process and con­
t rolling, for example the on-time of the pow er­
transistor as a funct ion of the output volt il\l' l , II

stabilisat ion against mains and I(MU uucuauons
may be achieved It stlould bp bourn e in mind
however. Ulat each intertcmncc in the osc illito ry
circuit mcucos its eff iciency. This is part icularly
so In the pflf1ly lo;ui ed region (eg . whe n regu!;l­
tlng an o creasmq outpu t vonaoe where thl; etn­
cieney is lower than a senes pass n~u~ ltor .

whereas ()fl full sleady load a umquo elt ii:icncy of
80 % is i1l1,tinaUle. It may he seell that the m.l in
aPf1hl;Hhon areas of lhe s.m.p.s.ue where a fixed
ou l!"XJ t vottaqn and only a limited noctcauon of
rnoload current is required. It is not llll;;miiKj ful to
des ig n a laboratory power supp ly With Wide
lldi u s t r n~nt rimges tor tjoth curr ent and voltage
usilKj purelv tho s.rn.p.s. concept . A torth cr def i­
crcncy of all switc hed regulator s is the ~lig ~l level
of mrli o interference (r,f.i.) which call however,
with suitable const ructio nal motncos. be made
ccmpaubre with i hat produced by linoar regula·
tors. HlC anu-r.t.L measures begin with the
crocn 01 switching concept and cconnoes with
the p.e .B. layout and co mponent choice unnl
final completion of the equipment.

To summarize: A power supply in the swrtcned­
mooe technique can be employed to advantago
when :
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- a fixed output vohage wil h a steady or slow
varying load is required .

- strongly varying roans volta ges ere to be regu­
lated (a range from 90 to 270 V may regulated
nowadays withou t range switching).

- short -term mains drop-out s are tc he brid ged,
- sm<l ll dimensions and low we ight are deman-

dod,
- Ull; small heat loss.makes the use of fcrced-air

coo ling unnecess ary (very useful ill heavily
screened enclosures or in extre me ambient
temperatures),

- thl! ;wa il.1hle energy must be fully utilised in the
best possible manner.

- the small residual oulpol volta.ge npple is not
important .

- scv!!l<ll vonaqcs are to be requlaled.

/I, linear vortaqc regulator is ceue <:"rIlJ.J1oyed
whf1O:

- only small po wers (less Ula n l O W) MO requ i
red.

- higil ly sensit ive analogue-c ircuits are to tm
supplied,

- extremfv high rcquranon reaction time is
oemnnooo,

- a large adiustment range otmo output voltage
is ,equiretJ.

Now the basic circuits for the swnc neo-mooe
power supplies will be consl~red.

3.
BLOCK DIAGRAM
AND APPLICATION POSSIBILITIES

3.1. The Sec ondary Sw itch ing Reg ulat or

The switching concept sketched in Fig. 1 serves
only to rep lace the loss -mtensivn series regula­
101" . The mains isolal ion a nd transfo rmati on of the
mains is carr ied ou t by a convonnooer 50 Hz
transformer. This means that the power diodes in
the regulator are only scbiocted to low vol tages
which is a cheaper co ncept. The only ac vantaqe
of this circ uit is the small loss in the pow er supply.
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Fig. 1: The secondary sw itc he d regulat or

l CkHz

Fig. 2: The prim ~ ry sw itc hed regul ator

No savings worth mentioning a-e apparent in
space or wecht since as before, a large 50 Hz

u.mstormer is necessary

In many apclicatnms (eq. telephone installations]
it is an ao vantace that a s(,itab!e choice of V1 (eq .
?'1 V) rs mace in orcer that a second supply input
from a battery to ensure supply contnunty durinq
supply failur es may be realised. These circuits
wil! ro t be cons idered any further as thoy hard ly
afford any acvantaoe in amateur applications
Much mor e interesting are the fo.lowm q con ­
cepts.

3.2. The Prima ry Swi tching Reg ulato r

As Fig . 2 shows, the mains voltage is d<rr.ct ly rec ­
tified and with a power-s witch transformed into
an cttra-s onc frequency 20 ~ 50 kHz. The po wer
transisto r mr.st be capable of working with the
rect ified man-s voltage (aoc ut 325 V). Mains tso ­
lation and -raosrormenoo to the required output

voltage is carried out by a small ferrite transfor­
mer. Owing to the high ripple frequ ency the
seco ndary sto rage capac itor can be m uch smal­
ler than is poss ible at 50 Hz. A mains isolated (eg.
with an oc to-cou pler] feedback loop holds the
outp ut voltag e independent of mains and load
f luctuations

For sens it ive applicat ions for wh ich t he regula­
t ion speed and the residual ripple ot a swit chinq
requlatc r are insufficient . another concept
comes into question.

3.3. Primary Sw itching Reg ulator with Lin ear

Regulato r
In the circ uit of Fig . 3 the primary convert er car­
ries out the volum e and weight saving transfor­
mat ion of the mains voltage into the input vonaoe
01 the linear regulator. The primary switch can
etthor he unrccuratco or it rcnuratcs oniy the
mains f luct uat ions. The secondary side linear
regulator supp lies the desired clean, output vol ­
tage. Certa inly lhe efficiency of tile ci rcuit is very
low owi ng to the linear reuulator most ly about 50
%.

Now that acquaintance has been made with a
tew bask: ci rcuits the key component, the power
transistor will h(~ somewhat closely inspected
and then on to two variants, the power MOSFET
and the high speed thyristor (s crt ).

4.
THE TRA NSISTO R
AS A POWER SWITCH

Transistors are normally used as osc illators or as
sw itc hes-and characterised by parameters such

+> :• =
r""" .->., ­
L'_~ :''' -< Fig. 3:

Combinat ion of primary
and linear regu lator



as vo ltage and current ratings, power otsspa­
tion , current amplification , transit- time. noise
factor tog ether with inpu t and output impedan­
ces. These ale typ ical smal l- signal par ameters in
a linear applicat ion, Since a power switch ing­
tr ansistor hardly ever finds itself in a linear appli­
cat ion, other perarneters must be found to de­
scribe it . Besides fil t ings of voltage and current in
t he conducting condit ion summa rized in "For­
ward-Bias sa fe Operat ing Area" (FBSOA) and
the switc hing times, the behaviour in the moment
of sWitch-oft is also of part icular import ance. For
this Ihe "perrmeseble oper at ing region with bi­
used-o tt base-emitter diode" (PBSOA) is used . in

all cases the app lied vo ltages and currents
shou ld not be permitted to leave the work ing
region of the transistor !

In swit ct unqcon verters ma inly last mpotar pcwce
transistors Of power FET's (HEXFET. SIPMOS.
TMOS) are used but sometim es also sea's and
GTO 's (switch-affable Se R's) are employed,

Of fundamental impo rtance for a low loss and
reliable opera tion 01a po wer transistor at higher
switching Irequcncies are two circuit details:

- the correct drive-circuit ,
_ a suil able collector (drain) circu itry .

OB1NV

Fig. 4: The trans is to r as a SWllc h; Rl ;s !he load
rl!Soslaoccras Ir8Mlorrned inlo the co llector .
circuit. Lc i8 the maill induclance ol lhe
switc hed COIlWlrlet
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4.1. Bipolar Switching Tra ns istors

Turning no w 10 the con tro l enc fas: transrsto- cir­
cuitrv lor which Fig. 4 is req uired:

To swoon on the transistor it is necessary to

apply only sut ncrcnt base current in orde r that the
co llector -emitter voltage fails to 1 to 2 volts. This
base c urrent is clearly larger than tr et arrived at
from beta and collector cu rrent ca'c ulations. A
st ill larger base current rer n. ces only rna-qnatlv
the losses In the co nducti ng condit ion however.
the transistor would be drive n into san. rat.o n.
Th is mean s that the conec tor vo ltage sinks under
the base vonece and the coaectocoase eeoc
conducts for ward. In this operat ing ccroiuon
many charqe-carners are stored in the transistor
which rtu.st be cleared upon switch-oft. This
leads to an unnec essarily long and lossy swtcn­
off pnase. therefore sa turation of the trensrstor
sho uld be evocec.

Sw itched mo de powe r supplies of higher powers
tneretc ro conteo circuits for u-e automatic base­
current match ing to tile co llector c urrent in orde r
that tho tra nsistor is always work ing jl.St on t-o
edge 01saturation in the so-called quesr-san. ra­
trcn reg ion,

Add itIonally. tho unsaturated i.e. linear reg ion
can eo rromtoroc In oroer that the transistor may
be switchcc off under overloa d conditions . Such
circ uits are to be fournf eq. ;n "H andbook of
Switchi 'IQ Transistors~ by Thorr-scn-C'S ft.

With many powe r-s i.p ofy conc epts a transitory
overcurrent in the co llecto r circu it can oc cur
durinq the rnorr-ent of t rar-sis tor switch-on ,
Maybe because a f'y -w heel cicoe ISsti ll corouct ­
ing and is still to be blockec . The trar-ststor may
be ronovcc by limIt ing the current grac ient with a
small Inductance in the conector erect. Tne
stored energy rm.stnetu-any. besmtaolyd.ssipa­
ted at the mOMent of b lock ing. Tf-is is acco-n­
pl ist'ed most simply. by a series circuit of diode
and resistancee parallel with the inductanc e.



As a basic rule, when the switc hing loss cannot
be reduced any further, it is better to remove it
t-o-nthe transistor and into an uncritical compo­
nent such as a resistor.

Much more critical tha., the switch-o n and con­
cuctmq phase is the switch -off transition c f the
traosisto r. As the load impedance always has an
inductive component the cellector-emitter vol­
tage rises well ever the supp ly voltage as thecol ­
lector current tal's . The transistor momentarily
experiences a period of power loss which must
always lie inside the permitted wcrking region
uncer cut -off base-emitte r-diode conditions,
otherwise the transistor will be damaged,

In order to switch the transistor orr. it is not suff i­
cient just to lntern.pt the base current. Owing to
the charge carriers stored during the cond uct ing
period in the base, the fall t ime of the collector
current takes rnuch too long , The base is switc h­
ed therefore. t-orn the current source for 11\ to a
negative vo ltage source of a lew volts to "neut ra­
lise" the basecharge, This source must supply a
current tor about a micro-second in the same
order 01 amplitude as le and maintain the base
voltage c f the cut-o ft transistor at about ~ 5 V,

The follow ing cut-off period for the transistor is
not entreat. Because tho base is biased nega­
tively, the cotcctoc-cmntec vo ltage of the trans­
istor may riseabove VC I;;O to thevery Much higher
VC,[\ / without endanqennq the transistor. Care
must be taken that the base falls to a value beloW
V2EO before the next moment of switc h-on,
otherwise the-e will be a departure from the
FBSOA at the switch-on time.

Summarizing: In orcer that a power transistor can
be switched at high soeec and wlth low loss, it
must be supplied with sufficient base current
ccnnq the conduction period but it must not be
allowed to be driven into saturation, For the
switch-ott , the base is supplied from a low impe­
dance bias source of a few volts

Whilst the base-control ch iefly determines the
SWitch ing loss, the collector c ircu itry has the task
of diverting the switching less into non-critical

components, These RCD components at the co l­
lector of the switch ing transistor are known as
the slow-rise-network, Most losses occu r in the
bipolar transistor during the switc h-off trans ition
the conduct ing and cut-off losses on the other­
hand can be neglected, The switch-on transit ion
losses may be reduced by des ign features,

Only with FIT switches are losses developed in
the switc h-on resistance Rll Sonof any real contri­
bution to the total trans isto r loss,

Now in order to reduce til e dom inating switch -off
transition losses, the rise in the collector-emitter
voltage has to be delayed, The trans istor has
then a smaller collecto r voltage during ti le clea­
rance time (of onarqo carncrsj wh ich reduces t he
switch -of transient power loss gre<1l1y_

The simplest method is to place a capacitor in
parallel with tile co llector -em itter Unfortunate ly
the stored energy will be transformed into boat
during the switch -on transitio n. Quite simp ly, the
transistor is shortmq Q capac itor charged to
several hundred volts at every switc h-on transi­
t ion which would cause add itional stress through
high peak currents, In add ition the capacitor
would tend to form a tuned circuit with the
leakage inductance of the transformer caus ing a
high voltage overshoot (or ringing) at the co llec­
tor,

The RCD circuit shown in Fig. 4 works better, at
the moment of switch -off the capac itor ensures
the desired slow rise of the voltage At theswitch­
on transition, the stored energy discharges into
the resistor where it largely dissipated as Meat.
These networks are best dimensioned experi­
mentally, It is only possible unfortunately. to opti­
mise the netwo rk for a certain load and a fixed
duty cyc le, In power supp lies with a variable
switching frequency or duty cycle the eff iciency
may be reduced under partly or unloaded condi­
tions if the network has been optimised for full
load,

It is also possible, by carelul opt imisation of the
RCD netwo rk, to reduce the losses so much that
cheaper, lower voltage transistors may be
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employed . I he qradient ot the conactor vonaqe is
delayed above the value of VCEQ until the base

vollage has qoneneqauve and the transistor may
Ihen be suoectso toVCEV'

4.2 . Field -Effect tra nsistors

Power-MOSFFTs suet, as TMOS trom Motorola ,
SIPMOS from Siemens Of HEXFFT trom Interna ­
tional Recti fier are very much easier to control
than hipolar transistors. Because the device is
voltage controlled there IS no requaernent lor a
cuntinuous flow of current mro ti le control elec­
trode. The control vcnaqe source must supply a
vonaqe of about 10 V tor conduction ano a small
negat ive bias to cut ott 1M device, Tochange Ihe
ch;lrge of til .,.care-source capacitance Iseveral
nano l;Jril(js} curr ent imp ulses 01abo ut 1 A must
be dc liverncl hy ue orfvcr steqe. In a tuporar
trans istor the minority charqe earners present in
the base , must IJ(~ reccmbmod WLlIl the majority
charoe carriers nt the moment of switch-oft
before the transistor can cut oft. This process is
respon sible lor tne storage t ime 01tile transistor
(about t >,51. Since the rCT is a pumly majorit y
charge earner device the recomonanco lime
does not exist and it can be driven al " much high­
er sw itching Imquency. At sppncanons above
toO kHl the FET IS thereby supe rior to bipol ar
transistors. Furthermore . there IS no c ntterence
with the FEl between co occcnon and cut-ott
reg ions. This means that ttte FET is completely
describ ed with a sale workiny reqicn. The to re ­
going considerations about the bipolar transistor
regarding voltage stability at the mom ent ot
sw itch-off and nt switch-on (as long as the base
is not biased cn ()U(,I ~I) . are supcr nuous with the
FET. This can always be loaded with the maxi­
m um drain-source voltaye regardless at whether
it is worlo;ing in co nduct ion or CIJt-ott conditions.

But most cecots nowadays arest ill using bipo lar
devices haVing the follo wing advantages apart
from price :

- at the normal switChing freque ncies oj 20 - 50
kHz the higher SWitching losses are not so
important,
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power FETs With working voltage of over 500 V
have beeo only recently ava ilable. sinqte-tran­
srstorci rcui ts for me230 V mains could not be
realised in their absence,
the switch-o n resistance together with the
conouctoq to terpower toss 01a FET rises line­
arly with appueo voltage .

The advan tages of power FETs - Shorter
switc hing t imes, simpler base control, and the
simp ler slow rfse network - are appa rent only
above 100 kHz switching frequencies . For thes e
and I li\j ll er frequencies sli ita tlie trans former
matercus. super-fast rectmer and steering cir­
cu its arc just coming on to the market.

4.3. Fa st sene and otoe
II may appHm that SCHs ha ve a lew aovaruac es
to ntter whim HrIIlJ10ved as switches in an
s.m.p.s:
- they require onrv a firing impulse. not a long

contro l purse.
- they can be mlll1l1fllct l ltecl with high working

voltaues and currents.
- tr1f1Yare more robust Ulan transistors.

Those good charactenstcs however, are mom
advantageous outsoc thc amateur sect or such
as, inductive hI'..iItlng . high power motor control,
high voltage qeneeators fo r x-ray machines 01

other medium frequency cer eratos. In the
power ral19H UI1(~r ~OO W lhey have two uve r ­
w helming (jisilrJv,trltaqes'

tile scn requi tes extcmar components to
switch it o ff by retw nin\j the anode momenta­
rily to zero vcus. WiU, small sil1 \j le-SCRci rcui ts
,I serie s tuned c: irc uit is employ()(J which han­
enos considorablo power and is thorotore very
biq, Only in push puu c ircuits is the commuta­
tion easier.

- even high speed SeRs have a switch-off time
01 ahout I 0 ~s which is an order slower than
«aosetors.

AA improvement IS hope d lor from "qate turn­
off seRs" (GTOs) whiCh can be cut off with a
large J'lC9ative current impulse. app lied to the
gate. So lar these dev ices have made very little
impact.
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5.
OTHER COMPONENTS

Besides the switching device, -re nanstor-ne­
and tr e secondary reenters are also key ele­
ments 01an s.rn.p.s. H is wil be made clear in tnc
next section,

5.1. Trans formers, Storage and Filter

Cho kes
tann-atee son- ron cores tcr t-a-rsto -n-ers wur"­
ing il~ t-ecco-ces over 10 ~>-l 7 car r-or 0 ' cea-se
be used b .n tc-nte s suitab e. 1\11 co -noc neot
rr-auutact u-ors r -ave developed sr,itCive n-ate­
rlill !> tor tne pov.. 81 t-ansc . ce r wh cf ilr,' rt-a rac­
h, nZH(.J by a h \-1 ") r-e o- et C se-u-anon. ;1 11'9 '1
Curie ~' lr l~ HmtJ'"" <111:1 sW Cl I ~ 'c ssc s wh en
dor-rca so wnl- te-noerat.re. T~ is

cnab H~ :;;;~ f~ \~ O l k in \l at te-ncerat.m:s 0 1 over
icoc.
vust as important LS .1 CC'C to-rr '1." 1,0.;11 n,ay ce
wounc wit not.t probtcr--s (a so ..vit~ t" It' ", wi'e \.
al uw ,I <,locd 'I'SI". I" 10'1 be-w ee-r r rim:u)' <lnl
seccr-o.nv ;fL" -iams isolatior-) arj h;IS 1(1\'<

i r:ha~l<' mn.r ctauce. Tt;<,y t-eve CO'05 W1"1 ,1
'au'1(1,)(1cc-tre orece s.Jo.;h as i--lM . P...•. ETD ano
FC co re -or--s. Fu- 10'11 ' r'a ~ il9 (~ S: (l',l ~'" anc an:i­
r.f.i. chokes. -u-ucc-r-s art' c-noroveo wnl.::tl are
wo.n-n (lrl l ~ bv 1' ,l'ld C' '1/,'.11 specia l n-acrmes.

5.2. Electrolyt ic c aoacuo rs

AI c -tarqo ane ' il:cr copactors w'l ich carry cur­
rent at the sw tcn-rq frequency eno. nobe spec ial
s.m.p.s e.ectrorvucs possess r g low senes ro­
s.stanc e at about ~O kHz. Ncr-net filler capac tors
become too not and ate unable to Ii'te r cut the
switchongI-equency.

Alternatively, several small capacitors may be
paralleled in orcer to rec uce t-ie series rests­
taoce and to share the heat loss. In high voltage
power supplies cnl y paper/foil c apacitors should

be employed for f iltering. At low voltages paperl
foi' capacitors are connected in parallel wi1h the
eectrctytics to reduce the shunt resistance at
HF.

5.3, Diodes

All rectifier diodes, exceptmq the mains rect ifier .
should also be special switching type s. Experi­
mente with normal 50 Hz diodes sucn ns ti le
I N400 7. are not to be reco mmended. Fer middle
and ~ l rg t1 er voltages at small currents. television
line-freq uency diodes such as SA 159 . BYX 55 .
BY 299 . E3Y 399, BY 201 . BY 202 etc . arc sulli­
cl~t l y f<ls l.

ror srnaue- voltage rectmcauon SChottky-rec ti­
fiers ,I'~ advareaqeor.s. They have a low harrier
vortaae ot typically 0.55 V and a swrlchl!l9 -nrne in
:he region 01 nano-seconds. Unfortunate ly l hey
arc ava lnble with a maximum voltage of only 50
V a, n t~e permitted crystat temp eratures arc
lower IMn those of PN diodes. The latter cusao­
vanta oc ts b alanced by the low()r power loss in
ttl," cnooc. A tew manufacturers (eg , Motorola)
nave recently rnaoe availabl e ultra high-speed
Pfv -recmers for use at 11 ig l1 frequencies.

Now that the most important comp onen ts of the
s.m p.s . have wen considered . the next section
is tl..voted 101'18basic circuits.

6.
BASIC CIRCUITS

- - -

in Ill "" foregoing , consideration is limIted to
s.m.p.s.:s with mains isolation. Other types. such
as those employ ed in TV 's using choke "t tyback"
circuits IVtnout mains isolation. are ignored. The
basic ci rcuits may be divided into single -transi­
stor and pusl-coull. where tne former are used in
low power s.rn.o.s.te and the latter in me high
pow er range and for spec ial circuits leg. HV mul­
tiple cascades) Taking the single-transistor c ir­
cuits firsl, the choke and l he "Io rward " co nverter
circuits.
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Fig. 5: The choke converter

6.1. The Single -Tra nsistor Choke Converter

This c ircuit suitab le for the power range lying
under 100 W is built accord ing to the arranqe­
mont at Fig . 5

The most important component is the cho ke
(transducer) Tr which besides its func t ion as a
transfo rmer and mains isolator also serves as an
energy store. In order that the necessarily low
inductance value with a large ferrite core may bc
realised, the co re has an air-qap of 0.5to 1 mm
The ALvalue is abo ut 250 as opposed to the 3000
to 7000 of the same sized cure without the air­
gap.

The manner of its t ll nct ioning is apparent from
Fig . 6 . When the transistor is sw itched into con­
duction from the control ci rcuit the collector cur-

-To-

f---t, 1-,- + - +-
I I I I

I~I n ' : ", ,
, '

_ . . :

Fig. 6: Choke co nverter current
and voltag e waveforms

86

VHF-COMMUNICATIONS

rent rises linearly through the primary inductance
of the transformer. The rise-time is obtained from
the equati on

Vee = Ld l/dT

and the co llect or peak current to

At the sw itch-off point the energy stored in the
primal)' choke is:

W - 1/2 · LF - 1/? L Tbf; V6c

At sw itch-oil the cottector yonese rises between
two and t ive t imes the DC supp ly voltage de­
pend ing upon the c ircuit . I\t the same time the
rect ifie r d iode conducts and passes the current
to the load . Only when the who le of energy has
been forwa rded and the magnetic field is zero
can the transistor be swit ched on il gil in

The cho ke conver ter is used for example in tele vi­
sions , video-recorders and similar app lication s.
Besides the relative ly small ci rcuit out lay the rea­
son for its wide use is as follows: The energy
stored in the choke depends upo n the square of
the trans isto r conduction t ime and a large regula­
lio n range of the conv erter is obtained for both
mains and load variations. II the on-t ime is
limited , and thereby the stored enerpv. ti le ci rcuit
can he rendered short -c ircuit und/nr overload
proof

A few disadvanteqcs ot the choke converter are
with less power applications not sovery serious

- transistors capable of wo rking at 800 - 1000
volts with co llector current with peak values
much higher than the RMS value are needed.
Mostly TV line output tran sistors such as the
BU 208 are emp loyed in this type of c ircuit ,

- The choke/energy store is slight ly larger than
in other types of co nverter,
when un loaded the out pu t voltage and thereby
also the collecto r voltag e rises we ll over the
working voltage if the duty-cycle has not been
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Fig. 7: The forward converter

Fig. 8: Forward converter current
and voltage waveforms

The most import ant component , the converter
transformer is d imensioned as a normal t ransto r­
mer inasmuch that the magnetizing current
represents only 5 to 10 % of t he rated current ~ a
very big difference to tile chok e co nvortor.

The second wound component , the storage
choke. is in principle not necessary but it reduces
the output curre nt ripp le so much that it is qen­
erally emploved.

The method of funct ioning is explained with the
il id 01Fig. 8 :

When the transistor is co nooctvq, a nearly rect­
angular curre nt flows through the primary n, of
the transformer. The seco ndary winding n3 is
polarized such tnat a cor responding current
(n ,/ n2 · lel flows through the diode D ? and the
choke to the output.

6.2. The Single-Transistor Forw ard Co nverter

The most important hallmarks of the single­
transistor forward converter me, that the energy
is passed througll the seco ndary during the tran­
sistor 'o n' period and that the transf ormer and
Ihe el lergy storage choke arc soporatc compo­
nents which can be optimised for each other .Fig .
7 shows a typical circuit diagram.

It cal l be seen that the component complexity is
so mewhat higher than that of the cho ke conver­
ter but t hat must be weighed against a few
advantages.As the conector cunent is pract ically
rectangular in form, the transistor is better ut ili­
sed than that of a choke co nverter thus enab ling
it to hand le more power lor the same sized transr­
sto r. The rectifier with choke input ensures mini­
mum ripp le even with sm,lll output etcct rorytics .
The elec trolytic current IOil ding is very smil ll and
expensive switching types are mostly not requi­
red. One cnsacvantace of the forward converter
is that rectangular current co nsumption through
the mains rect ifier requi res the fitti ng of anti- inter­
ference filters to the primary side.

But now to the com ponents and t he circuit de­
script ion:

reduced In oenerer a choke converter can
therefore only be used without regulat ion
under c onstant load condit ions.
lastly bec ause ot the pulsating outp ut current,
very large filter elect rclytics (and maybe addi­
uorcrf iltering) behind mo rectif ier are neces­
sary .

For larger power outputs the "forward converter"
is more suitable and is about to be desc ribed.
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Fig. 9:
forward conve rter
with t wo transis tors

After the transistorhas been cut ott , the col lector
voltaqe rises to a very high value as cont rary to
the choke converter , the secondary d iode is now
block ed and the trans former is therefore unloa ­
ded . The back-energy can be dissipated in an nc
network hut only in low power converters (eq. a
1? V input requires a tcw watts). It is better tha t
th is energy is fed back inlo tile voltage sc ppry
with the aid of a tertiary winding n2 (same turn s as
n , normally, and tiotrt co upled) and diode 0 t
energy recovery diode It is important that this
ocmaqncnsoucn process is comprctec before
the transisto r switches on aqom.

On the seco ndary side diode 0 3 (choke diode)
passes the current fo llowing the blocking of 0 ?
(steennq diode). Energy is supplied from the etc
raue choke field I(J the load which gradually falls
to zero Tim cho ke is so dimensioned tha t the lull­
load current has tnanqurar torm witt l an artema­
t ing component ot some 20 % ot the direct cur ­
rent.

Single-transistor torwaro co nverters are usable
li p to powers ot several kilowatt s and are urwavs
used to advantag e when the output vonace has
to be rectified aqan . For applications in which a

svmmetrical altematmq ot.tcct vonac e s recu­
red (eg high-vo:tage oene r.mc -' w.th multiple
stages) the [l ush-pull corvette- is rr'ore suitab'e.
This will be ccscnoec .11 til e next chapter .

In conctustor ar-ot-ie- ss-qe-tra-rststo r brwarJ
conve rter circuit is show n i'1 Fig. 9 w- ucbuses
two t-an s-stors in series. It recoi-es 0 '11,.one on­
mary winc ing a<1 d is oarnculadvsLil:i:Jle for ' Ilqll

inpu t vo.ta ocs {eg orect.fie d 400 V n-ams} ,

Both tri1nsis!c rs an·) c nven in-cnase and w e so
co nnected that cacr t 'a nsis' or is. at :he most ,
subjected to tee tul DC mput voltage.The diOdes
are energy recovery d'c oes which se-ve also to
lim it the vo.taqe acros s !11e trans stc-s Ott-er­
wise the tunct c-: is exactly -te S2ITe 2S that of
tt-enormal torwaro converter Witn this concept.
powers ot 5 kW nt 400 V it-put voltaqes can t:e
realised .

6.3. The Push-Pul l Forward Converter

The push-pull circuit is proceoty <nown to ail
radio amateurs as a co mpe -tent cf mobile po wer
succrie s . ure-etc re onty a short descnpfion vv i I
suffice
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Fig. 10:
Convent ional
push-pull c ircuit
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As Fig . 10 shows, the circuit is similar to a trans­
former-c oupled push-pu ll power amp lifier which
has been driven with a rectangular input voltage .
This concept is used almost exc lusively as an
unregulated block ing oscillator in pow er sup­
plies.The reason is. the saturat ion of the transfor­
mer core , which with unsymmetrical drive or dif­
ferent transistor switc hinq times leads to high
peak currents in the trenstormer and consequent
destruction of tho transistors

This can be avoided by either ovc r-oimonsior ano
the transformer and by provision of an air-gap, or
by a very complex balanc ing circu it which moni­
tors the switch- on times of the transistors.

If FETs are used as the power transistors, an
exact symm etrical drive and other measures aro
not necessary , as FET switch-on times are bot h
short and quite precise.

No problems are apparent, as already men­
t ioned, under astable wor king condit ions. Hero a
sman saturated driver-transformer is generally
tor the feedback. which autom otrcaay serves to
balance the power staq c

A more suitable circuit will now be descr ibed
know n as tile "halt -bndqc'' whicll exhibits no
svmrnctry problems

6.3.1. The Half- Bridge

A widely used push-pull c ircuit is the "hall­
bridge" which is sim ilar to an ironless push-pull

[h ,k .

output stag e as shown in Fig . 11. Both trans­
istor s are driven in anti-phase causing the left
end of the primary winding n, of the output tra ns­
former to alternate betwe en grou nd and VBwhilst
the right end stays at 1/2 VBby means of a ca pa­
c it ive divider. That is, a rectangular voltage of
amplitude 1/2 VRis placed across tile primary n, .
Since the capac it ive divider adm its no DC co m­
pone nt into ti le primary, an unbalanced dr ive to
the transistors will not cause transformer pre ­
macncteauon with its satnrattc n problems.

A full wave bridge rectif ier with choke input is
mostly employed on the output of push-pu ll
switching circu its owing to the smaller diod e
peak currents and also for t ile beller uti lisation of
both diodes and trans istors.

A common ortwo separate driver stages may be
used to drive the power stage, both solut ions are
of equa l merit when the cor rect design is em ­
ployed .

An important point has now been reached, the
drive and co ntrol stages.

7.
DRIVE AND CONTROL STAGES

The driving circuits of an s.m.p.s. consists of at
toast four parts.

-~l:v"or I

OB1NV 1 ,

Fig. 11: The half-bridge
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- an oscmato- for th e sWItc hing frequency

- a pulse-wi dth modulator ,
- a reference voltage source,
- a comparator 10 compa re the output voltage

with the nominal volt age.

Diller desirahle features include .

- a cir cu it which provides a ste adily risi ng output
volta ge fu llowing thc switch- on.

- current limit ing, either primary (transistor cur­
rent) or secondary (\oad current).

- co mparators for the swi lchi ng-otl of Ihe
s.m.p.s. during UIlOer- and over-voltage con­
dit ions of the mains supply,

- PLL integrated Circuits for the synchronou s
operat ion 01 several e.rn.p.e. 's,

- over-temperat ure protectio n.
- remo te on/oft control.

Wllilsl these tacuruos have for years, hocn provi­
ded by operatio nal amplifiers, logic circurts , and
discrete sern-conductors, there are now a num ­
ber of Inteorated-cuc o.t contro l stages. Well
known series are: Ihc SG 1524 ser ies, the TL -19~

with vanants r t. 495 and TL 496, the l OA 4700
With its successors and the TEA I ()OI IU AA 4001.
A special p lace is occ upied by thn l OA 4600
Which is used in coosumer-ccct romcs lor many
co ntro l applicat ions in astable choke,converters
in the power rang e up to 1~O W.

A detailed dcscrip lion 01 indi vidual inte{.lraled­
circ uits wo uld be out of place here as manufac­
turers data sheet s c an supply this mtor manon.

The driver stage repr esents the connecurq IiIlk
betwe en th e driver module and the pow er­
switch. It has three tasks, to present tho power­
trans istor with a well proportioned dose 01cur­
ron t during the conduc tion time 10 en sure tnat II
works in tne qcase-saneabon region, to cicer tho
base of ctrepe carriers at the momenl of swrtcn­
en. and finally , 10bias the base a few volts nega ­
t ive du ring the fo llow ing cut-off per iod. The dri ­
ver-stage also, in some case s, acts as a potential
buffe r between control and po wer electronics.

At f irst glance , the POW(lf FET appears to req uire
only a simple driver as it is a voltage con trolled
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device. It should be borne in m ind however , that
th e gate-source capacitance is in the order of 1
nf and also that capacitance ampl ified by the
Mi ller-e ffac t between qate aoc drain is ,n parallel
with it. ThiS capaci tance must be charged!
discharged in a lew hund red r w o-seconos
which req uires a peak gale current of about an
Ampere. The dr iver for a power-FEr is the n tail­
ored tor l1igl1 impulse f idelit y at high peak c ur­
reots.In addit ion,an even larger vcnacc capacity
is necessary [han for abipotar nansistor .The only
simplifICation is that there is no requi rement fO(
the ann-satcrenonnetwork.

ThP.re are nOrmllll y three cnvor -staqe circuits
variants, direct coupling is used between t ile dri­
ver and the powe r transis to r usually pro vided by
<1 complementary push-pull c ircuil shown in Fig.
12 , A simple anti-satura tion circui t can also be
seen

ShOllid the ccnocn» voltage of thll power trans
istor fall unoe a certain valun, the conuot CIJrTPnt
01tile driv er is diverted tnrouc h diod e DIISp.u lly
into the collec tor thus preventing saturatio n. This
c irr.uil also ensure s thll shortest switchlnq- tim es
and allow:; ue direc t supcevrson of Ihe transistor
in respect of sausa uon <Ind over-curren t but it
does m<\uire two aux iliary vonaqes 015 to 10 v.
H a potontinlbuller between contro l cecots and
power st aqe is necessary it is bett er employed

- Y;' IJ>.

j., -
C" t " t

c,\S

",~"t.

T~~
"'.'PO
'''''' '''0'
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Fig. 12: Dir&Ct -eoupled driver wi t h
anti·saturetion net w ork
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Fig, 13:
DC iso lated dr iver stage
with anti -saturat ion diodes

between control module and driver (eg w ith an
ooto-couplet The auxiliarv vo l tilg(~S VAUXmust
then t)l~ scooratoty produced tor oacn power
trilnsistor nno voltage -isolated,

Tile characteristic of lhe two other variants. the
trar etcrmc rcouptec single-ended driver (Fig. 13)
is that the energy for tile every transislor drive­
phase is sto red in the driver transformer. Hence
lhe torward converter driver (the required energy'
to switch throuqtt t ile power stdge is passcct
direct ly and the switch-ott energy being sto red in
tire trnnstonne r] and the choke convener, Both
versions <Ire ottcrcnnetec only by the polarisa­
tion of tho secondary of til e driver transformer
{Fig. 13)

Disadvantages are the long switch ing times and
lhe imprecise cont rol of t he power transisto rs
Fur thi, current moniforing and power transistor
protoctron, yet more transducers may be neces­
sary. The transducer coupl ing ensures a good
match betweenthe existing driver supply vottaoe
and the control requirements uf the power stage.
It can tor example, be realised directly from thn
rectified mains supplied high vortaqo driver, with
a shop-down transtorrr or. Furthermore, tho vel­
tape isolator can be embodied in the transducer
if the poo r coupling and higher leakage induc­
tenco resultinq from tile required degree of isola­
tion can bo tolerated,

Summarizing, it is poss ible to say, that ill use the
direct ly-coupled driver ut ilizes the power trans­
istors current and voltage capab ilities to the full.
The contro l circuits are arranged then more sim­
ply in the primary, the outp ut voltage sample

being take n via an opto -cou prcrtrom the isolated
secondary to the regulator, Current limiting may
bedirectly sampled from the transistor's current.

It the powe r transistor s are only subjc ctcc to the
collector-emitter voltage Vu 0' the base-drive is
not so critical for safe operating contro l and a
sinqle-ended driver with transformer coupl ing
may be used without any proble ms. The regula­
tion circuits can then be located in the secondary
side ot the transf ormer isolated trom the mams.
This concep t on tho one hand, allows a direct vol­
tage and current sample tram the output termi ­
nals but, on the other h<lnd it requires an inde­
pendent power supply to r start-up which takes
care of the control and til e driver circuits.

The choice of concept depends upon the power
to be handled, Wilh large power supplies tile
extra complexity of several mains isolation win­
dings and an auxiliary power supply does not add
great ly to tho totill cost. The regulating c ircu it
should be »rrancec to be in th,! secondary. It
would also be advantaqeous to arrange monitor
points for servic ing tho regu lation c ircuit to
obviate the need tor earth-free oscilloscopes and
isolat ion transformers.

The control-c ircuit is arranqed on the pr imary at
mains potential where the powe r transistor can
be direct ly controlled , To start-up, the rectified
mains is taken initia lly via a resistor to the control
circuit , the contro l circuit supp ly is t hen switched
to a voltage derived from an auxiliary winding at
the power transformer, Naturaliythis only app lies
to tixed-voltage power suppl ies where the outpu t
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voltage and the dr iver supply voltage have a fixed
relationship and the latter may not be adjustable,

The look-aroun d in a swncnec-mcoe-power­
supply has now cometo an end and an important
item for the radio amateur reviewed - the recto ­
frequency and electro-maqnetc interference
(r.f.i, and e.m.i.) suppress ion.

8.
SUPPRESSION MEASURES

An s.m.p.s. C!1n influence othe r electronic equip­
ment in several WdyS,

- tn rouqh feedback of the switt;.li ing frequency
and ifs harmon ics into tnc fllili ns ,

- IhrOUQh the residu.ll rip~l e of lhe outpul
voltag e,

- through lhe stray electric held fro m wound
components.

The latter two poeus m<lY be dealt w t1h ov co n­
smcuonat measures :;IJ(;h as avo iding oren
maqneuc Circuits like those present in ferrite rod
mrnctors. also conduct ing loops with a high pro­
portion of alternat ing currant should be made ilS
small as poss ible.

ProferP.f lce should be given 10 power transistors
whICh can be boiled direcUy to ground . not isola­
ted thus acting as an tennas radiating me swacn­
ing frequency. Direct r<ldiation may be neglected
by using a ITtf!tat enclosure With well bon ded
sides in which to house the s.m.p.s.

It is rnoee difficu lt 10 prevent the sw ilc hing fre­
(werley from being fed back into me mains, In all
caHI1S it is recommended that a good mains filter
wilh a high artonuanon at)ove 10 kHz is em­
ployed. Foil capacitors of 0.1 to 1 /~F may in ildeJi­
l ion. be co nnected across the pnmary-stda
reservo ir ercctroiyttc . With rarper powers an input
rec t if ier circuit with an air-gapped choke is used
ill order tnat me peak current through Ihe rec tif ier
and reservoi r cepactoc is reduced withou t dissi­
pati ng power in a c urrent limiting resister. It is
here that it is poss ible with lhe minimum of circuit
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Fig . 14: A po s"ibllity Inr mains supp ress jon

alterati on. to ettect a large oecreas mue level 01

mains interference. The cnoeos arc sput into Iwo
parts . as in Fig. 14. arid a paper/foi l capacitor is
shunted acro ss the rect ifier servinq as an Hr
short -circuit. Under some circu mstances only
two Y capacitors are then required il l the mmns
input for suppression purposes.

Another important poett here - usc only supo ros­
sron capacitors which nave hccn co nstructed tor
this l equiremenl and are In good condition to ­
qeme r with the app ropriate coun try' s lest -mark
(eg_ VDC SEV. UL). r oute-more tne max imu m
leakaqe cu rrent between phase and ground '
chassis ShOlIId not exceed a limit of t rnA III
cases of doubt HIl ) appropriate recuranons
shou ld he con sulted .

Tho residu al ripple on the output voltage shoul d,
in the interest s of lnterrerorcc free operation of
the supplied eq uipment. be <'IS small as possible.
u e goo d practice 10 include behind til e second­
illY smoothing capacitor an LC filter consrsnnq
of a ferrite nng core with a few windings and a
parallel comotranon of elect rolyt ic and loi l capa­
eno-s. The impor tant Ihing is. that the load cur­
rent does not drive this induc tor into saruration!

The secondary ripp le is also highly dependent
upon the sw itching concept. A choke converter
which charges its output capaci tor with short
cu rrent surges has n hl\l ller ripp le than say a for­
ward or a push-pul l converter with storage
chokes .

High eecoeo cv spectral co mponeots can erso
originate from til e secondary side rect ifiers if the
paral lel damping, mostly an RC network, has not
been correct ly dimen sioned. In all cases recn-
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f iers with the "soft recove ry" characterist ic are
easier to suppress and should be given prefe ­
rence.

9.
FURTHER LITERATURE

With these measures it is poss ible to supp ress an
s.m.p.s . such that it can work direct ly in the vic i­
nity 0/ an amateur installation, Further measu res
requir e a large outlay in test -eq uipmen t in order
that their eff icacy may be determined.

Foliowing this article, the attent ive reader shou ld
be in a pos it ion to classify swncncc-mooc­
power-sup plies and to judg e their data and c ha­
racterist ic s. Later art icles will deal with pract ica l
mo dern s.m.p.s.' ror construcuon.Th is will occur
in an easy sequence. so far an 80 W computer
power supply and two 12 V suppl ies with 8 and
20 Ampere capacity are being planned and in
test-trials respectively.

Motorola :
Linea riS wit chmod e voltaoe Regulator Hand ­
book
Siemens:
Schriitenreihe Sc haltnetztei l l-V (Grundlagen)
Siemens'
Applicat ionen fur TOA 4600 , TDA 4700 und TOA
4718
Tnomson-Ogg:
Handhuch Sch alttransistoren
Thom son-CSF:
Handbuc h II Transistoren in der Lctstunqscroc­
tronic
rnomsco-csr:
Appllkationen /i jr TEA 100 1S P und UM 400 1 DP

Which Volumes of VHF COMMUNI CATIONS are missing from your library?
As you know. til e pUblisll ",s continue to mprint back cop ies of VHF COMMUNICATIO NS. Since th" y 'Ire l ul l
technical articles and liUle news or aovcnrsm q. they cont" in " grA" t de,,101 non-aga in miorrnatron that is just as
valid today. Many of our 'e aders will also haw lent out copies 01 VHF COMMUNICATIONS and nwer receiw d
them back, All eoa ion" availab le can be obtained Irom your r" presc ntal ive or l rom the publ ishers.

"""" " " """", each llM 3,00
8ar.h DM 3 .00

OM 24.00
cud , OM 22 .00
each lJM 20 .00
each lJM 18.00
""Gh OM Hi.OO

OM ta.oo
.. " " " each OM G.OO

. each lJM 5 .50
... ... .. ....... """h OM 4 .50

OM 4. 00

Subscriptio n to VHF COMMUNICATIONS 198 5
VHF COM MUNICATIONS - Volumo 1983/1984 •• ••• •••. ..••••••••• .• ......................
V\ lF COMMUNICATIONS - Volume 18111/188 <' .
VI!! COM MtJNICATIONS - Volume 1978/18110
VHF COMM UNICAT IONS - Volume 197 6 ,1077, anJ 1978
VHFCOf....1MUNICATIONS - Volu" ,e 1975

Vt fF COMM UI--. ICATIONS - Individual copies 198<' . .
VHr CO MM UI--. ICATIONS - Individu al copies 1!JH1
VHF COMMU~ICATIONS • IndviduHI co pi" s 1979i1 980
VHF COMt-I.Ul--. lCATIONS • I" J ividuHI copi8s 10 75.1076.1977 ,19 78

l f1dlv ' d~ al c opie s out o' elder. lnco mp'ote volumes, as long as stoc k fasts :
1/1870 ,2'1970.2i' 971 l iI97<', 2i 187? , 4/197<' .
2 '1973 , 4/19 73. 1/1971 2.,1974. 3/ 19 74

VHF COMM UNICATIONS - Oiscounl price lo r any 3 vo lumes inc lud ing 1 binder:
VHF COMM UNICATIO NS - Volum8s 19 75 - 1977
VI-IF COMMUN ICATIONS - Volumes 1976 - 1978
VHr COMMUN ICATIONS - Volumes 1977 - 19 79
Vh F COMMU NICATIONS - Volumes 19 78 - 1980
Vh F COMMUN iCATIONS - VOlumes 19 79 - 198 1
VhF COMMU NICATIONS - Volumes 1980 - 198 ?
VHF COMMUN ICATIONS - Volumes 1981 - 198 3
VhF COMl\,'UNICATIONS - volumes 1982 - 1984
VHF COMMUN ICATIONS - VOlumes 1983 - 1985

P'asttc binde r vr3 volu mes .

OM 47 .00
OM 48,00
DM SO,OO
OM 02.00
OM oBOO
OM 59 .00
OM 62,00
OM 68.00
OM 72, 00

OM 8.00

k 1lJJ;·r: berichte T,,,y D." ,Ita" . Ja "",". 14 . Po" 'a," 80 . D-8523 8a;e"do"
Tel. Wes t Germany 9133- 855 , For Ropresentat ive s see cover page 2
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Jochen Jirmann, DB 1 NV

A 12 Volt Mobile, Switched Mode
Power Supply (S.M .P .S.)
Part 2

Modern mobil e transceivers arc in no way in­
fer ior to those of fi xed station design but th ey
are muc h more compact. For this rea son , ma­
ny radio amateurs tend to use them temporari­
ly or exclusively for fi xed sta tion use . The usu ­
al problem when using th em tor t ill ed station
use is th e 12 V po wer supply wh ich lor a 10 W
UHF transceiver requires a cun ent 01 3 A and
for a 100 W HF Iransceiver req uires a cu rren t
01 20 A. A floaling car battery or a conventio­
nal series regulator power supply with its una­
voidable heat loss and weight, are no l lhe
ideal sol utions to the prob lem.

An ideal mobile transceiver power supply tor hxnd
station use should fulfil the following require­
ments:

Output voltage 13 to 14 V, The stabilisation
betwP.l'll1 the!;(! limits is of little importance as
mobi~ transceivers are (or sboud be) do­
signed with lhis ;n mind.

- A sleady load current of 10 A indefinite ly. mtor­
mlnent 20 A.
Currenl limiling. preferably with toldback cha­
racteristics.
Output over-voltage protection at scoot 15 to
16 V.
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Convention coonnc {i.u. nc nu i ~ y rorceo-an re­
qUir",rn",,,ts)
Low switch-on surq e (no blo wn hUIl '; H f ll S fl ~ l

Higll conversion effi ciency and IQW qu io::~(;e n \

current.
- Unaffected by HI liekJs and causes no radm

hash (r f i.)
As small and I'ghl as coeeme .

There ale tWQ cirCUIt prinClplos .....Ith .....hlch Ihe
above reqcrreme nts may be mot, Either a con­
ventional po .....er supply bul ..... ith SeA' s aud hll.,..
' In9. or ..... ilh a ~wllched -modr: pownr supply The
weight advanlage 01 the swtcneo mode power
supplv decisively ove r-noes rtsUI1:>iIdVilntflgfl of
tl igtl lilte ring rsquiro rnonta over thn SCR type

1.
CONCEPT AND BLOCK DIAGRAM

From the maximum output requirements of t 4 V
at 20 A a power of almost 300 W ISootemec A
single transistor forward converter circul' .....llh out­
pul slorage choke recommonds Itscllio this en­
cult. A fly-back converter would be cosebre but
the lransducer would be much too large (at least
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Fig. 1:
The 300 W switche d m ode
po wer supply with single
tr ansistor swit ch lind
storage choke

FE-55 corer wtll !S: tho push-pu'l to-wa-c ccrver­
ter wou 'c i ~vOI\it' 100 m.rcn compr cauor

Purtner, a IIxed-volt,lgo pcwe st.pp,y ' 0 1 rne con­
1"0 1CIrCUlI C;l n be tal"'ln cnecuyIrcm an a ux'ha' y
"" 'ld,ng on tile power nanstormer ltthe coraror
c-rcun IS arranged 10 ce oo t- c prim<u y srrto, Its po­
wer m ay he si.ppuec ir itia lly witll the roctrned
m ains and ~" () n swrtc'ved over to tne auxilia ry

trar-s'ormer wind ng Ay tnrs means, a separate
50 Hz pc we- supply lor tt-e contro l ceccu is renee­
red ur-necassarv There are I\\'O circuas rsorateo
'r OM the r-ia ns. namely ' the powor tra r-s'orm er

and an c oio -coocie r w ') ch passes the eoor-voua­
ge nom tne 12 V ou tput . For the protecnon CIrcuit ,

to be described later, a further isola ted c ircu it

us ing a reed relFlY IS nec essary ,

A cock c iagra m l1ay be evo lved IrOl1 ,hIS con­
cepuo-t. as in Fig . 1. w- ere a bi-bctartransls to- .s

shO;'In as the sw itch . It will be sc en late r tnat a 00 '
wer MO SFET may also be used.

2.
CIRCUIT DETAILS

- -

Wi lh thtl airl01the brock-dra qram of Fig . 1 and the
detailed c ircu it sc hcmat,c Fig. 2 , the sOlTlewh <lt

,"valved - becaus o as yet - unknown ma im er ni
operation wIll be explained. the mains supply is

fed via tw o roses and the therm istor su rge lim iter
to me lullwo1VC llridge rccuner Two Yica pacdors
carry cut a rough l iltonng and a S IOV-Yarislo r
'cap s tne da ngerous pe aks l rom the mains sup­

ply vouaqe r ha aisctroryucs 01 tocce er 440 I,F
are led with thA rectrfied m ains voltage via choke

L 1 The choke increases th e curre nt flow anqle in

the rect ifie r and reduces thereby tho peak cu rrent
taken from th e m ain s (to the pleasure 01the elec­
t ric power plant l and tog ether with C~ prevents a

voltage at m e switching trsquencv from being led

back into the mains
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Fig. 3: The inlcqralpd S.M.P.$._conl roi ci rcu il TL 4!f4

lhe ? !.lO vnc ~lJ p pl i c~ ,1 COIW()I1hOJl<11 SI11\j10!­

Ir :m ~;i S\(.>1 10I W;u (I-sw 'lch" ,Uclll1vnrlm , It CO'1S;sts
o l lh" power tml1sislor T I. l hp.lmJll :formcr I , IhO!
eJlClQYH.'UIV!:!' y cscoe I ) 1<!IMltl1nnco sicw-nse
Jlc1wnl k 011 rue ccuecior ut T 1. wOlk ,n{Jat a swt­
!:IlI " !J l.('(j"c ocy or so kllz

A self 'r()\ju lli li nq driver st:J.{Jo compnsmq T ? il nd
, :l togrthor with as sociated ('{) mpO!1(,ll ts com-ers
tnn POW('f t r <ln~' slof T 1, df iving It '(110 uo as-se­
hua l ,on , The cncruy requeed (or n-o ~w ' lch·ot l is
:,;Ior,-,d In the ba se e lectrolyt,c ca oacucr 4 7 1,F, no
noqauve oes bei ng necess...arv 10 cUI oU th.. Iran­
si ~ lor

and I 5 switches the mct" od mnms vouaue v a a
h(!,l vy·loacl resistor on to the 1fl V I nc. Tt-e Tl 49c;
i~ ~ witc tllxt 011 tor the timp. OOtl'lg ar-n us curre r-t
(."(ln ~ "mr t'O'1 me re-ore ve'y 101'; ( ~ rmroK . ' 0 mn}
When !1 voltage 01 aoo t.t 12 V s -oacrco. u- c
$ dl 'TUIlI"ggN com pr.s-nq 1 6. I 7 9 ves an m ­
pulse for Ihe Slow start to P'" 4 u' the TI 494 ,md
the powe r Inlrls,s lor i:,; contrn'lod \Ii ! ') a sl ea ~" ly

increasinu duty cydc Tho wi lld i1l9 N 3 th tl '1takes
ove r the suppry of the contrord reuo! and the sten­
li p circuit IS switched ofI.

Upon !'iw,lr.h -O·t t -ic action is opposue : When t-re
power nanststor vol tage Jal s to 10 V, 'I ",,,I' be
~wilclll~d on via prr- " 0' meTl ll94

The supply votteoe, about 18 V, fOI Ihe driver
stago 11l1d the cent-orc ircuit Ie Tl <1 9 -1 , ~ deri ved

nom the W,od 'llg N 3 of me power naos-ormer.
For startmq. the circuit assembly cornpnse- q T 4

98

For shor t c ircuit protect-on . n small res stor is in ­
eluded in the errstter 0' the power tm nsistof Tne
voltage across il is rect.ued and passed v a a two
nme-cor-stan t RC I'et\" ork to the Tl494
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All Ihe impor1ill11 parts of lhe connot crrcua are
embodied in me inleg raled circuit Tl, 4 94 . As Fig ,

3 showS, Ihl:/IC contain s a 5 V ref el ence diode, an
osonaior. metreqcencvot which is determ ined by
the resistor ell pin 6 and the cap acuor at pin 5. a
pu lse·width modulator, a b istab le (fl ip- lIop) , ilnd
two rtnvnr stages,

1 he pulse-w idth modu lator may be intlucnced in
th' n!) ways : II bias at p in 4 wi ll recocc the duty"
cycle tram ma eimum No vo ltage at p in 4 m~;u l t s in
milximum duly-cycle (5 % all -lim e ) and 5 V iltpin
4 will suppre ss UK' output pulse co mple tely . Th,s
fac,lIty rs u<;crI fOl the slo w start -up, Ihe tull run­

n'ng .lnrl the shut-dow n otmo po wer transistor . In
adduron, f,.lr.h o f the two operational-ampliliers

can reduce mo pulse widlh to me required e xll:!l11.
one is us~d lor vo liag A roqulanon and the otn cr
lor (;urren l Ioml" ng. The co mmon output o f the
op;m~lioIlClI Clillpltll.. rs [pm 3) con nected 10 RC ­
links is UStl<.! to s lab llilfO! Ihe raqutatinn circtnt du ­
ring start-up ' h'He is atso a po",,,, ib ility ;lVnilnhl()
to flip-over the bistable, thereby nhtiJining a dutv ­
r,yc l" q routu r UIWI 50 % . rtus luncl i,m ls nol ,Jfwd
nNc sinco a (jul y-cy cle 015 0 % cou ld lead to the
n "lfJn()ti 7 ~t lon of the po wer transtorrner

II may no secnIhatlhe sampio voncue lor fhe cur
rent ov~rlol'lff is fed cuecuy 10inc operational am­
pllllef whll<;t mo error vol lage 01the voneqe fe<:JU'
lil lOI is !~d VI ~ ~n opto-coupier 110m the mams-rso­

laleu, seconoarv side

In arJ rlltlon, a purtion 01 tue erro r vn ltarJn is tap ­

pnn " ff Ilmj taken via all cnutter follo we r T f:lln the
r" t"'I HIII;O input o f the current ampli fier fl y uus
m..ans, a fn lrl hack current limi ting chatacl ens tic
is ()lJt" " If:!{j wllll; h rw;u lts ill fin output r,hor l -ci rcuit
currl:!fl! (low or nnly I A, thus lim iting the power
di <;slpo1lion o l l l1e output dK>des

TIle secondary .....ind lng teeds a ban-wavencune r
Wllh n ~.Ior.:lqe chOKe and fly -w heel d iode TM
storClljlolc<'Ip.1citanc.e consisls of s ix parilllel2200
!,F fll nctrol ytlC capac itors . ThiS CIrcuit deli vf)rs iln
ou tpul co rllCllning a vefY small ripple .

A 33 11 w ire ·wound resistor Imposes a minimum

load in order tha t there is no inSlablli ly such as the
moucnon 01co ntrol pulse s back inlO Ihe lertlary
.....Indlng N 3 under no -load conditions.

A cornon of the output vo ltage is compared wll h a
6.2 V zo nor d iode and the transist or , 9 influen­
ces, v ia tl "" opro-ccuorcr CO Y 80, tll n dutv-cvcte
in tll l1 requisite ma nner

' rfl n<;l<;tors T 10 and t t arc a Schmltt-\riljlj.. f and
wllh the se A. form an over-vo'taqe oeotecnon
When lhe out pu t vonace rises ilOOVC mat set b y I'
3 , me S C. R short-crrcurts lhc outpu t. In order
mnt the S C H milYbe reset anu also It) rooccc its
rli <;sipiltlorl (II is uncoolcd), a COIl wllh !, turn s illlU
i'I rc()rI contact w llhin is connected In ~"flS WIth
lhc S C.R cathode. The peak shor l-CIICIl II euncra
n ( the storoc c capflr.;lor doses Ihe reed r.ontnct
.....tucn h, ilds to .1 shu t"down 01 the POWl:!f supply
fo lluWEJ U li y the slo ..... sta rt-up Tho SeA ISthu s re­
set. Thp ovc r-vonac e protc cno n is cuecuve 1m
bo lt l il l ll:!fn >11 Iautts em u fOI n xlnrnll liv :\pp litld

ovcr-vouaues to the ou tput

1111l:!f an output vouoc c possess"'lj III lrl ll l1,l l n oore
li as been achieved, only sim p le IllO,l ns ,If() teq ui­
rcd to mini""/8 tho radio hash (rli f · I wo temto III
Ut!S (25 ~ 5 nun}, each .....ith 5 wmdlllYS of enamot
I{)(/ coppaf wi re ?5 mm dia. lorm . toq ctner WIth iI

470 ,II ell:'(~rolylic. and two 01 1'1 c;<\pilcllo rs. <11'1

rli lrltet .

1I1e rlt meas ure s at tho mains Sid",. hnw l1vel.
f () ~U"e an external mtor tor comprcucn. I-'all 'l:\l­
lar ly pmcticnl i ~ Hie rl18nl S rutor whir.h is oncapsu­
iotoo toqcthcr w ith a ma ins sw itch and SOC KO \'

The tone .....« o chap ters ..... ill appoar in ('(ht iclI1 31
rsas
3 Power Supply Construction
4 , Co mmlssionirtg
5 , InstallatI on and O pe rahon
6. Alle rnali ve Employment of Power·FET
7. Measured Va lues and Users ' E~ ptl ri e nce
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Erich Stadler, DG 7 GK

L- and C-Measuremcnts
with Calibrated Transmission Lines

Two pole measurements by means of a renee ­
tometer or a directional coupler may allow the
VSWR/reflection coefficient to be determined
w ith refe rence to a specific characteristic im ­
pedance but no information is given by which
th e reactive component of the item- under­
test (IUn may be determined. The spec ial pro­
perties of a high frequency test transmission
line should not be neglected, by means of
which, the reacti ve component of a two-pole
network may be determined .

This is carried out by rneasuroment ot the stan­
ding waves using the familiar "n ode d isplace­
ment method" .Thisarticle will deal with the con­
struct ion of a simple occimcrro band calibrated
transmission line. Simple formulae will be given
with which land C may be calculated from the
node displacement providing tnat the test-item
possesses no appreciable real component.
There follows finally. a few observations about
the particularit ies of the waveguide slotted-line
as a measurement device.

1.
CONSTRUCTION OF A
TEST TRANSMISSION LINE

Fig. 1 shows a demonstration test transmission
line using a stripfine, which has been used for

''0

years in a schoo l, for the n-easr.rcrron t of stan­
ding-waves, matchtnc etc. in the UHF and the
dec imelre band. The 2 mm (approx.) narrow strip
running down the centre forms the "hot" conduc­
lo rwh ilstlhe underside of the board is the ground
plane.

The two broad strips to the left and right of the
actual conductor run. are also both at ground
potent ial. They are not actually, abso lutely
necessary, They were useful for school wor-e in
order that the probe 's tip and ground connec-­
tions (not shown in Fig,) could conveniently con­
tact both conductors of tile stripline simultane­
ously. Tile photcqraph shows a doub le-sided
printed circuit board upon the top surface of
which a strip-conductor has been formed by
etc hinq.

Tile material employed is glass fibre epoxy. The
length of the board is about 1 m, and tile 'Nic th
about 80 mm The relatively long length was
mquired in orcer to work with siqnatgenerators in
the 100 MHz range. The veloci ty facto r of the
conductor is c lose to 0 6. It is important that the
velocity factor is not arnvoc at by calculations
based upon the dielectr ic constant of the PCB
material as the actual dielectric constant is smal­
ler. This is, because a portion of the electric field
passes through air, since the strip is only screen­
ed on one side,

Such a test- line for the two-metre band requires
a length of 60 cm and for the 70 em band only 20
to 30 cm. If is sufficient to confine the length to
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Fig. 1a:
Home-made
test transmission
line

DG 7GK

VI..rl--»zz:

'.

Fig_'tb:
Strip-line as a
test transmission line

just suff icient to allow an nlcr.trical hall-wave­
1000gth (IS this makes mo problems of etch ing
much smaller. The test -line in the sketch has the
tcst -rtern connected to soldering tay;; located on
tho strip and direct ly beneath on the ground
plane (not visible in photo).

On the other end of the test.uno a short lenqth of
RG 58 cable Zo - 50 II (Fig . 1b) has been
soldered in ord er 10 poaoe a necbte co noecnon
to the signal generator. The widlh of the centre
sl rip is calcula ted lor a character ist ic impedance

IUT

of 50 II. The PCB's dicloctric constant .utd its
thickness are very important quantities to coter ­
mine the cnaracte rtsnc impedance II the etchinq
process is too lony the etchant will creep under
the resist thus red ucing the strip w idth find mrs­
ing Ihe ch aracterist ic impedance Uneven
etching will load 10 a varying width over the lost­
lino 's length which c tcowse. must be avoided as
tne object is. to achieve a uniform creractedsnc
impedance. It is therefore reco mmended Ihat lhe
impedance of me lest-line be measured

'0'



2.
MEASURING THE
CHARACTERISTIC IMPEDANCE

This may be accomplished (IS tonows: The test­
line is terminated in R - Zo using short , direct
leads . The terminat ion must be non- inductive ­
do not use wire-wound resistors! Compositio n
resistors are atso unsuitable because their rests ­
tance is not iceable higher with increasing cu r­
rent . to. metal-film resistor is the most surtahlo

Conne d the signill -gc neruto r and co ntact tile
strip with the diode-probe t ip. If the te rminat ion
resistor and the characterist ic impedance are
equal then there will be no standing waves onthe
line. If the impedance of the line is too qreat. (here
will be a voltage min imum across u-etemmauou
and a small voltage maximum along the length
The charaderist ic impedance 7{)01the line is cal­
culat ed from :

Zn - VSWR x R

It on the other hand the line impedance is too
smiJll (occausc for example lhe strip is loo broad)
then a voltage max imum would be present
across the termination and a votta oe min imum
alnnq thp h, ngth ot the line. The vswnobta ined
from the voltage rat io serves aqai 11to calculateZo
hut this t ime as fo llows :

~) ~ RiVS WRI

The probe must be of tligh resistance relative to
the charac teristic impedance II the result ing l.:J

VHF-COMMU NICATIONS 2/85

differs from the desired value, a new etc hing at­
tempt must be made.

3.
STRIP -CONDUCTOR
AS AN ALTE RNATIV E

Tile etctunq of the strip may be avo ided by
saw ing off a st rip of double-s ided PCB and
placing if on <J meta l base-pl ate (e.g solder ing)
The strip conductor is simp ly sawn trom the peG
and by ptacinq it on a rnotat base-p late, it makes
a kind of one -sroec screened stnp -conoucto rtnc
cross-section ot wh ich is shown in Fig . 2b. The
approx imate requ isite width calcu lation is carried
out f rom the str ip conductor's p l ly~; i c a l proper­
t ies.

The problem of tabncauon nevertheless. lies in
t hl~ c1e(ln saw ing trom ti le Ilard qlass -Iihre mate­
rial. Such an arrnnqement howeve r, is not as
tavourabro from the po int ot view ot side~ raoia ­

t ion as may be surmised from the cross-sccnon.u
sketch ill Fig. 23 . The placmq 011 tile base-plate is
required in ord er that the Iii re may be asvnunetn­
cauv driven. l he strip - line itself is of cours e svm­
metrical.

4.
MEASUREMENT OF L

According to the lreq uencv of measurornent
meaninqful measurements of ,1eoil's mouc tanro

/
eu

Fig. 2a : Cro ss·sedion of a test-l ine
const ruc ted in accordance w ith Fig. 1

W2

Fig. 2b : Cro ss -sect ion of a pro posed meth od
of test -li ne c onst ru ct ion
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tram ten 10 a hund red nano -Henry can be carried
o ul. Firstly , a suitab le me asurement reference
plane (a voltaqe node) along the line must be
tound . This ISdone by shorting the tesHine end
with a shun sol dered connection between top
and bottom COndUCtOfS. The sig flilHJe I-..erator is
adjusted to the frequency of measurement 145
MHL or 433 MHL according to the np plica t ion
band of th e test- item.

The consequence ot totat renecuoo is the gene­
rat ion of standing waves. Wilh lhe probe. the
positions of the nod es (minimum) and the anl i­
nodes (ma ximu m) along me l i r~ are found. The
max ima dre equal to lhe undcr minated output o f
the signal qencmtor and the mi nima zero volts
owing to the total ronecron. If th t~ nodes ale not
zero vo lts atleast th e two follow iny major causes
must be elirll inatoo.

1. The output resistance ot the signal generator is
not compatible wllh the Zo ol lhn test-line: II th is
is the casco an auencotor is req l lirod between
oenerotor and lest -line to defin e Zo0

2 . The qenerator coulo have a hiqh harmonic out­
put? Hanuc r ucs arc il lso totally roncctoo and

"'- n il

l'.p

DG7GK

co uld prod uce ma xima just at the po ints where
tun darnental nod es are expected . A 20 dB har­
mon ic to fundamen tal difference could indicate
an apparent VSWR of 10 whereas it is actually
intin ite.

From the crstence between neighbouring nodes
the haffw avelenqth is measured and thereby }'D
oetermreo.

Follow ing these preparat ions, a suita ble nooo is
selected tor the reference plane from wtl ich 'he
distance x Le. lhe disp lacement ol.x ma y be deter ­
mined. The short-circuit is then removed and
repl<lCHd by lhe tesr-mooctaocc (Fig. 3a). This
reacnvoelement cause s another phase displace­
mont in th e refl ec ted wave which consequently
causes th e node to move In a ce rtain distance in
the direction of the test inductance . The great er
lhe induct ance tbe qrca tor ol. x w il l be! a x ce n only
however, at the most. eq ual a quarter w.1Velenglh
i.o . }.D/4. This would be the case when th e test
induct itnce tends to limit (The tC5t-li ne would be
prm;ticilily open cir cuit With n voltage anu.rooo
at its end).

Wil lI ue aid 01 the moasurud j, x til e ind uct ance

Fig. 3:
Node d ,splac e ment
a) with L
b) w ith C
The reference-p lane in both
cas es:
A voltage node under
S hort-CifC Uit condition

'03
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can now be measured according to the fo llow ing
formula:

where 20 is the test-line characterist ic Impe­
dance (e.q . 50 Uj, f is the fre quency of measure­
ment and ;" 0 is the wavelength of the test- line.
(Suff ix 'D " for dielect ric because it is a prerequi­
site that the test - line hil s a dielect ric which is not
un ity. Commercial "test -l ines" in general, have an
air diele ctric , l r = 1)

Example:

At f - 145 MHz J "coil" with a windinq of 100 [mil
was connected as the test- item. ax was meas­
ured as 20 em. With ;H1 in itial nod e sepa rat ion
measurement 0160 em i.e. /_o ~ 2 x 60 em -120
em, what is the rost item's inductance? (Zo - 50

OJ

The Adv antage of Measuring at Noda l Points:

The voltage measurements can of course, be
carried out at voltage anti-node s (til e reference
plane would be acco rdingly different ).The choice
of t ile voltage node has tile advantage that the
measurement may be carried out much more
accurately'

1. Tile voltag e node is muc h sharper than the
"broad" transit ion of t il e voltage anti-node as the
half sine-wave pattern of the standing wave (at
tota l reflection) indicates.

2. Tile loading which can occur - with probes
havinc not hiqh enough resistilllce - have negli­
gib le effect at the voltage nodes at total rcuoc­
l ion!

this means the same as if the test- line was short ­
c ircuited with the capacitance. ex tends to zero
and the standing wave pattern remains the same
as the init ial enon-crcut condit ion. When C--,>O,
the strip-l ine is work ing in a practic ally unloaded
condit ion with a stand ing wave patte rn posses­
sing a voltage ant i-node at its end.

20 cm
120cm)

Solut ion:

50U
L ~ - - . tan (360"

2"' 145 . 10° 11--
" 0' 95 nH

5.
MEASUREMENT OF C

--- -

6.
THE WAVEGUIDE SLOTIED-L1 NE

The init ial measurements (wavelength, reference
plane) are carried out as tor the case at the L
measurement. For the c -mc esuremcnr. it is pos­
sihln to choose the position of tile reference
plane nod" under short-c ircuit conditi ons.On tile
formula for the calculat ion of C however. t ile dif­
terence (i..d 4 - il.x) is the pertinent oispteccmont .
The .:Ix is taken as in Fig. 3b and C is calculated
as fo llows

The riatil given for the tc~t · linc may atso be lISCri
fur the wave-quide slotted-line (Fig. 4) by subsl i­
tut ing tho wavoronqth of the slott ed- line f_1l for ;..~ .

As this also does not accord wit h tile wavelength
of free space, it must be measured beforehand
along the whole length of the slott ed- line. The
distance between two nodes represents a half
wavorenqth as before.

1
C =~- . tan [360 '" (Aof4 - L1x)n ol

Meaningful measurements of test- items occur
wit h C between a few pF and about 100 pF.
Extreme cases are C--'> Oand C--7 "' . When C--'> "' ,

With the slotted - line it is even more important
than by the strip- line, to use the stand ing wave
pattern as a reference under short-circuit con­
d itions. A short -circuit can easily be realised with
the slotted - line (with a carefu l contact at the
flange), but an open-circuit does not oc cur easily.
An open flange does not represent an open-cir-

104
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Fig. 4: W.w p-gu ide Slollcd-Iinc

cut since it raoiates w1( ~ rgy ,;fI( l t hereby tom-s o
resis tarce . Til e f l ;; n g ( ~ ac ts as an anten na wilh a
real -es.s-ar-t:e . t h i~ being the reorauco re­
sist;;l"ce'

r or-he-more , it ~ , h O . l l d be pointed out, t-rat pure L
anti C r t1P waveguide tcchnm.cs. cn ly occur
lol" CW ~; ppc i ,! 1 cone.nons c.n. at tr-e end of a
sh()'H: i ' ~: ,j:pd w"vc q.nc c ot a detenninec
lnnqth. The '.WiVe qt.ide appears mosnv as a
toor-pc I" nctwor« anc the oi.ar-uues to be
measured contain rea' arc reactive components

u-ocr n-ose co-rcuors sunole tormune do not
apply and :110 star.cinq -wave oatten-s arc mom
st.ita bly diaqncsed wit ~) the corr-plox n)!Ir,ct ion
coettc.e: u or f. Srr-ith-cha rt. Th s C,WrlO! he the
st.bject 01t'l s treat se however

Fi1ally it should be rrenuor-ej tt-at 11m qvon lor­
r-r. nee to- pure L ure cannot he oscc wit h the
wavc-m.oos t eceusc the 10 ccc unrc in them
cur-ncr cc adequately expressed , The field d 's­
tnouton in the weve-cr.ide has -he consequence
that -f-echaracteris tic impedance over the wave­
q.nco cross.secnor s not sim ple to def ine. It
then. the n c tc-rve 0' capacit ive effect ot a venve­
q.nce cccte is to be cesc-n i ec . it is expedient to
express t- is n h e form of a normalised inducti ve
cr cil rn cit ive roectar ce lor cc nr uctancej.

Normalised inductive reactance:

Xl = XL = tan (360°
Z

N8rma l i ~;(~ d capacit ive react ance:

7.
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Karl Hothammel:
Antennenbuch. Telekosmos Ve rlag
Herte r/Hocker/l.orcher:
Nachrichtentechnik , Hanser-Verlaq
E. Stadler:
Hochtreq uenztechnik
Voqel-Verlaq (WurLburq)
Stadler /Hartmannsqruber:
Grundqebiete in der MeBtechnik der lnforma­
tionselekt ronik.
Senn-Verlag, Tettnanq (in Vorber eitung)

10 5



VHF-COMMUNle ATIONS 2/85k ----""'=""==""''''-'''''

Erich Stadler, DG 7 GK

Impedance Measurements
with Calibrated Transmission Lines

Impedances are measured in commercial
measurement technology with network analy­
sers, vector voltmeters, impedance bridges or
sometimes by mean s of impulse reflectiome­
try.Theamateurisassistedoftenbythegrid-dip
meter or resonance methods. The excel ­
lent charachtenstics of th e transmissjon line
as a measurement aid however, should no t be
allowed to slip in~o obscurity. It is suitable not
only in the 2 m and 70 em bands but also in the
GHz range where the dip-meter is no longer
usable.

Inductance and capac itance measurements
by mean s of calibrated transmi ssion lines
(test- lines) have already been discussed in
t he same edition. As this method reso lves the
impedance into its real and reactive compo­
nents it is a little more involved. The determi­
nation of impedance from the refle ction-coef­
fic ient by means of a Smi th-chart is relatively
easy if the indirect method of a calculato r
programmeistobeavoided.

1.
TEST-LINE CONSTRUCTION

Forthe2 m and 70 cm bands a str ipline grounded
on one side with a characteristic impedance of
say 50 n can be used (Fig. 1). The dimensions
can be determined from the table in Fig. 2. lt must
be observed that the effective dielectr ic constant

106

generator plug , _

t est i t em

Fig. 1: Strip-line as a test-line

of t he strlpline is not that 01th~ material chosen
for its construct ion. This comes about because
tho electrical field around tho conouctc r passes
th rough air on its top side, thereby reducing the
field intensit y in the dielectric. For tho GHzrange
either the strip- line can be useo or a slotted-line
(Figs . 3 and 4):. The tatte r are not really suitab le
for home construction as the mechanical require­
ments (an accurate slide with a capacit ive probe)
are stringent. In any case, a signal-generator, of
the same internal resistance as the Zoofthe test­
line and which exhibits low harmonic output, is
required.
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st r ip width

~_ T ~;i~k n~"
Line 20 - free-space Zo: V C,

Fig . 2; Table for the determination of the z"of unsymmetrica l
screened st rip-lines fo r three types of base material:
E, . 4, E, · 5and E, ~ 6
(f rom " Microw aves" 3/68)

str ip to PCB

th ickness rat io 3 1 2 1 1 1
i

0,5 '1 i

,
I 2,82,93 ,1

46

39

,

70<;1 90 Q 125 Q 1 66 rl ~,

f ',

freespace 20

eff ec tive dielec -

Itnc constant 3,2

, '- C-'--+- +---+- t---
I

2.
METHOD OF MEASUREMENT

2.1. Determination of Refe ren ce Po int s

The impedance measurement is made indi rectly
from <Imeasurement of the magnitude and phase

angle of the reflect ion coefficient. The reflection
coefficient rnanr utuo c IPI may vary between zero
and unit y accor ding to the load match ing. With a
perfect match it is zero and with tota l retlectiun it
is unity . All othe r load values giving intc rmcc nary
results. Before beginning the actual determina­
t ion of the impedance a co uple Orvonaqe meas­
urementsa longthelinemustbeundertaken.

<I) Matching chec k . This test checks that the 2 0

V '~j l eap. probe

test item
Fig.3:
Princ iple of the coa xial slot ted-line

Fig. 4:
Pri nciple of t he waveguide
slotted- line
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Fig. S:
Standing waves along the lut_line
and evalution;
co- ordinate represenla"on of the reflecti on
coeff ic ient , Smith-chart for Impedanc e
componenls
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ot the test-line is cOllipat ible wittl the resistance
01tile tClminatlng rcsist llr. the snort direct coo­
necnon s toteeminate the end ot the test-l ine with
the metal film (preferahly) rosrstr». When using
co.l xinl or Wavellukte ssotteo -hnes , a suilable
It!ad absorber terminatio n (50 II) should be
availalllt!. The check co nsists of running the
pro tlt! along tne test-li ne under terminated co n­
clit iolls 10 ensure tha t the vortace is equal at all
points Il lonll the lint: (i.e. no VSWR) and 10 11010
this v(J Ili:lll e VIl"t for reference purpo ses.

b) Total refl ecti on lest . The end of the test-line
should be either short-circuited or open-citc ui­
ted for this test. This prooucos the well-known

mflnn'JH, WilV~S along tile line. An open c ircuit
cundi tiOll is depicted in Fig . 5 top. Thooretically
anooen-orcuit would also produce the required
101,,1reuecuon but in pract ice an open-circuit is
very diUJCUll lo acheve owing to the ract that the
radiation trom the end 01 the transm ission line
constitutes a rosist;mce - the radiat ion resis­
tance.

The cttoct IS more prevalent when using slotted
lines whore the snort -orccu termination should

>08

always be c sec to produce tile total rcuoctou If
it sr!dillq sho-t-cecu it tennmation ISav" il,10Ifl with
the waveguide slotted li'le men this of COl-ISC.
couio bcuscd to create a tn.acce-r-ccccnarmo
end of UI~ line by means of t'1C iA tro1nsrormalion
effect . The sl" nd ing waves aru lhsplilceo by ;.-4
relative 10 the short circuit conouon iI'1(1 ttus
s110l-ld be taken eto eccou-r whatever rr otnoo is
US!,;] to produce to tal reflec tion . At to tal renee ­
l inn I~w voIL1\.W a, the nodal poin ts is zero 3'10 at
tho anti-nod es Ihe v()lt a~e IS the n-exlmum
available tro-n the generator at open-cnccit out­
put I lavill }l ensured thai total ret'ccticn exists,
the vunace V..-,1> shou ld be -o-eo. Ihe mr J.1 e be­
tween Ihe ma tC'lCd \!cltagp VII" a'td tile vol'.age
at tola ' f(~Hecl ln'l VC"MCO,reSponc s to t-so rot.oc­
non cceuceot ar ur ity.

2.2, Determination of Refl ection Coeffic ient
M.1gn il ude IPI at any Te rm ination Impedance

The tw o voltages V~"l and Vm.,. nave boon deter­
mined and the test- impedance corvectec tc the
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end of the test- line. The vohage anu-ncoes now
lie between (he reference VflM and Vmal"

although its pos it ion on the lirte may now have
been displayed owing 10 thP. react ive co mponent
of the item-under-test (I,U.T.). To dele rmine Ihe
magnitude (only) of the reflect ion ccetncrent of
the I.U.T. this displacement is of no co nse­
que nce. According to the deg ree of ref lect ion the
voltage standing wave ant i-nod e assumes a vol­
tage V, above the rctoeerce line V~.'T. The
d istance V, - Vfia1 be irlQ an indication of the
magn itud e ot the retluction ccetnceot. This may
be expressed as a traction of tne maXimum
distance Vm,,, - VIWwhich results in the value lor
the rctlection coe rhcent.

Example: VlL'tl - 0 .8 v ano V,n;,. - 1.6 V. The vol­
taqc ann-noco was meaSllrnO;j1V, - 1,'?V. What
is tile maqnitude 01the reuecnon cc etuc tent (see
Fig. 5]?

So lut ion: V
rTl

", - Vfla1- 1,6 V - 0,8 V - 0,8 V
V, VT1aT- 1,2V -O .AV -0,.1V
IPI - 0,4 V/O.AV - O.L>

No te : This is a relative measwemeot and the
absolute voltage ISno t strictly required . II is im­
portent however.mat the measu-ement system is
working linearly betw een u e range V1\;,1nnd Vmax'

The output from the Sigflo-ll generator should be

high cnolJgh tu overcome lhe barrier voltage of
the probe diodes, i.e, in the reqion of a few volts
as in the exam ple above.

2.3. Dete rmination of the Reference Lin e for
t he Refle ction Coefficient An gle

The react ive componenl of the load impedance is
of great importance for lhe ang'o of the reflection
coeffici ent . Before lhe angle measurement can
begin. a reference must be established at total
renect co. The ref lect ion coerucent anogle is zero
degrees when the line is term inated wifh a pure

resistance R whic h is greater than the charac­
teristic impedance ol lhe line. Thrsof course is
just as true if the line is "ter minated" in an open­
crrcun, i.e. when A is in1inately greal. This case is
represen ted in Fig. 5. It IS poss ible to cou nt tile
angle fro m HIH position on the line of the ant i­
node, A quart fJr-waVE1 l erl ~Ul equals a reflection
coefficient angle at 180' .

2.4. Determination of th e Refl ection Coeff i­
c ient 's Angle at any Terminat ing Impedance

Alter-co nnccling lhe tes t un pedonce a st.1l1ding
wave system Will he developed wtiose a-m roco
will be between Vn;,1 and Vma,. The m'lgn itude
how ever , is of no impo rtance jor the me..asurc­
mont of the O1l191e butits posnon. in relationship
to the anti-node a1 open- circuit. is. When the
test- load has a capac it ive react ive component
tnc ~,ta nding wave svsn-m is displaced relative to
that at open -circuit towards the load.

This disp lacement can amount to a max imum of
a quarter wavBlenglll whsn the load capacitive
reactance Xc l ends towa rds znro (hi gh capac"
tance) and the real co mponent n is sma ller than
the line 's characterist ics imped ance . In this
extreme case the reflection coetncont's angle is
- 180"_ The minus siqn indicates that the mac­
tance IS cepacinve. The degree grad uatio ns arc
linear With rI,st;jnce.

II lhe load imped ance contains an induclive
reactive component. the standing wave pattern
is rl isp laco(j relutive 10 that ill open-circuit by a
maximu m of a quarter wavelenqth i.e. +lila '
toward s the generator. This maximum dis­
pincernent occurs when the inductive reactance
Xc lend s to zero (very low inductanc e) and the
resistance 01 the load is much smaller than the
characteristic imped ance ol tlie l ine . Tho degree
qracuancns HIe atso linear . The plus·sign in­
d icates mat the reactive co mponent is induc tive
(see para 4e for measurement pillall).

Exa mple : In Fig . 5 (lower) upon term ination of
the line the sta nding wave pattern has been dis­
place d 2/3 of a quarter wavelength in the direc­
l ion of lhe load This amou nls 10 an angle of
- 120' caus ed by a capacit ive reactance,
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2.5. pcte r-ccorernates: Represent at io n of the
Ref lection Coefficient

It is worth whi le now 10 regar d the -erecucocoef­
ficient as a phaser in a polar co-o-mate plane.
Thereflectio n factor magnitude is represented by
the races where the g.eatest radius is unrty. te.
full reflection. This case is represent ed by the top
right-hand circl e in Fig. 5, wh ereb y the second
radius represents a renecnon ccerncent 01 0,5
both at angle IJ'.The lines of prOjection show how
the phasor may be obtained from the stalldlng
wave pattern (V...... - V,.., must represent unrty
with a liooar sca le between).

For demonstration pl..tp0se5 the Circles are
drawn with the f1' d irection upwards instead of
tile usua lright-ilafld orientation.A staodirlQ wave
d isplacement due to load react ive components
causes the phasor to tum c lockwise or anti­
clockwise aCCOfl:for1g to the nature of tile reac­
tance. A negatIVe reac tance ISrepresented by a
clockwise phasor movement and a ccewe reac ­
tance by an enn-crockwise movement. In the
exampk! 01Fig. 5, middle tird e, the phasor has
turned clockwise - 120" OWIng 10 the ceoe ctwe
reactive component. The Ieogth of the oresoe is
half of the outer radius whIch represents the
reflcction coeffici ent 01n.s.

2.6, Determinat ion of Real and Reactive Co m­
ponent s of t he Load

The third circle in Fig.5 contains the Smith-Chart
in a suitab le pos it ion (0" upwards), The outer
c ircle radius accords 10 lull ref lectio n as in the
po lar diagrams. The phaeor is now drawn in the
same posit ion onto lhe Smith-C hart, The phasor
rotates about a po int "1" , the middle of the dia­
gram . From the coo rdinates lying at the point of
the phasor. the real and the react ive components
01the load may be read ott In no rma lised fo rm,
The normalised form is simply t tle llc tua l impe­
dance, resistance or reactance divided by thp.~
of the line (50 I I) so that unity represents Zo(SO n
mos t ly) and Ie s in the ce ntre ot the circle. It
fo llows m en that any q uant ity finally road ott the
normalised Smith -Chart must be multipl ied by ~
in order to find the actual value.
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Note for use of waveguide stonec-nne: This nor ­
malisation is not valid fo r the WIG slotted-line
oWIng to the fact, that there is nooesoetecnerec­
teris tic imped ance data possible because 01the
completely different f~ld cnsmbnon as opposed
to that of til e coaxial sorteo-nne anc ev e test ­
line.

3.
EXAMPLE

Thetest-it em is a series corrbinabon 01A and C
and causes a reflection coefficient of 0,5 and
angle -120". After plotting these QUimU'es 0010
e e Smith -Chart (see Fig . 5 botton- righl ). the
phasor t ip is seen 10 be located at the co-co­
nate intersect ion of A'I - 0,43 and XN- -0,5, The
chMacteristic impedance is 50 1l and the measu­
rement frequency 145 MHz . What are the actual
compon ents of the load?

Solut ion:

RN- 0.43 x 50 n - 21,5 H
X,* ~ -0,5 )(50n = -250

The minus sign indicates a capac it ive react ive
component wh ich at 145 MHz has a ceoacnance
of 44 pF.

4.
MEASUREMENT PITFALLS

a) Signa! generator harmon ics: are ref lected In
the same manner as the funoamental. As they
form stancmq wave patterns which are closer
togeth er, they could cause coo ltJsion by distort­
ing bo lh amplitude and phase of the fundamental
stafldingwave.
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b) Generator internal irrpedance R, no t ecuarto
the Z3 of the test -line:
mult iple reflect ions distort the main slanding
wav e pat tern,

c) Probe: Signa ls smar enough to fall into the
non-linear region of th e diooe.
Remedy: inc rease signa l generator output.
d) Load ing of line by orobe: avoi d this by usmq
ca pacit ive COL piing or a high impedance probe
relative to the Zo of the test -line,
e) Tre locat ion of the maxima: owing to the broad
anti-r-ode transit ion it is diff icult to locate the
exact point of ma ximum voltage nodes to asses s
the patte-n displacements. The displacement
angle .s shown in Fig . 5 as be'ng with reterence tc
the a-m-node for the clarity's sake. but in rea lity
the nooes snouc be used 10 locale the po int

exact ly. The recoireo d isplacement then being
the difference between reference and tes t nodes .

5.
REFERENCES

E.Sta dler: Using Smith Diagrams (Ch arts).
VHF COM M UNICATIONS. Vo1.16. 1/1 984 .
Pages 23 - 28

Colour ATV·Transmissions are no problem
for our new ATV·7011
The ATV-7011 is a o ctessonat QUAl ly ATV nane­
mille ' ' Of the 70 cm bard. It IS only necesserv to
cor-nee- a camera (monochrome Of colour), antenna
and microphone. Can be operated trom 220 V AC or
12 V DC. The starcarc un't opera:es I'ICCOrdl'l9 to
CCIR. cut ot-e r sra-o arcs arc available on -eouest.

The ATV-70 11 is a further cevelopn-ent of our ron­
able ATV-7010 witn better speorcanons. newer de­
Sign. and SMa.l ;er omeosons. It uses a new system
of video-sound comonanon and modulation. It is
also suitable for Mobilo OP<'!ra tion from 12 V DC or
for ' i) OO ope-e-on 0'1220 V AC
Price OM 2750.00

't-e ATV-7011 is also avat'able for broadeasling use
cciween 470 MHz and 500 MHz, «nd a number of
such uni:s are in contrnuous operation in AfriCiI,

------- / --

mJ ,I t • •- - • ,.
A~V_ '7<:!l1 -c;:l • ..

•
Speci fic ations:
Frequencies. crvstar-contrcncc :
voeo 434 2 5 MHz, Sound 439 ,75 MHz
IM·products (3rd order): better than - 30 dB
Suppression of osc.freq. and imAge:
better than - 55 dB
Power -output. unmcoutatec: typ 10 W
Delivery, e) , stock to 8 weeks ~Slanclard model)

k ,X0iberichte Tony 0 Bill,n · J ,hn", 14 · Po",,,h 80 · 0 -8523 B, jeesdort
Tel. West Germany 9133-855. For Hepresentafives see cover page 2
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Joachim Kestler. DK 1 OF

PLL Oscillators with Delav Lines
~

Part 3: Oscillator Module
for the 2-Metre-Band

In (1) Michael Martin, DJ7VY, introduc~ a
VHF Osc illa tor with outstanding cnaractens­
t ics with regard to low eoese and short term
stabi l ity. The oscillator to be desc ribed
emp&oyes the same oscillatory circuit w ith a
low noise Doublet fa t use in 2 m receivers or
transceivers with either a 10.7 or 9 MHz IF. In
order to achieve t he necessa ry Iong·tef"msta­
bili ty however, the PLL pri nciple w ith delay
lines (2, 3) wi ll be employed. In th is ma nner th e
not uncritical CAFe togeth er w ith tempera­
ture c ompen sati on measures c an be di s­
pensed with.

5.
AN OSCILLATOR MODULE
FOR THE 2· METRE BAND

5.1. The Reso nant Circuit

A~ this is til e most importa nt and critical part 01
every osci llator circuit, a short account ol lhe
Stettner ceramc induct or used In (1) will now be
undertaken.

A Vector -Impedance-Meier HP 4815 A was used
(as by DJ7VY) to determine Ihe Circu it 0 in two
ways :

112

al Mca~l..rement 01 Ro. the -esrstaoce at reo

sonsnce (0 - RJ "" )
b) MC<J5l.rcrumt 01the 45' frequencies f. anc I?:
O ~I(f? - fl )

Care shol.ld be taken wnon sokJering oco nee­
boos to me coil. that aSII;k) ILooll19solcer is used
as ccssoe.The coreecuces sl1ol..ld be cleaned
wilh trlChloraethyleoe 10removemenU)(rescce.
The tlJr1lng ceoac toe 01 12 pF logcthef wrth the
probe c."lpaCity resulted in a resonant frec ueocy
of between 65 and 70 MHz.

Result s (measl.reMents of c in brack ets)
• COil without screeninp a'ld without tuning

code: a - 633 (613)
• Coi l in PCB enclosure. size l 5)(45)(30 mm

without tun ing ucoe: Q > 700 (922)

• As above but with 2xRR209 (taoped 1 wdg , Vo
- 15 Vj 0 -611 (709)

• As above but Vo ~ 7.5 V Q = 570 (648)
. As above bL<t Vo - 5 V 0 - 500 (517)
. 1 {module) lid of tin-plate without ccos:

Q - 421 (482)
. 2 co vers of tin-plate w ithout ooce:

Q - 284 (30 5)

1\'llay be see-r that the co il Q when sc-eened (not
by l in-plate} is tmp-ovec as it avoids loss through
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Tunlf1 11 Volt!lle

raoetoo. The inllutc'flCe 01 the tuni fll:l di tJd(-, rs
noticeable but tolerable as long as the tUOlrtg vol­
~f..m;11OS ,ll:lOYfl5V. WithVo - Othc a ·factor
is only 120.

5.2. Circuil Descriplion

Fig . 26 show s the block schema tic 01 thn VHF
oscgatcr. The veo oscillates at hlilf the output

frHqunncy . Its stqnal beinp buttered by T " and
fad 10 a frequ ency doo [Jlffl with tutor 10 the out­
put. Tho buttere d oscillator Hignfll is also fad 10 a
further buffer sla~ [T 3) on 10 the mixer. Hlfl
mixer is also supplifl<:l Wll h I) crystal oscinatoe
signal (()sull lflg In 8 oueeoc e OU1Plit tmquency
of ,",=1.,'2 - 10, Th is is led 10 lhe modulewilhlho
delay l ir~. phaso-shiltor and comparator oescn­
bed ifl (3) the reSlJlt ing tuning voltage be ing used
to lune tI 'e VCO . BUnOf T 2 can be used to pro­
vide ALC by mt:!<IflS 01an (lMlornal voltage.

The erose 01dlHerl!f1Ce lroquoocy is ret cntcat
but 'I must however . he in the passba nd of the

do>lay hf\~ (3 - 7 MH7J. It is adv is.l hlc 10 .1void sub­
harmonics 01the difference fJeqllCl1CY in Ofdef to
ptCVCf1t spunous signals.M exampleootlt by tI~

:llrthor bas lhe following lrequnocy pia" :

IF - 10.1 MI Iz, outpul lrequency 133.3 to 13!>.J
MH 1, crysta l frequency 61.9 MHL. 1 - 3.75 10
4.75 M Hz. Using .1 IF 01 9 M HL c ue ~ec:luiras an
oscillator Signal 01 135 to 137 MHl. Clll)O!>ing a
aysUl l lfoqucncy of 62 .5 MH1, 1'1results inbet­
ween 5 and 6 MHl a ndag;] ln, no IF spurs fllll 10
be anticipated ,

The detailed schem atic of the osc illato r module is
shown in Fig. 27. The c art of the circuit w ith T 1
(VeO) , T 2 (buffer) and 0 4/ 5 (doubler) has alroady
berm exhaus tively tre atert in (1), so h<:l re only n
low pa rt iculars shou ld be mentioned. The VCO
supply vonaqe is fed via PT 3. 11 is recommended
that ttns voltage be prod uced by a separate regu­
lator (e,g. 78 15. 0 .2 Al and filtered with an RC
combination of 100 fLl l 000 p.F. The ALC vonace
to Pt A influences the capacitive~vider C 1OlD 3
hence the coot-or of T 2 and the input to the ooo­
bier , thereby the output may be varied. The same
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Fig. 27:
VHFoscill ator c ircuit diagram

I 3 S ')

~ IE - SOO
~

2 4 b a

circ uit is used on the input to the buffer T 3 (C 18/
o 6); thus it is possible to adjust. by means of a
control voltage appl ied to PI 7, t he output of the
ring mixer M 1 and the level of the difference fte-

quency signals at Pt 10. A barrier layer FET (T 4)
is used for the crystal osci llator .Therelatively low
frequency (approx. 60 MHz) used here, obviates
the requirement for compensation of the static
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crystal capacitance with inductance allowing the
cry:>tal to oscillate at its nom inal freque ncy.

The difference frequency , deve loped in the ring

mixer, is fed to a low P.1SS filter C 40JL 71C 4 1
suppres sing uooeseeo higher or der mixing pro­
ducts before going to me output at Pt 10. The 10
d~ pad {A 20, A 21, R 22) serves as a broadband ,
50 n terminat ion for the mixer, The DC vo ltage
between Pt 11 and Pt 12, wh ich are test-points,
indicilting the ampli tude ot the ou tput signal at PI
10. This will be mentioned during alignment and
testing

5.3. Hints fo r Constl'llction

In order to ease construct ion a double-sided
throug h-p lated etched PCB has been de­
veloped. It measures 110 x 72.5 mm and carries
the inscri ption DKlOF 047. The VCO does net

zz- - I

..... ~,'\

Fig . 28: The Cil ta m ic c o illonner with C 1 (IettJand the
sellsupporliog OSCillator circo il (ri ghtj

use a PCB in ord er that short connecnoos to tt-M1
coil are used and to minimi~ the solder connec­
tions (Circ uit OJ.

Fig . 29: The trough contac t PCB is 1 10 x 72.5 mm
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The fol lowing seqeence ISrecommended for the
construct ion:

• File the PCB to the exact size.
• Provide a cut-out 'or the VCO.
• Cut surrcun dinq screen (30 mm high)and bore

for the tcec-tb rouqh capacitors at Pt 3, 4, 5, 7,
8, 9, 11, 12 and feed-through solder te rminals
at PI 1, 2, 10 also tor a Mini-BNC coa x. recep­
tacle (or feed-throug h terminals) for Pt6. f it to
the PCR and solder the screen both sides of
the PCB .

VHf -COM\lLNICA, ONS 2185

• Cut out the 2 t in-p late divider scr eens (20 mm
high and with no ho les) arc soloer to tne PCB.

• Compl ete the VCO screened enclosure with
holes for the two through connection s capaci­
tor aod tc rmtna! Do not use tin-plate but rathe r
0.5 mm brass (prefera bly silvered) or PCB.
Copper plate is unsuitab le owing to its high
heat conduc tivit y making it diffi cult to solder,

Bef ore mou nting the veo inc uctor with nylon
screws M 3 and ce xceo washers, the tLni" g
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diode should be sold ered one windin g from the
earth and l. slng as litt le solder as poss ible. The
rest of the VCO components follow, suppo rted
by the Inducto r, the feed-thro. term inals pt 1 and
Pt 2. the teec -tbro. capacitor and the screen. The
arrangement rray be seen in Fig . 28. The PCB
can now be fitted with the rest of the components
according to the plan in Fig . 29. A pho to of the
Imlshed mod ule is show n in Fig . 30. The f lux resi­
due is then removed from all soldered joints with
a solvent , but do not soak the PCB in solvent as
some compo nents wou ldn' t like i t ~ This measure
is not a cleanliness fet ish. but avoids the poss ibi­
lity that moisture absorbed into the flux causes
clcctncclleakaqes nne corrosio n.

5.4. Specia l Components

T1: U310 (Siliconex)
T2, T3 ,:OR73 or~ 084 1 (il e A)
T4: BF246E3. PRDDO or P800? (Texas Instr .)
0 1,02: 8B209
03 , DG:KV12J6 (Cor-oonox Duesseldo rf)
0'1, 0 5: BAS70 (Siemens) or HP280D
0 7, 0 8 M t 18 or strrurar Ge dioces
M1: IE-500, SRA-1 or SRA-3 {mini-circuits)
Q: !F - 10.7 MH7 . G2.9 MHL

IF ~ 8 MHz : 62.5 MHz
Series resonant, 3rd overtone , ho lder
HC-18/U or HC-6/U e.q .
XS 6204 (KVG)
Ceramic inductor type 87-6228 (Stett ­
ner) tapped one wdg from earthy end for
tuning diode

l2, L5' 13 Wdg, 0,15 -nm coppe r-la quer-tsilk)
Wire on Vogt coil kit 514 04
8 Wdg. 0 8 mm silvered wire (self supp­
orted) 5,5 mm ;nside oia
Ferrite choke 1.5 NH (Siemens, .Jahre]
As L 2, but with coupnnc Wdg . of insula-
ted wire o n earthy end

C1. Ceramic coax ial t rimmer 6 pr-.3 rnm dia.
C2, C3: Ceramic d isc cao. 10 pF, don' t use

brown ones (B'vceramlc has greate r
loss)

C4 , C5: Ceram ic (mult i- layer) cap. 100 pF

------'~

Cl l : Tantal um cap, 22 NF/40 V 10 mm moun-
t ing

C27 : Tantalum cap, 22 NF/16 V 5 mm mtg
C33: Tantalum cap . 100 NF/16 V 5 mm mtg
CX' Feed-thro. cap , 2,2 nF/30 V {solder

f lange)
C20: Foil tr imme r 20 pF 7.5 mm diu.
C22: (valv e: green)

The remaining capacito rs are ceramic disc 30 V,
5 mm mount ing. All resistors are 10 mm mo un­
t ing.

Tr: 4+2xlj Wdg 0.1 mm Cu L in ? ho le bead B
62152-A8-X17 (Siemens)

5.5. Setting -up and Adjustment

Att cr the co nnection of supply vonaqes to Pt 3, Pt
5, Pt 8 and pt 9 check lhe drain cu rrent 01 «II
t ransistors by measurinq the vcttaoe drop across
the dril in resisto rs , A value ot t o rnA is opt imu m.
6 to 15 mA to lerab le. Outs ide these limits the FET
should be replaced . The two oscillators (T 1 and
T 4) are measured in the non-oscillatory conru­
non: T 1 Gate to eart h via 100 j I and T 4 by taking
out lhe crvstnror C 35. Fo llowing that, connect a
temporary adjlJst«ble volta ge to Pt 1 taken from
the supply voltage via a 10 k!l (app rox.) po tent io­
meter. Pt 3 is supphert direct ly with 15 V. Fit the
VCO enclosure pro visionally with the cove r and
obtai n the tuning charac terist ics sho wn in Fig.
31. Trimmer C 1 is adjusted so that the upp er
band limit is attained with a potentia l 01 12 V. II
this is riot achieved w ith C 1 fully out replace C 2
or C 3 with a smaller value (sav 8.2 pF), likewise
increase C 2 or C 3 il the band limit is not fC<l chod
at 12 V wit h C 1 fully in. The freq uency counter
may be co nnected either by coa x ca ble across C
17 or remove the screen from l 2 and use a
single-turn induct ive coupl ing, Naturally, only
half the output Irequency will be measured at
these po ints

The lower band limit shou ld be attained with
about 8 V (6 to 9 V). If this is not the case (maybe
another tun ing diode has been used) the d iode
tap on L 1 must be adjusted
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Next th o crystal oscillato r is checked H18 counter
being com ectco induct ively to L Gor a cc ax ca­
hie to pin 8 of the ringmixer. The adjustment is
limited 10 adjust irlQ the core of L 6 exact ly 10 the
crys tal freqooncy. If lhe cry ster retuses 10 osc il­
late (c .g. with old or "t ired" cryst als) reduce C 34
1027 or 22 pF.

The given diffe rence trec uer cy at Pt 10 may be
chec ked easily wit h all osc illoscope (Ireq ~ 10
MHz) w ith the input terminated in 50 ohms.

Turn the preset RX at PI 7 to ma ximum and tune
L 2 and l 5 for max. ampl rtude at Pl l O. TheVCO
should be set to mid-band (provisi ooal voltage at

",

PI 1 all ou l 10 V). About 300 mV peak -to-peak
(ape -ox . 100 mVRMSJ should he dislayed , This
drop s to 60 mVp ,p. (20 mV RMS) with RX at 20
mV. A high imoccence 1100 kohms) vo ltmeter
should read 0,1 V between PI 11 and P: 12,

Bandfilter tnmmers e 20 and e 22 following the
doubler arc uerateo several times to ach ieve the
maximum output Should a higil -treqLoncy level­
meter no t be available. use a test circuit of 50 II
resistor a German ium diode and a 1 nF reservoir
ca pac itor across a normal muttimeter .

After adjLstment the v e o cover should be mteo
and soldered. The tuning curve is tnen re-
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cteckeo and. 11 necessary . C 1 correc ted. The
coroectons 10 tbe PLL pert DK10F 046 are
shown in Fig. 26 ,The VCO 01Ihe PLL part will not
be needed bet may be used 10 chec k unit 046 00
ils own . sceeoec cable should be used lor the
connection PI 1 10 PI 23 10 avoid pick-up volta­
ges on tne VCO tloning line. This is nottoo entree:
as 1'1e tL; l1 ing roe ISa relatively low impecance of
100 I! (R 55 see Fig . 19 part 2). Also low Ire­
quency pick -lop (hum) is nulled by the acnon of
the phase loop , The supp ly vo ltage snould of
course, be weri requrntod and f.ltered

Naturally the care are not complete withoul
carrie r noise being assessed bul unfortunate ly
suitable le st equipmen t was not to hand. In the
ned edition of VHF CO MMUNICATIONS a recei­
ver input stage suitable for use with th is osc illator
module will be described which Will 01 course,
co nsider the question of front -end overloading .

5.7. A 70 em Version

Those who wi sh to make their first steps 0 11 a
higher Ireque ncy band will do well to co nstruct

5.6. Tesl Values

In the following table is set forth the da ta which
was obta inN1 t-om measurements on the proto­
type. The o st -urroots usee were:

vector ''Ina yser \Pegtl lrT'+>Sst'fj ZPV Rohd e 8.
SChwarz
Spoctru-n AnalySC'l" Hr 1of1 T with pluq-m mod"
ues 8552 and 8554
Frequency Counter (home mace, 8 digit. ocr 77
lockeel,

Switch on drif t < 200 Hz ' j
Long term drift < 20 HVhour ' )
Serrsrnvity to supply
voltage changes: < 1 kH zIV 1
Supply : + 15 V, 40 mA ')

") togelher wl\h PLL-DL-Modu le DK10F 046.
Flg. 32: Bloc k dia ll, am of a 70 cm

singl e co nversion super

133,3 - 135.3 MHz
(IF - 10,7 MHz)
135,0 - 137,0 MHz
(IF - 9 MHL)
+ 4 dRm midb and
+ 3 dRm bandhmits
tcl2, 3/2 :0:
< - 30 dBm
2 Ill ' t. t j :

< - 40 dBm
3 10, 5 1~:

< - 60 dB'll

OJtpL.t power

SlJo-harm()nics

Ha-rnor-lcs

DATA:
Freoococv m ngr.
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the converter f irst and test it w ith an available ,
good receiver. In this manner and without a great
out lay, one can gain experience in high fre­
q uency techniques and with unfamiliar com po ­
nents and circuits. Results may not approach
those of the state of th e art with regard to input
overloading and IF spurious specifications, an
optimal solut ion bein g the concept of a narrow
band, fixed IF. This tr end is to be seen on the 43 5

MHl band but for the 2 m band it is already the
no rm.

Fig. 32 shows how the described osc illator
module maybe used in a 70 em receiverjortrans­
colver). The veo oscillates nt 103 MHz. its siqnal
being doubled twice before being posscc to th e
n uxor. It is suqqostco t hill an IF of 2 1 A MHz is
used, as crystal fi lters exist at this frequency but
the choice is not bind ing.

With more attention to the prcscrcctron f ilte r in
orde r to tacintate Irnao e pertorrnance. an IF of
10.7 or 9 MHz may he used . Anyw<ly, im<lge inter­
fcren Gf~ is not so unprcnsant as ovcnoaomq
effects <IS on ly <I single ncqocncy suttors
wh ereas overl oadinq could mak e th e who le band
unusab le

The questi on is inte restinq. whether the oft en
mention ed Stett ner cc rarmc inductor is suitable
for a 10::1 MHlVCO Me<1slImm ents <1 S in 5.1 but
at 103 MHz, gave a circuit Q of 460 (C ~ 6 pF, co il
in enclosure . di ode vorta qc 10 V) i.e. not much
less th an at 67 MHz.

TIle following tab le indicat es which components
in Fig . 27 are to be changed:

C1' cerami c cy lindrical t rimmer 3 pF, 3
mmdia

C2 : ceram ic disc , 4.7 p F
G3: redundant
C4, C5: ceram ic disc 39 pF
G17, C3 1:ceramic disc 10 pf
C? O, C?2: foi ltr immer 1°pF
All other co mpon ents as listed in 5.4.

Co nstruct ion and operation are as described in
5.3 and 5.5, This version also , did not neeo
inductive compensati on tor-the stat ic crystal. The
output capacitance powe r a t Pt 6 W<lS 1 mW (0
d E3m) in ti le mid-b and falling to - ? dBm at the
band extreme s - somewhat lower than the 2 III

version .

Owinq to the t rccocncy doubling , the drift rates
were also doub led. One revol ution of lhe phase ­

shifters wi ll now result in a frequency interva l of 4
x I tJ ,62~ kHL - 62 .5 kHz.

A 70 ern receiver tront end (IF ~ 10.7 MHz) is now
in the process of contrucnon if the expecta tions
match projected spccmccnons, pub licalion in
this maqazine is intended.

01
D2
Q,

l 2, l5:

L3

l 6:

120

88505
redundant
IF ~ 21.4 MHz: 98.0 MHz
IF ~ 107 MHz: 101.0 MHz
Serie s resonance, 5TH overtone
holder HC-18/U or HC·6/U e.q.
XS 6306 (KVG)
8 Wdg. 0,25 mm silvered
copper w ire Vogt kit 514-04
7 Wdg . 0.8 mm silvered , self
support ing coil, int. era 5.5 mm
As l2 but with one coup ling loop

Liter ature:

1) Martin, M. : Low no ise VII F-Os cillato r with
Diode Tun ing
VHF-COMM .2/1 981 ,
Pages 66 - 82

2) Kest ler, J ,: PLl-Oscil lators with Delay Lines
Part 1, VHF-COMM . 4/84,
Paces 211 - 220

3) Kest ler, J .: Pll-Oscillators with Delay lines
Part 2, VHF-COMM, 1/85 ,
Pages 46 - 54
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Guenter Hoch, OL 6 WU

Estimating the Gain of Yagi-Antennas
from Chart Data

<t>E <1''1

or for the ang le in degrees and with reference to
a dipole

The author has des cr ibed in (1) ho w the gai n
red uction due to sid elcbes can be estimated
fo r an ant enna wi th a nearly rotation al sym­
metr ical polar diagramm. The comparison
with practical mea surements on a yag i anten­
na leads to a diagramm, w hic h w it h easily ob ­
ta inable values, gives a close app rox imation
to the available gain.

1.
BASIC THEORY

The familiar Kraus formula for antenna gain

"

25200

111

121

In general, the main lobes and siootobos are dif ­
ferent tor bot h diaq ram planes. the amateur is
however, only interested in the direct ional cha­
racterist ics of one plane, for horizontal pola riza­
t ion this is the Eplane (the prone of the elements)

For a lew types 01 antenna the relat ionship be­
twe en Eand Hdiaq rams is known. One of these is
the yagi antenna, superimposing (mult iplication)
the H d iagram with acnpoic characteris tic results
in a good approx imat ion of the E diagr<lm. The
latte r causes null points at L 90' which ill turn
causes extensive cancelling of the sidelobes in
the area ottne null posit ion: this leads to, for short
and medium length antennas. a certain narrow ­
ing of the main lobe (from this it is c leat that tile
often stated front/side ratio for the Eplano is non ­
sense: a radiation ill the direction 01the clements
Call only ansetrom current in the boom or Cable).

2.
APPLICATION

yields tor an antenna whose half pow er or beam­
width ¢>~ and ¢>H for both polarizat ion planes are
known, all upper limit for the gaill . When the dia­
gram has sicetcbes suitab le deduct ions are to be
made.

From the previous basics it fol lows, that for a vagi
antenna it is suffic ient to know the importa nt data
characterist ics of the diagram of aile plane in
order to determine the gain.
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Fig.1 Gain of vag i-ant ennas as a f unction of beamwidth (Il.
o f the E p lane and side lobe dam ping

Fig. 1 shows dolled t ile the oret ical cam 01a loss
free , sidelobe free antenna , as a funct ion of the E
beamwidth. The solid lines show the practical
gains ,IS a funct ion of bearnwidth for various de­
grees 01srdelobe damping.

From this, \tie conclusion should not be drawn
that an antenna with weak sidelobes generally
has higher gain. For the same lenqth of antenn a
decreasing the soeico es increases the beam­
width of the ma in 101J8. The qain remains nearly
constant over a wide range. In spite of this it is
normally preferab le to choose the antenna with
the least peaky sid eiob es.

From Fig. 1, someone, able to measure dB's and
angle degrees, can obta in a goo d estimate of the
gain,

It must be stressed, that the diagram is only valid
for single yagi antennas; not for arrays etc ., since
for these. comp letely different standards apply .

122

Correct ions for ohmic loss {skin effect) are nor­
mony unnecessary. The bases for this has been
derived from test data . as well as from aGttml
antennas , It goes without saying that drastic mis­
matc hing, unsymmetrical feeds etc. falsify the
result. The almost ilrnazing accuracy of the pro­
cec a.res has been con firmed by G. Scbw arzbeck.
DL1BU in (2).

3.
PRACTICAL PROCEDURE S

The antenna to be measured is aligned to a suffi ­
cient ly strong and con stant inco ming signal (bea­
con), than the beamwidlh is ceterrmnec by rota­
t ing the antenna untillhe ~3 dB-point is found,
then rotate the antenna in the opposite di rect ion
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Fig. 2: Polar di agram of an 18 eleme nt yag i ante nna measured o n 1.10.1981 at 432.5 MHz

until the other - 3 dg -point is found; the angle
between these points is the required beamwidth.
On the other side of the - 3 dg -point the signal
must quickly decrease, run through a pronoun­
ced minimum, then climb to a value usually lying
10 to 20 dB's under the maximum value. The
signal difference is equal to the sidelo be attenua­
tion.
All the follow ing sidelobes must be smaller, at
± 90' therewill be a deep null point. All backward
lobes should be many dB's below the maximum

gain of the antenna. An antenna with 14 dB gain
must have at least 16 dB front to back ratio.

If the right and left sidelobes are very different,
the field disturbance is caused either through
reflection trom buildings or the feed is unsym­
metrical, egofrom the construction or the cab le
lead- in; small differences are averaged out.

When an exactly calibrated S meter is not availa­
ble, a switc hed attenuato r can be inserted in the
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signal path, and adjust for the same level. It is not
possible to go be low a certain minimum attenua­
tor value, otherwise mismatc hing will fals ify the
results

The found half power ang le can now be easily
examin ed: it is never bigger than half the angle
(jlml ' which is th e angle between the fir st two
minima. For short er antennas il is not iceably
smaller {OA? - 0.48 (1)011 in order of 2 ).Iong), trom
around 61e long is almost exac tly O.5'l}iml .

4.
EXAMPLE

Fig . 2 shows the dmq ram ot an 18 element
antenna (Parabeam PBM18), Til e - 3 db -points
lie at +12' and ~ 15".that mean s'l} , - 27" .The first
minima lie at +27' and - 29" , that means (1\j',1 ­

56" The first side lobes hilVe sunk to »rouno 12
dB and 1" dB respect ively, the avcraqc sroorotc

VHF-COMMUNICATIONS 2/80>

atten uat ion is therefore 13 dB . The front/ back
rat io comes to 19 dB . With these values trans­
po sed to Fig . 1, it gives a gain of 13.3 dB d, the
measured gain was 13.4 dBd (dBd qam ret.
dipo le),

The author has employed the diaq ram fo r many
years to verify ga in measurements and it imme­
diately revealed any obv ious errors in measure­
ment.

5.
LITERATURE

(1) Hoeh, G.: YAGI-ANT ENNAS-Princip le of

Operat ion and Opt imum Design Cr iteria
VHF COM MUNICATIONS vets
Autumn 3/1971 . Pages t :)7 - 166

(2) SCI1Waf700ck, G. Strcitzuq durch den Anten­

nenwa ld
cq-Dt. 52 (1gB1), I U , S . 126 - 130

New Interdigital Bandpass Filters
4-stage, sealed bandpass f illers for
1152 MHz, 1255 MHz, 126 8 MHz or 1291 MHz
centre fre quenci es.

3 dB bandwidth: ....." .." .." ....." .." .." .." . 12 MHz
Passband insertion loss 1.5 dB
Attenuation at 1 24 MHt : 40 dH
Attenuation at .i 33 MHz: 60 dB
Return loss' 20 dB
Dimensions (mm) : 140 x / 0 x 26

Ideal lor installation between first and second pre­
amplifier or in front of the mixer for suppression 01
ima\)e noise, and interference from UHF-TV
transmitters and out-of-band Radar Stations Also
very advisable at the output of a Irequency multi­
plier chain, or betund a transmit mixer,

Price : OM 178 .-

prcaso list required
centre frequency on
ordering,

k 'lJJmii/iberichte T.", D. B"'ac .J'h"'tc" '~ ~O"~~:80 · 0-8523 S" . " do"
Tel. W est Ge rman y 9 133-855. For Representatives see cover pag e 2
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TDA 5660P -
A Versatile Modulator Circuit
for TV, Video , and Sound Signals
in the Range of 48 to 860 MHz

T he new, bmola r mteg rated morn.rotor TDA
566 0P was developed for use in T V and video

equ ipment. and also fo r ether erectronc equ ip­
ment with v ideo an d sound reocrre m ents. T his in­

tegrated c ircuit ccntans all functiona l circuits 1I1at
am required tor the modu lation and convers ion ot
v ideo nnd soun d siqn ats to VHFiU HF in ti le tre­

r n.ency ran ge of ~8 MHz to 860 MH z. II few ex ­
am c.es c t tile ve rsa tility of lhp circuit are :

• TV and v ideo equ ip m ent

• Cabte and TV converter s

• Video generators
• Video surveyance sy stems

• Amateur TV, o r
• Persona l Computers.
The versal-lity of th is inteqrated circu it can he in­
creased further w ith ti l e did of a m. mo er of exter ­

nal connections ror acjustment etc .

It is pcssb!e. fo r mstar-ce. fo r tt.e sound signa l to

be eithe r amphtt.de Of frequency modulated [e. g ,
Ffv-soun d IF 5 ,5 MH z), The v-ueo tr-out is aoe to

p rocess frequenc ies of between 0 an d 5 MHz ,
an d Hoe sound ir pt.t between 0 an c 20 «Hz T he

sound osc illator ope rates betw een 4 and 7 MHz,
and the output cemertreoue r-cy (sour-c and video

information) can be in the range betw een 48 an d
86 0 MHz . T he ~O l low i n q tunct.ons can be aojustoc

oeto ruauy The video-so und carrie r spdc lng , the
AM-depth o: moc urat.o n noq ot-vc or posi tive v i­

deo mocutaton ano suppress ion of the res idual
earner

Funct iona l Description and Specia l Fea tures
of t he TDA 5660P

• A M-s ounc modulato r. FM·sound modu lator:

A M· dep t1 of modu lat ion and pre ern phas.s are ex -

tm nCl lly " dj ll s l8ble

• So und oscmmor (4 to 7 MH/ ) with d high nc­
quency stablfitv .
• H igh trcqucncv st"bility 01 the batauced VI-WI
UH F md in oscmetor

• Sy nch. leve l blankinq Circu it fo r the vide o siqnat
• Contro l ci rcu it lor pe ak wh ite and a contro l orcu­
it for the v ideo amplitude (co mpensa t ion for tluc ­
tuauons ot lip to 6 dB)

• Continllous fln ju stme nl of Hie depth of moduln­
tio 'l 01 both po sitive or no qativ., modulation

• Aliqnmont po ssib ilitie s fo r com pensating the ov­
narmc un hCl f"nce o f the m ixe r (at high ou tp ut Ire ­
'l ufl rlc iesl , and thus to r min imiz ing th o d yna mi c

resid ual carrier.

• Vfl r iflb le video -sound carrier sfl "cinq.

• Bnln nccri mixer oulpul (4 13 10 860 Mf tz) w ith but ­
fe r

• Low int" rff)ffl ncp spectrum
• Very stable , mtcm nl roferPnce V01l8\j8 o f 7.5 V .

Circu it Descript ion (F igu re 1)

Th e sound s ignal (AF ) is connected ca pa crnvciy
10 connection 1 in the ca se of trocusncv moouta­

no n . The preemphasis ca n be prov ided by us" 01
an ex te rn al R-C ci rcuit . Th is sig nfl l is fen to A m i­

xer (A M-sound modulator); wh ich is de pe nde nt
on the A M-modufa tor input (connection 16) . If a

voltaqe is present at pin tstnat differs l ro m the in­
temal reference vortcqe, it is possible fo r the v i­

deo-sound ca rrie r spacing to be ad justed, ff the
sound carr ier is not to be frequency mo dulate d ,

but am pht ude m odulated , it is necessary tor pin 1
to be con nected to pin 2 and for the A F-sig n8 l to

be fed capac itive ly to p in 16. T he interna lly set
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Flg. 1:
Applicat ion circuit
Of the TDA 5660P

' , 10 L.., b.I""'.'''''orotrn.r
.<nlh tom""",.

depth of modulation can be adjusted by providing
an add itiona l, extern al DC-voltage to pin 16.

The FM or AM sound carrier is added to the video
signal in the VHF./UH F mixer with the ;:lidof the lo­
cal oscillato r signal. The parallel resonant circu it
of the sound carrier os cillator is connected bet­
ween pins 17 and 18.

An additional alignme nt of the cross ta lk is requi­
red to avoid sound interference tothe image wh en
using AM-sound. Due to the lack of free connec­
tions, the DIP-18 case does not prov ide any pos­
sibilities for this. For this reason, a 20-pin ca se is
be ing prep ared

" 6

The video signal with negal ive-going synch roni­
zing level is connected caoactnvofy to pin t o The
blanking circ uit b lan ks the signal to sync hro nizing
level

Fluctuations of the video signal of up to 6 dB are
compensated for in the control circ uit i1nd brought
to peak-white level. The VHF/UH F mixer will
therefore receive a con stant vioo o tovot from the
video butte r.

It p in 12 is grounded, the IC will be switched from
neg ative to pos itive modulation. The modulation
dep th can be varied by us ing a variab le resistor
connec ted to p in 12 (R = xc to R = 0)
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Fig. 2, Block crrcutt diagram ot the TOA 5660P

The interna l re ference voltag e should bo bvpas­
son at p in 2. Tho bala nced arrmlifior of tho VHFi
UHF oscillator (ECO-circuit ) is ilVil ililolr at pins 3
to 7. when ono rntin q at hiqhor rroquenoes in ax
cess 01300 MHz, it is possible that a dynilmic un­
balfl rlcf) of the VHF.... UHF mixpr must be compen­
sated in ord er to su ppress the residual carrier ,
1his carl be made via p in a.

Th e ground of tho osr ill;:l1or resonant ci rcuit
should also be connected to pm 5. An external os­
ci llator signal can be injected via pins 3 and 7 both
inductive ly and capacifiv ely.

The construction otu-e Pc-boa rd should be made
so that a SUfficient scree ninq afte nuat ion of ap­
proximate ly 80 dB is present between the osc illa­
tor prns 3 to 7 and the mo dula tor outputs 13 to 15,

In order to obffl in the best res id lJ<lI r il n ier sup ­
pression , the balanced mixer ou tput (pins 13 and
15) should be connected to a wid ebilnd bil lilnce
trans former having a good phase acc uracy. Fur­
thermore, an L-C lowpass filte r is req uired at the
output . whose cuto ff troquon cv must be in excess
01the maximum operating frequency.

Editor ial note
II this interesting Ie is to be used in amateur TV­
transmitters, it is necessary for a vest igia l side ­
band tilter to be provided. It is not possible to use
the w ell-known IF vestig ia l filter DJ6PI 004 or
OFW 369, since a VHFiUHF t ilte ris required, The
editors wou ld be intemsted to hea r Iro m reade rs
who constructed ci rcuits based on this IC.
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MATERIAL PRICE LIST OF EQUIPMENT

descr ibed in edition 2/85 of VHF COMMUNICATIONS

DJ6PI Loop Vagi Antenna Design for 13 em. Art .No. Ed. 2/1985

cctoarc DJ6PI014 RT/duroid 5870/0 .79mm. 45 x 40 69 11 OM 33.-
PC-bo ard DJ6PI015 RT/duroid 5870/0 .79m m, 65 x 30 69 12 DM 34.-
Semi -rigid cable 5 11-3 0392 p. em OM 0.50
N-connector lor cable SR-3 04 26 OM 24.-
Loop yagi antenna for 13 em, ready-to-operate,
w ith N-connector and mast c lamp 009. DM 195.-

DK 10F PLL Osc illators w it h Delay Lines. Osc illator Ed . 2/1985
Modu le for the a-metre-ba nd .

PC-ho<lrd DK10FO-17 do uble-sided etched with 6906 DM 33.-
thro-contacts

Components DK10F047 2 FET, 2 DG-FET, 4C-diodes 6907 DM 271.-
2 Schottk y-diodes, 2 c, diodes
1 rinqmixer , 1 Stettner-ceramic
coil, 3 coil kits, 2 chokes. 1
two-hole bead. p. 1 m wire 0.15°/
0.8 0 / 0. 1 0 , 1 coax. trimmer . 2 foil
trimmers, 14 ceram. cap s., 21 by-pa ss
caps.. 3 tatalum caps.. 9 leed-thr u.
caps" 22 resistors

Crystal 62.5 MHz XS 6204, HC-43/U 6908 OM 32.-

Crystal 629 MHz XS 6204, HC-43/U 6909 DM 32.-

Kit DK10F047 complete, w it h 1 crystal (mention 6910 DM329.-
oreasen

It is now possible for you to ord er magazines, kits etc. using you r
VISA Cred it Card!
To do so, please state your credit-card number and the va lid ity date,
and sig n your order.

Yours - U't<M/·BERICHTE/VHF COMMU NICATIONS

~ IIIj /" "'tech n,A ~ , .~,,~:i/,,~'" n /n. Terry O. Bitten . Jah nstr. 14 . Po sttacn 80 - 0 -8523 Baie rsdorf
Tel' West Germany 9133 1855 · For representatives see cover page 2
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Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATIONS nowOffers sets 01 pn an­
teetlc suocs mace dUl i ~g tho Gemir-i.Apouo.Mariner.
and Voyagerm S5cos, as wall as slidesIrcmle aclnq
observatones. These are star dara size S em x 5 em
51de Swnich are frame d and annotatoo .
Prices plus OM 3.00 for oost aoc pac king .

Set s of 5 NASA-sli des OM 6.50 per set
&118103 ApoIlo 11: Ear1'l and MOOf'
Sc:81(].4 Apol lo 11: MfII1 01:'le Moon
SQ! 8105 ApoI o 9 and 10: Moon Ae'w arsal
Sct8 106 Fron Cal lom a lo Cap CanO\vera
Set8107 Apol-0 12: '-'1 oon Rnvisil"'d
Se: 8 ' 08 Gemini E<; rl 'l Views
51'18109 Apoliot S' RllVllIg l laolcy Ril:c
Set8 110 Apol o 16: Into :'le Hg» lands
SetS I I I Apollo 17: Last ...ayaga to the JTIOOO
500'1 81 12 Apollo 17: L asl Moon W2 1 ~s

$e18113 Marir er 10: Me'Cl,Jryand VenLJs

5el 8147 -d upiter encountered.. 20 slides of VOYA GER 1 &2 OM 35.00
1 ;,d~, '" "" 3 ",te Ce S 2 , T1&<jj,,, ·t pI"""l 3 J'4I 'lel , 10a,"<J F"'fop. 4. I l1e ft.,.] ",~'I !> Tlie Red '{lOl j" d" I.. .. G.n",
s ' ·" 1"'"O Jes 7. 10 a10 /l 1\" .II·' ...." t 6 . l lle neigl --t>c<Jlh orul (>!ll>e Re d spo t ~. Th ~ "' ~I ~ ot J"'D4te< 10 . n . , Oa ll ll&1I1i "" \< 'il i
tcs "I Am ll l ,I~ ", 1? Call'stu 13 , impact '"al" ", <>0 Ca lli, tn ' 4. F lij l~ , ,-,r l on 10 IS. k> 1,,11 (~~" ' 6. £:""'1 >" close- up
17, £w""P~" "I;m: v cw til G II ,y~"" I " d,,~e l.P ' 8. A diSI;", t \" !nyrn" ,1l) 20, Ih~ IOV ",, ' ' y"l..,rn

Set 8100 " Saturn encountered " , 20 VOYAGER·1 s lides OM 35.00
1 R"'vna ,,c 5 0t us01OOl'\6 2,5.11,.." f'om l l miom.", ~ R"IJ rn ' ,om 8 mio mil", 4.Suturn lron, 1 ", i" m,ics 5 Sa llm, arld
....'l~ "om 9OO.00c " ,ilo,s ~ S.t'urn·s H"e SOOI 7. C'.od bells in <I",,.il 8. n.o..,. 1I<:ja,nsl Sa[ ",m 9 [~one d",," up 10
Il l>el I 1.Cr a" ,"sorn1ca ' 2 1,;"" '3. T'h n'spo'II'roorJ 14 H'''IC crat",onM,mlls ' h Olhe, s><le ol M,m"s l G,A"..
:lrOllenuq [I'" nogs 17 U1:1e' 1h" ."'G" 16 AcIow tN> ,org, 19 · B·a rded _ ~ nng 20 . ~'lX'tJ5

Set 8148 ~VOYAGER 2 at Saturn " . 20 VOYAGER..2 slides OM 35.00
1 VOVAGLR 2 "t'I "oa cJ ,,,,. l', CQIKl~ & ''''9'' J R"~ms 110 s;llr.I',I" " 4. Cycloo,,", I.(><Jl-' A im st' e ams ~ . '..oo~ect ,....
,~", n~ Ii At'-',~ ,he,;'-'<f i ' I "' <t:.o rl«' 7 Ri,'J '''' " ··.,,........ s e , Tl~, . C · ,j '~1 9 H<ng d~I : "1>; HI l lle "A·, ri ' ~l 11 Lool< lf"1
ba ". ,~, S ;o t , w, ' 2 r ,;a1 , 'qr t S< (lrl · : l . T , t a~ atmoSll~ "' '''t>flMS ' ,I.lhe .,F" " " !l , !> 'I VP''' "~ l do, ;e up 10. 1" ' '' ''''5
" " 1" ;,1"<1 17 Lnce ladJs ~ x(>i(",,~, 1 11l The I&:t" \'ScMyoo , ~ 1he · 1" ""9 SlrlH :lurl" ~, W, II" , If".Fnkc dj '""i""
Set 8102 " The Solar System«, 20 NASA 'JPL slides OM 35.00
I , Sot~, 5 y, [" m 7. F",rn" I'<)f1 0' Ino I-' a~"h 3. TlUJ SJ~ 4. M"..,,, ry ~ , . CrC5CCn!V"""s H, Clouds ot V~'U JS 7 Lao1n
8.,,~ 'A< xm 9 I,hr. 10 v ars O·yn ,I". '~ Vons " M~'/I : G,,,,,rl ' '''''YO'' 12. M,,, ", Sonuous Cha nne l 13. Ph" I" ,"
' 4 J~p'Cf wrt~ "' ''''''5 15. Japrr... n odSpo! '6. Sal~' " 11. Savn H 1!;-~ 18.llrnnus a nCN"I" " "" 19 I1Ulo ?O Corroo!I
keva ·Sek'.

set 8149 " The Sun In action" , 20 NASA 'JPL slides OM 35.00
1 s"~ 1 H.,",." 2 T ol~I Solar ecr ,p<;,. 3, 00..1"'ooro"," 4 CO·o" " tr' Hn SMM sat~t l t" ~,Gofl)fl ados ", ,,1' fi SOIa"'w~",
1<J(l. am 7. !\ "ti .·~ r~",{)~ ,i" X",M1 at or> a . X- 'IIj" "'''''~' !I. Ac o.onail"<lk 1O.SQh, rl late 11 A<1'v<'SlII'1 12. E[l.-(l t~p.-o­
m l1 e~ t3 G"' g;,., t~ "n V W 'lt\Cnce t 4. Efll pl " " "''-U'"ocnce , ,,. HUL'" Sd " , .. . plO,;!"" ,~ , f' romlne"", ," act iOn 1'/
SU1 ir' 1I<::' w ' 8 ","agM t e ' Iel~ 'O<l!)~ ' 9 f' romiofJtXe elos~· up ?G, Cl"omos ph~ t '" ~1 ~Jl Y

Set 8144 " Space shuttfe«, 12 firs t-f light slid es OM 24.00
,. STS' ~eads a lo~ 2. Vi"" f.m" toe Ie " " , 3. T""" " cl",,' 4 Lauocn pm'i", h. f'ayiOl c bay "flO" 6. STS r;ontrol l h,·
stcn 7. 11o-b,. C;J,th """", 1~'OJCIh . t~.. w,oc<>w, 8 f\<Jb C' ,ppen u, m-d-<.mcl< 9 Jon" Vour~l 10 Approachi"'l 10uCM uwn
• I. Ah'" !>.:~ """'5 In ~pa<:" CoIJmma .<!lurns 10 Ea1, . 12. A51 'onau 15C" ppen a"d Vounq l-me' ge "!lor the SUc<:fl,,<J,,1rrossoon

5e t 8150 " Stars and Galax.ies.., 30 astro co lor s lides, AA T t 977 - 1982. OM 46.00
, Th~ A-9 , · "',, "'~I , .c 33rr T~reO<<>O<o lA"'l ; ~ >\A I t:Joml:>3 '~ o9SC<I<o<' Ca~lro'~.. ' An~_ allhp Pr....eF<lWs 5 Sf ... T,~,"

,., l " ~ S'I'i 6 C" w "' p,,,, 5 ' ,11 1'~' ,' 7 C"" l;«.,,,,, ...NGC~' ~ ~ fl ' n~ sti,~1 Gala<, ","S31"IGC!k' :)l;19 TnaE,. C""""", !'Ietl<.ja ' G.!\nO(l<l«
Clu, t.. 01St"" I-;GC3n 3 ' 1 !\ ~ S """. · I Neo..J,l. NGCij]l)? ' 2 T"&T"' ,,,lI<al<.la M2~(NGCM 1 4 1 '3 Tt,uCor1 e Nebula ' • .5 Mor>oc<o' ","
t s ""JNGC224 · 5. T~" H nl" f., ,,,,,, •. \l GC7U 3 ' 0./\ 'I'i"lt ·I ~ ' j'~ 1 St. , tn NGC23S9 17.A 51> ' ,' 1 Gal. , ,·,NC,c?9 97 ' ~.M~~,, ~,' ~

:NGCM ' I I " .T",,, Orn" N" " ,' ., ~o D~", and Ga, ,n S~~'I I . " u. , N(iC55a9· 90 21 'l OCSl t;.4.'5. 1M N. b"I0"'[j' M"und HD,4K937
27 DLJ;t Ciocd 0"" Oioen C',, "'~ . 'l GC5S~G 23 Th(' 0'1" ' 8' Gal• •y NGC2S3 74.A ~'~ss · los. 51. ', IGU 20 25.T" . Jewel Bel. NOC4! 55
25 1x a G'OC IO Go 0" J>.tGC~~Z2 27 .C~o"aI R~9i"" sol NGC5 ' 28 28,To"."Os the Galocl 'cC,,~"~ ~ 1l'reT,,,",,,z,,,rn30.fI'>(> T"f<jSI....

k I[jT'fu'\ berichte Teny 0 B,nan · Jahn, I,. 14 · Po, "ach 80 · 0 -6523 Ba;.,,,,,,,"
Tel. West Germany 9133·855. For Rep resentatives see cover page 2



OUR GREATEST now wi th reduced dimensions !

Case:

Md t

15 14 13

I
I I
',\'\.­17

DISCRETE Appl i-
MON OL ITH I C EQUIVA L ENT

CRYSTA L cat ion
w ith impedance trans fo rmation w ithout im pedance trans tormatton

FILTER Type Termination Case Type Termina tion Case

XF-9A SSB XFM-9A 500 [~ 130 pF 15 XFM-9S 02 1.8kU I 3 p F 13
XF-9B SSB XFM -9B 500D 130 pF 15 XFM -9S03 1.8 kQ 3 pF 14
XF·9 C AM XFM-9C 500Q I!30pF 15 XFM -9S 04 2.7 k[~ 2 pF 14
XF·9D AM XFM-9D soo cjt socr 15 XFM·9S01 3 .3 k[l 2 pF 14
XF-9E FM XFM-9E 1,2kR 1130pF 15 XFM -9S05 8.2 ec o pF 14
XF-9BOl LSB XFM·9BOl 500Q1I30pF 15 XFM-9S06 1.8 «sa 3 p F 14
XF·9B02 USB XFM-9B02 500 u1130pF 15 XFM-9S07 1.8 kQ 3 p F 14
XF-9 B1 0' SSB XFM-9S08 ' .8 k~2 3 pF 15

• New: 10-Po le SSB-filter, shape factor 60 dB : 6 dB 1.5

Dual (m ono lithic twop ore)

Matched dual pair (fou r po le)

XF-910; Bandw idt h 15 kHz. Rr = 6 kQ, Case 17

XF-920; Band width 15 kH7, Rl = 6 kU , Case 2 x 17

DISCRIMINATOR DUA LS (see VHF COMMUNICATIONS 1/ 1979 . page 45)

lor NBFM XF-909 Peak separat io n 28 kHL
l or FSK/ATTY XF-919 Peak separat ion 2 kHL

CW- Filte rs - still in d iscrete techncroov:

Type 6 dB Bandwid th Crysta ls Shape-Factor Terminat ion Case

XF-9M 500 Hz 4 soce 6d 1:34.4 500 c 130 pF 2
XF-9 N B 500 Hz 8 GO dB Gd82.2 500 U 130pF 1
XF-9P ' 250 Hz 8 60 dB 5 dB2.;> 500 Q 1130 or 1

' New !

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
0 -6924 Nec karbischofshetrn : Postfach 61 ' Tel. 072 63 / 6301
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