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Dr. (Eng.) Ralph Oppelt, DB 2 NP

The Generation and Demodulation of SSB
Signals using the Phasing Method
Part 1: Basic Theory

On account of certa in advantages. propnetry
amateur ssa equiprn&r1t. .....,thout e~cep\lon . uti­
lize !he filter method of generatiorl and detection.
It may be perhaps 01interest tor the active radio
ama teur to develop aneroaeve crcwt pronclples ­
lor example an SSB nanscever using the
phasing method, Such altemahve solut ions can
bring very saliStactory results and in many as­
pects, more emcecocs results than the slavish
adhe rence to the normal com mercial design prin·
ciples.

In a two-part article, the possibility is pre ­
sented 01con structing en SSB,DSB 'AM trans­
eeiver which use s no quartz filters and wo rks
with the phasing principle. This present ar ­
ti cle dea ls with the principle 01 phasing modu­
lat ion and demodulation and also com­
parisons with the filter generation technique.
A rnathematlca ] found at ion for the design of
the req uired Hilbert translormers (the AF
phase processing translormers) Is also pre­
sented to the amateur f rom the authors own
work on the subjec t. The second part wi ll be
devoted to a practical realisation of the most
important components necessary for the SSB
phasing method - the Hil be rt tran sformer
encompassing two activa tcurth-oreer, all­
pass filter chains.

66

1.
SSB PHASING METHOD
PRINCIPLES

The easily understood. and thereby the most
tamlhar. f ilter method 01 producing SSB signals
uses a narro.....-band filter 10selecl one Sideband
01 a double sideband signal and rel6Ct both the
othe r sideband and the carrier . The more subtle
principle of the phasmq method 01 gene ration
will be explained With the aid 01fig . 1 in lime se­
quence (mathematically simple r) In order 10
Simplify the mathematics, the input AF signal is
taken as comprising a steady empntude sing le
frequency tone m. Also, all ampntuoes a-e
noemanzed at Unity. Fig . 1 shows that, due to tne
phase -shifting networks, 6 'f 'Tl and 6 't u logether
with 6'f ' and 6 'f" , the HF carrier "'T and the AF
modulating siqnalm are prese nt at the balanced
mixer ports all at equal amplituda but with a 90'
phase difference i.e. as sine and cosine signa ls.
The output ports of the mi~er thereby conta in:

upper mixer:

COs uJTt ·sin wt :
1/2 [sin (w-,- + oo)t - Sin (lOT - (0) tl (1)
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Fig. 1:
sse sign81

eneratlcn using
h. phasing method

I
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DB2 NP 6'l'~90 '
w

6'1'~90' -!;;wr

I I"',
(os",1 I

L, 6 f T2 Xsin"'Tt
.u"r

lower mixer :

sin wTt , cos l" t _

1/2 [sin (OJT -+ (t,) I + sin (w, - w ) II (2)

Where the two mi xer outputs are sommec. on ly
the term ltlT + ,,) remains te. the upper side fre ­
quency. tt eqcanoos (1) and (2) are ecosnecreo.
on the other han d. on ly hlT - w (Ihe lower side fre­
Quency) rema ins Shou ld only an adder be used ,
as in fig . 1, t.e. I'lO manipulation of the HF feeds.
a sideband change, but w ith the advantage of it
be ing r ot at HF. ISpossible by cross ing Ihe auorc
frequency lin es co s lUI and sin cot as shown by
eq uations (3) and (4) below,

the result obta ined by add ing the equatons (1)
and (2). For th e sake 01com pleteness , it must be
mentio ned th at the arra ngement of fig . 1 can
eas ily be app lied to Ihe prod uct ion of both an AM
and a DSB signal . II is only necessary to ieee the
AF port s 01 the two mix ers with in· phase modu­
lation sign als e.g . cos ml, instead ol sin ,,,I and
cos rot, the HF port leed remaining the sam e, and
me output product 1'1'1'1be as follows :

upper mixer :

cos cc-t -ccs I>,t _
1/2 [cos (mT + <tI) I + co s (WT - (tl)t] (5)

lower rmxer :

cos e- t cos w i =
1/2 [cos (''IT + 0.0) t + oos (UIT - w) II (3)

sin " lTl ' OOS l1lt =
l f2 lsi n (eu, + en) t + sin (Wy - w) tl (6)

sinwTt · sinrotw
l f2 [ - oos (wT + ," ) I + cos (w, - w) tl (4)

The addil ,on 01(3) and (4) resu lts in fhe produc­
tion of the lower side freq uency as opposed to

II may be seen, that the addition 01 equation s
(5) and (6) leads to the product ion of two sinus­
oidal wav es with sum and d,fference frequonc ies
01 (Wy .:!: 0.0) re. a double sideband signal The

6 7
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Fig. 2:
Circuit
arrangement fo r
SSBdemodu ­
lation using the
phasi ng method

addition of a carrier completes the convers ion to
an AM signal. This could be carried out by the
jud icious unbalancing of the balance d mixers.

The re-configurat ion 01 the individua l function
blocks of fig . 1 tor the "true " demodu lation of an
SSB signa l (vtrue" means that the RX hears one
sideband only) is shown in fig . 2. The relevant
mathematics are not explicit ly considered in this
case as they bear a strong resemblance to the
form already worked out fer the modulator.

Three low-pass filters have been introduced into
the basic arrangement to form fig. 2. The identi·
cal low-pass feters (LP 1) alte r the mixer output
ports are designed to eliminate the second carrier
harmon ic 2 WT and can be cons idered as simple
RC or LC elements. The low-pass filter after the
comb iner, on the other hand , determines the
rece ived output band-pass and selectivity char­
acter istics, It is therefore required to be a multi ­
pole band-pass filter with steep-s ided flanks and
may , in pract ice, be switched to provide optimal
band-pass characteristics tor either speech or
CWo A sideband switch, similar to that of the
modulator of fig . 1, may be carr ied out in the audio
arms of the mixers ' outputs, The inputs of the
phase-shifters .6q;'1 and .6<f2 are merely cross­
conn ected to the outputs of the filters LP 1.

68

Since only one sideband is being received by the
circuit depicted in fig. 2, a urst-ctess reception
ct DSB signals is possible and without the
changes in loudspeaker level which accompany
ihe indefinate phase relationship between the
convers ion carrier W T and the suppressed carr ier
at the transmitter. It is recommended also, that a
300 Hz low limit should be made to the fillers LP 1
(Le. the lower limit ot intelligible speech) in
order that any carrier beat ing remains inaudible.

Whereas the carrier (i.e. oscillator w-r) remains
constant at, for examp le 9 MHz, the speech sig­
nals occupy, in reality, a spectrum from 300 to
3000 Hz - although for the purposes of analysis
only a single side frequency was considered .
This demands ot the phase-shifters that they
cause a 90° phase-shift at all frequencies within
this spectrum and at the same relative ampl i­
tudes, Simple phase networks are liable to be
frequency-dependent in either ampl itude or
phase. A correct ion to make one quantity con­
stant results in the other being dependent upon
frequency. The design 01 these phase-shift net­
works 6.(jl1 and 6.q;2, to cover the entire speech
band, is cons iderab ly more difficult than for the
carrier phase-shift networks as the lat ter work at
a single frequency.
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crystal filter . In the second part of this article a
method of lining-up a phasing modulator will be
described which may be successfully carried out
even by those who - quite by oversight - do not
possess a spectrum analyzer.

As was made ciear earlier in chapter 1, the
phasing SSB method of processing is inherently
suitable. not only for the simplicity of changing
between upper and lower sidebands, but also for
its ability to receive DSB and (carrier) AM with
equal faci lity - all without using extra circuit
components. Also, the sideband change faci lity
results in a genuine change-over from one side­
band to the other i.e . the reference carrier (sup­
pressed) remains at exactly the same frequency.
The most cost effective method to switch between
LSB and USB for a filter modem is to shift the
conversion (suppressed) carrier a few kHz and
thereby util izing only one crystal filter (the filter
method, it will be recalled, would have to employ
two balanced mixers and two crystal filters, USB
and LSB, to pertorm the same feat of using a
fixed frequency conversion carrier when a side­
band switch lac ility is required - G3ISB) .

In chapter 1 it was stated that the design of the
phase-shift networks 6't'Tt and 6qJn for the high
frequency carrier signal is relatively easily carried
out. The handiest form would be RC networks as
shown in fig. 3. This shows a high-pass and a
low-pass of the first order (1).

3.
CARRIER AND AUDIO PHASE
NETWORK DESIGN

Fig. 3 : High and low -p.assfirst order and relevant
tran sfer funct ion H for the carrier phasa
networks 1\'f'T1 and A'M2'

2.
FILTER AND PHASING METHODS ­
IMPORTANT FEATURES
COMPARED

The carrier suppression and the unwanted side­
band suppression are undoubtably better using
the filter method as a compensation technique
must be used in the phasing method to ensure
equal 90° phase shift across the whole of the
speech band. This compensation is also affected
by temperature and long-term stability consider­
ations etc. The low conversion efficiency does
not affect the transmit modulator to the same ex­
tend and for amateur purposes it is quite satis­
factory . The phasing demodulator will be affected
by compensation variations at low received signal
levels which are in the presence (say 10 kHz re­
moved) of a strong unwanted signal. The low­
pass tater in the audio arms could easily separate
the two signals but the mixers are located after
the IF chain ano wut oe ovencacec. The only way
to prevent this is to use a crystal band-pass
Mer in the IF chain. But that contradicts one 01
the tenants of this article l.e. not to use expensive
crystal fi lters.

For the normal radio amateur that pursues his
hobby for pleasure, even on contest-free days, a
transceiver working entirely without crystai filters
may be satisfactory . This is, perhaps, particularly
the case when one considers the two-metre band.
The higher complexity of the phasing method in
terms of number of circuit elements (double the
number of mixers,phase processors etc.) is offset
by the fact that they are all cheaper than the com­
ponents required for the filter method. The time
taken to adjust and optimize the phasing rig (opti­
mizing of carrier and sideband suppression) must
also be taken into account as this aspect can al­
most be neglected with a ready-made proprietry

If the facility is required which permits the
changing from upper to lower sideband at will, the
phasing method is inherently simpler - only a
suitable switch being required. The filter method
involves, at the simplest, using another inserted
carrier crystal or, much more expensively,
keeping the carrier frequency fixed and switching
in a filter for the other sideband

69
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Fig. 4 :
AII ·pa n liller Hil bert trans­
form... with constent phase
versu s frequency tp (w) = 9Cr'

If these netwooo;are driven at exactly !he,r 3 dB
limit frequency points , fil .. tog = HRC. lhen the
transfer function H (i ,e, the relat ionship between
comp lex input and output amplitudes) are both
sq uat to 1 I y'2. Whilst the high ·pass network
shifts by - 45° at lUg the low-pass network shifts
by + 45' at wg • Both networks thus have the
desired differential phase difference of 90° be­
tween each other. The 3 dB turn-over frequency
of Wi is, of course, arranged to be the modem
carrier frequency UlJ. Thus a l itter parame ter is
formed , in each case. by vary ing the Quantity A
until the 3 dB limit frequency me • l IRe - which
is Itla l of the carrier frequency lilT.

The design 01 the audio frequency phase ele­
ments 6lp, and n l;f'2 canno t be satisfactoriiy
accomp lished using simple high and low-passfil­
fer elements. This is because the speech band is
eeqeired to have a constant ampl itude response
across the ent ire spect rum. The eo-canso all­
pass filters are , however, suitab le. The all-pass
filters have a transfer funct ion H whiChis constant
lor all frequenci es but has a frequency dependent
phase transfer characteristic . The descnbed
cnerectenstc. howev er, is that of a constant
90" shih at all frequenc ies within the audio band
(f ig. 4).

..,1...1

Such a filter. known as the Hilbert filte r or Hilbert
transtormer, does not. unfortunately. match
the ideal ctwectertsnce presented in fig. 4. II
can be approached by limit ing the speech band in
order that it is as narrow as possible consistent
with intell igible speech. If necessary, the speech
band may be limited by means of a band- pass fil­
ter inserted in the audio arm immediately before
the phase -shift circu it. The second limitat ion
concerns the 90"phase-shift in the output signal:
a tolerance band. say goo± 1 ~ must be allowed
in orde r that the complexity of the phase-shift net­
work design is not greater than is necessary tor
lhe overall performance ceecevee 01the modem.

The procedu re lor the signal proces sing is clear
from fig. 5. The speech signal is split and pre­
sented to two an-pass filters 6 ft', and nq;2whose
phase characteristics are also shown in fig. 5,
Both phase networks may be of the all-pass type
of the n th order I.e. consisting of a chain of first
order all-pass elemen ts. As the characteristic
shows, a signal passed through such an all-pass
filter chain has a phase shift at tow frequercles
approaching zero and at high frequenci es the
value at n 180". Both all-pass chains can be so
dim6f1sioned that the phase characterist ic at 1I.1f'2
approaches the limiting value n 180" 'eane r than

DB2NP
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R.

R. H{w)~ l -jOJT =e j 2or ct anOJ T
1+j OJ1:

Fig. 6 :
Active urst order all -J)ilSS
l ilter and transfer functi on
H (",)

R

OB1NP

~ IH IOJI I =1 und 't' {OJ)= -q H(OJ)= 2arclon w1:

1:=R· (

secondly, th e number n of all-pass stages per
phase-shift chain must be determined. In general,
it may be said, tha t the approximation to the sh ift
of 90" rises with the number of stages used The
lower limit to the number of phase -shift elements
is set by the sideband suppression desired and in
no account mus t less than two be used. In prac­
tice . a sui tab le number of stag es would be four
and that is used in this exa mple, As each all-pass
filt er element requires one op-amp . and there

that of 6<p, . In a certain frequency range w, to l!12 '
the condit ion 6 1:f = 6'+2 - 6 q:" = 90° can be very
wel l appr oximated .

Fig. 6 show s an active f irst order all-pass f ilter and
its accompanying transfer function H (w) (1). Now
it must be determined how many of such ele­
ments are requ ired for the all-pass chain filters
.0.1f1 and 6 q;'2and how the time-constant charac­
ter istic 1: = RC are to be dimensio ned. Only a
lin al calculat ion is given here but a mathematical
treat ise on the subject may be found in (3) .

The firs t step is to fix the frequ ency inte rval w, to

W2' The speech signal range ")1 '" 2" 270 Hz and
'02 '" 2 " 3600 Hz oilers some lat itude, both above
and below and gives a frequ ency rat io n of:

for n = 4 it follows that:
ko = 1/32 . k, = 5/32, k2 = 9/32 and ks = 13/32 .
With these values of k, the table giv en below is
tormed.

are four op-amps cheaply ob tainable in one IC
package, the choice of four stages iswell justified.
Using n from equation (7) the first aux iliary
quantity,' may be calcu lated :

(10)

(8)

(v =0,1, ..... n -l)

1 - "in
1 +V'O

4 v + 1

8'

1
f =--

2

For n '" 0.075, s = 0285

The next aux iliary quantity q is determined with
the aid of r in a rapidl y convergent series:

q = £ + 2f5 + 15f~+ 150f13 + 1707f' 7 + ...(9)

Only the first two or three terms of this series are
relevant and
q ,.,.0.289 (as a comparison 150 e13 = 1.2 x 10-5)

Finally, the auxiliary quantity k, is required

(7)H=w,!w2 =0.075

sin tt k, cos n k, sin Sw k, cos a » k, sin 5rr k, cos 5 IT k,

" 0 .098 0 ,995 0 ,290 0.957 0.471 0 ,882
k, 0,471 0.882 0.995 0.09 8 0.63 4 - 0773
k, 0,773 0634 0.471 0.882 - 0 .957 - 0.290
k, 0.957 0.290 - 0.634 0.773 0098 0.995
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The nme -ccostamot the four all -pass stage s (v =

0, 1, 2, 3) com prising the phase network 1\.1'2is
given by:

't,,~ = AvC.

By means 0/ the ca lculated auxi liary Quantity Q
and the tabulated valu es giv en above, the time­
constants are calcu lated as iouowe:

cos" k., + Q ~ cos 3 r. k. + q6cos 5 IT k. + Q ' ~ cos 7 11 k. + .

sin "k. - q 2sin 3 11 k, + q6 sin511k. - q' 2sin 711k, r .
(11)

Here. also, only the lirst three or lour terms 01 the
series in the num erator and the det"lorninator
need be evaluated which is why table 1 was not
continued . Follow ing Ihe insert ion of the values
from the table antour all-pass stages of the net­
work .6 lf ~ are specified: 1 02 = 23446 ms, 't' 2 =
369 .52 ~s , 'tZ2 = 123,44 JLS and T32 • 36.173 us.
The time constant 'tv' for the phase network .6,+"
is simply found Irom the known 'tv~ according to
equation (12)

fig . 6 for a first order all-pass. the pha se dif .
ference .61f' = .6<1'2 - 6 '4-" at the outputs of the
cha ins calculated in fhe eKample are given as a
function of frequency, eq. (13) , It departs (pu rely
calculated) In the frequ ency interval,.., to "'2 by
only 0.0 11' from the speci fied 90°.

a,.
.6\f (w) a 2 _ (arctan 01'[.2 - arctan (!l t , ,): (13)

• - 0

(12)

The following values were ob tained lor this
exam ple :
'to, • 11,114",s, 't11 =70524 ~s . 't2, =211,11~s
and'tJ' • 720,43 ~s.

In this manner, all eight AC elemen ts are mad e
known lor the design 01 the fourth order all -pass
chains. Since merely th e prod lJCl01Aand C must
have a oe lina te value, the value 01 C, in p rectce.
is selected first and measured , thef'l ltle required
resistor value is calcu lated. This procedure is
advantageous bec ause res istors are ava ilable in
many more values and to apr eatertoeeance than
capacit ors,

The realization of all -pass stage s with activ e
filter s has , above all, the advantage that every
stage is decoupled Irom its fellows. A common
cneracteosnc impedance is thereby obvialed as
a by-p roduct Using the function q (w) , given In
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Dieter Schwarzenau and Bernhard Kokot

Hom e-Constructed Frequency Counte r
Part 2: Conclusion

2.2.3. Construction of the 50 U Plug·ins.

Normally, the printed circui t boards are fixed 10
the extreme left 01tha Iront panel in c roeeto con­
serve as mllCh space as possible for panel ­
moonted components. The 50 11ptuq-ins, row­
ever. have Ihe plastic-anqle stock moun ted Ihe
"wrong way round " , thereby displacing the board
about 9 mm In towards the roone of the lront
pa ne! The panel-moun ted BNC sock et pin (see
fi g . 23) then contacts the prin led cirCUIt board
and can be soldered dlreclly 00 to the appropriate
track .

The component loading IS done In accordance
WIth I lg s. 24 aM 25 The loca ting spo t on the In­
teglaled resistor affay Shoold no t be overtooked

ua c60",- _---r
I. e Jo ",-

~
!. " -$=. eel ~-l -m il
L ' I J' W

~ 21_ J 41 -:.. J_ 64 __

Chip caoacnors are used lor the coupling and
blocking capa citors at AF and are soldered direct­
Iy to the conductor tracks underneath . The corn­
ponents marked with an astenk 00 the plug-in
possessing the pre- scaler , shou ld also be
mounter Underneath, on the conductor tracks. in
ord er 10 redu ce the effects 01 parasitic cap aci·
renee and indu ctance 10 as Iow a value as pos ­
sible ,

The transf()(lll6r compri ses two tw,n rums 010.25
m m lacquered cooper wire (CuLl on a dooble·
holed ferr ite core. The core size is 2.5 x 3.6 x 2,1
mm and bears the Siemens designation "U 17" .

The over load indica tor can ertber be a normal Of
a Ilashing LED, acco rding to prele rance. When
a normal LED is used, the dropper resistor A 817

Fig. 23:
SOII PI"g-in front
pa ne l dimen. ioos
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805
0
L.:.l.J,~~

10 nF chipcapacitor mounted on track side

Fig. 2.,50 II Pr..amplllier eomponenlloeallon plan

is raised to 220 U . The voltage regulator is
screwed directly on to the PC board . The bonding
01the front panel to the PC board Is carried out
by means of two solder tags , one taeteoeo with
two BNC socket moun\lng screw s on the panel
and the other soldered directly 10 the ground see
01 the PC board . The plastic-angle stock is filed
as necessary,at the appropria te place, in order to
comple te the bonding.

2.2,4, Power Supply Construction

The power supply is accommodated in a separate
box which torms the back wall 01 the enclosure.
The PC board hts exactly into the box guide slots.
The Ironl of the box is drilled to allow the supply
leads 10 be taken through. The back wall 01 the
boll Is a detachable plastic plale with suitably
shaped cet-ocis lor the mains swrtch, the IEC­
norm mainS plug , the 12 V conn ectors and the
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mains transformer which projects from the back 01
the cabinet (f ig. 28) In the interest of greater
mech anical stability, It may be better to replace
this prate with one 01 aluminium.

The PC board is equipped in accordance with
fig . 27 . The connections 10 the inlegrated circuit
vohage regulators eeecarefu lly bent in order that
the regula tor lies nat agalnsl the underside 01the
box when the board is in position. A 3.3 mm hole
is dril led at ex ec uy this spot in the box. An M 3 nut
is glued to the regulator heat -sink in order that it
can be screwed on to the housing wall after the
PC board is in position.

At the indicated posuons. SIX distance bolts,
27.5 mm long , are affi~ed The four outer ones
serve to secure the back wall and the other two
hold the mains socket in place . Following lila
lining of the bacll. wall into position, the mains
socket and mains switch are provided with 00l1-
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o

0 609

0606

o

7805 0

• mounted on trackSIde , 10 nF chip capacilOfon hack $Ide

Fig. 25 Pte-a mplifier wllh divider componenllQC.llliQn p1en
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Fig . 26 : Housing b.IIck wsll dimensions
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Photo E:
50 ·800 MHz Plug-in

necting wires and both components mounted on
to the panel. Eventually the ends of these con­
nections are soldered to the PC board. The com­
plete block is then slid into the guide channels of
the box and the 3 mm set screw inserted to secure
the voltage regulator to the box wall It only re­
mains now to lead the supply connections
through the holes provided in the front wall ,

2.2.5. Preparation of the Housing

As the sides of the cabinet are plastic, the alumini­
um top and bottom panels are not connected
electrically to each other , This connection is pro­
vided by means of an aluminium plate 120 mm x
80 rnrn which is appropriately drilled and secured
to the side 01 the housing where later the basic
unit will be positioned, t.e. on the row of holes in
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the rear fixing rails. Lock washers should be used
in order that the finished surface is pierced thus
providing a good electrical contact.

The connection to the various plug-ins is enabled
via 21 pole DIN 41 617 plug-in connectors which
are also screwed to the rails and wired together.
The socket is mounted from the front with two
M 2.5 x 10 screws. The connections are made in
accordance with fig. 28. As the ground pins lie on
the outside of the pin field. solder tags, secured
by the socket fixing screws, may be used to bond
these connections directly to the housing. Lock
washers should also be used here to ensure a
solid ground connection.

The left-hand plug-in posit ion uses two 21 pole
sockets in juxtapos ition, which , according to the
PC board version, is either fastened to the ex-
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treme left of the front panel or more towards the
middle. Altogether then , live sockets are required .

The plug-ins shou ld sit to the right when looking at
the front of the cabinet The PCboa rd conlainlng
Itle time -base cscuetor then se s In lhe middle
and cannot be influenced by 11'18 surrounding
environmenl .

The conn ections belw etensockets are made With
either insulated connecting Wife Of wilh silvered
wire over which an appropr iate length of insu lated
sleeving has been slipped . The latter is the most
elegant and tidie st solution. On one of the sock­
ets, the power supply connec tions must be sol­
dered . Fina lly, the plastic guide rails are mounted
in the inside top and bo ttom . The left·hand plug-in
aperature should be filted With Iwo parallel sets
of guid e rails.

3.
COMMISSIONING AND FINAL
ADJUSTMENT

Upon switching on the finished counter, the last
four indicators should show ~O~ and the gate LED
should start flash ing at gate period rate The last
indicator, however, cou ld show a " 1". when using
the high impedance plug-in, either a "0" or a " 1"
may be obtai ned in this last indic ator simply by
operating the trigger level coneot Check that the
gat e LED blinks at a fa te according to the gat e
time selected. A fa ilure here cou ld point to a
t ime-base fault either in the digital con trol or in
the oscill ator/divider chain .

If all is wel l, the oscillato r can be fine-tuned to its
nominal l requency. This and other servic e opera­
tens are most conveniently carried out when the
card is withd rawn from the uni\. FOf this purpose,
an "extensor" connector can be easily made trom
a 21 pole connecto r (plug and socket) and a
length 01mu lti-way cord

The first thing to do is 10adjust the crystal tem­
perature . This is best measured using an elec­
tronic thermometer With a surface tempe rature
probe. The probe tip is f irst smeared with heat
condu ctive paste and then pressed Ilrmly cntothe
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crys tal casing . The required temperature can
then be adjusted by Ihe multi -turn preset on the
osci llator card . Owing to lhe thermal inert ia 01
me system, It is advisable to Walt a wh ile afte r
every ad justment oetoee laking a temperature
spot measurement. The nomina l temperature 10
be atta ined is that given in the crystal manatee­
rurer's scecnceucoe. Of determtned by mea ns
of the apoeraws discussed in (1 )

If another (stable) precision generator is avail ­
able, the tem pera ture adjustment may be carried
out, using a little patience , in the followi ng man­
ner The counter must be in a IUlly working con­
dit ion. The rerere nce frequen cy (from the ca li­
brated source) is fed into one of the counter in­
puts and the longest gate time is mea sured . The
temperature preset is then adjusted from mini­
mum to maxmcm in small steps always allowing
an appropriate pause be tween measu rements.
The corr ect temperature poin l is where the sign
of the variation changes Irom ccsmve 10 negative
Ofvice versa

To set the frequency 01 the escuator, a known
Ireque ncy source is necessary which is 01as high
a frequency as possible. Thi s is led 10 the input of
the counter. The crys tal trirnmer capacilor is first
of all sold ered to the solder pins provi ded and
the n adjusted until the Indicator display agrees
with that of the reference . Of cou rse, the whole
set-up must be allowed to thermally stabilize
first. When the osc illato r has been accurately ad­
justed, a po lystyrene cap should be glued over
the oscillator card .

Shou ld individua l display segments show varia­
tions in brill iance for any reason, they can be
com pens ated by changing the value 01 the
appropriate segm ent dropper resistor . II the
brilliance 01the whole nume rical disp lay must be
adjusted to that of its fellows then it is better done
by allerJng the 4 .7 II res iStOf associated With it.
The segment brightness coouor resistors are
rsn.
It can occur, that segments wh ich shou ld be until,
in fact , exhibit a prominent glow .This is causedby
the integrated circuit and may be diminished by
placing a 10 kG resistor in the circuit marked with
an asterik in the diagram. This resistor may be
soldered und er the PC boa rd
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As the tast two digits are driven direct ly, 11 IS ooly
meaningful 10 ccoect the bri lliance of individual
segmools. If !he bnghtness 01 the two d igits is
radically different from each other then It may be
possible to effec t some alleviation of tt as con­
elton by chang ing around the digi t IC modu les in
the IC socket holders until the total display looks
satisfacto ry ,

Final ly, both the wire bridge links . corresponding
to the counte r control connect ions , are set to the
correct position. Thi s is accomp lished accord ing
to the operationa l plug-in unit and shown In fig .
29 , Chan ging the plug-in unit should result in a
matching configuratioo 01 wire bridge links such
thaI ooly input B can be Iitted with a divider p1ug­
in, as only in this position !he match ing gale time
and positioolng of ltle display cecmerpoinl can
be carried out Input A pcsnoe IS used only tor
the fitting of the nigh impeda nce 01 the 50 II plug­
in units .

The adjustment to the plug-ins is limiled to the
setti ng of the comparator SWitch thresholds for the
two 50 n units . For this purpose, a signa! genera­
tor which ca n deliver a variabl e amplitud e signal
at betwee n 100 and 150 MHz is req uired . A two­
metre transceiver fitted with a suitable outpu t
attenuatcr would also do the job, First of all, the
LED trigge r threshold is adjusted using an input
signal ampl itude of 10 mV ,

The counter should be allowed to operate until a
stable coun t is indicated. The rear trimmer is
then adjusted such that the upper LED is just
illumi nated, The SWitching threshold lor the over­
load indicator is adjusted by the Ironl preset re­
sistor with me inpul amplitude set to 5 V. This
ad justment uses the same procedure lor the two
SO. n plug"in units The extensor cord woukl
come in very handy for this procedure.

/

Con ne c t o r link wi r i nq plan
4.
USING THE FREQUENCY COUNTER

Fig. 29 : Connector link wiring pilln

Li n ks !Input B di vis ion rector------------+---_.. _- -----_._--------
The coun ter is very easy 10 operate but never­
theless a few words of eovee aboul its use would
not come amiss The lirst conside ration when
using the cooorer IS the choice of ltle plug-in
unit. As, in general, the apprQlflmate frequency of
the sqnat-uode r-test is known and also lhe
approximate source Impedance, the choice of
unit presents no great dlfflcully . The choice of
plug-in is made by the t1 ght,hand switch on the
main-fram e front panel , II , when using the 50 n
plug-ins, the trigge r LED illuminates, it indicates
that the input signal has a suffic ient working level.
If the overload LED illum inates, or flashes, then
the input amp litude 10 the counter mu st be
attenuated. if necessary by a l ixed atlenua tor.
When using the high -Impedance plug-ins , the
gain should be advanced slowly Irom a low level.
Al each leve! the trigger is adjusted until the
counting unit begins 10 operate - indicated by tile
flashing fronl -pane! LED. If the trigger IS not ad­
bancec 100 far it rema ins on continuous ly. Do
not attempt 10 connect a high-level signat when
the sens itivit y IS set too high , The pre-ampli fier
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can certainly handle the signal but because the
transistors are driven to saturation a false count
may be obtained. A BNC oscil loscope mon itor
point has been provided on the main-frame front
panel in order that the nature of the test signa l
may be inspected before it arrives at the counter
gate,

The desired gate period is now selected starting
with the shortest , as then it wil l be quickly deter­
mined whether the display "freezes". Only when it
does , so is it meaningful to try a longer gate time,
If the display does not "freeze" ,i t could bethat the
test siqnat is unstab le, too weak or that it is subject
to interference.

It is not necessary to wait for the full counting
cycle when using the longer gate periods . An­
other count cycle can be manually commenced
by pressing the reset button . The number of in­
put pulses counted from the time the reset button
will then be disp layed.

If the accuracy of the internal crystal osci llator
is insufficient for the measurement being under­
taken, an ecematr a MHz derived from a fre­
quency standard may be fed into the right-hand
BNC socket on the main-frame front panel (e.g.
(4)). The amp litude of this signal must be greater

'L±== I--+-----,-.

Fig. 30: Influence of the trigger threshold setting on
the counter display In thepresence 01 a third
harmonic In the input signal
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than 100 mV. This input is DC-blocked and over­
load-protected . The switch-over from standard to
internal l ime-base oscillators is achieved auto­
matically
Considering the limitations in the use of frequency
counters, the commonly held view is, that when
measuring a number of signals of different fre­
quencies, the signal which has the greatest ampii­
tude will be the one which the counter displays .
If the signal has the form depected in fig. 30, i.e.
a fundamental signa l with a third harmonic , then
indeed, the counter will display the larger funda­
mental providing the trigger threshold is set to
point "1 " Setti ng the trigger to point "2", how­
ever , wi ll result in the counter reading \wice the
fundamental despite the fac t that no signal of
this frequency is present in the signal to be
measured . Even in the case where the trigger
level is set very close to the zero line, the
strongest component will not be the one which
the counter displays. This may be seen by con­
sidering f ig. 31 where the larger ampli ·
tude fundamental signal is mixed with a smaller
amplitude 9th harmonic , If the counter is inher­
ently capable of operation at this frequency then
it will display a non-existent signal at f ive times
the fundamental.

Fig. 31 : Signsl .....ilh ninth hermonlc



VHF COMMUNICATIONS 2/87

Counter Control PC B

nil
H ll

10kH
4 k 711
4 k 711

39kU

2,2 I' F/16 vtantat RM 2.5
100 n plate ceramic RM 5
100 n plate ceram ic RM 5
100 n plate ceramic RM 5
2.2 JiF 16 tanta l RM 2.5

BC237C, BC413Cor
simi lar NPN-AF Tran s,

SN 74121 N
SN74LS42N
SN74LSOON
SN74LS 490N
SN74LS490N
SN 74LS151N
SN 74LS490N
SN74LS 490 N
SN 74LS490 N

101 :
102 :
103 '
104
105 :
106:
107 :
108:
109 :

7.
PARTS LISTS

DL" HV 008:

R 101 .
102:
103 :
104 :
105:
106:

1 Epoxy-g lass board 100 x 80 x 1.5
1 Support bracket BICC -VERO 31774
2M2,5x6
2M2,5x8
4 M 2.5 nuts

C 101
102'
103 '
104 :
105:

T 101 ..103 :

(5) Motorola'
MECL-Data Book 1982183

(6) RCA :
Linea r Integrated Circuits, Page 639
(Data sheet CA 3199)

(7) VAj...VO :
Integrierte Scha ltungen in dig italen Rund­
funk - uno Femsehemptanqem 1980,
Page 171
(Datenblatl SAB 1109)

6.
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(1) Arnoidt , M :
A Measu ring System for Determining the
Temperature Response of Crystals
VHF COMMUNICATIONS Vol. 12,
Ed 3/1980, Pages 159 - 168

(2) at.o-uraverserzamer
ELO 811980, Page 48
ELO 911980, Page 62
ELO 1011980, Page 70
ELO 411981, Page 59
ELO 511981,Page 56
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A Standard Frequency Oscil lator with an
Accuracy of 10-8

VHF COMMUNICATIONS vet. 7, Ed,2/1975,
Pages118-126

At the time of writ ing, a 50 n plug-in is being eval­
uated for the frequency range 150 MHz to 1.5
GHz . The sensitivity is only 2 mV in the 23 cm
band falling to 30 mV thereafter. The input is
overload-protected in the same manner as the
other plug-ins . This, however, isonly operat ive for
the case when the supp ly potentials are present.
A solution to this problem is now being investi ­
gated . If there is suff icient interest, the details of
th is plug -in unit will be published at a later date.
Unfortunately, the cost of the components is
rather high and maybe beyond the reach of some
peop le. \

In the distant future , it is planned to build a 4 GHz
plug -in , This may entail certa in changes to the
main -frame circuitry, The pub lication of this proj­
ect will be condit ional upon the component price
being reasonable at that time.

5.
FURTHER DEVELOPMENTS

B1
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S1101: multi-way connector 262 - 275 : 470 II
DIN 41617 201: MC 10115P
edge connector male 202 : MC 10104 P
SL21 S 203 : MC 10138 P

102: edge conn ector female BL 1, 204 SN 75140 P
7 pole

205 : LM 339 N
103 : edge connector female BL 1; 206 , SN 74 LS 75 N

6 pol. 207; SN 74 l S247 N
104 : edge cooneoor male SL 2; 208: SN 74 lS 02 N

6 pol. 209 SN 74 lS 290 N
210 : SN74LS 75 N

OL" HV 009: Counler PCB 211: SN74LS247 N
212: ICM 72081PI

R 201 : 330 0
202 : 330 0 C 201: 4.7 n FKC RM 5

203 470 0 ' 202: 47 JLF 16 V ELKO RM 5

204 , < 203 , 100 n plate ceramic RM 5

205 : 470 n · T 210 •.207 : BC 213 C. Be 415 C or

206 , , < equiv . PNP

207 : 470 U · 206 ..214: BC 237 C. BC41 3 C

208 : 470 U ' or equiv. NPN

209 : 470 n ' 5 t2 : edge connector male SL 1
210: 1 < 6 contacts
211: 1 < 202: edge connector male SL 1
212: 100 0 6 contacts
213: 1 K
214: 470 0
215 : 470 n· . 7 x 470 n

inlegraled OK D HV010: Display PCB
216: 1 K l OS - 1
217; , K R 301: , 5<) 0

218 : 1 K 0 = 7 J( 1 K mteqrated 302 : 15<) 0

21' 100 II L 08-1 303: 330 n

220: 1 K ' 304: 10K

221: 10K 305: 10K

222 : t K ' 306 : 10 K

223: 10K 307 : ' 5 0

224: 1 K ' 308 : 15 K

225 : 10 K 3<l9 ' 5 0

220 ' 1 K ' 310: t K

227: 10 < 311; , <

228: 1 K + 5 x 1 K integ/aled 312: t <

229 : 1K + L 06 - t 301 - SN 74 lS 138
230: 'K + 302: 5 N74 LS 1Q
231, 1 K +

D 301 : LD 356 / 6232 : l OO K
233 : lOOK S 301 : rotary switch lIT SB 20 AD
234 - 247; 430tI 4 x3way
248 - 254: 4.7 0 5302: rotary switch ITT SB 20 AD
255- 261: 15 0 6 x 2 way
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. ,/
Mlsc .: I

1 epoxy-glass PCB: 132 x 65 x 1.5 mm
1 ALU sheet ,/ 152.5 x86.5 x 2 mm
1 Acrylic filter stock red
2 Wing knobs 13 mm 0
2 caps for above
2 BNC UG 1094/U
1 Push-button (Rafi)

T301 ...303: BC237C,BC413C
orequiv. NPN

OS 301...309: HO 1105 A {Siemens}

Misc.:
1 epoxy-glassPCB; 100 x 80 x 1.Smm
1 aluminium sheet; 25 x 11 x 2 mm
1 bracket BICC-VER031774
1 M 3 x 12
2 M3nuts
2 M2.Sx6
2M2.5x8
4 M 2.5 nuts

AM5
AM5
RM2.5
AM5
AM S
AM S
RM2.5
RM2.S

St301:

St302:

OL0'HV 011;

R 401:
402:
403:
404:
405:
406:
407:
408 '
409 '
410:
411:
412:
413:
414:
415:
416:
417:
418:
419:

P 401:

0401:
402:
403:

401:
402:
403:
404 :
405:

edge connector male SL 1
3 contacts
edge connector male SL
6 contacts

Crysta l Oscillator

3,9 K 1 %

3.9 K 1 %
1.3 K 1 %
10 K
10 K
1M
3300
1001%
47D

1 K
1 K
1 K
1 K

100K
1K
1 K

56 K
10K

SAK 1000

470 n multi-tum preset

LD356 /6
1N4148
1 N4148

TLC 271 CP
78L05A
MC 10116 P
78L05A
SN75140P

406 :
407:

T 401

St401:

402:

403:

Q 401:

C 401:
402:
403:
404:
40S:
406 :

407:
408
409 '
410:
411:
412:
413:
414:
415:
416:
417:

01. 0' HV01 2:

C 501:
502:

SN74LS 122 N
SN74LS132 N

BO 139-6

multiway connector
DIN 41617
edge connector
maleSL21 S

edge connector female BL 1,
7 pole

edge connector female BL 1,
3 pole

XS 6005 A (KVG)
10 MHz 30 pF 60°C

2.2 JLF 16 V tantal RM 2.S
100 n plate ceram ic RM S
100 n plate ceramic RM S
4,7 PNPO ceramic RM 2.S
22 PNPO plate ceramic

RMS /2.S
S.6 P NPOceramic RM 2.5
oc
100 n plate ceramic
100 n plate ceramic
2.2 ",F 16 V tenter
100 n plats ceramic
100 n plate ceramic
100 n plate ceramic
tocr te v tanrer
1 ",F 16 V tantal
2,S p NPO trimmer

Supply Unit

470 IJ- F/40 V ELKO axial
lOOn plate ceramic
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503: 100 n plate ceramic 617: 1k
504: 1000 JlF!16 V ELKQ axial 618: 1 k

D 501 1 N 5624 619: 1 K

502: 1 N 5624 620: 4700 1%

503: 1 N 5624 621: 4700 1%
622: 1800 1%

S 501: toggle switch, 2 pol. 623: 3300 1 %
/

"L 501: wideband cnoke core 624: 1800 1%/
(6 hale) 625: 1 k 1 %

626: 1k 1 %
I 501: MC 7805CT 627: 1k 1 %
1r501 - 2 x 9 Vl20 VA (Schaffer) 628: 1 k

5t501 - IEC mains socket (fused) 629 ' 1 k
630· 1 k

502: external voltage supply
631: 1k

socket
632: 1 k

Fa. Roka 520 0660
633: 1k

F 501: 125mA 634 4700
502: 1A 635: 2200
503: 1 A

D 601: 1 N 4148
Misc.: 602: 1 N4148

1 alumin ium sheet 225 x 85 x 1 mm 603: 1 N4148

6 spacing bolts M 3 x 28.5 604: LD 356/6

11 M3x8 T 601: BF256
2 M3c1sx10 602: 2 N 5771
l M3nut 603: 2 N 5771
4 self-tapping screws DIN 7971 2.9 x 6.5 mm

601: MC 10116 P
1 epoxy-glass PCB 225 x 80 x 2 mm

602: MC 1Q116P
603: MC 7805 CT

DL B HV 013 (a):
C 601: 3.3 p disc ceramic 400VRM5

High-Impedance 602: 33 p disc ceramic 400VRM5
Plug-In 10 Hz - 30 MHz 603 330 P disc ceramic 4OOVR M5

R 601: 910 k 1% 604' 4.7 n disc ceramic 4ooVRM5
602: 91 k 1 % 605:
603: 10< 1% 606: 5.• p ceramic RM 2.5
604: 1 k 607: 47 JlF 16 V EIKO RM 5
605: 10M 608: 100 n plate ceramic RM5
606: 300n 1 % 609: 100 p ceramic RM2.5
606, 1800 1% 610: 100 n ceramic RM 5
608: 1k 611: 4.7 JlF 16 V EIko RM2.5
609: 100 0 612: 100 " plate ceramic RM5
610: 1.5 k 1 % 613: 22 p ceramic RM2.5
611. 1.5 k 1 % 614: 22 p ceramic RM2.5
612: 3.3k 1% 615: 100 " plate ceramic RM5
613: 3.3k 1 % 616: 47 " 6.3 Vtantal RM2.5
614: 1.5 K 1% 617: 100 n plate ceramic RM5
615: 1.5 k 1 % 618: 100 " plate ceramic RM5
616: 1 k 619: 100 n plate ceramic RM5
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/'
620 : 100 " plate ceramic AMS 715: 100 k
621 : 100 n plate ceramic AMS 716 : 10 k
622 : 100 " 16VEIko AMS 717 : 47 k
623: 100 " plate ceramic AMS 718: 1 k
624~ 100 " plate ceramic AMS 719 : 22Q n

POO l : film track preset 720 : 100 n 1%
721: 68 n 1%Draloric 70 HDSC 47 k
722: 3.9 k 1%

St601 : BNC UG - 10941U 723 : 56 n
602: connector plug DIN 41617 724 : 56 n

edge connector male 725: 56 n
SL21S 726 : 1 k

S 60 1: rotary switch In 2 x 6 way 727 : 1 k

Type SB 20 AD 5 x 1 k inteqreted
728 : 1 k type I 06-1

misc: 729: 1k

1 epoxy-glass board 100 x 80 x 1.5 mm P 70 1: 1 k multi-tum preset
1 aluminium sheet 86.5 x 30.5 x 2 mm 702: 1 k mum-turn preset
1 solderil'1gtag lor BNC socket

o 701 : HSCH 10011 round 10 mm knob
702: HSCH 1001

110mmcover
703: HSCH 1001

1 10 mm indicator disc
704 : BA379

t 13 mm indicator knob
705: BA3791 cover
706 : 5082 - 28352M2.5x6
707 : CQX21 red

2M2.5xB
708: CQX2110014 M a.s ncte
709: CQX 2110011 support bracket BICC-VERO 31774
710 : LD 356/61 M3x6

1 M3nuts 701. SAB 1009 BP
1 U-discM3 702 : MC 10116P

703 : LM 393 N
704 : MC 7805CT

DL." HV 014: Plug-In
1-2ooMHz

R 70 1: 100 n DL" HV 014: Plu g- In 1 - 200 MHz

702: C 701: 100 " plate ceramic AMS
703: 10 k 702 : 100 n plate ceramic AMS
704 : 100 k 703' 2,2 ~F 16 V tarrtal RM2.5
705 : 100 k 704 : 100 n plate ceramic AMS
706 : 10 k 705: 10 " plate ceramic Chip
707 : 1 k 706 : 100 n plate ceramic AMS
708: 10 k 707 : 100 n plate ceramic AMS
709: 1 k 708: 2.2 ~F 16 V tamar RM2,5
710 : 1 n 709: 10 n plate ceramic chip
711: 3.9 k 710: 100 n plate ceramic AMS
712 : 711 : 100 " plate ceramic AMS
713: 10 k 712: 10 n plate ceramic chip
714: 100 k 713: 10 n plate ceram ic chip
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714: 10 n plate ceramic
715: 2.2p.F 16 V tantal
716: 2.2J.'oF 16 V tantat
717: 10 n plate ceramic
718: 100 n plate ceramic
719: 100 n plate ceramic
720: 100 ILF 16VEIko
721: 100 n plate ceramic
722: 100 n plate ceramic

L 701: choke 100 p.H

S 701: DIP switch 4 pole

1 epoxy-glass board 100 x80 x 15 mm
1 aiuminium sheet 86.5 x 30.5 x 2 mm
2 solder pins M 3
1 support bracket BICC-VERO 31774
1 M 3x6
1 M3nut
1 U-washer M 3
4M2,5x4
2M2.5x6
3M2.5x8
4 M 2.5 nuts

St701:
702:

OL 0 HV 015:

R 801:
802:
803 :
804:
805:
806:
807:
808:
809:
810:
811:
812:
813:
814:
815:
816:
817:

86

BNC UG 290 AN
connector DIN 41617
edge connector male
SL 21 S

Plug-in
SO- 800 MHz

too n
10 k

100k
100k

10k
1 k
1 k

10k
san 1 %

100n 1%
3.9k 1%
4.7 k

10k
100 k
100 k

10 k
HI

chip
RM2.5
RM2.5
chip
RMS
RMS
RM S
RMS
RMS

818:
819:
820:
821:
822:
823:
824:
825:

p 801:
802:

D 801:
802:
803:
804:
805:
806:
807:
808:
809:
810:

801 :
802:
803:
804:
805:

C 801:
802:
803:
804:
805:
806:
"807:
808:
809:
810:
811:
812:
813:
814:
815:
816:
817:
818:
819:
820:
821:

Tr801 :
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3.9 k
33 0

1k
220n

1 k integrated
1 k 5 xl k
1 k Typ L 06-1
1k

1 k multi- turn preset
1 k multi-rum preset

5082-2800
2800
2800
2800

BA379
BA379
5082-2835
CQX 21 red
LD 356/6
5082-2800

LM 393P
SAB l009BP
CA3199E
MC10116P
MC 7805 CT

100 n plate ceramic RM5
100 n plate ceramic AM 5

2.2 p.F 16 V tantar AM 2.5
lOO n plate ceramic AM 5
10 n plate ceramic chip
10 n plate ceramic chip

100 n plate ceramic AM 5
10 n plata ceramic chip
2.2 p.F 16 0V tantal AM 2.5

10 n plate ceramic chip
100 n plate ceramic RM 5
100 n plate ceramic RM 5

2.2 OF 16 V tantat RM 2.5
lOOn plate ceramic AM 5
10 n plate ceramic Chip

100 n plate ceramic AM 5
100 n plate ceramic RM 5
100 HF16VEIko RM5
100 n plate ceramic AM5
100 n plate ceramic AM 5
10 n plate ceramic chip

twin·hole core K 1 or U 17
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Misc.:

1 epoxy-glass 100 x 80 x 1 5 mm
1 aluminium sheet 86.5 x 30.5 x 2 mm
2 solder pins M 3
1 support bracket BleC-VERO 31774
1 M 3x 6
1 M 3 nut
1 V washer M 3
4M2,5x4
2 M 2.5 x 6
2 M2,5x8
4 M 2,5 nuts

5t801:
802:

BNC UG 290 N U
multi-way connector
DIN41617
edge connector male
SL215

Cabinet

1 cabinet BICC-VERO KMT sub rack system,
order no. 127-31427
10 guide rails, order no, 127-32166 A
1 ALU plate 125 x 70 x 1.5 (mm)
18M2.5x10
18 M 2.5 nuts
teioocvasrers DIN 6798 A
M 3, Ad 6.0 sr0.4 mm
10 solder pins M 3
5 multi-way connectors DIN 41617
spring contact FL 21 S

Note: RM = lead spacing (mm)

Editor's Announcement

We have expanded!

Please visit us in our new, enlarged premises in Bafersdort, Jahnstr . 14.

Take the motorway Nuernberg - Erlangen (Bamberg),

exit Baiersdorl l Moehrendorf

Open: Monday - Friday 07.45 - 16.15 hours.

Our new telephone number is: (0) 91 33 - 47 - 0

The old numbers 5838 and 855 are no longer valid.
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Peter Gerber, HB 9 BNI

The Doppler Effect over Radio Links using
Active or Passive Reflectors

this article describes the ph ysical funda­
mental. nece ..ary for an underst and ing of
the Dopp ler Effect together with the necee­
. ary formulae. II I lso presentl a method of
calculating the Influence of the Doppler Effect
on contact. made via paths where both Icllve
and pa.slve reflectors are Involved. Th is
call. to r s sub-prog ram wl) lch pe rmlt l the
calcu lation of the reflect or ee-orsnnetee to
any desired point In ti me.

1.
PRINCIPLES

In the case of a communication path which is
continually varying in distance between trans­
miller and receiver. the received frequency is not
the same frequency as that which was trans­
milled . This treqoency alteration is called the
Doppler Effect alt er its discovery by the physicist
Doppler. A similar effect is well known at audio

frequencies when, for e~ample. a railway loco­
mol ive with a continuous hom IS passing an oo­
server. The pitch of the hom always sounds
h>gher to the observer when the lOcomotive is
approaching than when it is departing. For this
acoustical phenomenon the physical theory is
extremely complicated as it must always be de­
cided what is moving relative to whom laking
into consideration the sender, the receiver and
the communication medium.

As electromagnetic waves e~hib4t no measurable
relative movement to the medium through which
II passes (experiments by Michelson and Ein­
stein 's theory of relativity) at leasl one variable
may be eliminated. and that leaves only the -ete­
nve movements of tfar'lSmltter and receiver.
When considering the case where relative
speeds approach ing light is concern ed. the
theory is also very complicated such as the ve­
locity components in the line-oHl ight as also the
transverse components give rise to a Doppler
Effect. With small relative velocities, and that
includes all amateur contact paths. only the line­
ol ·sight component V, plays.a part in the Doppler

S • Sen d er

Fig. 1
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Efleet If ig. 1 and fig . 2). In prectce. lhe case 01
transm itter and receiver moving away from each
other is so sma ll. and occurs SO seldom for the
amateur anyway (see example below}. The
Doppler Effect , however, play s a ve ry promi nent
role in paths, using either active or passive re­
flectors, made in space via eetoutee and EME (4),

2.
PHYSICAL FUNDAMENTALS

via renectors (activ e or pClssive) . is that of deter­
mining the veloci ty 01sender and receiver in the
direct path The sender. rece iver and the reflec tor
are mostl y moving in compli ca ted relat ive orbits in
space. The sender on earth moves with the earth,
the satellite in a canted ell ipse, with variable
speed and direction and the receiver, again , with
the earth. Active satellites have the addi tiona l
consideration of the alteration in frequency due
to frequency chClnging processes Within the
satellites equipment. These -ccnversio n func­
tions" must also be take n into account when
calclJlatwl9 lhe received Irequ ency.

The trans mitter, 01 rreqeency I, moving with a
velocily v directly 10 a receiver If ig. 2\ will ee
measured at lt1e receiver as'

Ir "" l( l - v / c) (1l
3.
CALCULATIONS

"" 145)( 106 IC 1000ooo111 = 145 '000 '016 Hz

The po int to watc h is that all quantities are pre­
sented to the equation in the same unllS te.
metres , metres per second. hertZ . Also, that the
velocity sign rs negative when the transmiller
app roaches the receiv er. The main problem,
wt1en calculating the Doppler EHact on signals

The received freq uency t.. is therefore 16 Hz
higher than the send frequency Which, normally,
has no practical con sequence Transposing the
eq. 1 the following quantities may be obtained:

Change in frequency <.I f __ 1( - vi c)
Change in wavelength dl = t (v I c)

(Uplink 2)

(uplink 1)

(downlink 2)

(downlink 1)

- Transmitted frequency '0'
Upl ink Doppler Effect
aeceiveo frequency tu2

'rrensa luncl ion
Transmuted Irequency 1o•
Dow nllok Doppler l llect
Received IreQ"'''' ncy 1<12

2 ;I 6370 cos ~E ::;InAH cos DE

24 J< 3 6), (1 + 0,034 cos AH)

The calculated received frequency of a signal,
transrmttec via active or passive reflectors, is
arrived at by using tne follow ll1g steps :

II ttle transmitter and lhe receiver are both located
Cit the same place then the same fGlative velocity
is used for the Dopp ler EHect calcclanon. If a
passive renecto r is invo lved. the tranSll functio n is
simply I"" = fU1 '

II has arreaoy been mentioned that the chief
problem lies in the calculation of the relat ive
veloc ities of Ihe pamcrpatmqstations in the direct
poin t to point path . The rad io amateur OK 1 DAT
gives. for example. in (1) the following formula lor
the Doppler Effect over an EME link (but without
con sidering the influenCtl 01 the elhptical nature
01memoon's orbil) :

33,)3

300'000'000
I, -- 145'000 000 x (1 +

where v is considered a negative quannty when
the sender S and the receiver R approach eac h
other . The received frequency t, IS then higher
than the trans mitted frequency f.

Example:
The sender , with a frequency ct 145 MHz . moves
tow ards the receiver at a speed of 120 kmlh.
Wha t wili be the received frequency?

v"" - 120 kmlh - 33.33 evsec .
f = 145MHz 1 45 )(10~ t /sec.
c "". 300 IC 10" rtvsec.
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When caICutating the effect over satellites, the
formu la is even more complicated because the
el liptical orbit must De lak en into account

--­Using a small computer for calculat ing the orb it
of the transponder, a simple procedure may be
employed.

The principle lies in lhe tact that Ihe distance
from me sender/transponder and the receiver/
transpon der can be arrived et relatively easi ly.
Shoo ld Ihe distance to lwo d ifferent , bul not too
far apart in the time frame , points be calc ulated,
the average line -of-sight velocity in this time
frame may be teken, name ly the veloci1ycompo­
nent in the most di rect path.

The dista nca calculation is carried out simply by
convert ing the main polar co-ordinates 10 the
Cartesian form and then using th ree-dimenSional
Pythagoras The nece ssary formulae lor Ih,s are
given as follows :

Ccn veraoe trem polar to Cartesian co-cremates
given tnat a Iongtitude information is L

a latitude information is B
a radius information is R

VHF COMMUNICAn ONS 2/87

The cenesran cc-eeoetee are X, V and Z:

X - Rcos B cos L
Y R cos Bsin L
Z Rsln B

When tnese co-ordinates have bee n calcula ted
for botn trans miner and rece iver and the
Cartesian co-o-coates subtracted Irom eacn
other viz.

DX = X l - X 2
DV =Y1 -V 2
02 _ 21 _ 22

the n the instantaneous distance is as 10110wS:

Dista nce E = V (OX x OX + bv ").; OV + oi x oz)

A potm to watch is that the transmitter and the
receiver (= Iransponder) snould use polar co­
ord inates wh ich are compatible with each othel,
as for exarncle. those giv en in ta bl e t .

A general procedure for the calculat ing process

EARTH TRANSPONDER

Longlltude Latitude Rad iu s Lo ngl it ude Latitude Radius

Ioogtl lud e tautooe earth radius Iongtil ude temooe Distance 'rom
subsatel - subsatel- earth 's cen tre
lite point lite point

local latitude eart h radius right cecien- geocentflc
staenme ascension sron distance

longt itude latitude eart h rad ius hour angle declen- geocentric
(GHA) sion distance

0 latitude earth radius local hou r oecren- geocentric
ang le "00 dis tance

Tab le 1; Mutuall v m atch ing potar co-ordi nates
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may be given as fol lows '

Cak;ulate the polar co-c remates ot the OTH
and the transponder ,
Calculate distance E 1
Convert aTH into Car1esian co-ceoeetes
Coover1 transpond8f Inl0 Cartesian co­
ocoeree
Sublrac1the ceneeeoco-oeceetes

- Use Pythagoras 10 find the dIstance
Calcutate Ihe polar c:o-ordnales of the QTH
and !tie transporw;ler for a la18f point in bme

(e g ,aller 60 s)
CalcYlate ee eee-eece It'I the ostarces and
dMOe by the t tme difference 10 obtain the
ve locity
Calculate the Doppler Effect of the link

When a paSSIve transponder is used. the Doppler
sRtI is mul~ by a lactor of 2. Actrve traos­
ponder$ requ ire separale calcuLations tor uplink.
trans" through the tra nsponder. and dow .......

4.
APPLICATION EXAMPLES

The Doppler Enact tor an EME con tac1 via the
AMSAT.oscAA 10 was calculated using the
above menlloned formulae as a base.

The calculation for the EME path was made
using both the given formulae and tna t giYeo by
OK 1 OAT. The resultson the whole. werecon­
pantse . the maximum dllference amounted to
10 Hz for a transmiller frequency of 144 101Hz
(Doppler shllt + 350 Hz to - 350 Hz). This ce­
crepancy arose from the influence of the elliptical
nature 01 the moon 's orbit which was epcroxt­
maled in the OK 1 OAT calculation,

The re was no alternative method avai lable of
calculating the etfect when assessing the OSCAR
10 .nk. The Dopple' Ellect on tfllS link, on the
other hand, amounted to oyer 3000 Hz . ThISshill
can be easay measured with amateur equipment
Suitable measurements were carried oul and
evaluated (fig . 3 end fig . 4), The calcu lations are
so exact that. even in modest circums tance s, the
0I"bltdala 01OSCAR 10 may be evaluated

r: /T ....

~ . /,/
-----_/-/

DATA, TI !l!E SCALE: 9.Je UT
ARG .PER IG . 4 0 RAAN 121
TIME' MI N f R£Q. SHl f T 14 " HZ
£POCH£ G: 2776.U899

Fig . 3; Comparison '*--*' (aoIicl Ii....'
and e*ulat.t 16ott1ld Ii ' 00pp6e;0- .,,111:
using OSCAR 10 belore tmt>nt- ~
Mt&oIIi1e,~ 10 !he U1culatiol\, I••
little premature .

DATA, TIME SCALE, 9.3 ' UT
ARG.PtRIG . 40 RAAN 121
tiME -11 MTI'I Flll:t- .SHlfT 141. HZ
£POCH~ C , 2776 .ee2.S

FIg_4: The same dllta toHowing!he maleNng of 1M
sa tellits·. data (tIme shift &bout 10 min..
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REFERENCES

( 1) OK 1 OAT. ohne Titel , nenoen '10m Doppler­
Effekt be i EME , DUBUS Buch '* 2. P 28 ff

(2) Autorenteam:
Meye rs Handbuch Ube' cas Wetl all,
Mannheim, 1974

(3) O. MoolenblUCk :
Grundlagen der Ephemendenrechnung,
Verlag Sterne unc Weltraum, Munchen. 1964

(4) Gerber, P., HB 9 BNI :
EME fOrjedermann?
"old man " 911986, Selte 23· 26

9'



VHF COMMUN ICATIONS 2/87

DragosfavDobritit, YU TAW

A 250 W 23 em-Band Power Amplifier

A pow er amplifier is introduced which has
bee n designed and built tor communicat ions
using the Earth·M oon-Earth (EME) path. Its
mai n characteristics are reliability and slabll­
i ty togethe1'with a dependabl&achievement of
Its design specilications. No speclat tools will
be necessary for its construction.

1.
CONCEPT

When the author first began to conSider a power
increase. there were no solutions available lor the
23 cm band which did not Involve compl icated
work With machine tools on the anode resonators
Also . all published constructions In the propscted
power range util ized more than one PA lube thus
compl icating both the construct ion and the tuning
procedure. Following the evaluation of al l the
available ~Ierature and the formulati on 01 a suil ­
able mathematical model , a program was wri"en
101 a persona l compuler. This program enabled
an exact cecoiaton of Ihe resonator dimen Sions
for all the frequencies 01interesl upon presen ta­
tion 01the parltcu lar PA valve's parameters.

Perhaps Ihe commonest 23 cm power ampl ilier s

92

use the 2 C 39 . 01 its ecow eients and derivatives ,
either singly or lJPto six valves in a ring torrnanoo

leedlng a common resonator On account 01the
constructional advantages Involved. and also its
compact dimensions, the aulhor le l1 that Ihe
Semens vafve type YO 1270 would be more suit­
able. This tube is used. above all, in UHF tete­
vision transmitters Compared With the 2 C 39 il
has twice the anode dissipation and output
power . Also, its outpu t capacity is some 50 %'
greater and its maximum usable Irequency is
about 3 GHz - its use here at 1.3 GHz lies well
within its capabnmes.

The author selected the well-tried and tested con­
struction: a grounded grid amplill8 r With an anode
resonator In the TMo.o mode and a half-wave
coaxial cathode resonator (flg . 1).

2.
CONSTRUCTION

2.1. The Cathode Circuit

In order to make the construction as easy as pos ­
sible . the cathode CIrCUli is lashioned as a loaded
iJ2 coaoarene which mechanica lly supports the
tube . thus obviating the requirement lor the
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Out

l.J I

YUl AW
I

Cl w
, /"'"' Y01170 I

:Ri':j:o.5 ~ 5p

~ RFC~" ~RFC- i
3012:1 +

In tn '" I sOOp_ u ,, , 5 1<\1' 1 2 W

,,0 .~•
300

~YJ i~-6'
, ~ 300

ZXIO " 11
1"1 4 007

FIg. I :
Circuit diagram of I~

23 em~ am pllller

original tube SOCket - the latte r be ing both ex­
pensive and 1"101 eas ily obtainable . The cathode
cavity (Ilg . 2) was made lairty large in order that a
series 01 other necessary components could be
accommod ated with in II. The resonator itsen, has
a particul ar lorm (f ig. 3 and 4) in order to achieve
a very lOW ci rcuit impedance. This is necessary
when , in spite 01the high tube input capacitance
and the tact that a portion of the AJ2 line is inside
the tube, a usable length of line is available out­
side Ihe lube. This idea has al ready been pub­
Iished in the VHF Com munications (see ret. t },

The trimmer C 2 is tuned for resonance at 1296
MHz at a capacitance of 1 pF. The satellite band
0112e9 MH z can be tuned with a higher value of
cececuarce. In any event. a high-quality vers iOn
of th is compon en t is reqered. the author used a
Johanson 5200 (0.5 '5 pF)_

The resonator l has a typ ical impedance 0175 n
and is brought 10 resonance at 1330 MHz wilh a
mimma l C 2 capa citance of 0,5 pF. OapacrtoeC 1
loads the circuil and is fabricated from a sing le Fi'i!. 2: Tha cathode c.vity and hu t•• ehOkn
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Fig . 3:
n-. ampl lfler ...~ frOIfI MIow
1~lher ..... 11.. the e.lttodoI e.'f'Ity

e

@

'0
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Pn'E l.' _
i

...
Y\J' AW

FIg. 4 : Two em.. MCtlonal l!dot Ispectl ~Mtod from MCh othef by 90"
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hole mounting BNC connector . The centre con­
ductor of the BNC socket carries an end-plate of
8 mm diameter, The capacitance to the resonator
is varied as the body of the BNC socket is re­
volved. Optimal coupling occurs when C 1 lies
between 0.1 andO.2pF,

2.2. The Anode Resonator

The anode resonator takes the form of a round
cavity with the PA valve in the centre (fig. 4). This
indicates the TMowmode operation with its opti­
mum power output and simple fabrication.

The anode resonator is tuned by C 3, a 6 mm
brass screw with a 9 or 10 mm diameter brass

disc soldered to its end, This must be positioned
right against the PA valve where the electrical
field is at its strongest. This simple and effective
tuning arrangement matches the resonator field
distribut ion very well indeed. Higher mode para­
sitic oscil lations are well-suppressed and the
desired dominant mode is strongly maintained,
The resonator is so dimensioned that, when the
capacitance of C 3 is at a minimum, the resonant
frequency is 1360 MHz. If must have a capaci­
tance of about 1 pF to tune the anode to 1296
MHz. The tolerance of C 3 is sufficient to allow for
any spread in the valve's output capacity. The
calculated ioaded output circuit Q is 120.

The output coupling to the antenna is inductive
which is favourab le for this high output capacity ,

3':'~~tJ~lt~~~
C""",," ,tr i p

Y U 1AW

000 0 00 0
~ oo o o o o

0 0 0 0

o I "
"a

,
I

I
] €J "
I ,0 Ioa 0 0

00 0 00
0 00000

o,t ".ooO cwity

g
I ~1
-,,------,~-

:: 1
,,--- ojo li ' ...... ,, •

'Y(\
1---"-----I

'<:'>.•
PTFE,..

Fig. 5: 23 em Power amplifier piece-part s
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compact-resonator design . The output cou pling
loop was given special attention. Both due to Its
form arc its deployment it was possible to obt ain
an optimum load coupling to me resona tor. The
degree 01cou pling is de ter mined by the artgle by
which the coupling lOOp cuts the resonator mag­
neue fie ld. As the loo p is soldered 10 a rotatable

BNC single-hole soc ket, a precse control over
the output coupling IS possible .

3.
MECHANICAL CONSTRUCTION

The metal parts of the amplJllef were all from 1 to
2 mm thick copper sheet It may be seen that no
special tools are necessary in order 10 mexe this
h igh-perlorrn ance 23 em power amplifier: tin
sn iPS. larg e soldering iron. hand dri ll and some
files are suffICient .

Al l metal parts are soldered together on the oct­
side. as sold er in the resonator ca Vity causes

VHF CO MMUN ICATIO NS 2/87

losse s. A ll screws pro truding into the cav ity must
be 01eithe r brass or copper. The str ip A (119 · 5) is
bent into a ring and soldered 10 pa rts 0 and F thus
lormir g the output cavity rescoaior. The O.2 to 0.3
mm th ick teton (PTFE) loil must be smooth, with ­

out ho les orcracks

The output coupling loo p is formed lrom a 4 mm
Wide , and on ly 0.5 to 0 .6 mm thICk. slnp ol copper
or brass stocc In order 10 bring it Into the cavity. a
slo l is cut in the resonator wall A The hack·saw
cut is made through the BNC mounting nanga nut
(which has alrea dy been soldered to the cavity
waN) trcm top to bottom 01 the cavity so that the
slollies in the same plane as the tube's axrs and
also . incidently . to the HF wall curr ents. The
positioning 01 thps sIol is suctl that the 0 01 the
cavity is in no way compromISed

Both BNC socsets have twonuts. one belflQ used
as th e mounting flange arc the olher as a lOCknut
to keep the loop in poSItion after the coupling
has been adjusted. The cen tre conductor of the
output couP"ng BNG SOCket is cut as short as
possible in order mat the loop has the maximum
coupling re. M1 the closest prO_lmrly to the wall of
the cavity where the field IS the most lnleose
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Fig. 7: Thecompleted 250W amplifier without cooling duct

The valve's anode and grid make contact via
finger contact stock (fig. 6). The strip is cut to the
required length and carefully soldered to the
appropriate inner holes of plates Band F. Any
poor contact here with the tube 's electrodes will
lead either to a power loss due to arcing or to
instability

The tube is pushed through the plate B until the
anode is firmly held by the finger contacts, The
teflon plate lies between plate B and the top of
the cavity and is heid in place by the grip exerted
by the finger strip on the cavity bottom plate F and
that of the finger strip of plate B

After the tube has been inserted, the cathode
cavity L is clamped to the cathode by means of
a screw through the extended ends of the cavity.
Both heater chokes are self-supporting and have

an internal diameter of 4 mm and wound from
0,3 mm copper wire (CuL) to form a 40 mm long
coil.

4.
POWER SUPPLY

The amplifier requires only a heater and an anode
supply , the grid bias is developed automatically

across the power ZenerdiodeZx 10 (10V, 12W}.

The heater potential is 6 VAC, This potential
should be reduced slightly at UHF and SHF owing
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10 the additional back-heating effect at these
/ / frequencies.

The heater secondary windings must be isolated
from earth because of the automatically derived
bias.

An anode supply voltage of 2000 volts is required
and is protected by a number of small resistors
(f ig. 7), connected in order that the total array can
dissipate some 20 W. The anode disc is then held
in posit ion with four small insulated retaining
plates.

Of course, the tube must be cooled by a powerful
fan blower, A chimney made from perspex, or
some similar material , conducts the air coolant to
the tubes cooling fins and surround ing anode
area, This was omitted from lig, 7 on the grounds
of clarity but its provision should be effected with
little difficulty.

In order to better stabilize the tube heat dissipa­
tion, it may be better to switch the blower off
during breaks in transmission or perhaps arrange
it to work at a reduced performance. Also during
sender pauses, the heater potent ial could, with
advantage, be reduced .

5.
TUNING

The setting-up commences with fixing the output
coupling loop so that it is as near as possible to
the cavity wall and is in a plane parallel to the
main axis 01the tube, as in fig, 4. Looser coupling
is ertectec by turning the loop on its axis towards
the 90° position , where it becomes zero. The
optimal coupling will occur when the angle of the
loop is some 30° to the start posit ion.

The tuning consists of supply ing the ampl ifier,
applying a little RF drive power and adjust ing C 1
and C 2 alternatively until a maximum anode
current has been achieved, It is assumed, 01
course, that the amplifier has been either coupled
to a low VSWR antenna or preferably a dummy
load, The latter could comprise several iengths of
poor quality (for this frequency) 50 n cable.
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Capacitor C 3 is now turned in order to obtain the
maximal output. The drive is then increased in
steps, each time re-adjusting the three trimmers.

Maximum power is then achieved by trimmi ng the
angle of the output coupling loop, each adjust­
ment followed (always) by a retuning 01 C 3, The
final adjustment is made when the anode current
has been driven to 250 mA coincident with a
maximum output power.

A word of caution: All tuning operations should be
undertaken in the space of a few seconds , as the
input power is in the region of 500 W! The ampli­
fier must never be tuned off-load or with partial
load otherwise the resulting voltage build-up in
the anode cavity could spell the end for the YO
1270

Test Param eter s

When the amplifier has been correctly tuned, the
following test readings may be expected:-

V. 2000 V p. 500W

V" - 10V p~ 235W
I~ 35mA Gain 13dB

la lm..) 250mA V, 5,9 VAC

'"
30 mA

Using increased cooling power, an output of
some 300 W may be expected but the risk of
loosing the tube is also higher.

The amplifier described has been in operation lor
some time now and without any problems worth
mentioning. It has been used alone for many EME
contacts and is now driv:ng a 1 kW power ampli­
fier.

6.
REFERENCES

(1) Editors :A Power Amplifierfor the 23 cm Band
Equipped with the 2 C 39 Tube.
VHF COMM UNICATIONS Vol. 8,
Ed. 411976, Pages 222 - 231



VHF COMMU NICATIONS 2187

Joachim Kestler, DK 1 OF

A 10 kHz - 30 MHz Receiver Front End
Part 2 (Concluding)

4.
THE FREQUENCY DIVIDER UNIT

4.1. The Circuit

Relemng to fig. 13. the oscillator signa l is fed to a
MOSFE T buffer stage T 1 via PI 1. This stage
isolates the oscillator Irom the ettects 01 the HF
stages. An emmer follower T 2 ettects an irn-

pedance change in order that the widebanc
amplilier I 1 can be driven by a low impedance ,
A 15 volt suppl y poten tial is required for these
stages which is led in via PI 2 at a current con­
sumption 01about 40 rnA.

TranSi$1orT 3 lu flC\ions as a sWllcning transistor.
supplying TTL-level signals 10 the dlviele-by-'our
scaler 1 2. Providing 15 V is applied at PIS. a
sigr'l8llot4 is supplied totne oc tput Y via 14 oos s .
6,9 and 8. When, on the other hand . PI 5 is low

Fig . 13 :
Butt ... .mpl ltl ... and
Irequency dlvldef

a
•

12 .13 11

s

t t

.,s, t .5'

.-----.,- -- - -- --- -J 1- --- ~!:..~- - --- - - ----- --:1:1- -----.,
I I 1" Pt2 '" PI /" I, •._- ."" .1' I
I I .... ,. .~, . \ . ~~ .5'' 0J W' <>-rr"Q() :no '" I .1
I 1 1 SiC :.,' 0 ... IlO I

B<'lOO T2 ." -
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Pll !.. ..... L1 . c,,' I
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6&;; a:.ll l
I .. ... ... 1
I 1 DK1Q F0530 >:;' 1L. J , ,n: 1

I ..,..-

I,
I,,
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(zero vcnsj I 3 is activated which divides the sig­
nal yet again, this time by 2. The output signa l f0l8
is then supphed via 14 pin 12, 11, 10 and 8 to point
Y. rreneetor T 4 is an inverterlle vel-ehange, for
the switch ing potential applied to PI 5. The in­
tegrated circuits I 3 and 4 can be changed, if
desired , with the low consumption LS (low-power
SChonky) TTL version. The chip I 2 may, under
certain circumstances, require an S (Schonky)
type as the guaranteed clock frequency of the
LS ' 12 is only 30 MHz whereas tor this applica­
tion 40.7 MHz is required. The tested limit fre­
quency of about a dozen examples of LS 112 at
verous manufacturers, however , layover
60 MHz.

The digital secuon. described above, is SUpplied
via PI 4 by + 5 volts at a current consumption of
approx . 25 mA when I 2 IS an fa signa l output to

VHF COMMUNICATIONS 2/87

til e rece iver input-frequency counter to wllich it
supplies about 70 mV al5Q O.The input sensi tivi­
ty of the Circuit versus frequency IS shown in fig .
14. When the PLL module OK 1 OF046 was de­
SCribed in ref. 2, it was ment ioned thaI it required
at its input a distortion- free, SlnuSo'dal input
signal of 20 mV RMS amplitude. Fig , 15 s hows ' ­
how nus demand has been elegantly fulf illed . It
comprises a three-stage, low-pass filter (L2, l 3
and l 4) which is supplied at its input with the
divided oscillator signal from point Y at TTL level
The low-pass filter's limit frequency is adjustab le
by means of varactor diodes 01 ,02 and 03 . The
control chip 15 IS so adjusted that the HF voltage
on reente rs 04·'05 rema ins con Slant. Frequency
f,can then be taken from PI 6 al lhe reQuired level
of 20 mY in 50 II. The level regulator stage is sup­
plied via PI 7 with + 15 V al appeox . 3 mA

"c
•
,
,
,

a
as

I •
I IDK 1 DF 053 l-
I I I I •, It-I I •

I I X•
I I

I I I
I•

/-
I , •

/-
I I ~ ·
1. / ·

- ..-,.
,. I I

/" I I I
I I

50 ~>+: 60

f,
Fig . '4:
Input voltage vereu e I..quency
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/
"or

Fig. 15 :
Output low-put.nd .....1
control

04, 05 ££ " 0

4.2. Construction

For these unils, a PCB was also designed using a
single-sided 109 mm x 34 mrn glass-epoxy
material. It is housed 10 a tin-plate box and
carries the designation OK 1 OF 053. The layout
plan can be seen in fig . 16 and a completed
example is shown in the photo of fig. 17.

4.3. Components

11. Integrated wroeoard amplifier
NE 5205 EC (Valvo Signetlcs)

12:

13
14:
15:

T1 :
T 2, T 3:

T 4:

01 ,02,03:

SN74S 112NorSN 74 LS 112 N
(see text)
SN 74 l S 112 N
SN74lS00N
Operational amplifier 741 C
DiP-a package
BF 900, BF 963 or Similar
BSY te. 2 N 70a, 2 N 914 or
similar
BC 413, BC toe or any Si·NPN·
transistor
Varicap diode KV 1236

Fig. 16: COmporwnl l,youl of buffer amplifier and dlvid ltr card

>0,
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Fig , 17: Prototype 01buff• ••mpli lle. and divider unit

L 2, L3, L4:

04, 0 5:
06 '
L1:

AA 118 or similar Ge dIode
zccee33 V
Fl;lrnte choke 3.3 .... H (ag.
Sieme ns B 78 108-T 1332·K)
Ferrite choke 33 ....H (eg.
Siemens B 78108-T 1333 -K)

All capacitors smallet" than 1 ....F are ceramics or
plate rypes

4.4. Sett ing up

Following the application of + 15 V to PI 2, the
work ing point of teenstcr T 1 is checked A drain
current of6 - 10 rnAshould be evident this is best
checked by measunog the potential (IlMerence
across the source resrstor ct T 1. Shou ld thele be
a departure trom the above specified current,
then another SF 900 should be tried , The DC
Voltage at I 1 pin 4 should lie between 5,5 V and
7 V. Afterwards, Pt 7 is also supplied with + 15 V
and PI 4 with -t 5 V A Signal-generator, set to a
frequenc y ot between 10 MHz and 40 MHz, is fed

102

to P1 1 and a frequency counter to PI 6. This latter
instrument should indicate an inpu t signal wh'cl1
has been divided by either 4 or 8 depending upon
the presence or absence resp. of the + 15 V sup­
plied to Pt 5.

Finally, the autom atic level circuit can be checked
by terminaling PI 6 WIth 50 ohms and plait Ing
lhe control voltage V. versus output frequency
coeracrenstc. The specitied cneracteesnc is
shown in fig . 18. Departures from thrs curv e
are not crit ical provided I S is not working under
saturati on conditions - its output voltage at pin 6
should lie between 4 V and 12 V as " is shifted
from 2.6 MHz to 5 2 MHz.

5. Deployment 01the Modules

In order to obtain a better perspecti ve and also to
clear up any possible confusions, the wiring
plan of the various modules of the project is
shown in fig . 19. The following table describes
the functIon of the control elements ,
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Table 1:

P 1

P 2:
P3:
S I:
5 2:

S 3:

Main tuning potentiometer (Sine-Cosine pot) may
be replaced by module OK 1 OF 050 (5) if digital
tun ing is preferred
Frequency line-tune (see ref. 2 )
Frequency course-tune
Tune -rate switch courseltine-tune
Frequency range switch
A: O' 2MHz
B: 2 - 4MHz
C: 4 -1 0MHz
0: 10 -20MHZ
E: 20 -30MHz
Inpuf pra·amplll ll;trorvott

The 15 V supply vo ltage is most coovemen lly pro­
vlded by a Ihree-ferrrunal regUlator, such as a
7815, Which will carry some 350 mA . The OCsup­
ply to ttus regulator shou ld be constant and not
sub ject to the sort ot variat ions which would occur
it an AF output stage, tor example, were supplied
by the same line. The 5 VOC supply for PI 4/053
can be taken from the counter Of Irom a separate

50 rnA stab ilized supply. The VCO ot mod ule 046 .
wotlc.nlQ at 5 - 6 MHz IS rot necessary and can

mereroee remain, lor the mom en t, WIthou t active
eeeeote.

6.
TEST RESULTS

The follow ing data represents tha t taken l rom the
complete from-end under the fol low ing de -
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Fig . 18:
L.-.I'l controt voltage V~ versus I,



< I , § s C z n ~ in ~ ,~

" ­in,

~
!

1
..

,

E
~

"""
)~

J
]-

'"

m
I

K
e

r

.L
P

IB
O

K
I

O
F

04
6

P
I2

2
~

1
.
/o

--
t

T
~

S
l
~

p
re

sc
le

<
.-"

"t
ru

:
f

i
lt

e
r

m
I

K
e

r

O
K

1
O

F
05

2
O

K
1

O
F

05
1

)
2

o
P

H
PI

2
0

2
o

en
P

I4
~

P
I

1
6

5
'"

3
P

IG
P

tS
Pt

Z
P

I)
P

IB

...'\,
;...

P
17

9
?

~

Pt
.'

...
...

..r
o'

\.-
-'.

...
...

.I

1
~

I
53?

.,,'
...!

!L
'"

r
l>-

<
~

P
t

<

''/
01

'
..b

."
,V

_
;V

52
c

.
~
,

f
rr

'q
_d

iv
i

.1
5

V

>0,
T

B
D

K
1

O
F

,
P

I5
P

'

"0
,T

'r.
'

I

'-f5q
(

.r
sv

iP
t1

1

~~
~

0
P

n9
P

'2
0

P
IE

c
P

U
O

~
7

Pl
P

I9
1'

1.
1.

u
n
il

P
I2

l
5

:>
P

IB
O

K
I

O
F

04
6

P
il

l

'O
n.

A
nI Fi

g.
19

:M
o

d
u

l.
w

ir
in

g
pl

an
01

co
m

pl
et

e
fr

on
H

""
d

-- 2



VHF COMMUNICAT IONS 2187

Fig . 20;
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signated working condit ions : -

A" Pre-amplilier switched off
"B" Pre-amplifier GPO 462 with 3 dB

anenua tor
..C' Pre-ampliller NE 5205 without

anerwetcr

IF break- through:
wilhouttrap: 57dB
with trap: 86 dB

These values reler to receve ranges C anct0 . 11"1
ranges A, B and E the IF break ·through is grealef
than t OO dB OWing to the additional inlluence 01
the pre-setector lillers

6.1. Through Gain, Noise Figure and Intercept
Point

Note' IF Amp lilier noise figure F "" 3 dB

A" G .. - 7 dB F = 11 dB IPJ "" + 23 dBm
8" G = ... 3 dB F = 8 dB IPJ .. + 5 cern
C" G . + 13 dB F = 6.5dB IPJ "" - 2dBm

6.2. Suppress ion :

Image suppression
I,n < 2 MHz
t, .. 10 MHz
f", - 20 MHz
I" = 30 MHz

a.,>l00dB

a."" 85dB
a."" 92 dB
a.> 100dB

6.3. Oscillator Data

Noise spect rum:
at i 0 kHz distance: < - i 20 dB in t Hz

bandwid th
at 100kHz distance: < - 140 dB in 1 Hz

banctwidlh
see fig. 20

Frequency dritl :
Ranges A. B. C: < 40 Hz per hour
Ranges O. E: < 80 Hz per hour

Output to frequency counter :
70 mV c - 10 dBm/50 n
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Oscillator (radiation) signa l at antenna inpu t:
< -80 dBm when to s 30 MHz
< -100 dBm when to > 30 MHz

6.4. Othe r data

HF input impedance: 50 n
Output impedance at IF: 50 n
Supply requirements: +15 V (approx.)

at 350 rnA
+ 5 V (max ) at 50 rnA
- 5 V (approx.)
at 1 rnA

7.
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Jaenen Jirmann, DB 1 NV

Integrated Single-Stage Broadband
oto 2 GHz Amplifier

Not long ago, "Mini-Circ uits" brought ou t an
integrated HF amplllier wh ich co vered the fre­
quency range 0 to 2 GHzwith varying degrees
of amplification. As may be seen from fi g. 1,
the amplifier needs merely two DC blocking
capacitors and a resistor to estabUsh the wor­
king po int, in order to put it Into operation. The
price also Is Interesting, which, according to
version, lies between 5 and 10 DM,

As far as its innards are concerned, it could only
be established that a mixed current-voltage teed­
back, bipolar microwave transistor is employed.
The feedback network fixes the working point of
the transistor and the circuit diagram is given in
fig. 2.

4

Experiments have shown that the amplifier is
easy to work with and is conservat ively specified ,
inasmuch, that the amplification minimal value
was found to be higher than that given in the
accompanying data-sheet. The gain falls very
gradually above the high limit frequency so that
even at 3 - 4 GHz there is 6 to 8 dB available. The
input and output return-loss lies around 15 to 20
dB. The frequency phase characteristics dis­
played a few kinks above 2.5 GHz which wili have
to be taken into account when disigning amplifi­
cation for extremely wideband signals. The ampli­
fier is capable of delivering a power from 50 to
100 mW when the working point is set somewhat
higher than that recommended in the data-sheet.
Increasing the working current , however, has no

IN o---i f--o---i
C block.

2

3 V d - 5V

RFC (Opt ional)

R bias
v CC ;;:; 7V

Fig. 1:
Integratedwideband
amplifier circuit
diagram

107



VHF COMMUNICATIO NS 2/87

Fig. 2: Thecurrent voltage 'eed-back Is elsa
integrated

posit ive effects, as the amp lification and the
maximal outpu t power both lall and the limiting
frequency is reduced.

Besides its application as a wideband instrument
amplifier, il may also be cons idered for use as a
pre-amplifier for a GH~ frequency counter, a
wroebano buffer for an oscillator , a ringmixer
local oscmaio r driver amplifier or as an HF pre­
amp lifier in a simple VHF-UHF receiver .

RF out

r- - -----;
I l
I
I
I
IRF in

0-/K>-t----+1

New Hlgh·Gain Vagi Antennas

The SHF 6964 is a specia l antenna for the space
communication allocation of the 24 cm band.
The max imum gain of this long Vagi is 19,9 dB" at
1269 MH~ and falls off quite quickly, as with all
high-gain Yagis . with increasing frequency. We
do not. therefore, recommend this type of anten­
na lor operation at 1296 MHz but for ATV appli ­
cations at 1152 MHz it is eminently suitable
There is no 24 cm ATV antenna on the world mar­
ket which possesses more gain

The mechanics are precise, the gain frequency ­
swep t and optimised . Measurements carried out
dur ing heavy rain show that the antenna is not de­
tuned by moisture.

The SHF 1693 is a special ve rsion lor the recep­
tion of METEOSAT 2, This unobtrusive alter­
native to a 90 em diameter parabolic antenna
enables, with the aid of a modem pre-amplifie r or
down-converter, noise-free weather picture
recept ion,

3m
18 oa,
16.8"
25dB
- 17dB

Price: OM 440. -

Length:
Gain: 20,1 dB" i. e
Beam-w idth:
Front ! Back ratio:
Side-lobes :
Stock-No 0102

5 m
19,9dBd

136'"
26dB
- 17 dB
1.2 : 1
52mm

Price: OM 298.-

Length:
Gain : 22 oa. i, e
Beam-width:
Front I Back rano :
Side-lobes:
VSWR ref. 50 U '
Mast mounting: clip (max).
Stock-No . 01 03

k :Ji{J;;{berich!e Te,,,! D. Biltae . Jahe'" 14 · Po,tlaoh 80 · D-8523 Bai.'Sdort
T el. West Germ any 9 133 47 -0 . For Representatives see cover page 2
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Jochen Jirmann, DB 1NV

The SDA 4211 - An Interesting
UHF Prescaler

Since television receivers were equipped with
synthesized tuners, favourably priced ECl pre­
scalers with integrated pre-amplif iers, for use up
to one Glqahertz, have become avauaore.. Well­
known types are the U 264/U 664 (-,- 64) or the
U 666 ( -,- 256) from Telefunken. Circuits for the
oecnn ansanon 01 the division ratio have been
described in VHF Communications and nothing
should stand in the way of their use in amateur
built frequency counters.

Unfortunately, the frequency of operation of these
ICs only extends as far as 1100to 1200 MH.l and
only a very few selected examples can work at
trequeoces in the 23 cm band. Recently, how­
ever, a divider chip with the designation SDA
4211 and a guaranteed frequency range from 70
to 1300 MHz, has become available from

Siemens. The division factors are 64 and 256.
switchable, and the consumption is only 25 mA at
5VDC,

The pin-out is exactly that of the U 264/U 664 ex­
cept that pin 1 is unconnected and pin 5 switches
the division factor, When pin 5 is earthed, the chip
divides by 256, when it is at + 5 V the division
factor changes to 64. The sensitivity, according to
the data sheet, is 11 mV at 70 MH.l, 5 mV at 250
MH.l and 40 mV at 1300 MH.l . The author's ex­
periments - carried out on a few examples ­
show that the SDA 4211 will work perfectly when
driven by a ainusoidal input from 5 MH.l (200 mY)
to 1600 MHz (220 mV 50 ohm or 0 dBm),

The chip costs about 8 OM each in quantit ies of
10, which puts it well within most amateur
budgets,
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Ralph Berres, OF 6 WU

Television Receiver Field-Strength Indicator

A received level Indicator Is for the amateur
television operator very advantageous. I have
designed a f ield-strength indicator in the form
of a moving column of light along the top of
the TV screen . This is more suitable as there is
no room to mount a moving coil instrument
(portable TV) and In any case the TV housing
should not be drilled into.

1.
FUNCTIONAL DESCRIPTION

A. may be seen from the circuit diagram of fig . 1,
there is nothing very difficult about the practical
realization of this circuit The transistor Tl to-

.JL
li ne
pU l s e

DF 6.... U
dela y e d
AGe Vo l t" 'l e

'"

~·' 1 V ,~. b

'"video
s t"g e

,,.

f ~,,_

pulse

Fig . 1: TV rece iver field-strength indicater
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gether wilh potentiometer P1 form a coos tant cur­
rent source which charges capacitor C1. The
charging time is controlled by P1 and lies in the
region 01 60 lis. The capacitor C1 IS being dis­
charged by transistor T2 during the period of
every line impulse. This produces a saw-tooth
wave which is synchronized to line frequency and
the amohtuoe of which is dependent upon the
charging current - the latter being contro lled by
p,

The diodes 03 and 04 prevent the ssw-room
wave from reaching zero volts because other­
wise the following operational ampliller QP 1 will
receive a voltage overload at its input terminals .

The AGC Voltage of a television tuner is. in gen­
eral, 6 to 9 V in the absence of Signal and reduces
with increasing signal-strength. For our purposes,
this behaviour must be reversed and that is ac­
complished by QP 2 connected as an adder. The
potentiometer P2 at its non-inverted input con­
trols the scaling value ot me AGC control voltage.

The inverted AGe voIlage is then taken lOOP 1
which is used as a comparator . When the AGe
voltage at any instant is more positive than the
saw-tooth wave, the output of the comparator
goes directly to the potential of the posnve rail
+ Vb' The length of time it stays at this potential
is dependent upon the AGC voltage which, in
turn, is dependent upon the incoming signal­
strength. This sequence is repea ted lor the
duration oI lil'le time (fig . 2) etune IreQuency

Flg.2 :
The aigna' control voltage, saw-tcotb weve
and the veriable duration pulsederived
from them

In order that hall of lhe screen. from lop 10 bottom,
does not · white cor', the Incoming signal must.
In some way. be connected With the frame-poise
For tnepurpose a C-MOS type 404 7 mono stab~

trigger is used . Its output pulse duration is con­
trolled by P3. this being the control for the width of
the moving column of light indicator. This signal is
now gated with the column-length signal in the
40 1 \ NAND gate.

The lol lowing gating with the frame pulse is In­
tended 10 preven l TV sets. haVing aulomallc
brilliance coonor. and which. in the vertical
blanking lime , produces a white 'Ine 'or every
colour channe l, tram throwing the colour symme­
try cut of balance. It also ensures that the moving
column starts only at the end ot the frame pulse .

2.
INSTALLATION ANO ADJUSTMENT

The jew components employed are loaded quite
simply on to a piece of vero-toaro and connec ted
up . The main problem is the determination of
suitable cecur interface points which will eccom­
modate the board without causing any deteriora­
tion to the rest 01 the picture. Unfortunately, no
specilic instruct ions can be given here as there
are simply too many basically dil/erent cirCUit
concepts.
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T
Fig. 3: 5J1sdelay circuit. R = 10 KIl. C - 470 pF

In tne author' s set. the "sandcastte' pulse was
used to derive the line pulse. Drfnculhes can occur
if the picture blanking pulse is used since it is not
poss ible to blank brilliance and black at the same
time. In this case. it is recommended to delay
the line pulse by a further 5 IlS using the simple
gate delay circuit of fig . 3

The frame pulse can be obtained from the limiter
which. as the same lime. is used for the synchro­
nization of the vertical deflect ion. The accompa-

VHF COMMU NICATIONS 2/87

nying spur ious pulses are rendered harmless by
the second gate . Afte r Ihe module has been com ­
pleted and succe ssfu lly connected into the TV
circuitry, Pl and P2 are turned 10 midpos ition
and P310 maximum The sel is then switched on
and a very strong signa l is tuned-In The indicator
column of light shou ld be visible, With an oscillo­
scope . connected to the output of the unit, a pulse
should be visible whose width is a function of the
field-strength,

The length of the column is now adjusted with P1
such that il near ly reaches the right -hand edge of
the scre en. The signal is removed and P2 ad­
justed unti l the COlumn is now near ly at the lett­
hand extremity of the screen , These two
potmeters should be iterated until Ihe column
moves satislactory from extreme left to extreme
right with no, and full, signal respectively, Finally
the column width is set by P3,

Colour A TV-Transmissions are no problem
for our new ATV-7011

Specifications:
Frequencies, crystal-controlled:
Video 43425 MHz. Sound 439.75 MHz
IM·products (3rd order): better than - 30 dB
Suppression 01 osc.freq. and image:
better than - 55 dB
Power-output, unmodulated: typo10 W
Delivery: ex. stock to 8 weeks (standard model)

The ATV-7011 is a professional quality ATV trans­
mitter for the 70 cm band, It is only necessary to
connect a camera (monochrome or colour), antenna
and microphone. Can be operated from 220 V AC or
12 V DC, The standard unit operates according to
CCIR, but other standards are available on request.

The ATV-701l is a further development of our reli­
able ATV·7010 with better specifications, newer de­
s'gn. and smaller ormeosrons. It uses a new system
of video-sound combination and modulation. It IS
also suitable for mobile operation from 12 V DC or
tor fixed operation on 220 V AC,
Prlce OM 2995.-

The ATV-7011 is also available for broaccasuoq use
between 470 MHz and 500 MHz. and a number of
such units are in continuous operation in A/rica.

k 'i]Mi1berichte Teny D. Bltta, · Jahoole. 14 · Po,lfa,h 80 · D-8523 8ale'Odo"
Tel, West Germany 9133 47-0 , For Representat ives see cover page 2

'"



VHF COMMUNICATIONS 2/87

Wemer Rahe, DC 8 NR

Switched-Cap acitor Audio Filter
Variable Bandwidth , Tu nable Ce ntre-Frequency.
Steep-Sided Flank s

For some years now. an Integrated Cll'CUlt hlter
has been available which functiOns USIng the
· switd'led-capacrtor" principle. It enables me
relatIVely easy COOSlnJction of tunable nners w,ltl
steec-eeee flanks and possesseq lOw-drlft
cnerecteosncs (1). The requis ite reeetance
lequired IS simulated in this type ot I,IIer by a
switched capac itor_ The switching signa l suppl ies
an eldemal c\ocIIgenerator through Which, at ee
same time . shifts the limit frequency c rme litTer.

An astronomica l price was being asked lor
suc h le a when they first made an appea rance
In the earl y 80s , but now they are reasonably
afford abl e. a 300 Hz to 3000 Hz tunable filter
design can be p resented in these pages. Both
h igh and low·break frequ enci es may be Inde­
pendently edJustable In order to achieve the
desired passband and centre trequency. The
fl ank s lope rematne constant at 30 dB per
octave lor the IowH flank and 100 dB pel
octave lor the more important upper fl ank.

1.
INTRODUCTION

The tJuikJingof a tunab le audiOlilter is no longer a
secret Since the developmenl of meact ive lilter
circuit (2). Within limllS the bandwidth may be
varied (3). Variable tUOIng whilst main taining the
same flank slope comblned With variable band­
width has. until now. oecessaarec the same sort
of design art istry as thaI required for the Indian
rope trick.

Radio receivers could, in part, have these de­
sirable characteristics realized in the high-fre­
quency portion with switched filters, passband
tuning and IF shift. A continuously variable. in­
dependent of bandwidth, tuning , however, can
only be ecnreveo With much complic ation and is
encountered ooly In high·priced professional
shortwalJe eQuipment. In Itle higher bands it is not
used at all.
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The audio slage 01a recerver lequires some sort
of selectivi ty or filtering in order 10suppress some
of the wideband no ise coming in from me higher
stages. Every ettort shoold be mad e in a high­
perf ormance murn-rrcce receiver to tailor the
passband to that 01 the Incomi ng signal in order
to optimize the overall signal- to-no ise ratio. The
filter requirements for a wideband - only re­
ceiver, such as FM ATV , are not too high , - a
simple low pass being sufficie nt to produce an
acceptable flank slope and no great demands on
selectivity . The snuauce IS corte a bit differen t,
when, in a mull i·mode receiver AnY Of CW is
being used and lhe IF does rorpossess a suitable
narrow-band IF filter . li the signal-to-noise can­
not be optimized alIF, it must be done ar audio.
This, howeve r. is much more d,ff,cullto accom­
phsh at AF as me demands lor an audio filter are
difficu lt to fulfil: 60 dB per octave flanks together
with an enremefv narrow bandwidth . Such a filte r
should be the main deSign aim. In addit ion comes
the requirement for continuo us bandwidth con­
tro l , an abil ity to control the midband frequency
and also the insertion gain of the filter. Since
flank steepness, bandwidth, and the ability to
hand le impulses are mulually dependent proper­
ties , some comp romise must be tole rated .

2.
FILTER CIRCUITS

2.1. Tr ue Bandpass Circuit s

Simple lilter circuits whiCh would sat isfy some
of the cr iteria cons idered so far , do nor exist. An
example is the universally employed "state
variable filter " (4), (also kno wn as the "universal
fitter" beca use other filter functions are also
poss ible from the basic design), wh ich will serve
10 illustrate the point This lilter circuit is repre­
sented in advertiSing I,teralure as one 01the new
wonder weapon s aga inst inlerference and no ise .
Closer inspec tion reveals, however, that only very
mod est demandS ca n be met with it (3). This fill er,
it is true. has a gOOd midband a and amplifica tion
- both variable quantities using potentiometers.
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This does rot mean , however, met the two quan­
trues are independent of one another.

They are , of course, related by the form ula
a '" folB , where B is the bandwkl th in Hertz . II
may be eas ily appreciated, that altering the re­
sonant frequency Q and keeping the relative
bandwidth b .. Blfo cons tant, the absolute band­
width cnmos or fal ls With the resonant frequency.
That means, that as the titter is tuned to a higher
teequer cv. tne band wid th beco mes larqer.

A worth-while rlank slope in the vicini ty of both
tum -OVef IrequenCles. can only be achieved by
raising the resona nt frequency - that is, by in­
creasing the Q or mak ing the bandwidth smaller .
The passtla nd 01SlJCh lilters only looks good be­
lweeo me 2Q dB points and problems with CW
ringing and slaollity are no problem since the
a is seldom greater than 10. After the 20 dB
poi nts. the f ilte r selectivity is as wide open as a
barn door deteriorating to only 6 dB per octave ­
that 01 a bas ic second-order filte r. Larger band­
width s, such as tnat used for te lephony tran s­
mission, with the requisite steep flanks, are rot
at all cossrme . Using lhe same sort of com­
plexity as me universal fille r, 3 or 4 operationa l
ampliliers, bt-Quadral ,c filte rs are the be"er
choice. This is because fo and a are in a linea r
relationship WIth one. anothe r; increasing the 10
also increases the a thus preserving the absolu fe
value 01the bandwldlh .

The same sort of thing can be achieved by uSing a
bandpass fi~er with several feedback stages ­
some thing wh ich can only be done with opera­
t ional amplifiers . The reason lo r the existence 01
simple narrow-bane circuits (2) is that they can be
dimensioned so that the centre frequency and the
am plification can be independently adiustabte,
i.e . when the tunable range is not too great. Un­
fortunately, the possibility doe s not exist to make
the bandwidth adjustable and independent of the
alore-mentioned variables. It must be considered
as a fi ~ed quanl lty . In principle. these types 01
fillers employ Similar bandpassed, cascaded
stages. some with offset midband frequencies,
in order to ach ieve the desired overall ban dpass.
The Irequency adjustment becomes very difficult
as the number of stages increases.
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Fill . 1: 2nd or~r Iow-p..s (simple coupling, control~ sourCII)
L.n: LP with unity gain, right ; LP with Idenllcs' componMte
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2.2. Compounded Bandpass Circuits

In view 01 the relative shortcomings 01employing
genuine bandpa ss Circuits, the tendency has
been to cons~uct the l itter lrom cascaded high
and low-pass elements. The "ank slope IS then
dependent upOnthe Ofdar ol iliter and the number
01stages . If the limit Irequencies are successfully
made variabl e then a variable bandwidth with
coostara"a nk slope s will have been achieved.

01 the equally suitable circuits available , the
l ilter with single COUpling (key tiller) seems to be
the most SUitable because it has the smallest
number 01 components. Fig. 1 shows a 2nd-

order low-pees filler. The requisite high-pass is
obta ined merely by changing the values 01 re­
sistors and capacitors. Owil'lQ mainly to practical
reasons. the tun ing of such a litter is only carried
out by a venatc n of the resistors only.

In order 10 obtain a higher-order lilter, seve ral
second-c-oer baSIC elements are connected
together in cascad e. Fortuna tely , there are de­
signs available whIChal low the use of equal-valtle
resistances In each stage. If the emphasis is
given to ampntcencn. lor which litters of a higher
order are favourable owing to the high degree of
op-amp. feedb ack (fig . 1 left), the Wter type is

1

R rvz 0

e .[6..l2::J.Jd.

JLJU1Jllflf
~4

b
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,
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Fill.2 ; Simul,..lon ols varia bla r• • ieto r by an . Iect ron ic switch with con trOlled duty tecrer .
Lett : hlgh·p..setruclure
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determined by the relationship of C 1 to C 2. II !he
same value of resistors and cececuors are em­
ployed. the amplilicahon 0' the operational ampli·
fier is fixed to a pre-determined value by R 3 and
R 4 (fig. 1 r ight). Wilh lhe exception 01 Ihe
BlItte fWOr1h liller . il is not suffiCienl merely 10
ceooect identical elements logether in cascade in
order 10 achieve a cenain bandpass . Every ele­
ment has its own limit frequency and Q The
complex design of such filters is simplified
great ly by the use of tables (4) and (5).

Using a double potentiometer, the limit frequency
at a second-order filter may be varied over quite a
large range , A flank slope Of60 dB per octave is
only achievable with a Butterworth filter design
01the tenth order. or with a Tschebyschel! nner
of the sixth order (has passband ripple 013 dB)
Now the dillicully may be clearly seen: The prop­
tern of obtaining a SIX or ten-gang potennomete r
with better than a 1 % tracking (l ighter tolerance
wilen the hlghef tlank slopes are required), II can
be done, but il wOlild stretch the resources 01the
component induslry some.....hal ,This requiremenl
may be obVh3 ted by usmg S.....,tChed. nxeo-vaice
high-tolerance resistors instead 01 lhe ganged
potennometers but Ihen the coonncocs adjust­
ment ISarso dispensed with.

2.3. Switched Resistor s

Instead of switching the resistors mechanically.
they can be switched by electronic means. Fig . 2
shows an electronic switCh. either in shunt or
series. with a fixed lrequency-determining re­
sistor, The electrically operated SWitch is con­
stantly being opened and closed but if the keying
duly factor is verred.tneerrecwe resistance of the
corroroaton is also varied in sympathy Fig . 2
{r ighi ) shows the arrangemen t lor a parallel
coonecnon 01electronic switch and tlXedresetoe.
A pre-requisite lor this type of CItCUlt is that Ihe
swilching frequency always lies .....ell above Ihat of
lhe highesl signal Irequency and !he l ime con­
stants of the hllers.

There are many economical electronic swacnes
using C-MOS chips to choose from, above all,
perhaps, the 4066. The "en" resistance of these
switches is, however. linite and .....hat is worse.
it varies not only by manufacturer but tram one

'"
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specimen to another , Ttus may be cccntereo by
placing a higher value 01resistor in series With all
the switches Ihus making the dlHerentlal of Ihe
switched resistances much smaller as a per­
centage to the total resistance.

Impulse generatms having a variable duly ·laelor
to operate the switches may be easily made With
the 7SSS The switching frequet"lCy must be cho-­
sen to be well above the auco rrecuencv SO ii,
and its harmonics, may be easily removed using
simple low-pass liilers,

Using only a single control voltage to all the
switched resistors combinations. a variable
ganged potentiometer has been simulated which
is capable of tuning quite complex teer arrange­
ments,

2.4. Sw itched Capacl lors

The integration oj comple x hiler Circuits inlo a
chip, using lhe lechniques outlined above. has
now run into a serious 'undamental problem. This
is. that the lower values of resistances and capac­
itaoces cannot be realized on a chip With !he sort
01precision requued lor 'Iller work This has lead
to the development of the SWitched capacity or
Se-nner. The technological manufacturing prob­
lems 01 switching resistances are Obviated by
switching a capacitor instead. This is done in the
following manner. The basic cecun.ot an active
low-pass filter is shown in fi g. 3 (left) and repre­
sents the circuit from which all switChed capacitor
filters are derived.

Taking the well-kno.....n Iact tbat an RC combin a­
tion has a time constant r = R. C, it may be said
that a resistance in the presence of a capacitance
and a time constan t may be written. -

R = Tl C, buI T .. 1 /f, theretoreA =l f lC (1)

Now it must be shown that a ceoececr. such as
that in tig . 3 (right), connected 10 a switch which
is being operated at Is, represents a resistor 01
value R. Putting a Voltage V, al pcsecn 1 In the
circuil input. Ihe caoeotcr receives a charge a 1
= C, V, . When the s..... ,tch is now changed to coer­
tion 2, the capacitor is discharged to a voltage V2.

This occurs in time t dUringwhICh acuerent i flows.
The transfe rred charge is then
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If this switch ing sequence is periodic with a Ire­
quencv f. = 1 I T, quanlities 01 cha rge will be
transferr ed every uni l 01time , II the SWitch stays in
pos ition 1 Tor the same lime as positron 2. the
ceoco 01the switching Irequenc y IS

2.5. Characterist ics of Switched Finers

As opposed to the advantages of this new litter
teceocoes. there is one dIsadvantage - the so­
called aliasing effect II a SIgnal is led through an

To remain at any set l ilter frequency depends
upon the stability of the switching frequency and
that of the capacity ratio between the two capaci­
tors. The latter is assured by the inherent stab ility
of the MOS intagra led circuit. The capacitance
rang es from about 0.1 to 100 pF yielding rat ios of
between 10 _3 and 10 . 3.

In fi g. 4 is a practical lorm of the crcnt with an
anti-phase controlled MOS -FET SWitch . In the
integ rated nner. rcwevee. there are several hid·
den rennemeots. one of which , is a d9YJCe to elim­
inate paresuc capacitances, In general, they are
superior 10discretely built Nlers.

(31

(21

(51

" )

a = C, (V, - V, ) = it

T = 2 t

As thiS current illows 101' hall the time , its average
value is i / 2. Doecan th inkol this as flowing !OI' the
whole althe time The equ ivalent ohrnc reset­
ance It1rough which the same current wou ld now
is found by Ohm 's law .

I
R = V, - V2

il 2

Substituting in equation (2)

if 2 Is= C,(V,- V2 )

(7)

Subslltullng In equalion (4) gives the ana logy

R = l /ls C, (6)

Using the SC arrang ement, a resistor has thus
been simulated whose effe ctive value depends
upo n a capacitance and the app lied SWitching fre ­
quency , The frequency f 1, at which the amplifica ­
tion 01the integrato r is un ily, is:

11 =1 / 2lT AC2

Using eq. (6)

Is C,
f1 ""F;" c

2

DC8 NR

C2

Fig. 4 : P rlOC'l iclll ...liz81iOfl u IJing .
MOs-FET swi tc h
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Fig. 5:
Output speclrum ot • SC-fltter
(ampli1u6aslf 1Mproducts and
harmonie' noI10 scale)

SC-filter , the outpul spectr um will conta in a spec­
trum limited ver sion of the input plus a comccoem
of the SWitch ing rrequency Is together wIlh lIS
naeronc s and Intermod ula1ion products. Appar·
ently, noth ing happens which does 1'101occur In a
modulation Of a mi.,ng process. As fig . S shows ,
the filter bandpass IS disposed about the SWitch­
ing frequency ts at intervals of nts, represen ting a
normal amplitude mod ulat ion process. The uppe r
sideband (USB) is a mirror image 01 the lower
sideband (LSB) and ncan bethoughtof as the two
side bands being folded about the carrier fs.

I! tre switching rrequency is lower than twice that
cr lhe higheSl signal frequency 10 be passed,
inteHnodu lalion will be the result. There will be an
overlapping 01 Signals from the mem bandpa ss
and those carried from Ihe switch ing frequency's
lower sideband. In like manner there will be inter­
ference between the switching frequenc y 's USB
and its narmomc's lower sideband. Fig . 6 should
make this clear. In order to counter this effect. a
norm al low-pass fitter, known as an an ti-aliasinq
filte r, is always employed before an SC·filter In

order to limit the exte nt of me signal 's upper frEt­
quency cceecoents.

Fig . 6 : Produet loo ot all.. aignals al l, < 21.
Inlerle,e~ 10 signal by l SB compo....."
from s igna l modulaled I, carrier,
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But in general , the se consid eratio ns don't cause
100 many problems eecect perhaps when SC
high-pass fHters are concerned , This is because
the chip manufactu rer has SOlved the problem 01
Ihe switching frequency choic e and also the
maximum permissabie signal frequency compo­
nent. In fact , the SC-Mer sWllching frequency is
usually 30 to 1000 times higher than the highest
Signal frequency. The swilc hing frequency sta­
bility is therefore still not compromized as the
highest signa l frequency is ot very low propor­
tions. In general the duty -cycle of the switching
Irequency is chosen to be 1 : 1 (SO'Yo )

For practical reasons. an analogue low-pass fil­
ler is also added to ire outpu l 0/ an 8C-hlte, in
ord er 10 reduce lhe level 01 any ,e sidual aliasing
and switching components. This is particularly Im­
portant when a second Se-nner is to be con­
nected in tandem , The fll st should posses the
ana logue input and output utters.

Another important requi rement for the SC- filter IS
the provision 0/ a well-hltered supply potar ma!
Most voltage regulators possess a rather high­
level noise lloor com plete With regulation spikes.
both 01which will compsomee the efficacy for the
filler. Where it is al all possi ble , a banery suppl y
should be used .

The afore-mentioned mec-eteer considerations
represen t an attempt to squamt the reader wrth
the development and tendencies in the some­
wha t difficult tield 01tilter technology . He then has
a starting point from which SUi table filler circuits
may be cho sen for the solution or specnc tilier ing
requi rements. The long march 01progre ss can be
recal led , rrom bulky, loss-prone l e -filter s 01
bygone days , 10 disc retely constructed acwe
RC-Ii lters and on 10 the highly Inleg,a.ed compte.
l ilie r chips of Ioday , The SC-lilter represents lt1e
latest state -ot-the-art '1'1 analogue tuer tech nolo­
gy , From their manner of function , they actually
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occupy a place hall way belwean analogue and
dIgItal f,ltar lachoology

The following pan at lhe an,Cle WIll deal wIth Ihe
dImensionI ng. the real,zallon and the test-cata
01tunable SC-bandpass fIllers

3.
THE PRACTICAL DESIGN

A h.mable baecpass hiler. USIOg me SC-filte!"
lechnlQlJe as desc;r,be<j above . WIWnow be c0n­

soerec m somedetaI l

3.1. Choice of Fli t... Modules

S<miiar10 the ease when ICs first came on to the
mar1<.et. the nombel' and vanety at filte!" irltegrated
Circurts IS OOgltWlInglo be contusing They range
from very SImple les lo multI-pole alTangemenls
01 ellher hed or uS8f<:ontrolled erereeensecs
Many chips have an integrated. sWllchlng -fre­
QUency geoeralor or an add lbooal operall(lOill
amplifier whICh serves as a low-componant­
coun!. anti -aliasing or cean.ep filter . Some le s
contam several independ ant types 01 filter or
also programa bkt typos . A revie w can be co­
teoeono m ret (1) and ret. (6).

The price 01such ICs IS relatIVely high at presen t.
making Ihelr use a mattar 01 some censaderanon
- perhaps the requireme nt may be futllllecl wllh a
simpler htter Also . because !hey are sns regarded
as being ~high technology- products. their sale
has been resmc ted to manu taeturers and dis­
tributors.

The choice. finally. 113'11on two chips manufactured
by EG & G Relicon which seem. at present , to
be ahead in their held. They are monolithic SC­
tilters in a mini DIP package. The short- form data
IS : -

R 5609 : Ethpucal (Caue r) low pass . 7th orde r
and 6 nodal poin ls .
worir.lng frequency range .0 .110 25 kHz
sWllchlng Irequency ' 100 l( limit fre­
quency (typ)

flank slope : 100 dB per octave
passband ripple: sma ller than 0 2 dB

A 5611: Tschebyschetl hIgh pass. 5th ordef.
working Iraquency : up 10 8 kHz
switching trequency: 500 l( limIt Ire­
quency (typ)
flank slope: 30 dB per octa ve
passband npp le: sma"er than 0 .6 dB

Both IhEIse typeS have a dynamIClange 01over 75
aB ancl an insertIOn loss 01 zeec dB. The a,stor­
boo is less !han 0.3 %. The StlpPty poIant,als are
.. 1- 4 V to ... t -: 11 V. tnput voltages of up lo 12 Y

pp may be hafldlad at the highef suppty YOItage
(7)

The inputs are IIltegrated dlode-prOleClad but III

view of their pnce It is just as well to lreatthem
as carelu lly as any unprotected MOS-FET devce
as far as aou-statc measures are concemect (8 ).

3.2. Circui t Desc ription

U8'ng the above tCs . a ceocoass lItlef wolf now be
buIlt foIlow1ng the Clrcult srnwn 11'I fig ,1 AsSUCh a
hiler ISn()fmally CCJIY)9CIed immecbate!y following
the rece ,ver demodulalor. the input srgnal is brst
01 all amplifIed In the hrst half of a tirTMl$-two.

ow-rose operetoner amplIfier , I I . by an ad­
Juslable (with P1) level 01between 6 and 20 dB
The row-pass network of Ch 1 and C 1 keeps
hrgh·lrequency components !rom enlefing the
Illter ,

I lb forms a Bunerwort h anti-aliaSing !liter WIth
a limIt lreQuency 0137kHz , The SC high-pass
I 2 follows When two Merli ale connected In
tandem . 1115 eener to connect the high-pass at ee
bagll1nlng because the ro.se and intermodulatlOO
Irom the Iallowlng low-pass WIll be reduced .

As not all rece ivers can supply the dual voltages
required for Ihis unit , I 2 pin 7. normal ly grounded .
is led wilh half the supply voltage in order thai
only one -+ 13.8 VDC power source is required
rtns IC mUSI then have hail the supply voltage
at Its Input

The swrtchlng lrequency g6f'lerator . I 3, c0m­

prises a 4046 C. MOS PlL oscil lalOr WIth a 1 : 1
(SO % ) duty cycle The usua l 555 1Cis incapable

"9
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Fig . I ; Compo nent layout p1.n of 111 _ 72 mm sc-nne too.,d DC. HR 001

01 supplying SUCh a constant duly cycle inde­
pendent ollrequency

There IS no point in making the high -pass varIable
over the tota l range 01 300 to 3000 Hz as the
midband frequency lor telegraph tillers lies, In
general, between 600 and 1000 Hz. The tunab le
range was therelore conlined 10 between 300
and 1CX>O Hz which requires a swilching fre­
quency, at an fsll g rano 01500, 01between 150
and 500 kHz, The tunable hrruta of P2 are set by
I I_ed resis tors at hot and cold ends of the poten­
tiome ter. Resistors RlIR2. which serve 10 preset
the lower tunable limit , can be dispensed with.

The veo of the 4046 IS capable of generahng a
clock Irequency of up to 1,5 MHz The work.nlQ

Irequency is ceteerraoeo by the vol tage al pin 9
and the cap acitor conn ected between pons 6 and
7. Under no Circumstances should the Input (pin
3) 01the unused phase comparators be lett Open­
circuit , otherWise a t OO kHz spur iOUS freQuency
WIll be generated

Alter the SC high-pass follows a low -pass stage
with a multiple teecnace coup ling. I 4, This is a
restorat ion trite r with the arb itrarily set limit fre ­
quency 01 14 kHz [app rox.}. This hequency being
the standard Irequency used for delermlning
components soecrncanons

The chIp 15 1$ the SC·Iow-pass whIch is eeeocra­
led WIth 1/'Ie SWItchIng frequency generator I 6.

'2'
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The latter, also , has a restoration filler follo wing il
with a limit frequency 016 .6 kHz.

The fillers of 14 and 17 work at un ilygain and have
a Besse l character istic Owing to the uat attenua­
tion flanks of Bessel fillers. a aro-oroer work ing
was chosen. It takes a little more mathematical
effo rt but the result is an economical stage using
only one operational amplifier. Even at the lower
tunable limit, over 50 dB of insertion loss is ob­
ta inable.

No multi-purpos e operat ional amplifiers were
used as a deliberate design policy in order to
avoid cross-coupling between the various filler
elements . A small AF power amplifier, 18, serves
to make the unit's employment universal.

3.4. Components

A5609,A5611:
EG & G Instruments GmbH Reticon, Muenchen,
Tel 089-92 69 20 (Price early 1986 about OM 60.­
ea. )
All frequency determini ng capacitors:
Multi- layer ceramic or Styrotlex'Polypropylene,
tolerance 5 % or 10 %, RM 5 or 7.5 mm
All coupling and ti lter capaci tors: Tolerance 20 %,
RM5mm
All feedthrough capacitors:
1 - 2.2 nF solde red-in
All resistors '
1/8 W, 5 %, AM 10 mm (form 0207, E 24 series)
c- t...Ch 3~

Single CuL wire wound on 3 mm ferrite bead,

3.3. Construct ion

With previou s painful experience of construct ing
filters using unfavourable physica l param eters ,
this one was built on double-sided, printed circuit
board (f ig. 8). The PCB, designated DC 8 NR
OOB is drilled and fits into a tin-plate box of dimen­
sions 111 mm x 72mm x 30 mm . The depth of the
box is determined by the installed height of the
larges t component, this being the 220 IlF electro­
lyt ic capacitor. The component side of the board
must have all drillings which ca rry non-grounded
component leads, cou ntersun k with a 3 mm dri ll in
order to prevent inadvertent earthing to the
ground plane. A suggested order for component
mounting is as fo llows : -

1) Insert the IC holders
2) Through-contact the earth connections with

wire (or from component leads) at the dr illings
marked with an x

3) Solder in the components (with certain ex­
ceptions)

4) Four filte r/parallel resistors and an HF
bloc king capacitor are soldered onto the PCB
track side. They are all ma rked with an • in fig
7.

3.5. Commissioning

Before connecting the supp lies, it is advisable to
check the board tor solder-bridges or component
mrsiocanons as well as dry or unso ldered joints.
Any mistakes could prove costly, The ICs should
be inserted in one-at-a-time but f irst checking the
potentials at the sockets 01 the empty holders.
The ICs shou ld be inserted and checked in thetot­
lowing order: 1,3,2, 4,6,5,7,

3.6. Test Results

The pomt-by -pctnt characterist ic of the filter is
given in fig . 9. The narrow curve represents the
smal lest band width which may be obtained by
shifting the low and the high flanks together to
their furthest extremity, The resul ts speak tor
themselves and tully endorse the manufactur ers
specification, The measured dynamic range was
lim ited, in the author's case , by the low supply po­
tentials employed , which, in turn, neces sitated a
reduction in the signal-g enerator input ampl itude.
It was, however, 65 dB , the lower limi t being de­
termined by cncert noise,

All inputs and outputs are effected via feed - Signa l input voltage:
through cap acitors and taken to board mounted
cho kes. This measure is necessary to prevent Output vo ltage :
any mixing between stray RF fields and harmo-
nics of the switching frequency leading to inter - Gain at unit:
fere nce in the receiver.

Min, 0.9 V, ma x 3 8 V
(peak - peak)
Max . 5,5 V
(peak - peak)
Min. 3.2 dB,
max, 15,7dB
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Fig . 9 ;
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Supply consumption' 30 rnA approx. at
13.8 VDC (without
power amp.)

Power amplifier outpul: 3 W In -4 n or 5.5W in 2 n
(OWing 10 inadequate
heat-sink, do not work at
full outpul continuously)

Unfortunately, there was no suitable equipment
available With which the impulse characteristics
could be testee but high-speed telegraphy at 100
Hz bandwldlh produced nodiscemable oeteroee­
l ion to received quality . It is recommended lha l
Ihts hiler unit be employed as tar back towardSthe
receiver second-mixer as possible . The unit
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Fig. 10: Prototype housed in its lin-plate box

should never be employed at the receiver loud­
speaker terminals owing to noise deterioration.

3.7. Observations and Suggestions

When testing, it was accidentally discovered that
the TDA 2002 distorted the signal with approx.
- 30 dB of rectified mains frequency caused by a
form of modulat ion hum. Other power ampl ifier
IC 's exhibited the same deter ioration, e.g. TDA
1037 and TDA 2030, whilst others, TBA 820 and
TBA 810 S did not. This raises the possibility that
the affected ICs have an internal circuit quirk
which accentuates this type of problem and that ii
cannot be eliminated by simple filtering meas­
ures. Therefore , if a common supply is used for
the power amplifier, additional filters should be
used in its supply leg.

124

It was a little surprising to learn that the SC high­
pass flank slope only had a manufacturer 's speci­
fication of 30 dB per octave Theoretically, a
Tschebyscheft 5th-order filter (w '" 0.5) of this
type should have a slope of 42 dB per octave Is
that an indication that no pure high-pass filter ICs
can be expected on the market?

Reticon offers the R 5609 in Butterworth form
(type R 561"') for the requirements that aconstant
group-delay over the band-pass is more impor­
tant than a steep-sided flank. Also, of part icular in­
Ierest, is a 4th-order notch tiiter (R 5612) with a
notch depth of over 50 ca. and which also has the
same data as other ICs in the series rtcouid be in­
serted between the band-pass filter and the out­
put power amplifier. The audio frequency output
stages of a receiver could hardly be improved with
such a system. It will not, however , make up for a
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rece iver's deficiencies in the IF and RF depart­

ments.

References (9) and (10) are bra nd new an d serve
to indicate the extent to wh ich these switched-ca­
pacit or filters are being used nowadays in in­
dustry.

4.
REFERENCES

(1) Arnoldt, M: Dig itale Schalterfilter
Franzis-Verlag Manchen, 1984

(2) Hempel. M.. Durchstimmbares NF -Filter
turCW-Empfang
cq-DL He lt 8/1974, S, 478 ·480

(3) Moliere, Th. Aknve und passive NF ­
Filter - El1ahrungsbericht
cq- Dt, Heft 12/1977, 5, 467 - 470
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Tietze/Schenk: Halblei~chal t ungS­
taohmk
Spri nger-Verlag , Berl in
Lancaster, D.: Das Aktiv-Filter-KQchb uch
IWT-Ver lag , vaterstettenfsaz - \ - --. -.
Ohne vertesser: Akt ivfilter-IC 's mit ge­
schalteten Kapaataten.
Elrad a'1983, S. 57 - 83
Beticon: Data sheet A 5609, A 561 1,
A 5612
Sun nyvale, CAiUSA
Ret icon: General handling and operating
considerations for MOS-integrated circu it
de vices and euo-asasembues.
Applic. note 177
8000 MOnchen 80, Hohenlindener Str . 12
Steer, C : Narrow-minded Filter ing
73 Amateur Radio, Dec. 1986, P , 48 - 49
Reberga, r arurus Empfangsi ilter fur
Telegrafies ignale

Elektronlk Infor mationen 12/1986,
5 .54-56

In-Channel-Select
Reception improvements th ro ug h t he employ­
ment of a super-fast electronic track ing ICS fi lter.

* 6 dB sensiti vity Imp rovement
* 20 dB improvement In selectiv ity
* Auto mat ic or manual bandwidth cont roi
* Channel step swrtcha ble 25 kHz or 12,5 kHz
* LED signa l Indicator
* Adjuslable AF output level to match slat ion Bx /Tx
* Sens itive built-in noise mu te
* Socket on fron t panel for remote control
* Connection cab le to station receiver supplied
* Robust, b lack lacq uer , aluminium hou sing

Art .-Nr. 3216 Complete: DM 49 5. -
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MATERIAL PRICE LIST OF EQUIPMENT
described In edition 2 / 1987 of VHF COMMUNICATIONS

Frequencv Counter OLOHV008 - 015 Art.Nr. Ed. 4/1986
and 2.11987

PCB DLO HVOO8 double-sided, drilled . silvered 6186 OM 34 ,-
PCB DlOHV009 double-sided, dr illed, silvered 6187 OM 35.-
PCB Dl OHV 010 double-si ded, drilled. silvered 6188 OM 34.-
PCB DlO HV 011 double-sided, drilled. silvered 6189 OM 34.-
PCB DLOHV 012 single-sided with layout plan 6190 OM 36.-

undrilled
PCB DLOHV013 double-sided, drilled. silvered 6191 OM 34.-
PCB DLOHV 013a double-sided, drilled. silvered 6192 OM 32.-
PCB DLOHV 014 double-sided, drilled. silvered 6193 OM 34.-
PCB DLOHV 015 doub le-sided, drilled. silvered 6194 OM 34.-

DK10F HF Receiver Front-End (10 kHz - 30 MHz) Art.Nr. Ed.1 +2!
1987

PCB DK1QF 051 (Mixer) through-eonlacled 6296 OM 38 -
Componen ts DK1OF051 2 1Cs, 1 HL ringmixer, 5 transistors, 6297 OM 375 .-

13 diodes, 2 relays . 1 heat-sink.
1 toil trimmer, 8 chokes, 3 ring cores,
2 m silv. wire. 47 resistors, 45 ceram.,
4 tantoand 5 teeo-mro. caps.,
4 teflon teed-thro. insulators

Kit DK1QF051 complete with all above parts 6298 OM 395.-
PCB DK10F 052 (Prescaler tilter) through-contacted 6299 OM 47.-
Components DK1OF052 10 relays. 24 Vogt coil-kits, 5 m CuLS, 6300 OM 330 .-

5 m suv. wire, 15 resistors, 47 cer.,
5 feed-thro. cacs., 2 teflon feed-thro .

Kit DK10F 052 co mplete with all above parts 6301 OM 360.-
PCB OK1OF053 (Freq. divider) drilled with ccm p. plan 6302 OM 27.-
Components OK1OF 053 5 le e. 4 transistors, 6 diodes, 4 Re Fs, 6303 OM 98.-

26 resistors. 21 cer.. 4 teeo-uuo. caps.
and 1 etko capacitor. 3 tetlon teeo-tnro.

Kit OK10F 053 co mplete with al l above parts 6304 OM 120.-

OC8NR Steep-Flanks. Switc hed-Capacity Filter Art.Nr. Ed. 2/1987
PCB DCaNR 008 double-sided, drilled 6219 OM 44.-
Components DC8NA 008 upon request
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VHF COMMUNICATIONS - Selected Articles on a Common Topic

1. Antennas: Fundamentals
2 Antennas for 2 m and 70 cm
3 Antemeetor aa cm anota cro
4. Microwave Antennas
5. Amateur Television (ATV)
6 Crystal Oscillators: XOs and VXOs
7 VFOs
8. Synthesizers
9. RF and AF fi~ers

10 Frequency Counters and Dividers
11 Noise-Figure and Noise-Spectrum Measurements
12 Simple Test Equipment

13. HF Power Measurements
14. Shortwave and IF Circuits
15. Mini Radio Direction Finder tor 2 m and 70 em
16 COnverters and Pre-amps for 2 m and 70 em
17. Converters and Pre-amps, for 23 ern and 13 cm
18. 'r ransveners and PAs for 2 m
19. Transverters and PAs tor 70 cm
20 Transverte rs and PAs (or 23 cm and 13 cm
21 Circuits for 9 cm and 6 cm
22. 10 GHz Technology Pari 1
23. 10 GHz Technology Pari 2
24 FM Equipment for 3 em and 1.5 em

Sinqle -theme collection, including binder and postage, only OM 29,50

THEM E: Anten na Technology - Fundamentals

On the subject at antenna technology and propagat ion, there are 11 selected articles lrom VHF
Communications at the favourable price 01

only OM 29,50 (including postage)

There are approx 100 pages 01 basic articles covering circu lar polarisation, mobile antennas, optimal
__ dimensioning-of Yagl antennas. rotors and their control. as well as the optimal stacking of directional

arrays.

Also, this collection contains a further 500 pages of interest ing publications carefully selected from VHF
Commu nications

THEME: Antennas for 2 m and 70 em

On the subject of antenna technology for the 2 m and 70 em bands, there are 10 selected articles from
VHF Communications at the favourab le price of

on ly OM 29,50 (including postage)

There are approx 75 pages of articles on the dimension ing and opt imization 01 Vagi antennas lor both
linear and circular polari zation. On the simple omni antenna lor 2 m and 70 em. Ihe exira long Vagi
antennas and helical antennas, to the high-performance array of YU0B - the whole of the subject
matter for these bands is covered.

k ~1Mi§{berichte Te cey D B'lta" . "ah"," 14 · Po" 'ao h 80 · D-8523 Ba;e"do"
Tel. West Germany 9133 47 -0. For Representatives see cover page 2
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THEME: Amateur Televi sion (ATV)

On the theme of amateur telev ision, there are 9 selected articles from VHF Communications in a blue
binder at the very favourable price of

OM 29,50 {including postage}

There are approx. 90 pages 01deta iled constructional descriptions of all the modu les necessary for the
const ruction of a 70 em band, AM-ATV transmitter and a colour test -image generator together with
w~rth-while information on the subject mailer.

These are only three examples from a total of 24 theme ccnecuons listed In the above table ,
Every collec tion comprises 9 to 11 VHF Communications art icles in a blue binder . As well as the subject
articles, every collection contains almost 500 pages 01interest ing pub lications carefully selected from
VHF Commun ications.

Reduced Prices for VHF COMMUNICATIONS !!!

(from 1.3.1987)

Subscription 1987
VHF COMMUNICATIONS 1986
VHF COMMUNICATIONS 1985
VHF COMMUNICATIONS 1980 to 1984
VHF COMMUNICATIONS 1975 to 1979

Indiv idual copies out of elder, incomplete
volumes, as long as stock lasts:

1/1970, 211970, 1/1972, 2/1972. 4/1972.
211973,4/1973. 1/1974, 3/1974

Plast ic binder for 3 vo lumes

All prices in cluding surf ace mail.

Volume

DM 24.00
OM 24.00
OM 20.00
OM 16.00
OM 12.00

Individual copy

each DM 7.00
each OM 7,00
each OM 6.00
each OM 4.50
each OM 3.50

each OM 2.00
each OM 2,00

OM 9.00

When ordering 3 complete volumes, a free binder is included!

As we cannot guarantee the repr int of back issues which are older than 6 years, th is would be a good
opportunaty to complete your collection.

k ",T'C}i{berichte Teny D Bitta, · Jah"" 14 · Po,"a,h 80 . D-8523 Ba,e"dort
Te l. West Germany 9133 47-0, For Representatives see cover page 2
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New . New . New · Now available ex stock

Interface "slave 10"
IOf the satel lite rotator systems
KR 5400 and KR 5600

Slock-Nr.1001 OM 590.-
(incl. connection cable) -1
• lully-automatic antenna tracking system lor satellite communications
• connection 10 an y computer po ssible vi a RS 232
• resolution 01the dual-channel A I 0 converter amounts 10 10 bits
• OSCAR 10 software lo r the C 64 available
• connection to existing rotator systems possible

Tab le of commands:

'0'..- po5IOOn l~~I

'IW't ~~l.<)gots l

Cl'I CARfllAGE R£TUf1N

command

, ", "
u "c en
s ca
, "
" "G " U'fY'f'< CR, "

, e'
, "u en
o ca, ", "
" "
G "
t' "'<n'!Y CR

("ncbon

rota""" clock..,..,
rotabon cwnter cIocl<wl5e

rot atIOn L.OP
rolabon dow n

all rota""" '*'"-...",­_'*"''''''"z1"_"""""'" .--
System's

block

diagram

'0'","1.
11010.

[II
I

Spec ial accessories:

S01lwa,e on diskette for C 64

Tedlnieal datil '

Data e.change

Datalormal

Baud 'al&

Po_ supply:

3-_e as ynctvon . lui dupie~

input aoCloutput negahve or

""".~
1 star1 bit
8 data bois
2 stop bds

1200 B I $

14 V unstall. v,a con trol box
KR 5400 0' KA 5600

w. h x d _ 160. eo . 130mm

Art . nf . '1 00

Control bOx
KR 54001 5600

Interface
SLAVE10

OM 48.-

Sate llite rotato r systems:

' R "00
'R seco

Art . nr . 1013
Alt "t. 1014

DM 809, ­
OM 1070.-



You should know
whafs behind our sign

We are the only European
manufacturers of these

Miniature TCXO's
ceo 102, ceo 103,
ceo 104, ceo 152
mod1llabl. tallie

higher stability than a
quartz crystal:
less than ± 3 ppm ove r
the temperature range
-30 to +6QOC . (types B)
low age mg rate:
less than I ppm per
year.
wide frequency range:
10 MHz to 80MHz
low supply voltage:
+BV
low current consumption:
3 rnA max. (senea ceo 102)
small outlin es: ceo 104 = 2,6ems.ceo 102/152 = 3,3cmc,

ceo 103 "'- 4,Ocm 3

widespread applications e.q, as channel elements or reference
oscilla tors in UHF ra dios (450 an d 900 MHz range)

Our R + D engmeers are
constantl y working With
new technolog y to
develop new products,
We can offer technical
advice for your new
projects or manufacture
ag ainst your specification

Quartz metal u.nJtsln
the frequency n.nge
from 800 k Hz 10 360
MHz Microprocessor
oscillators (TCXO'. ,
VCXO'. , OCXO 's)
crystal components
accordwll' to cUllomer's
specificationl
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