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Wolfgang Guenther, DF 4 UW

Basic Rules

for Self-Constructed Equipment

Radio amateurs in Germany (DL) still have the pri-
vilege of building their own equipment without
having to submit it for acceplance testing. A
recent exception applies to stations operating/
mm aboard German ships (1). In some countries
a final acceptance examination by the national
communications authority is normal for all trans-
mitting equipment.

It is for this reason that it is to be recommen-
ded that all home-made equipment, espe-
cially for use above 30 MHz, should be con-
structed according to the following basic
principles which are well known in professio-
nal circles. These treat the transmitter and
receiver modules with equal importance and
in the case of the latter, not just from the
standpoint of good selectivity, but that unau-
thorised radiations can also occur fromit. Itis
these spurious radiations which at all costs,
must be avoided in order that the trust given
to the amateur by the national authority is not
betrayed by a slipshod, open form of con-
struction which permits these emissions on
illegal frequencies (2).

A subsequent alteration is very much more
66

expensive than to construct in a spunous, radia-
tion-free, commercial manner in the first place.
The tollowing advice should help in this respect

a) Consequenl grouping in juxla-position of
screened modules in accordance with the
circuit frequency plan. i.e. high-frequency,
mixer or intermediate-frequency stages all
enclosed within their own screened comparl-
ments. This enables both, HF and IF modules
to enclose more than one amplifying element
together with several tuned circuits (of the
same frequency order} in the same box.

b) The high-frequency proof screened bos can
be fabricated from thin tin-plate in which
every attempt should be made to make it
“watertight”,

c) Overlapping lid edges of the housing should
be uniformly tight fitting or screwed-on flat
lids should close onto continuous finger-
strip contacts which ensure an HF-tight fit
(see commercial construction or an old UHF-
tuner).

d) All box and housing edge lap-joints, should
be soldered "watertight”.
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e) External connections for supply voltages or

g}

h

relay/electronic controls should in principle,
be made via HF feedthrough ceramics
which have been socldered all around the
flange — 10 nF for 9 MHz, 4.7 nF for 29 MHz,
1.5 nF for 145 MHz, 470 pF for 435 MHz and
150 pF for 1260 MHz.

All input and cutput impedances should be
about 60 ( or transformed up/down if neces-
sary. Internal cabling between modules may
be thin 50, 60 or 75  coaxial cable, it does
not matter which.

MNotwithstanding whal has been said above,
double screened coaxial cable RG 223U in
particular, is widely employed for connections
belween modules as the connector recepta-
cles can be directly soldered in a “watertight®
fashion to the wall oft the module. It is advan-
tageous tor every coaxial through-connection
to install a suitable soldered socket onlo the
screened case in order to achieve a good sol-
dered connection possibilily to-
gether with rigid mechanical stability.

Amplifiers tend to exhibit parasitic oscillations
in the vicinity of the limiting frequency f of its
conslructional elements. A phase-change of
270" to 360" and onto 450" takes place
through these elements from input to output
near f,. The magnitude and the degree of
phase-change is dependent upon both the
mechanical and electrical construction and
the relationship of the working to the limiting
frequency.

Single stage circuits avoid these oscillation
effects by including “parasitic stopper®
resistors directly at the collector {or anode).
The following are reliable values; 455 kHz —
4.7 k), 910.7 MHz - 4700}, 29 MHz — 220 1),
52 MHz —100 3, 145 MHz — 47 ), 435 MHz —
10£). Low inductance types of course, should
be used such as the old carbon composition

or modern carbon-film resistors, Metal-film
resistors are also suitable but under no cir-
cumstances use the carbon-film types with a
recessed spiral track.

The values should not be made smaller in
order to be on the safe side, as inrelationship
to the 10 to 100 times greater tuned — circuit
dynamic impedance, they cause very little
power loss in the amplifier. A smaller value
can however be employed which is sufficient
toinhibit the spurious oscillalor effectin cases
where the working frequency is large com-
pared to the limiting frequency.

Il'a multi-stage ampliier tends to self-oscillate
{i.e. around the working frequency) then the
only measures that will help are radiation and/
ar current decoupling between the sensitive
low level input circuits and the high level out-
put. It is simpler to achieve this lhrough
further division into “watertight” screened
compartments following points a) to g using
in addition HIF chokes in the supply lines.

Every mixer stage should also be housed inits
own screened box and the HF, oscillator, and
IF signals connected via coaxial cables. Only
vary short coaxial connections however,
should be used to connect high impedance
points as the capacitance per unit (1 m) length
is: 650 2~ 100 pF, 60 (1 - 80 pF, 75 () - 68 pF
and 95 () — 47 pF. For an oscillator/amplifier
tuned circuit at 136 MHz with a total circuit
capacitance of 15 pF and a 10 pF {mid-value
say 6.5 pF) timmer it makes quite a difference
whether the 10 cm coaxial cable has a capaci-
tance of 10 pF or only 4.7 pF.

For this reason and for other diverse reasons
it is better to adhere to point ) and transform
both sides to 60 £ This requires a tuned
transformer in each box but not of courseif by
chance, a FET common-gate amplifier (P
8000) or a low ohm input mixer is being driven.
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In order to achieve sufficient signal decou-
pling between inputs/outputs, preferably
double-gate FETs or push-pull circuits also
diode ring mixers should be employed where
the latter are to be balanced in phase and
amplitude. Ready-made modules don't have
to be.

If all the points outlined above are diligently car-
ried out, the radio amateur may be sure that he
will immedialely satisfy at least the minimum
requirements of the German Federal Post Oftice
(DBP) set out in (3). In the requirements for the
implementation of the amateur licensing regula
tions of March 1967 para 12 it states:

“The amateur radio station must be constructed
and maintained according to the current state of
the techinigue. Unwanled emissions are to be
limited to the smallest possible values. The
attenuation of the unwanled emission relative to
the power on the working frequency should be
for transmitters of over 25 watt

under 30 MHz at least 40 dB
over 30 MHz al least 60 dB

The radiated interference power from oscillators
ar harmonic frequencies which fall within the
broadcast or telavision bands must not exceed 4
x 109 watt".

If all the components of a transceiver were loca
ted on one PCB which was then placed in an
unbonded cabinet with holes through it, or even
in a plastic case, the above specifications would
certainly not be met. The interference emission of
diverse oscillators and their amplifiers are in
general, very much underestimated.

Itis also recognised that with VFO modules pos-
sessing little or no screening together with crystal
oscillators (particularly with multipliers for VHF
and UHF} become even more unstable when
amplitude-modulated signals (e.g. from SSB

58

PA’s) are radiatec into them. The oscillators exni-
bit 2 small frequency-maodulation in sympathy
with the AF which can leac to unintelligibility of
the outgoing signal (Listen to some U stations on
the HF bands).

Itis not for nothing that the gocdness of many HF
equipments may still be measured by their
weaight. Unfortunately, nothing nowacays s
given away but when the old basic rules of the HF
technigues are followed exactly, succass |
and the heme-constructed equipment w
spurious signals — 60 dB rel. tull carrer outout
rating or less than 4 x 10 % watt when tested by
the authorities betweer 1 and 800 MHz with a
spectrum-analyser connected o the antenna.

In cases of interference the amaleuris deemed to
pe al fault if the radialion trom the egquipment,
oscillators, PA's eio. exceeds the following
power levels outside the permittec amateur

between 30 and 300 MHz
dB rel. pW

over 300 MHz = 2 x 10 ¥ W ar 2 nano W or 33 dB
ral. pW

125 x 1077w ie 31

It cannat be taken tor granted that just because
the amplitiers and mixer stages are show
signs of self oscillation that it is not emitiing
appreciable spuricus radialion, see {41

Literature:

(1) cq-DL 171981, Page 34 and ca-DL 21981,
Page 81;

(2) Mw Anw DV-AFUG von 1980, pt. 9, Page 46:

{3) DV-AFUG vom Mérz 1967, Paragraph 12
(Page 13) and Paragraph 16 (Page 15);

{4) cq-DL 4/1981, Page 177, Pt. 110 &5
{Linearstufen-Ubersteusrung}.
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Carsten Vieland, DJ 4 GC

Thermal Power Measurements —

yet another look

The construction proposal (1) for a thermal
power-meter has evidently been an stimulus
for many discussions and home-constractio-
nal projects. From the many demands and
suggestions, | would like to place a few poinis
forward for discussion.

The optimal design for a bolometer-head {trans-
ducer of HF power inlo DC) is a deciding factorin
determining the stability and the attainable limit

ing frequency of the circuit. Experiments with 1.5
mm thick epoxy-glass PCBs arouse little en-
thusiasm since as well as the dieleclric losses the
transition from HF socket to the broad conductor

Feedthrough caps
for NTC resistor

strip signifies a reflection point at the joint. Even
at 1.3 GHz, a return-loss of under 10 dB (SWR =
2:1) was recorded (in Table 1 last line). A certain
reduction in the transition losses of all types of
PCB is attained by a ground coating of the con-
ductor track side. Optimum results are achieved
when the two surfaces at the PCB’s end are sol-
dered together via a U-formed strip of thin cop-
per {Fig. 1).

Experiments with cylindrical resistors {metal filmy)
proved lo be fruilless because of skin-effecis,
currentin the direction of the retum (ground) con-
ductor, led lo lhe resistor’s value increasing wilh
frequency.

brass angle strip

DIAGC ‘H\PI o heat sink
| E " chip resistor
a1 42
ground ]

Teflon PCR edge bevelled:
Copper U-strip soldered to

both sides
Solder
top and
battom
HF sacket

Fig. 1:
Modification of a
bolometer-head
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The connecting leads of NTC resislors can only
be soldered reliably at high temperatures. At sol-
der temperatures under 350°C, they are liable o
“glue” together, thereby increasing the risk of
developing a thermo-junction.

The bridge-supply voltage can be made potenti-
ally isolated with only a small loss of linearity (Fig.
2). The first operational amplifier, with its possible
offset-drift problems, may then be dispensed
with. This voltage must however, be perfectly
stabilised. The drift of the IC 78L05 is very small
and only influences the read-out information in a
linear fashion but does not disturb the linearity of

L]

Oscillation
suppression

100 pA

__ VHF-COMMUNICATIONS

Fig. 2:
Modification of voltage amplifier

Sensitivity fine
Adjustment
(adjust at FSD)

the bolometer bridge.

LED displays, as well as power-supplies, should
never be placed anywhere near the bolometer, in
order that heating effects may be avoided.

The display amplifier is most advantagecusly
provided by the chopper-stabilised operational
amplitier IGL 7650 by Intersil (2). Offset-drift and
offset-voltage are practically absent. In the cir-
cuit of {1} however, two of these op. amps. were
required. A point to watch is the very small output
current of this C-MOS IC, which necessitates the
use of a 100 pA FSD meter.

200 i < 20

f‘/‘T TELDS - T"m e

CuAGE |._..{

50 tr Stripling
RT/Duraid BE7D

Mull il

an

37142 digital indicator
maodule with

ncraascd sensitivity

L

bifo—\

Fig. 3: Complete circuit diagram of a digital display thermal milli-wattmeter
R, = (temperature compensation): micro-NTC resistor ca. 1 MQ

R, = {bolometer-probe): as R,
70
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A

A jumping around of the indicator null-point upan
range-switching can usually be attributed to
oscillation of the operational amplifier (check
with an oscilloscope). One remedy is to bypass
and block the supply lines to the IC as near as
possible to the pins. Ancther method is to place
a (1 nF = 0.1 uF) capacitor between the output
and the inverted input of the op-amp. which
reduces its AC amplification sufficiently to stop
the oscillation.

The meter-movement is most advantageously
provided with an additional dB-scale. The FSD of
about 1 mW. comesponding to 0 dBm, with the
graduations descending to a convenient -10
dBm. Upon range-switching in decades, 10 dB
can be added to, or substractec from the indica-
ted value. Itis thereby possible to obtain a dBm-
scale withoul having to calculate anything.
Amplification or altenuation may be read directly
in dB. For the optimal use of this scala a fine-
adjustment 6f the indicator sensitivity is recom-
mended.

A particularly interesting circuit on account of its
amazing simplicity, was made by the author in
large numbers. It was a thermal power-meter
with a digital display which required no output
amplifier. The bridge-voltage was simply fed to a
3% digit LCD multi-meter module.

At a bridge voltage of 5 V the differential voltage
was about 60 mV at 20 mW HF input power. The
resolution (one digit) then being 10 uW. Range-
switching of 200 mW was carried out simply by
division of the bridge voltage supply. The instru-
ments constructed in this manner, exhibited a
loss of indicated linearity of only a few percent
when measuring input powers of below 200 mW,
Interestingly, the sensitivity of the dual-slope
converter could be altered from 200 mV tor maxi-
mum reading by compensating with the multi-
turn potentiometer for the requisite HF input.

The employment of a digital display for tuning
purposes takes a bit of getting used to, but this
however, is the same problem with all digital
multi-meters.

Literature

(1) Carsten Vieland, DJ4GC:
A Sensitive Thermal Power Meter
VHF COMMUNICATIONS Vol. 15, Winter
Ed. 4/1983, Pages 225 - 231

{2y Dr. Hannes Fuchs:
Messen im Mikrovolt-Bereich (ICL 7650)
Funkschau, Heft 11/1984

DJ4GC |

30 MHz | 144 MHz 440 MHz 1.3GHz | Base material

BNC | Returnloss 35dB 33dB 27 dB 27dB RT-Duroid
SWR | 103 | 1.04 1.09 1.09 5870

N Reaturn loss | 40dB 39dB 37dB 23dB 0,79 mm

I SWR 1.02 ‘ 1.02 1.03 115 thick

SMA | Return loss 40dB 42dB 55dB 31dB
SWR 1.02. 1.02 1.00 .06 |

N Return loss 39dB 31dB 21dB 10dB 1.5mm
SWR 102 | 1.06 1.2 2 Epoxy

Table 1: Return loss measurements from bolometer-head Fig. 1
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Josef Grimm, DJ 6 P!

Loop Yagi Antenna Design for 13 ¢cm

The following article describes an easily
reproducible loop Yagi antenna design for the
13 cm amateur radio band, together with an
array of double and quadruple stacked anten-
nas.

1.
PRELIMINARY NOTES

With the rising activity in the lower GHz bands,
easily reproducible antenna designs are neces-

sary. In [1], & small array with relatively little gain
and large beamwidth was described for the 13
cm band, however, because of the high path
loss, high-gain antennas are desirable. The pro-
minent characteristics of a parabolic antenna are
not disputed, but not everyone is able to accom-
modate one of these extensive structures upon
his roof,

In [2], a small loop Yagi antenna with relatively
high gain and small bandwicth was described for
the 23 cm band. The author has successfully
used this antenna since 1976, at first as a single

Fig. 1: Loop Yagi antennas for 23 cm (outside) and 13 cm (centre} by DJ6PI
72
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antenna, then later on as a double-array antenna
for the 23 cm band (Fig. 1). At the same time the
author gave the scaled-down measurements for
a 13 cm version, the antenna was described in [3]
with 23 elements, and constructed with 37 ele-
ments {Fig. 1, centre). The desigh and construc-
tion of loop Yagi antennas has been dealt with in
the meantime by many authors [4], [5], [6], [7].

2.
LOOP YAGI ANTENNA
FOR THE 13 cm BAND

From the 23 cm antenna data in [5], a 13 cm
antenna was scaled down. Special care was
taken to use materials, easily obtainable in Ger-
many, 1o the nearesl pussible measurements so
that no correction factors had to be taken into
account [4], [6].

1 m lengths of 10 mm @ brass or copper tubing
can be bought inexpensively from hobby shops
or builders merchants. This makes a boom with
enough room for 25 elements. The elemenls
{reflector, radiator and all directors) are formed
from 0.4 mm thick brass or copper plate. All the
clements are made from 2.5 mm strips cut on a
guilloting or with hand shears. Due lo the small
dimensions, the rings are adequately stable.
Next, the positions of the elements can be mar-
ked on the boom. In order to avoid cumulative
measurement errors, table 1 gives all the ela-
ment spacings from the reflector screen out-
wards. The construction is shown in Fig. 2.

Reflector screen 0. mm
Reflector ring R, 43.6 mm
Radiator 56.9 mm
Director 1 72.6mm
Director 2 84.3 mm
Director 3 109.3 mm
Director 4 134.3 mm
Director 5 151.89 mm
Director 6 184.3 mm
Director 7 234.3 mm

Further elements are spaced at 50 mm intervals.

Table 1: Distance of the elements from the
reflector screen.

The feed to the radiator is made with semi-rigid
cable, via 2 3.6 mm hole drilled in the boom
directly in front, or hehind this element. Next, the
clements are cut to the lengths given in Table 2,
formed into rings and soldered Lo the positions
marked on the boom.

1359 mm
129.7 mm
1159 mm
112.4 mm

Relflector ring 1:
Radiator:
Directorrings 1 -11:
Director rings 12 - 22:

Table 2: Uncoiled length of elements

screwedar
soldered /ﬂr_
/ Fig. 2:
Reflec tor R S Dy D2 D3 Dy, Dg Configuration
sCreen of the elements
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lengths as short as passible

solder / 3

3,
Sermi-rgid
cabel

=

E

E

o | =~

@ | m
“

(=3 =

=1 =

= |

= (=3

o

| 2

= | =

=

gl =

] e

2rnm
distance spacer

Fig. 3: Construction details of the feeder and radiator element

The radiator element is prepared as in Fig. 3 anc
soldered to the marked place on the boom. The
semi-rigid cable should be fed through the hole in
the boom as tightly as possible. Fig. 3 shows
how this element should look when the final sol
dering is completed.

The end of the semi-rigid cable under the boom is
fitted with a suitable N-cable socket. Finally, a
mesh or flat plate is soldered or screwed 1o the
end of the boomn, as shown in Fig. 4.

In order to tune the antenna, connect it via an
SHF slanding wave bridge to a 13 em transmitter.

)

63

Fig. 4: Reflector screen of mesh
or flat plate

4

First of all, adjust for minimum reflected power by
pressing the radiator element together or pulling
it apart. The fine tuning is accomplished next, by
bending the reflector and the first director ring
towards or away from the radiator, the semi-rigia
cable can then be soldered at the points of pene-
tration through the boom.

In order to prevent corrosion, the antenna must
be weatherproof, eq. by spraying it with water-
proof varnish.

The gain of such a loop Yagi anlenna with 26 ele-
ments for the 23 cm band was determined in [8]
to be 16.33 dB,. Because of the slightly shorter
version of the 13 cm antenna a gain of 16 dB, is
to be expected. Bolh beamwidths are arcund
207, the bandwidth is around 3 % {2350 = 35
MHz). Sidelobes are at least 10 dB weaker than
the main lobe.

3.
STACKINGTO A
DOUBLE ANTENNA ARRAY

Adding extra elements to the antenna gives no
substantial increase in gain, but stacking in the
horizontal or vertical plane does. The gain from
stacking two antennas cue 1o unavoidable inter-
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wi | I wi

w2

Fig. 5:

Dimensions and
characteristic impedances
of the DUAL divider

o
s el

’ l arbitrory
!

w1

action losses amounts to not quite 3 dB. Accor-
ding to [9], the oplimum stack spacing should
amount to 0.37 m. For the 1.3 GHz band, the
stacking distance comes tc 0.66 m, for the
METEOSAT band 0.5 m, anad for the 3.5 GHz
band 0.25 m. Power dividers/combiners for the
coupling of more antennas are described in [2],
[3], and [5]. These refer to complicated arrange-
ments employing air-coaxial techniques.

To simplify matters, the antenna coupling can be
achievec by a pninted circuit matching section.
This was carriec out using 0.79 mm thick RT/
duroia 5870. Providing the feed in both antennas
has been optimized as in Para. 2, one can start
from a base impedance of 50 (1. The semi-rigia
cable running to the connecling points A and B
{Fig. 5) must be exactly the same length. The
micro-strip sections of line L;. L, may be of any
desired length as long as they are ecual and with
a characteristic impecdance of 50 (). They serve
only o bring forward the anlenna leads to the
coupling point C. At this point, the impedance is
25 (1, due to the parallel connection of two 50 ()
impedances.

The actual matching section is between points C
anc D. At point D an impecance of 50 () exists for
the connection to the downlead coaxial cable.
The length of the microstrip line betwaen points D

and E is arbitrary, the characteristic impedance
of this section of line must amount to 50 (). The
characteristic impedance Z,, of the matching pad
C-Dis calculated from

2=V 2
Z.=25Q
Z, 50Q
Z,-35350Q

The length of the matching section (C-D) is: |, =
V-4,

The width W,, of the transformation ling, calcula-
ted from the known microstripline formula for RT/
duroid 5870, comes to 3.7 mm. The velocity fac-
tor derived from this formula comes to V= 0.698.

The length of I, for any frequency is: |, =V x A4,

e.g.

1296 MHz: 40.4 mm
1691 MHz: 30.96 mm
2330 MHz: 225 mm
3456 MHz: 151 mm
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DLEFI it

Fig. 6: Layout for the RT/duroid
PC-board DJEPI 014

The width W, for the 50 () microstripline is uni-
form for all frequencies, coming to 2.23 mm. Fig.
6 shows the printed circuit layout DJEPL 014,

The transition of the semi-rigid cables to the
anlennas al points A and B, as well as the lead-in
cable al point E, must be complelely free of dent
marks. Therefore the inner conductors of the
cables are fed through from the ground side of

solder

Stripling
4+ PTFE dietagtsic
Ground giane

Fig. 7:
Soldering coaxial cable
and PC-board together

the printed circuit board. On the ground side of
the PCB, some of the metal arcund the coax.
innerconductor heles is removea with & 6 mm
drill. The outer conductor of the coaxial cable is
soidered to the ground side, as shown in Fig. 7.

The finished soldered power divider/combinar
should be sprayed with a waterproof varnish to
protect it against corrosion and fitted into a

12 [2
A r _ vxJd [ - vxd i F
W1 4 | “ ] w
1 zr Pl | I
 C e 1 1~ Iy
g Z2 | 22 -
k k
L we |
I Z1 Z | arbitrary 21 [
N, W1 ] w
DJ6PI F

B

1

E

Fig. 8: Dimensions and characteristic impedances of the quad divider
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waterproof housing. The cable inlets in the
housing are sealec with a malleable filler {e.g.
Teroson, Bostik). The gain of this double-bay
stacked loopyagi is approx. 18 dB,,.

4,
STACKINGTO A
QUAD ANTENNA ARRAY

An array of 4 Loop-Yagis approaches the gain of
a parabolic cish of 0.9 m diameter (aporox. 21
dB,). as meniicned in section 2. Each pair of
antennas is stacked horizontally and verlically.
Thne stacking spacing is given in section 3.

The antennas are interconnected by a printed cir-
cuit cuad-divider as shown in Fig. 8.

Identical lenghts of semi-rigid cable from the four
antennas terminate at points A, B, F, H. The
nominal impedance for each can be assumed to
be 50 (1. The microstriplines AC, BC, FG, HG
have a characteristic impecance 7. of 50 {) each.
They serve 1o bring forward the antenna leads to
the coupling points C and G. They are all the
same length |, which is arbitrary. The impedance
at these points is 25 () owing 1o the parallel con-
nection of two 50 () impedances.

For turther fransformation one must think of the
connection at D as separated into two halves.
The characteristic impedance Z; of the maiching
sections CD and GD is calcu'ated from:

DJ6PIC15

Ant 2

Z,=\2;" 7,
and
Z? = \ZG ! ZD?

In order to obtain an impedance of 50 (1 at point
D after joining (connecting in parallel), both
halves, Zp. and Z,, must each amount to 100 (2.

Z5,, =100 0
Z.- 500

The length of the matching section CD, GD is: I,
Vo hid

The station lead-in cable DE can be of any length,

provided that the characteristic impedance Z. is

50 (. Thus, all the microstrip lines of this quad

divider/combiner have a uniform characteristic

impedance of 50 (). The velocity factor V for RT/

duroid 5870 and 50 ) characteristic impedance

is: V=071

Length |, for any frequency Is:

I = M-4id,

From this are cblained the lengths for the follow-

ing commaon frequencies:

1796 MHz 41.08 mm

1691 MHz: 31.49 mm

2330 MHz: 22.85 mm

3456 MHz: 154 mm

The printec circuit layoul DJ6P1 015 for four 13

cm antennas is shown in Fig. 9.

All further details (soldering the coaxial cables)
are. as already described for the double array.

Fig. 9:
Layout for the RT/duroid PC-board DJ6P1 015
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Fig. 10: Example of a quad array antenna as described by DCOMD

3) UHF-Unterlage Teil 111, K. Weiner, 1982
The described double and quad power dividers/

combiners operate successiully in the B-section

omnidirectional antenna array and cavity resona-
tor of the ATV transponder at Tegelberg/Allgau,
Fig. 10 shows finally a four-antenna array oper
ated by DCOMD.
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Jochen Jirmann, DB 1 NV

Switched Mode Power Supplies (S.M.P.S.)

Part 1: Basic Theory

Switched mode power supplies have re-
placed conventional power supplies both in
the computer and consumer electronic fields.
Apart from the smallest applications, this
technique has been hardly used in amateur
equipment. Arguments abound, such as, how
complicated, difficult involved construction,
causes radio interference and prone to failure
etc. This article should help to make the
s.m.p.s. technique more understandable and
to open up more possibilities for its use.

1.
HISTORY

History of Development

From the beginnings of electronics it was known
that weight and volume in power equipment
could be reduced, if the mains supply frequency
chosen, was higher than 50 Hz. The volume of a
power transformer falls in proportion to 1/,
and the smoothing capacitors can also be re-
duced in size as the ripple frequency increases.
An early application of this technigue was the 115
V/400 Hz aircraft power equipment which
brought down the weight and volume by a factor
of 8 —an enormous advantage. For the same rea-
son the mechanical vibrators in road vehicles
mostly operated with a frequency of 100 to 200

Hz. Higher switching frequencies were not
possible using a mechanical switch.

With the first germanium power-transistors D.C.
converters with switching frequencies in the kilo-
herz-region, and powers in excess of 100 W
could be built. Older radio amateurs will remem-
ber the first transistor converters used to power
valved transceivers in cars or the VHF-FM equip-
ment such as the KFT 160 with two built-in con-
varters.

Nevertheless, before swilched mode power
supplies could be employad in mains powered
equipment, the component manufacturers had
to solve many problems:

— Transistors with high voltage ratings capable
of being fed directly with rectified 230 VAC had
to be developed.

— Ferrite material had to be found which would
operate at low loss in pulse, power transfor-
mers at around 25 kHz.

— For rectification on the secondary side, fast
pnower diode rectifiers had to be manufac-
tured.

— The control and monitoring was taken over
from expensive discrete transistors by integra-
ted circuit solutions.

For a few years now these components have
been obtainable at reasonable prices and more
and more switched mode power supplies are
being used in equipment. Even the choke/starter
combination in neon-lamps will be replaced in
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new models by a 120 kHz switching regulator. In
this application, low weight and higher light
radiation with lower power losses are decisive
advantages.

2.

ADVANTAGES

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

Previously il was stated that an s.m.p.s. could
replace a mains transformer/rectifier combina
tion with considerable savings in both space and
weight for the same efficiency. Additionally, by
interfering with the switching process and con-
trolling, for example the on-time of the power-
transistor as a function of the oulpul voltage, a
stabilisation against mains and load fluctuations
may be achieved. It should be bourne in mind
however, that each interterence in the oscillitory
circuit reduces its efficiency. This is particularly
s0 in the parly loaded region {eg. when regula-
ting an increasing output voltage where the effi-
ciency is lower than a series pass regulator,
whereas on full sleady load a unique efficiency of
80 % is altainable. It may be seen that the main
application areas of the s.m.p.s. lie where a fixed
output voltage and only a limited fluctuation of
the load current is required. Itis nol meaningful to
design a laboratory power supply with wide
adjustment ranges for both current and voltage
using purely the s.m.p.s. concept. A further defi-
ciency of all switched-regulators is the high level
of radio interference (r.1.i.) which can however,
with suitable constructional methods, be made
compatible with that produced by linear regula-
tors. The anti-r.fi. measures begin with the
choice of switching concept and continues with
the P.C.B. layout and component choice until
final completion of the equipment.

To summarize: A power supply in the switched-
mode technique can be employed to advantage
when:
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- a fixed output voltage with a steady or slow
varying load is required,

- strongly varying mains voltages are to be regu-
lated (a range from 90 to 270 V may regulated
nowadays without range switching).

— shorl-term mains drop-outs are to be bridged,

— small dimensions and low weight are deman-
ded,

- the small heat loss, makes the use of forced-air

cooling unnecessary (very useful in heavily
screened enclosures or in extreme ambient
temperatures),

— the available energy must be fully utilised in the
best possible manner,

— the small residual output voltage ripple is not
important,

— several voltages are to be regulated.

A linear voltage regulator is belter employed
when:

~ only small powers (less than 10 W) are requi
red,

— highly sensitive analogue-circuits are to be
supplied,

— extremly high regulation reaction lime is
demandead,

— a large adjustment range of the output voltage
is required.

Now the basic circuits for the switched-mode
power supplies will be considered.

3.
BLOCK DIAGRAM
AND APPLICATION POSSIBILITIES

3.1, The Secondary Switching Regulator

The switching concept sketched in Fig. 1 serves
only to replace the loss-intensive series regula-
tor. The mains isolation and transformation of the
mains is carried out by a conventional 50 Hz
transformer. This means that the power diodes in
the regulator are only subjected to low voltages
which is a cheaper concept. The only advantage
of this circuit is the small loss in the power supply.



VHF-COMMUNICATIONS 2/85

X

50 Hz

| =0ut
Switching
— iy
stage
Vot
F — &5

Fig. 2: The primary switched regulator

No savings worth mentioning are apparent in
space or weight since as before, a large 50 Hz
transformer i necessary.

In many applications (ag. telephone instaliations}
it is an advantage that a suitable choice of V4 (eg.
24 V) is maae in orcer that a second supply input
from a battery to ensurs supply continuity during
supply failures may be realised. These circuits
will not be considered any further as they hardly
afford any advantage in amateur applications.
Much mare interesting are the following con-
cepts.

3.2. The Primary Switching Regulator

As Fig. 2 shows, the mains voltage is directly rec-
tified and with & power-switch transformed into
an ultra-sonic frequency 20 — 50 kHz. The power
transistor must be capable of working with the
rectified mains voltage (about 325 V). Mains iso-
lation and transformation to the required output

voltage is carried out by a small ferrite transtor-
mer. Owing to the high ripple frequency the
secondary storage capacitor can be much smal-
ler than is possible at 50 Hz. Amains isolated (eg.
with an opto-coupler) feedback loop holds the
output voltage independent of mains and load
fluctuations.

For sensitive applications for which the regula-
tion speed and the residual ripple of a switching
regulator are insufficient, another concept
comes into question.

3.3. Primary Switching Regulator with Linear

Regulator
In the circuit of Fig. 3 the primary converter car

“ries out the volume and weight saving transfor-

mation of the mains voltage into the input vollage
ot the linear regulator. The primary switch can
cither be unregulated or it regulates only the
mains fluctuations. The secondary side lingar
regulator supplies the desired clean, output vol-
lage. Certainly the effliciency of the circuit is very

low owing Lo the linear regulator, mostly abhout 50
%.

Now that acquainlance has been made with a
few basic circuits the key component, the power
transistor will be somewhat closely inspected
and then on to two variants, the power-MOSFET
and the high speed thyristor (SCR).

4. _
THE TRANSISTOR
AS A POWER SWITCH

Transistors are normally used as oscillators or as
switches and characterised by parameters such

-"—/'\\ 20 khz Tt
| 120"
~ <ﬁ_) 1o rzqulata
- = iz = Vo Fig. 3:
" I | T Combination of primary
and linear regulator
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as voltage and current ratings, power dissipa-
tion, current amplification, transit-time, noise
factor together with input and output impedan-
ces. These are typical small-signal parameters in
a linear application. Since a power switching-
transistor hardly ever finds itself in a linear appli-
cation, other parameters must be found to de-
scribe it. Besides ratings of voltage and currentin
the conducting condition summarized in “For-
ward-Bias Safe Operating Area” (FBSOA} and
the switching times, the behaviour in the moment
of switch-off is also of particular importance. For
this the “permissable operating region with bi-
ased-off base-emitter diode” (PBSOA) is used. In
all cases the applied voltages and currents
should not be permitted to leave the working
region of the transistor!

In switching converters mainly fast bipolar power
transistors or power FET's (HEXFET, SIPMOS,
TMOS) are used but sometimes alsc SCR's and
GTO's {swilch-offable SCR's) are employed.

Of fundamental importance for a low loss and
reliable operation of a power transistor at higher
switching frequencies are two circuit details:

— the correct drive-circuit,
— asuitable collector (drain) circuiiry.

+Vo
DBINV HLIj ; n

= "0—'{\@5'\”4 * P
I ; L
(.%'Vai

T

Fig. 4: The transistor as a switch; R, is the load
resislance as transformed into the collector,
circuit, L. is the main inductance of the
switched converter
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4.1. Bipolar Switching Transistors

Turning now to the control anc fast transistor cir-
cuitry for which Fig. 4 is requirea:

To switch on the transistor it is necessary to
apply only sufficient base currentin order that the
collector-emitter voltage falls to 1 to 2 volts, This
base current is clearly larger than that arrived at
from beta and collector current calculations. A
still larger base current reduces only marginally
the losses in the conducting condition however,
the transistor would be driven into saturation.
This means that the collector voltage sinks under
the base voltage and the collector-base dicde
conducts forward. In this operating condition
many charge-carriers are stored in the transistor
which must be cleared upon switch-off. This
leads to an unnecessarily long and lossy swilch-
off phase, therefore saturation of the transistor
should be avoiced.

Switched mode power supplies of higher powers
therefore contain circuits for the automatic base-
current matching to the collector current in order
that the transistor is always working just on the
edge of saturation in the so-called quasi-satura-
tion region.

Additionally, the unsaturated i.e. linear region
can be menitored in oraer that the transistor may
be switchec off under overload conditions. Such
circuits are to be found eg. in “Handbook of
Switching Transistors" by Thomson-CSF,

With many power-supply concepts a transitory
overcurrent in the collector circuit can occur
during the moment of transistor switch-on.
Maybe because & fly-wheel giode is still conduct-
ing and is still to be blockec. The transistor may
be relieved by limiting the current gradient with a
small inductance in the collector circuit, The
stored energy must naturally, be suitably dissipa-
ted at the moment of blocking. This is accom-
plished most simply, by a series circuit of diode
and resistance in parallel with the inductance.
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As a basic rule, when the switching loss cannot
be reduced any further, it is better to remove it
from the transistor and into an uncritical compao-
nent such as a resistor.

Much more critical than the switch-on and con-
ducting phase is the switch-off transition of the
transistor. As the load impedance always has an
inductive compenent, the ccllector-emitter vol-
tage rises well over the supply voltage as the col-
lector current falls. The transistor momentarily
experiences a period of power loss which must
always lie inside the permitted waorking region
under cut-off base-emitter-diode conditions,
otherwise the transistor will be damaged.

In order to switch the transistor off, it is not suffi-
cient just to interrupt the base current. Owing to
the charge carriers stored during the conducting
period in the base, the fall time of the collector
current takes much toc long. The base is switch-
ad therefore, from the current source for I; to a
negative voltage source of a few volts to “neutra-
lise" the base charge. This source must supply a
current for about a micro-second in the same
order of amplilude as |5 and maintain the base
voltage of the cut-off transistor at about — 5 V.

The following cut-off period for the transistor is
not critical. Because the base is biased nega-
tively, the collector-emitter voltage of the trans-
istor may rise above Vg to the very much higher
Very, without endangering the transistor. Care
must be taken that the base falls to a value below
Voo before the next moment of switch-on,
otherwise there will be a departure from the
FBSOA at the switch-on time.

Summarizing: In orderthat a power transistor can
be switched at high speed and with low loss, it
must be supplied with sufficient base current
auring the conduction period but it must not be
allowed to be driven into saturation. For the
switch-off, the base is supplied from a low impe-
dance bias source of a few voits.

Whilst the base-control chiefly determines the
switching loss, the collector circuitry has the task
of diverting the switching loss into non-critical

components. These RCD components at the col-
lector of the switching transistor are known as
the slow-rise-network. Most losses occur in the
bipolar transistor during the switch-off transition
the conducting and cut-off losses on the other-
hand can be neglected. The switch-on transition
losses may be reduced by design features.

Only with FET switches are losses developed in
the switch-on resistance Ryg,, of any real contri-
bution ta the total transistor loss.

Now in order to reduce the dominating switch-off
transition losses, the rise in the collector-emitter
voltage has to be delayed. The transistor has
then a smaller collector voltage during the clea-
rance time (of charge carriers) which reduces the
switch-off transient power loss greatly.

The simplest method is 1o place a capacitor in
parallel with the collector-emitter. Unfortunately
the stored energy will be transformed into heat
during the switch-on transition. Quite simply, the
transistor is shorting a capacitor charged to
several hundred volts at every switch-on transi-
tion which would cause additional stress through
high peak currents. In addition the capacitor
would tend to form a tuned circuit with the
leakage inductance of the transformer causing a
high voltage overshoot (or ringing) at the colleg-
tar.

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

It is also possibie, by careful optimisation of the
RCD network, to reduce the losses so much that
cheaper, lower voltage transistors may be
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employed. The gradient of the collector voltage is
delayed above the value of Vgq until the base
voltage has gone negative and the transistor may
then be subjected to Vegy.

4.2, Field-Effect transistors

Power-MOSFETs such as TMOS from Motorola,
SIPMOS fram Siemens or HEXFET from Interna-
tional Rectifier are very much easier 1o control
than bipolar transistors. Because the device is
voltage controlled there is no requirement tfor a
continuous flow of current into the control elec-
trode. The control voltage source must supply a
voltage of about 10 V for conduction and a small
negative bias to cut off the device. To change the
charge of the gate-source capacitance (several
nano-farads) current impulses of about 1 A must
be delivered by the driver stage, In a bipolar
transistor the minorily charge carriers present in
the base, must be recombined with the majority
charge camiers at the moment of swilch-off
before the transistor can cut-off. This process is
responsible for the storage time of the transistor
{about 1 ps). Since the FET is a purely majority
charge carrier device the recombination time
does not exist and it can be driven at amuch high-
er switching frequency. At applications above
100 kHz the FET is thereby superior to bipolar
transistors. Furthermore, there is no difference
with the FET between conduction and cut-off
regions. This means that the FET is completely
described with a safe working region. The fore-
going considerations about the bipolar transistor
regarding voltage stability at the moment of
switch-off and at switch-aon {as long as the base
is nol biased enoughy), are superfluous with the
FET. This can always be loaded with the maxi-
murmn drain-source voltage regardless of whether
it is working in conduction or cut-off conditions.

But most circuits nowadays are still using bipolar
devices having the following advantages apart
from price:

— at the normal switching frequencies of 20 —50
kHz the higher switching losses are not so
important,
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— power FETs with working voltage of over 500V
have been only recently available, single-tran-
sistor circuits for the 230 V mains could not be
realised in their absence,

— the switch-on resistance together with the
conducting total power loss of a FET rises line-
arly with applied voltage.

The advantages of power FETs — shorter
switching times, simpler base control, and the
simpler slow-rise network — are apparent only
above 100 kHz switching frequencies. For these
and higher frequencies suitable transformer
materials, super-fasl rectifier and steering cir-
cuits are just coming on to the market.

4.3. Fast SCRs and GTOs

It may appear that SCRs have a few advantages

to ofter when employed as switches in an

8.M.p.s.:

- they require only a firing impulse, not a long
control pulse,

— they can be manufactured with high working
vollages and currents,

— they are more robust than transistors.

These good characteristics however, are more
advantageous outside the amateur sector such
as, induclive heating, high power motor control,
high voltage generators for x-ray machines or
other medium frequency generators. In the
power range under 500 W they have two over-
whelming disadvintages:

— the 5CR requires extermal components 1o
switch it off by returning the ancde momenta-
rily to zero volls, With small single-SCR circuits
a sengs tuned circuit i employed which han-
dles considerable power and is therefore very
big. Only in push-pull circuits is the commuta-
lion easier,

— even high-speed SCRs have a switch-off time
of about 10 us which is an order slower than
fransistors.

An improvement is hoped for from “gate turn-
off SCRs" (GTOs) which can be cut off with a
large negative current impulse, applied to the
gate. So far these devices have made very little
impact.
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5.
OTHER COMPONENTS

Besides the swilching device, the transformer
and the secondary rectifiers are also key ele-
ments of an s.m.p.s. This will be made clearinthe
next section.

5.1. Transformers, Storage and Filter

Chokes

Laminatec soff-iren cores tor transtormers work-
ing at frequencies over 10 kHz cannot of course
be used but territe s suitable. All component
manufacturers have developed suitable mate-
rials for the power transducer which are charac-
terizec by 2 hgh magnetic saturation, a high
Curie temperalure and  small losses  which
decrease with lemperature. This
enables safe working at temperatures of over
100°C.

Just as important 1s a core-torm which may be
wound without problems [aiso with thick wire),
alow a goed insulation between primary and
secondary for mains isolationy and has low
leasage induclance. They have cores with a
rounded centre mace such as 3M. PM, ETD and
EC core-forms. For low leakage storage and anti-
r.fi. chokes, ring-cores are employed which are
wound only by hand or with special machines,

5.2. Electrolytic Capacitors

Al charge anc filter capacitors which carry cur-
rent at the switching frequency should be special
s.m.p.s. electrolytics possessing low series re-
sistance at sboutl 50 kHz. Normal filter capacitors
pecocme too hot and are unable to fiiter out the
switching frequency.

Alternatively, several small capacitors may be
paralleled in orcer to recuce the series resis-
tance and to share the heat loss. In high voltage
power supplies only paper/foil capacitors should

A

be employed for filtering. At low voltages paper/
foil capacitors are connected in parallel with the
electrolytics to reduce the shunl resistance at
HF.

5.3. Diodes

All rectifier dindes, excepting the mains rectifier,
should also be special switching types. Experi-
menls with normal 50 Hz diodes such as the
IN4007, are not to be recommended. For middle
and higher voltages at small currents, television
line-fraquency diodes such as BA 159, BYX 55,
BY 299, BY 399, BY 201, BY 202 elc. are suffi-
ciently fast.

For smaller voltage rectification Schottky-recti-
fiers are advantageous. They have a low barrier
voltage of typically 0.55 V and a switching-time in
the region of nano-seconds. Unfortunately they
are avallable with a maximum voltage of only 50
Voand the permitled crystal temperalures are
lower than those of PN diodes. The latter disad-
vantage is balanced by the lower power loss in
the diode. A few manufacturers (eg. Motorola)
nave recently made available ultra high-speed
PN-rectifiers for use at high frequencies.

Now that the most important components of the
s.m.p.s. have been considered, the next section
is devoted to the basic circuits.

6.
BASIC CIRCUITS

In the foregoing, consideration is limited lo
5.m.p.s."s with mains isolation. Other types, such
as those employed in TV's using choke “flyback™
circuits without mains isolation, are ignored. The
basic circuits may be divided inlo single-transi-
stor and push-pull. where the former are used in
low power s.m.p.s.’s and the latter in the high
power range and for special circuits (eg. HV mul-
tiple cascades). Taking the single-transistor cir-
cuits first, the choke and the "forward" converter
circuits.
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Fig. 5: The choke converter

6.1. The Single-Transistor Choke Converter

This circuit suitable for the power range lying
under 100 W is built according to the arrange-
ment of Fig. 5.

The most important component is the choke
{transducer) Tr which besides its function as a
transformer and mains isolator also serves as an
energy store. In order thal the necessarily low
inductance value with a large ferrite core may be
realised, the core has an air-gap of 0.5 to 1 mm.
The A value is about 250 as opposed o the 3000
to 7000 of the same sized core without the air-
gap.

The manner of its functioning is apparent from
Fig. 6. When the transistor is switched into con-
duction from the control circuit the collector cur-

Fig. 6: Choke converter current
and voltage waveforms
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rent rises linearly through the primary inductance
of the transformer. The rise-time is obtained from
the equation

Voo = Ldl/dT
and the collector peak current to
To=Ton UpefL

At the switch-off point the energy stored in the
primary choke is:

W=1/2- L =12 LT, Vi

At switch-oft the collector voltage rises between
two and tive times the DC supply voltage de-
pending upecn the circuit. At the same lime the
rectifier diode conducts and passes the current
to the load. Only when the whole of energy has
been forwarded and the magnetic field is zero
can the transislor be switched on again.

The choke converter is used for example in televi-
sions, video-recorders and similar applications.
Besides the relatively small circuit outlay the rea-
son for its wide use is as follows: The energy
stored in the choke depends upon the square of
the transistor conduction time and alarge regula-
lion range of the converter is obtained for both
mains and load variations. Il the on-time is
limited, and thereby the stored energy, the circuit
can be rendered short-circuit and/or overload
proof.

A few disadvantages of the choke converter are
with loss power applications not so very serious:

— transistors capable of working at 800 - 1000
volts with collector current with peak values
much higher than the RMS value are needed.
Mostly TV line output transistors such as the
BU 208 are employed in this type of circuit,

— The choke/energy store is slightly larger than
in other types of converter,

— when unloaded the output voltage and thereby
also the collector voltage rises well over the
working voltage if the duty-cycle has not been
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reduced. In general a choke converter can
therefore only be used without regulation
under constant load conditions,

- lastly because of the pulsating output current,
very large filter electrolytics (and maybe addi-
tional filtering) behind the rectitier are neces-
sary.

For larger power outputs the “forward converler®
is more suitable and is about to be described.

6.2. The Single-Transistor Forward Converter

The most important hallmarks of the single-
transistor forward converter are, that the energy
is passed through the secondary during the tran-
sistor on’ period and that the transformer and
the energy storage choke are separate compo-
nents which can be optimised for each other. Fig.
7 shows a typical circuit diagram.

It can be seen that the component complexity is
somewhat higher than that of the choke conver-
ter but that must be weighed against a few
advantages. As the collector current is practically
rectangular in form, the transistor is better utili-
sed than that of a choke converter thus enabling
it to handle more power for the same sized transi-
stor. The rectifier with choke input ensures mini-
mum ripple even with small output electrolytics.
The electrolytic current loading is very small and
expensive switching types are mostly not requi-
red. One disadvantage of the forward converter
is that rectangular current consumption through
the mains rectifier requires the fitting of anti-inter-
ference filters to the primary side.

But now to the components and the circuit de-
scription:

Fig. 7: The forward converter

Ry

The most important component, the converter
transformer is dimensioned as a normal transtor-
mer inasmuch that the magnetizing current
represents only 5 to 10 % of the rated current —a
very big difference to the choke converter!

The second wound component, the storage
choke, isin principle not necessary but itreduces
the outpul current ripple so much that it is gen-
erally employed.

The method of functioning is explained with the
aid of Fig. 8:

When the transistor is conducting. a nearly rect-
angular current flows through the primary ny of
the transformer. The secondary winding n, is
polarized such that a corresponding current
{ny/ny - Ig) flows through the diode D 2 and the
choke to the oulput.

=

“
W
.

Fig. 8: Forward converter current
and voltage waveforms
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Afler the transistor has been cut-off, the collector
voltage rises to a very high value as contrary to
the choke converter, the secondary diode is now
blocked and the transformer is therefora unloa:
ded. The back-energy can be dissipated inan RC
network but only in low power converters (eg. a
12 Vinput requires a tew watts). it is better that
ihis energy is fed back inlo the voltage supply
with the aid of atertiary winding n,, (same tumns as
n, normally, and tight coupled) and diode D 1
cnergy recovery diode. It is important that this
demagnetisation process is completed before
the transistor switches on again.

On the secondary side diode D 3 (choke diode)
passes the current following the blocking of D 2
{sleering diods). Energy is supplied from the sto
rage choke field to the load which gradually falls
to zero. Tha chokeis so dimensioned that the Tull-
load current has triangular form with an alterna-
ting componant of some 20 % of the direct cur-
rent.

Single-transistor forward converters are usable
up to powers of several kilowatts and are always
used to advantage when the output voltage has
to be rectified again. For applications in which a
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Fig. &:
forward converter
with two transistors

symmetrical alternating output voltage ‘s requi-
red (eg. high-voltage generation with multiple
stages) the push-pull converter is more suitable.
This will be described in the next chapter.

In conclusion another singe-transistor forward
converter circuil is shown in Fig, 9 which uses
two transistors in series. It reguires only one ori-
mary winding and is particularly suitaole for migh
input voltages (eq. rectified 400 V mains).

Both transistars are driven in-phase and are so
connected that each transistor is, at the maost,
subjected to the full DC input voltage. The diodes
are energy recovery dicdes which serve alsc 1o
limit the voltage across the transisiors. Other-
wise the function is exactly the same as that of
the normal forwaro converter, With this concept.
powers of 5 kKW at 400 V input voltages can be
realised.

6.3. The Push-Pull Forward Converter

The push-pull circuit is probaoly known to all
radio amateurs as a component of mokile power
supplies, therefore only a short description wil
suffice.

[+

: Fig. 10:
Conventional
push-pull circuit
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As Fig. 10 shows, the circuit is similar to a trans-
former-coupled push-pull power amplifier which
has been driven with a rectangular input voltage.
This concept is used almost exclusively as an
unregulated blocking oscillator in power sup-
plies. The reasonis, the saturation of the transfor-
mer care, which with unsymmetrical drive or dif-
ferent transistor switching times leads to high
peak currents in the transformer and conseguent
destruction of the transistors.

This can be avoided by either over-dimensioning
the transformer and by provision of an air-gap, or
by a very complex balancing circuit which moni-
tors the swilch-on times of the transistors.

If FETs are used as ihe power transistors, an
exact symmetrical drive and other measures are
not necessary, as FET switch-on times are both
short and quite precise.

No problems are apparent, as already men-
tioned, under astable working conditions. Here a
small saturated driver-transformer is generally
for the feedback, which automatically serves to
balance the power stage.

A more suitable circuit will now be described
known as the “half-bridge” which exhibits no
symmetry problems.

6.3.1. The Hali-Bridge

A widely used push-pull circuit is the “half-
bridge" which is similar to an ironless push-pull

X

output stage as shown in Fig. 11. Both trans-
istors are driven in anti-phase causing the left
end of the primary winding n, of the output trans-
former to alternate between ground and Vg whilst
the right end stays at 1/2 Vg by means of a capa-
citive divider. That is, a rectangular voltage of
amblitude 1/2 V' is placed across the primary n;.
Since the capacitive divider admits no DC com-
ponent into the primary, an unbalanced drive to
the transistors will not cause transformer pre-
magnetisation with its saturation problems.

A full wave bridge rectifier with choke input is
mostly employed on the output of push-pull
switching circuits owing to the smaller diode
peak currents and also for the betler utilisation of
both diodes and transistors.

A common or two separate driver stages may be
used to drive the power stage, bolh solutions are
of equal merit when the correcl design is em-
ployed.

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

7.
DRIVE AND CONTROL STAGES

The driving circuits of an s.m.p.s. consists of at
least tour parts,

Fig. 11: The half-bridge
89
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— an oscillator for the switching frequency

- a pulse-width modulator,

- areference voltage source,

- a comparator to compare the output voltage
with the nominal voltage.

Other desirable features include,

- acircuit which pravides a steadily rising output
voltage following the switch-on,

— current limiting, either primary (transistor cur-
rent) or secondary (load current),

— comparators for the swilching-off of the
s.m.p.s. during under- and over-voltage con-
ditions of the mains supply,

— PLL integrated circuits for the synchronous
operation of several s.m.p.s.'s,

— over-temperalure protection,

— remote on/ott control.

Whilst these facilities have for years, been provi-
ded by operational amplifiers, logic circuits, and
discrete semi-conductors, there are now a num-
ber of integraled-circuit control stages. Well
known series are: the SG 1524 series, the TL. 494
with variants TL 495 and TL 496, the TDA 4700
with its successors and the TEA 1001/UAA 4001.
A special place is occupied by the TDA 4600
which is used in consumer-electronics for many
control applications in astable choke-converters
in the power range up to 150 W,

A detailed description of individual integrated-
circuits would be out of place here as manufac-
turers data sheets can supply this information.

The driver stage represents the connecting link
between the driver module and the power-
switch. It has three tasks, o present the power-
transistor with a well proportioned dose of cur-
rent during the conduction time to ensure that it
works in the quase-saturation region, o clear the
base of charge carriers at the moment of switch-
off, and finally, to bias the base a few volts nega-
tive during the following cut-off period. The dri-
ver-stage also, in some cases, acts as a potential
buffer between control and power electronics.

At first glance, the power FET appears to require
only a simple driver as it is a voltage controlled

a0

device. It should be borne in mind however, that
the gate-source capacitance is in the order of 1
nF and also that capacitance amplified by the
Miller-effect between gate and drain is in parallel
with it. This capacitance must be charged/
discharged in a few hundred nano-seconds
which requires a peak gate current of about an
Ampere. The driver for a power-FET is then tail-
ored for high impulse fidelity at high peak cur-
rents. In addition, an even larger voltage capacity
is necessary than for a bipolar transistor. The only
simplification is that there is no requirement for
the anti-saturation network.

There are normally three driver-stage circuits
variants, direct coupling is used between the dri-
ver and the power transistor usually provided by
a complementary push-pull circuit shown in Fig.
12. A simple anti-saturation circuit can also be
seen.

Should the collector voltage of the power trans

istor fall under a certain value, the control current
ot the driver is diverted through diode Dy partly
into the collector thus preventing saturation. This
circuit also ensures the shortest switching-times
and allows the direct supervision of the transistor
in respect of saluration and over-current but it
does require two auxiliary voltages of 5 to 10 V.

If a potential buffer between control circuits and
power stage is necessary it is better employed

é -

Cantrel
HMadule

DB1NV

Fig. 12: Direct-coupled driver with
anti-saturation network
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between control module and driver (eg. with an
opto-coupler). The auxiliary voltages Vg, must
then be separately produced for each power
transistor and voltage-isolated.

The charactaristic of the two other variants, the
transformer coupled single-ended driver {Fig. 13}
is that the energy for the every lransistor drive-
phase is stored in the driver transformer. Hence
the forward converter driver (the required energy!
to swilch through the power stage is passed
directly and the switch-off energy being stored in
the transformer) and the choke converter, Both
versions are differentiated only by the polarisa-
tion of the secondary of the driver transformer
{Fig. 13).

Disadvantages are the long switching times and
lhe imprecise control of the power transistors.
For the current monitoring and power transistor
protection, yet more transducers may be neces-
sary. The transducer coupling ensures a good
match between the existing driver supply voltage
and the conltrol requirements of the power stage.
It can for example, be realised directly from the
rectified mains supplied high voltage driver, with
a step-down transformer. Furthermore, the vol-
tage isolator can be embodied in the transducer
if the poor coupling and higher leakage induc-
tance resulting from the required degree of isola-
tion can be tolerated.

Summarizing, it is possible to say, that in use the
directly-coupled driver utilizes the power trans-
istors current and voltage capabilities to the full,
The control circuits are arranged then more sim-
ply in the primary, the output voltage sample

Fig. 13:
DC isolated driver stage
with anti-saturation diodes

being taken via an opto-coupler from the isolated
secondary to the regulator. Gurrent limiting may
be directly sampled from the transistor’s current.

It the: power transistors are only subjected to the
collector-emiller voltage V. the base-drive is
not so critical for safe operating control and a
single-ended driver with transformer coupling
may be used without any problems. The regula-
tion circuits can then be located in the secondary
side ot the transformer isolated from the mains.
This concept on the one hand, allows a direct vol-
tage and current sample from the output termi-
nals but, on the other hand it requires an inde-
pendent power supply for start-up which takes
care of the control and the driver circuits.

The choice of concept depends upon the power
to be handled. With large power supplies the
extra complexity of several mains isolation win-
dings and an auxiliary power supply does not add
greatly to the total cost. The regulating circuit
should be arranged to be in the secondary. It
would also be advantageous to arrange monitor
points for servicing the regulation circuit to
obviate the need for earth-free oscilloscopes and
isolation transformers.

The control-circuit is arranged con the primary at
mains potential where the power transistor can
be directly controlled. To start-up, the rectified
mains is taken initially via a resistor to the control
circuit, the control circuit supply is then switched
to a voltage derived from an auxiliary winding of
the power transformer. Naturally this anly applies
to fixed-voltage power supplies where the output

9
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voltage and the driver supply voltage have a fixed
relationship and the latter may not be adjustable.

The look-around in a switched-mode-power-
supply has now come to an end and an important
item for the radio amateur reviewed — the radio-
frequency and electro-magnetic interference
(r.f.i. and e.m.i.) suppression.

8.
SUPPRESSION MEASURES

An s.m.p.s. can influence other electronic equip-
ment in several ways,

- through feedback of the switching frequency
and its harmonics into the mains,

- through the residual ripple of the output
vollage,

— through the stray electric field from wound
components.

The latter two points may be dealt with by con-
structional measures such as avoiding open
magnelic circuits like those present in ferrite rod
inductors, also conducting loops with a high pro-
portion of alternating current should be made as
small as possible.

Preference should be given to power transistors
which can be bolted directly to ground, not isola-
ted thus acting as antennas radiating the switch-
ing frequency. Direct radialion may be neglected
by using a metal enclosure with well bonded
sides in which to house the s.m.p.s.

It is more difficult to prevent the switching fre-
quency from being fed back into the mains, In all
cases it is recommended that a good mains filter
with a high attenuation above 10 kHz is em-
ployed. Foil capacitors of 0,1 to 1 uF may in addi-
tion, be connected across the primary-side
reservoir electrolytic. With larger powers an input
rectifier circuit with an air-gapped choke is used
in order that the peak current through the rectifier
and reservoir capacitor is reduced without dissi-
pating power in a current limiting resistor. It is
here that it is possible with the minimum of circuit
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Fig. 14: A possibility for mains suppression

alteration, to effect a large decreas in the level of
mains interference. The chokes are split into two
parts, as in Fig. 14, and a paper/foil capacitor is
shunted across the rectifier serving as an HF
shart-circuit, Under some circumstances only
two Y capacilors are then required at the mains
input for suppression purposes.

Ancther important point here - use only suppres-
sion capacitors which have been constructed for
this requirement and are in good condition to-
gether with the appropriate country’s test-mark
{eg. VDE, SEV, UL). Furthermore the maximum
leakage current belween phase and ground/
chassis should not exceed a limit ot 1 mA. In
cases of doubt the appropriate regulations
should be consulted.

The residual ripple on the output voltage should,
in the interests of inlerference free operation of
the supplied equipment, be as small as possible.
It is good practice to include behind the second-
ary smoothing capacitor an LC filter consisting
of a ferrite ring core with a few windings and a
parallel combination of electrolytic and foil capa-
citors. The important thing is, that the load cur-
rent does not drive this inductor into saruration!

The secondary ripple is also highly dependent
upon the switching concepl. A choke converter
which charges its output capacitor with short
current surges has a higher ripple than say a for-
ward or a push-pull converter with storage
chokes.

High frequency spectral components can also
originate from the secondary side rectifiers if the
parallel damping, mostly an RC network, has not
been correctly dimensioned. In all cases recti-
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fiers with the “soft recovery” characteristic are
easier to suppress and shculd be given prefe-
rence.

With these measures it is possible to suppress an
5.m.p.s. such that it can work directly in the vici-
nity of an amateur installation. Further measures
require a large outlay in test-equipment in order
that their efficacy may be determined.

Following this article, the attentive reader should
be in a position to classify switched-mode-
power-supplies and to judge their data and cha-
racteristics. Later articles will deal with practical
modern s.m.p.s.” for construction. This will occur
in an easy sequence, so far an 80 W computer
power supply and two 12 V supplies with 8 and
20 Ampere capacity are being planned and in
test-trials respectively.

9.
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Jochen Jirmann, DB 1 NV

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

Part 2

Modern mobile transceivers are in no way in-
ferior to those of fixed station design but they
are much more compact. For this reason, ma-
ny radio amateurs tend to use them temporari-
ly or exclusively for fixed station use. The usu-
al problem when using them for fixed station
use is the 12 V power supply which fora 10 W
UHF transceiver requires a current of 3 A and
for a 100 W HF transceiver requires a current
of 20 A. A floating car battery or a conventio-
nal series regulator power supply with its una-
voidable heat loss and weight, are not the
ideal solutions to the problem.

An ideal mobile transceiver power supply for fixed
stalion use should fulfil the following require-
ments:

- Output voltage 13 to 14 V, The stabilisation
between these limits is of little importance as
mobile transceivers are (or should be) de-
signed with this in mind.

A steady load current of 10 A indefinitely, inter-
mittent 20 A.

- Current limiting, preferably with foldback cha-
racteristics.

— Output over-voltage protection at about 15 to
16 V.

94

- Convention cooling {i.e. no noisy lorced-air re-
quirements)
Low switch-on surge (no blown house fises)
— High conversion efficiency and low quiescent
current.
~ Unaffected by HF fields and causes no radio
hash (rfi}
As small and ligh! as possihle.

There are two circuit principles with which lhe
above requiremenis may he met: Either a con-
ventional power supply but with SCH's and filte-
ring. or with a swilched-made power supply. The
weight advantage of the switched-mode power
supply decisively over-rides ils disadvantage of
high filtering requirements over the SCR type.

1.
CONCEPT AND BLOCK DIAGRAM

From the maximum output requirements of 14 V
at 20 A, a power of almost 300 W is obtained. A
single transistor forward converter circuit with out-
put storage choke recommends itself in this cir-
cuit. A fly-back converter would be possible but
the transducer would be much too large (at least
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CIRCUIT DETAILS

Further, a fixed-voltage power supply for the con
trol circuit can be taken directly frem an auxiliary
winding on the power transformer. If the control
circuitis arranged o be onthe primary side, its po-
wer may be supplied initially with the rectified
mains and then switched aver to the auxiliary
transformer winding. By this means, a separate
50 Hz power supply for the contral circuil is rende-
red unnecessary. There are two circuits isolated
‘rom the mans, namely the power transformer
and an opto-coupler which passes the error-volta-
ge from the 12 V output. For the protection circuit,
to be descrived later, a further isolated circuit
using a reed relay is necessary,

A block giagram may be evolved from this con-
ception, as in Fig. 1, where a bi-polar transislor is
shown as the swilch. It will be seen later that a po-
wier MOSFET may also he used.

With the aid of the block-diagram of Fig. 1 and the
detailed circuil schematic Fig. 2, the somewhat
involved — because as yst — unknown manner of
operation will be explained. The mains supply is
fed via two fuses and the thermistor surge limiter
to the fullwave bridge rectifier. Two Y;capacitors
carry out a rough filtering and a SIOV-Varistor
‘caps |ne dangerous peaks from the mains sup-
ply voltage. The electrolytics of together 440 pF
are fed with the rectified mains voltage via choke
L 1. The choke increases the current flow angle in
the rectifier and reduces thereby the peak current
taken from the mains (to the pleasure of the elec-
tric power plant} and together with C, prevents a
voltage at the switching frequency from being fed
back into the mains
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Fig. 3: The inlegrated S.M.P.S.-control circuit TL 484

The 280 VDC supplies a conventional single-
transistor lorward-switching converter. it consists
of the power transistor T 1, the transformer T, the
energy recovery diede D 1 and the RCD slow-rise
network on the colleclor of T 1, working at a swit-
ching frequency of 50 kHz.

A sell-requlating driver stage compnsing T 2 and
1 3 logetherwith associated components controls
the power transistor T 1, driving it into quasi-sa-
turation. The energy required lor the switch-off is
stored in the base elecirolytic capacitor 4.7 uF, no
negative bias being necessary to cul off the tran-
sistor.

The supply voltage, about 18 V, for the driver
stage and the control circuit |C TL 494 15 derived
from the winding N 3 of the power transformer.
For starting, the circuit assembly comprising T 4
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and | § swilches the rectifiod mains vellage via a
heavy-load resistor onto the 18V Iine, The TL 484
is switched olf for the time-being and its currert
consumption therefore very low (approx. 10 mAj
When a voltage of about 12 V is reached, the
Schmill-trigger comprising T 6, T 7 gives an im-
pulse for the slow start to pin 4 of the T 494 and
the power transistor is controlled with 2 steacily
increasing duty eycle. The winding N 3 then lakes
over the supply of the control cireuit and the start-
up eircuit is switched off.

Upen swilch-off the action is opposite: When the
power lransistor voltage falls to 10 V, it wil' be
swilched off via pin 4 of the TL 494.

For short circuit protection, a small resistor is in-
cluded in the emitter of the power transistor. The
voltage across it is rectified and passed via a two
time-constant RC network to the TL 494.
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All the important parts of the conirol circuit are
embodied in the integrated circuit TL 494 As Fig.
3 shows, the IC contains a 5 V reference diode, an
oscillator, the frequency of which is determined by
the resistor al pin 6 and the capacitor at pin 5, a
pulse-width modulator, a bistable (flip-flop), and
two driver stages.

The pulse-widith modulator may be influenced in
three ways: A bias at pin 4 will reduce the duty-
cycle from maximum, No voltage at pin 4 results in
maximum duty-cycle (5 % ofl-lime) and 5 V at pin
4 will suppress the outpul pulse completely. This
facility is used for the slow start-up, the full run-
ning and the shut-down of the power lransistor. In
addition, each of the two operational-ampliliers
can reduce the pulse width to the required exlenl.
One is used lor vollage regulation and the other
for current limiting. The common output of the
operational amplifiers (pin 3) connected to RC-
links is used lo stabilize the requlation circuit du-
ring start-up. There is also a possibility available
to flip-over the bislable, thereby obtaining a duty-
cyclo greater than 50 %, This function is nol used
here since a duty-cycle ol 50 % could lead 1o the
magnetization of the power transtormer,

Itmay be seen thal lhe sample voltage for the cur

rent overload is fed directly 1o the operational am-
plitier whilst the error voltage of the voltage regu-
lator is fed via an opto-coupler from the mains-iso-
laled, secondary side.

In addition, a portion of the error vollage is tap-
ped-off and taken via an emitter follower T 8 to the
reference input of the current amplifier. By this
means, a fold-back current limiting characteristic
is ablaimed which resulls in an output short-circuit
current flow of only 7 A, thus limiting the power
dissipation ol the outpul diodes.

The secondary winding feeds a hall-wave reclilier
with a storage choke and fly-wheel diode. The
storage capacilance consists of six parallel 2200
uF electrolytic capacitors. This circuit delivers an
output contaning a very small ripple.

A 33 Q wire-wound resistor imposes a minimum
load in order that there is no instability such as the
induction of control pulses back into the tertiary
winding N 3 under no-load conditions.

A portion of the output vollage is compared with a
6.2 V zener diode and the transistor T 9 inflluen-
ces, via the opto-coupler CQY 80, the duty-cycle
in the requisite manner.

Transistors T 10 and 11 are a Schmilt-trigger and
with the S.C R. form an over-voltage protection.
When the output voltage rises above that sel by P
3, lhe S C.R. shorl-circuils the output. In order
that the S.C.B. may beresetand also o reduce ils
dissipation (il is uncooled), a coil with 5 turns and
a reed-contact within is connected in series with
the S.C.R. cathode. The peak shorl-circuit current
of the storage capacitor closes the reed contact
which leads to a shul-down ot the power supply
followed by the slow slarl-up. The SCRis thus re-
sel. The over-vollage protection is elfeclive for
both internal faults and for externally applied
aver-vollages to the output.

Alter an output voltage possessing minimal ripple
has been achieved, only simple means are requi-
red 1o minimize the radio hash (rli} Two ferrite tu

bes (25 x 5 mm), each with 5 windings of enamel-
led copper wire 2.5 mm dia., form, together with a
470 uF elecirolytic and two 0 1 ul capacilors, an
rfi filter.

The ri-measures at the mains side, however,
require an external filter for completion. Particu-
larly practical is the mains filter which is encapsu-
lated together with a mains switch and sockel.

The following chapters will appear in edition 3/
1985

3. Power Supply Construction

4. Commissioning

5. Installation and Operation

6. Alternative Employment of Power-FET
7. Measured Values and Users’ Experience
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L- and C-Measurements
with Calibrated Transmission Lines

Two pole measurements by means of arefliec-
tometer or a directional coupler may ailow the
VSWHR/reflection coefficient to be determined
with reference to a specific characteristic im-
pedance but no information is given by which
the reactive component of the item-under-
test (IUT) may be determined. The special pro-
perties of a high frequency test transmission
line shouid not be neglected, by means of
which, the reactive component of a two-pole
network may be determined.

This is carried out by measurement of the stan-
ding waves using the familiar “node displace-
ment method®. This article will deal with the con-
struction of a simple decimetre band calibrated
transmission line. Simple formulae will be given
with which L and C may be calculated from the
node displacement providing that the test-item
possesses no appreciable real component.
There follows finally, a few cbservations about
the particularities of the waveguide slotted-line
as a measurement device.

1.
CONSTRUCTION OF A
TEST TRANSMISSION LINE

Fig. 1 shows a demonstration test transmission
line using a stripline, which has been used for
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years in a school, for the measurement of stan
ding-waves, matching elc. in the UHF and the
decimelre band. The 2 mm (approx.) narrow strip
running down the centre forms the “hot” conduc-
tor whilst the underside of the board is the ground
plane.

The two broad strips 1o the left and right of the
actual conductor run, are also both at ground
potential. They are not actually, absolutely
necessary. They were useful for school work in
order that the probe’s tip and ground connec-
tions (not shown in Fig.) could conveniently con-
tacl both conductors of the stripline simultane-
ously. The pholograph shows a double-sided
printed circuit board upon the top surface of
which a slrip-conductor has been formed by
etching.

The material employed is glass fibre epoxy. The
length of the board is about 1 m, and the width
about 80 mm. The relatively long length was
required in order to work with signal generators in
the 100 MHz range. The velocity factor of the
conductor is close to 0.6. Itis important that the
velocity factor is not arrivec at by calculations
based upeon the dielectric constant of the PCB
material as the actual dielectric constant is smal-
ler. This is, because a portion of the electric field
passes through air, since the strip is only screen-
ed on one side.

Such a test-line for the two-metre band requires
alength of 80 cm and for the 70 cm band onty 20
to 30 cm. It is sufficient to confine the length to
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Fig. 1a:
Home-made
test transmission
line
DG 7GK St
Strip-line as a
test transmission line
fram \ﬁ.‘id_.... )}
Generator S, %
Whack P
e e i :
“ S/
L § 4 /
T

P

Cu

just sufficient to allow an electrical half-wave-
length as this makes the problems of etching
much smaller. The test-line in the sketch has the
test-itemn connected to soldering tags located on
the strip and directly heneath on the ground
plane (not visible in photo).

On the other end of the test-line a short length of
RG 58 cable Z; = 50 @2 (Fig. 1b) has been
soldered in order to provide a flexible connection
to the signal generator. The width of the centre
strip is calculated for a characteristic impedance

of 50 (). The PCB’s dielectric constant and ils
thickness are very important quantities to deter-
mine the characteristicimpedance. If the etching
process is too long the etchant will creep under
the resist thus reducing the strip width and rais-
ing the characteristic impedance. Uneven
etching will lead to a varying width over the test-
line’s length which of course, must be avoided as
the object is. to achieve a uniform characteristic
impedance. It is therefore recommended that the
impedance of the test-line be measured.
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2.
MEASURING THE
CHARACTERISTIC IMPEDANCE

This may be accomplished as follows: The test-
line is terminated in R = Z;; using short, direct
leads. The termination must be non-inductive —
do not use wire-wound resistors! Compaosition
resistors are also unsuitable because their resis-
tance is noticeable higher with increasing cur-
rent. A metal-film resistor is the most suitable.

Connect the signal-generator and contact the
strip with the diode-probe tip. If the termination
resistor and the characteristic impedance are
eqgual then there will be no standing waves on the
line. If the impedance of the line is loo great, there
will be a voltage minimum across Lhe lermination
and a small voltage maximum along the length.
The characteristic impedance 7, of the ling s cal-
culated from:

Z, - VSWR xR

If on the other hand the line impedance is too
small (because for example the strip is loo broad)
then a wvoltage maximum would be present
across the terminalion and a voltage minimum
along the length of the line. The VSWR obtained
from the vollage ratio serves again to calculate Z,,
but this time as follows:

Z, = RAVSWR!

The probe must be of high resistance relative to
the characteristic impedance. If the resulting Z,

oo, Zmm

_\ Glass epoxy

Ve
Ground connections

Fig. 2a: Cross-section of a test-line
constructed in accordance with Fig. 1
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differs from the desired value, a new etching at-
tempt must be made.

3.
STRIP-CONDUCTOR
AS AN ALTERNATIVE

The etching of the strip may be avoided by
sawing off a strip of double-sided PCB and
placing it on a metal base-plate {e.g. soldering).
The strip conductor is simply sawn from the PCB
and by placing it on a metal base-plate, it makes
akind of one-sided screenad strip-conductor the
cross-section of which is shown in Fig. 2b. The
approximate requisite width calculation is carried
out from the strip conductor's physical proper-
ties.

The problem ot fabrication nevertheless, lies in
the clean sawing from the hard glass-fibre mate-
rial. Such an arrangement however, is not as
tavourable from the point of view ot side-radia-
tion as may be surmised from the cross-sectional
sketchin Fig. 2a. The placing on the base-plaleis
required in order that the line may be asymmelri-
cally driven. The strip-line ilself is of course SYITI-
melrical.

4.
MEASUREMENT OF L

According 1o the frequency of measurement
meaningful measurements ot a coil’s inductance

L Cu-Strips
m Glass epoxy
7 7
' /
Cu Cu +Solder tags

Fig. 2b: Cross-section of a proposed method
of test-line construction
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from ten to a hundred nano-Henry can be carried
out. Firstly, a suitable measurement reterence
plane (a voltage node) along the line must be
found. This is done by shorting the test-line end
with a short soldered connection belween top
and bottom conductors. The signal-generator is
adjusted to the frequency of measurement 145
MHz or 433 MHz according to the application
band of the test-item.

The consequence of total reflection is the gene-
ration of standing waves. Wilh the probe, the
positions of the nodes (minimum) and the anti-
nodes (maximum) along the line are found. The
maxima are equal to the underminated output of
the signal generator and the minima zero valts
owing to the lotal reflection. If the nodes are not
zero volts at least the two following major causes
must be eliminated.

1. The output resistance of the signal generator is
not compatible with the Z,, of the test-line: If this
is the case, an allenuator is required between
generator and test-line to define Z,.

2. The generator could have a high harmonic out-
put? Harmonics are also lotally reflected and

Apiz

could produce maxima just at the points where
fundamental nodes are expected. A 20 dB har-
monic to fundamental difference could indicate
an apparent VSWR of 10 whereas it is actually
infinite.

From the distarnice between neighbouring nodes
the halfwavelength is measured and thereby Ly
determined.

Following these preparations, a suitable node is
selected for the reference plane from which the
distance x i.e. the displacement Ax may be deter
mined. The short-circuit is then removed and
replaced by lhe test-inductance (Fig. 3a). This
reactive element causes another phase displace-
ment in the reflected wave which consequently
causes the node to move in a certain distance in
the direction of the lest inductance. The greater
the induclance the greater Ax will be! Ax can only
however, at the most, equal a quarter wavelength
i.e. LD/4. This would be the case when the test
inductance tends to limit. (The test-line would be
practically open circuit with a voltage anti-node
alils end).

With the aid of the measured Ax the inductance

L}
referance

| LUT
-plane |
‘ |
DG7GK | |
J Required displacement ]
| |
= = j -~ Fig. 3:
~ | | Node displacement
! e shoet @) withL
U i rennection by with G
) |2 : The reference-plane in both
Line < L C cases:
- T A voltage node under
| | short-circuit condition
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can now be measured according to the following
formula:

L= £ - tan (360°

= Ejl‘[f 2 AXF’){D)

where Z, is the tesl-line characteristic impe-
dance (e.g. 50 0}, fis the frequency of measure-
ment and kp is the wavelength of the test-line.
(Suffix “D" tor dielectric because it is a prerequi-
site that the test-line has a dielectric which is not
unity. Commercial “lest-lines” in general, have an
air dielectric, £, = 1)

Example:

Atf =145 MHz a "coil" with 2 winding of 100 mm
was connected as the test-item. Ax was meas-
ured as 20 cm. With an initial node separation
measurement of 60 cm i.e. k= 2 x 60 em = 120
cm, what is the test item’s inductance? (Z, = 50
),

Solution:
500 3600 - 206
L= o 145 g0 AN 00% " g
= 95 nH
5.
MEASUREMENT OF C

The initial measurements (wavelength, reference
plang) are carried out as for the case of the L
measurement. For the C-measurement, it is pos-
sible to choose the position of the reference
plane node under short-circuit conditions. On the
formula for the calculation of C however, the dif-
ference (h.y/4 - Ax} is the pertinent displacement.
The Ax is taken as in Fig. 3b and C is calculated
as follows:

1 o
C= W-'Z' - tan [360 (‘JLDM' -4 X)MD]

Meaningful measurements of test-items occur
with G between a few pF and about 100 pF.
Extreme cases are C—0 and C—~=, When C— =,
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this means the same as if the test-line was short-
circuited with the capacitance. Ax tends to zero
and the standing wave pattern remains the same
as the initial short-circuit condition. When C—0,
the strip-line is working in a practically unloaded
condition with a standing wave pattern posses-
sing a voltage anti-node at its end.

The Advantage of Measuring at Nodal Points:

The vollage measurements can of course, be
carried out al voltage anti-nodes (the reference
plane would be accordingly different). The choice
of the vollage node has the advantage that the
measurement may be carried oul much more
accurately:

1. The vollage node is much sharper than the
“broad*® transition of the voltage anti-node as the
half sine-wave pattern of the standing wave (at
lotal reflection) indicates.

2. The loading which can occur — with probes
having not high enough resistance - have negli-
gible effect at the voltage nodes at total retlec-
tion!

6.
THE WAVEGUIDE SLOTTED-LINE

The data given for the test-line may also be used
for the wave-guide slotted-line (Fig. 4) by substi-
tuting the wavelength of the slotted-line &, for k..
As this also does ndt accord with the wavelength
of free space, it must be measured beforehand
along the whole length of the siotted-line. The
distance between two nodes represents a half
wavelength as before.

With the slotted-line it is even more important
than by the strip-line, to use the standing wave
pattern as a reference under short-circuit con-
ditions. A short-circuit can easily be realised with
the slotted-line {with a careful contact at the
flange), but an open-circuit does not occur easily.
An open flange does not represent an open-cir-
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Fig. 4: Wave-guide slotted-line

cuit since it raciates energy and therchy forms a
resislarce. The flange acts as an antenna with a
real resistance, this being the radiation re-
sig

ance!

Furthermore, it should be pointed out, that pure L
and C ir the waveguide technigues, enly ccour
under special conditions e.g. at the end of a
short-circuted  wave-guide of a determined
length, The wave-guide appears mostly as a
four-pole network and the guantities lo be
measurad contain real and reactive components.
Linder these conditions simple formulae do not
apply and the standing-wave patterns are more
suitably dizgnosed with the complex reflection
coefficient or & Smith-chart. This carnot be the
sLbject of this treatise howsver,

Finally it should be mentioned, that the given for-
mulae for pure L or C cannot be used with the
wave-guides because the 7, cccuring in them
cannoct be adequately expressed, The field dis-
trinution in the wave-guide has the consequence
that 1he characteristic impedance over the wave-
guide cross-section 18 not simple io define. If
then, the incuctive or capacitive effect of a wave-
guice nipole is to be describec, itis expedient to
exprass this inthe form of & normalised inductive
or capacitive reactance {or conductanca),

Normalised inductive reactance:

X

: L Ax
= _ = 360° -
Xy 7 tan {

A

Mormalised capacilive reactance:

cot [360°

-

X A
WE = ZC § . (f — Ax)hy).
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Impedance Measurements
with Calibrated Transmission Lines

Impedances are measured in commercial
measurement technology with network analy-
sers, vector voltmeters, impedance bridges or
sometimes by means of impulse reflectiome-
try. Theamateurisassistedoftenbythegrid-dip
meter or resonance methods. The excel-
lent charachteristics of the transmission line
as a measurement aid however, should not be
allowed to slip into obscurity. Itis suitable not
only inthe 2mand 70 cm bands but also in the
GHz range where the dip-meter is no longer
usable.

Inductance and capacitance measurements
by means of calibrated transmission lines
{test-lines) have already been discussed in
the same edition. As this method resolves the
impedance into its real and reactive compo-
nents it is a littlie more invoived. The determi-
nation of impediance from the reflection-coef-
ficient by means of a Smith-chart is relatively
easy if the indirect method of a calculator
programmeistobeavoided.

1.
TEST-LINE CONSTRUCTION

For the 2 m and 70 cm bands a stripline grounded
on one side with a characteristic impedance of
say 50 {1 can be used (Fig. 1). The dimensions
can be determined from the table in Fig. 2. It must
be observed that the effective dielectric constant
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Fest itein

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

of the stripline is not that of the material chosen
for its construction. This comes about because
the electrical field around the conductor passes
through air on its top side, thereby reducing the
field intensity in the dielectric. For the GHz range
either the strip-line can be used or a slotted-line
{Figs. 3 and 4}. The latter are not really suitable
for home construction as the mechanical require-
ments {an accurate slide with a capacitive probe)
are stringent. In any case, a signal-generator, of
the same internal resistance as the Z, of the test-
line and which exhibits low harmonic output, is
required.
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Line Zo = free-space Zo; \E

Fig. 2: Table for the determination of the Z; of unsymmetrical
PE_B screened strip-lines for three types of base material:
thickness E,=4,E =5andE, =6

(from “Microwaves" 3/68)

strip to PCB
thickness ratio 31 e | 1.3 0,5:1]

freespace Zo FOQ| 90€Q | 125Q ] 1668

effective dielec-
tric constant 32 | 31 | 23 | 28 at £,=4
e e ek
£ 39 | 37 | 35 | 34 at £,=5
L . £ 1) .! i P SER S FANE UFRRETL s
| " €, 46 | 44 | 43 | 40 at £,=6
L —_— | =5

E"'—' i angle of the reflection coefficient. The reflection
= coefficient magnitude IPI may vary between zero
METHOD OF MEASUREMENT and unity according to the load matching. With a
T ' perfect match it is zero and with total reflection it

is unity. All other load values giving intermediary

2.1. Determination of Reference Points results. Before beginning the actual determina-
tion of the impedance a couple of valtage meas-

The impedance measurement is made indirectly ;
urementsalongthelinemustbeundertaken.

from a measurement of the magnitude and phase

Vo @ ,cap. probe

Y buck ZZ : Z ®

a) Matching check. This test checks that the Zo

i
o

Fig. 3:
tes i' item Principle of the coanxial slotted-line
(? E}
L *(u robe
Pp Fig. 4:
Principle of the wavequide
1'951' item slotted-line
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of the test-line is compatible with the resistance
of the terminating resistor. Use short direct con-
nections to terminate the end of the test-line with
the metal film (preferably) resistor. When using
coaxial or waveguide slotted-lines, a suitable
lead absorber termination (50 (1) should be
available. The check consists of running the
probe along the test-line under terminated con-
ditions to ensure that the voltage is equal at all
points along the line (i.e. no VSWR) and to note
this voltage V,,, for reference purposes.

h} Total reflection test. The end of the test-line
should be either short-circuited or open-circui-
ted for this test. This produces the well-known
standing waves along the line. An open circuit
condition is depicted in Fig. 5 top. Thecretically
an open-circuit would alse produce the requirec
total reflection but in practice an cpen-circuit is
very difficult to achieve owing to the fact that the
radiation from the end of the fransmission line
constitutes a resistance — the radiation resis-
tance.

The effect is more prevalent when using slotted
lines where the short-circuit termination should

108
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Fig.5:
Standing waves along the test-line
and evalution;

\ co-ordinate representation of the reflection
coefficient, Smith-chart for impedance
components

always be used to produce the total reflection. If
a sliding shorl-circuil termination is available with
the waveguide siotted line then this of course,
could be used to create a lrue open-circuit at the
end of the line by means of the 1/4 fransformation
effect. The standing waves are displacec by /4
relative to the short-circuit condition and this
should be taken into account whatever methoc is
used to produce total reflection. At total reflec

fion the voltage at the nedal points is zero and at
the anti-nodes the voltage is the maximum
available from the generator at open-circuit out-
put. Having ensured that total reflection exists,
the voltage V.., should be noted. The range be-
lween the matched voltage V., and the voltage
at total reflection V.., corresponds to the refiec-
tion coefficient at unity.

2.2. Determination of Reflection Coefficient
Magnitude IPI at any Termination Impedance

The two voltages Vg and V., have been deter-
mined and the test-impedance connected to the
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end of the test-line. The voltage anti-nodes now
lie between the reference Vy, and V...
although its position on the line may now have
been displayed owing to the reactive component
of the item-under-test (LU.T.}. To determine the
magnitude (only) of the reflection coefficient of
the LLU.T. this displacement is of no conse-
guence. According to the degree of reflection the
voltage standing wave anti-node assumes a vol-
tage V, above the reference line Vg, The
distance V, - Vy,, being an indication of the
magnitude of the reflection coefficient. This may
be expressed as a fraction of lthe maximum
distance V., — Vg, which results in the value for
the reflection coefficient.

Example: V., =08 Vand V,,,, = 1.6 V. The vol-
tage anti-node was measured atV, < 1,2V. What
is the magnitude of the refleclion coeflicient (see
Fig. 5)7

Solution: V. — V), = 1,6V -08V=-08V
Ve Vit =1,2V-08V =04V
IPl=0,A4V/08V-005

Note: This is a relative measurement and the
absolute voltage is not strictly required. It is im-
portant however, thatthe measurement systemis
working linearly between the range Vy, and V, ...
The output from the signal generator should be
high enough to overcome the barrier voltage of
the probe diodes, i.e.in the region of a few volts
as in the example above.

2.3. Determination of the Reference Line for
the Reflection Coefficient Angle

The reactive component of the load impedanceis
of great importance for the angle of the reflection
coefficient. Before the angle measurement can
begin. a reference must be established at total
reflection. The refiection coefficient angle is zero
degrees when the line is terminated with a pure

resistance R which is greater than the charac-
teristic impedance of the line. This of course is
just as true if the line is “terminated” in an open-
circuit, i.e. when R is infinately great. This caseis
represented in Fig. 5. It is possible to count the
angle from the position on the line of the anti-
node. A guarter-wavelength equals a reflection
coefficient angle at 180",

2.4. Determination of the Reflection Coeffi-
cient’s Angle at any Terminating Impedance

After connecting the test impedance a standing
wave system will be developed whose anti-node
will be between Vy,, and V.. The magnitude
however, is of no importance for the measure-
ment of the angle but its position, in relationship
to the anti-node at open-circuit, is. When the
test-load has a capacitive reactive component
the standing wave system is displaced relative to
that at open-circuit towards the load.

This displacement can amount to a maximum of
a guarter wavelength when the load capacilive
reactance X tends towards zero (high capaci?
tance} and the real component R is smaller than
the line’s characteristics impedance. In this
extreme case the reflection coettficient’s angle is

180°. The minus sign indicates that the reac-
tance is capacitive. The degree graduations are
linear with distance.

If the load impedance contains an inductive
reactive component, the standing wave pattern
is displaced relative to that at open-circuit by a
maximum of a quarter wavelength ie. +180°
towards the generator. This maximum dis-
placement occurs when the inductive reactance
X tends to zero (very low inductance) and the
resistance of the load is much smaller than the
characteristic impedance ol the line. The degree
graduations are also linear. The plus-sign in-
dicates that the reactive component is inductive
{see para 4e for measurement pitfall).

Example: In Fig. 5 (lower) upon termination of
the line the standing wave pattern has been dis-
placed 2/3 of a quarter wavelength in the direc-
tion of the load. This amounts to an angle of
—120° caused by a capacitive reactance.
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2.5. Polar-coordinates: Representation of the
Reflection Coefficient

It is worthwhile now to regard the reflection coef-
ficient as a phaser in a polar co-ordinate plane.
The reflection factor magnitude is represented by
the radius where the greatest radius is unity, i.e.
full reflection. This case is represented by the top
right-hand circle in Fig. 5, whereby the seccend
radius represents a reflection coefficient of 0.5
both at angle 0°. The lines of projection show how
the phasor may be obtained from the standing
wave pattern (V,, — Vi, must represent unity
with a linear scale between).

For demonstiration purposes the circles are
drawn with the 0% direction upwards instead of
the usual right-hand orientation. A standing wave
displacement due to load reactive components
causes the phasor to turn clockwise or anti-
clockwise according to the nature of the reac-
tance. A negative reactance is represented by a
clockwise phasor movement and a positive reac-
tance by an anti-clockwise movement. In the
example of Fig. 5, middle circle, the phasor has
turmned clockwise —120° owing to the capacitive
reactive component. The length of the phasor is
half of the outer radius which represents the
reflection coefficient of 0,5.

2.6. Determination of Real and Reactive Com-
ponents of the Load

The third circle in Fig.5 contains the Smith-Chart
in a suitable position (0° upwards). The outer
circle radius accords to full reflection as in the
polar diagrams. The phasor is now drawn in the
same paosition onto the Smith-Chart. The phasor
rotates about a point "1*, the middle of the dia-
gram. From the coordinates lying at the point of
the phasor, the real and the reactive components
of the load may be read off in normalised form.
The normalised form is simply the actual impe-
dance, resistance or reactance divided by the Z,
of the line (50 (1) so that unity represents Z, (50 (2
mostly) and lies in the centre of the circle. It
follows then that any quantity finally read off the
normalised Smith-Chart must be multiplied by Z,,
in order to find the actual value.

10

Nete for use of wavequide slotted-line: This nor-
malisation is not valid for the W/G slotted-line
owing to the fact, that there is no definate charac-
teristic impedance data possible because of the
completely different field distribution as opposed
to that of the coaxial slotted-line and strip test-
line.

3.
EXAMPLE

The test-item is a series combination of Rand C
and causes a reflection coefficient of 0,5 and
angle —120°. After plofiing these quantities onto
the Smith-Chart (see Fig. 5 bottom right}, the
phasor tip is seen to be located at the co-ordi-
nate intersection of Ry = 0,43 and X, = -0,5. The
characteristic impedance is 50 {} and the measu-
rement frequency 145 MHz. What are the actual
components of the load?

Solution:

Ry=-0,43x500-2150
Xy=-05x500=-250

The minus sign indicates a capacitive reactive
component which at 145 MHz has a capacitance
of 44 pF.

4.
MEASUREMENT PITFALLS

a) Signal generator harmonics: are reflected in
the same manner as the fundamental. As they
form stancing wave patterns which are closer
together, they could cause confusion by distort-
ing both amplitude and phase of the fundamental
standingwave.
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b) Generator internal impedance R, not egual to
the Z, of the test-line:

multiple reflections distort the main standing
wave pattern.

c¢) Probe: Signals small enough to fall into the
non-linear region of the diode.

Remedy: increase signal generator output.

d) Loading of line by probe: aveoid this by using
capacitive coupling or a high impedance probe
relative to the Zo of the test-line.

e) The location of the maxima: owing to the broad
anti-node transition it is difficult to locate the
exact point of maximum voltage nodes to assess
the pattern displacements. The displacement
angle is shown in Fig. 5 as being with reference ta
the anti-node for the clarity’s sake, but in reality
the noces should be used 1o locate the point

exactly. The required displacement then being
the difference between reference and test nodes.

5.
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Colour ATV-Transmissions are no problem

for our new ATV-7011

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

The ATV-7011 is a further development of our reli-
able ATV-7010 with better specifications, newer de-
sign, and smalier dimensions. It uses a new syslem
of videg-sound combination and modulation. Il is
also suitable for mobile operation from 12 WV DC or
for fixed operation on 220 V AC,

i «.. DM 2750.00

Tne ATV-7011 is also available for broadeasting use

netween 470 MHz and 500 MHz, and a number of
such units ara in continuous operation in Africa,

Specifications:
Frequencies, crystal-controlled:

Video 434.25 MHz, Sound 439,75 MHz
IM-products (3rd order): better than — 30 dB
Suppression of osc.freq. and image:

better than — 55 dB
Power-outoul, unmodulated:  typ, 10 W
Delivery: ex. stock to 8 weeks (standard model)

berichte Terry D. Bittan - Jahnsir. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 9133-855. For Representatives see cover page 2
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Joachim Kestler, DK T OF

PLL Oscillators with Delay Lines

Part 3: Oscillator Module

for the 2-Metre-Band

In {1) Michael Martin, DJ7VY, introduced a
VHF Oscillator with outstanding characteris-
tics with regard to low noise and short term
stability. The oscillator to be described
employes the same oscillatory circuit with a
low noise doubler for use in 2 m receivers or
transceivers with either a 10.7 or 9 MHz IF. In
order to achieve the necessary long-term sta-
bility however, the PLL principle with delay
lines (2, 3) will be employed. In this manner the
not uncritical DAFC together with tempera-
ture compensation measures can be dis-
pensed with.

5.
AN OSCILLATOR MODULE
FOR THE 2-METRE BAND

5.1. The Resonant Circuit

As this is the most important and critical part of

" every oscillator circuit, a short account of the
Stettner ceramic inductor used in (1) will now be
undertaken.

AVector-Impedance-Meter HP 4815 A was used
(as by DJ7VY) to determine the circuit Q in two
ways:

112

a) Measurement of R, the resistance al re-
sonance (Q = R /wl)

b) Measurement of the 45° frequencies f, anc I.:
Q-=fif, -1}

Care should be tzken when soldering connec-
lions to the coil, that as little tinning solcer is used
as possible. The connections should be cleaned
with trichloraethylene to remove the flux residue.
The tuning capacitor of 12 pF together with the
probe capacity resuited in a resonant frequency
of between 65 and 70 MHz.

Results (measurements of b in brackets)

o Coil without screening and without tuning
diode: Q=633(613)

¢« Coil in PCB enclosure, size 45x45x30 mm
without tuning diode: Q = 700 (922)

o As above but with 2xBB209 {tapped 1 wdg, Vp

=15V) Q=611(709)
e Asabove butV, =7.5V O 570 (648)
e As above butVp =5V =500 (517}

e 1 (modulel lid of tin-plate without dmde.
Q=4211{482)
o 2 covers of tin-plate without dioce:
Q = 284 (305)

It may be seen that the coil Q when screened inot
by tin-plate) is improved as it avoids loss through
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Fig. 26: VHF oscillator block diagram

radiatlion. The influence ol the tuning diode is
noticeable but tolerable as long as the tuning vol-
tage remains above 5 V. With V, = 0 the Q-factor
is only 120.

5.2. Circuil Description

Fig. 26 shows the block schemalic of the VHF
oscillator, The VCO oscillates at half the output
frequency, its signal being buffered by T 2 and
fed to a frequency doubler with filter to the out-
put. The buffered oscillator signal is also fed to a
further buffer stage (T 3) on to the mixer. The
mixer is also supplied with a crystal oscillator
signal resulting in a difference output frequency
of fy= fy/2 - Iy. This is fed to the module with the
delay line, phase-shifter and comparator descri-
bed in (3) the resulting tuning voltage being used
to tune the VCO. Buffer T 2 can be used to pro-
vide ALC by means of an external voltage.

The choise of difference frequency is not critical
but it must however, lie in the passband of the

delay line (3— 7 MHz). Itis advisable to avoid sub-
harmonics of the difference frequency in order Lo
prevent spurious signals. An example built by the
author has the following frequency plan:

IF = 10.7 MHz, output frequency 133.3 to 135.3
MHz, crystal frequency 62.9 MHz. l,I - 375 10
4.75 MHz. Using a IF of 9 MHz one requires an
oscillator signal of 135 to 137 MHz. Choosing a
crystal frequency of 62.5 MHz, h‘. rasulis in bet-
ween 5 and 6 MHz and again, no IF spurs are to
be anticipated.

The delailed schematic of the oscillator module s
shown in Fig. 27. The part of the circuil with T 1
(VCO), T 2 {buffer) and D 4/5 (doubler) has already
been exhaustively treated in (1), so here only a
few particulars should be mentioned. The VCO
supply voltage is fed via PT 3. Itis recornmended
that this voltage be produced by a separaterequ-
lator (e.g. 7815, 0.2 A} and filtered with an RC
combination of 100 £2/1000 «F. The ALC vollage
to Pt.4 influences the capacitive devider C 10/D 3
hence the control of T 2 and the input to the dou-
bler, thereby the output may be varied. The same

113
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VHF oscillator circuit diagram 'HI‘“ T E o

circuit is used on the input to the buffer T3 (C 18/
D 6); thus it is possible to adjust, by means of a
control voltage applied to Pt 7, the output of the
ring mixer M 1 and the level of the difference fre-

114

quency signals at Pt 10. A barrier layer FET (T 4)
is used for the crystal oscillator. The relatively low
frequency (approx. 60 MHz) used here, obwviates
the requirement for compensation of the static
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crystal capacitance with inductance allowing the
crystal to oscillate at its nominal frequency.

The difference frequency, developed in the ring

mixer, is fed to a low pass filter C 40/L 7/C 41
suppressing undésired higher order mixing pro-
ducts before going to the output at Pt 10. The 10
dB pad (R 20, R 21, R 22) serves as a broadband,
50 ) termination for the mixer. The DC voltage
between Pt 11 and Pt 12, which are test-points,
indicating the amplitude of the output signal at Pt
10. This will be mentioned during alignment and
testing.

5.3. Hints for Construction

In order to ease construction a double-sided
through-plated etched PCB has been de-
veloped. It measures 110 x 72.5 mm and carries
the inscription DK10F 047. The VCO does not

_

: 3 '.my\ .s.. o ‘
Fig. 28: The ceramic coilformer with C 1 (left) and lhe
selfsupporting oscillator circuil {right)

use a PCB in order that short connections to the
coil are used and to minimise the solder connec-
tions (Circuit Q).

Fig. 29: The trough contact PCB is 110 x 72.5 mm
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The following sequence is recommended for the
construction:

o File the PCB to the exact size.

o Provide a cut-out for the VCO.

s Cut surrounding screen (30 mm high) and bore
for the feed-through capacilors at Pt 3, 4, 5, 7,
8,9, 11, 12 and feed-through solder terminals
al Pt1, 2, 10 also for a Mini-BNC coax. recep-
tacle (or feed-through terminals) for Pt 6. Fit to
the PCRE and solder the screen both sides of
the PCB.

16
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e Cut out the 2 tin-plate divider screens (20 mm
high and with no holes) and solder to the PCB.

e« Complete the VCO screened enclosure with
hales for the two through connections capaci-
tor and terminal. Do not use tin-plate but rather
0.5 mm brass (preferably silvered) or PCB.
Copper plate is unsuitable owing to its high
heat conductivity making it difficult to solder.

Before mounling the VCO inductor with nylon
screws M 3 and paxclin washers, the tuning

Fig. 30:
The finished module DK10F 047
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diode should be soldered one winding from the
earth and using as little solder as pessible. The
rest of the YCO components follow, supporied
by the inductor, the feed-thro. terminais Pt 1 and
P12, the feed-thro. capacitor and the screen. The
arrangement may be seen in Fig. 28. The PCB
can now be fitted with the rest of the components
according to the plan in Fig. 29. A photo of the
finished module is shown in Fig. 30. The flux resi-
due is then removed from all soldered joints with
a solvent, but do not soak the PCB in sclvent as
some components wouldn't like it! This measure
is not a cleanliness fetish, but aveids the possibi-
lity that moisture absorbed into the flux causes
electrical leakages and corrosion.

5.4, Special Components

T1: U310 iSiliconex)

T2, T3: 40673 or 40841 (RCA)

T4: BF246B, PBO00 or PBO0? (Texas Instr.)

D1, D2: BE209

D3, D6: KV1236 (Componex Duesseldorf

D4, D5: BAST0 (Siemens) or HP2800

D7, D8: AA118 or similar Ge diodes

M1: IE-500, SRA-1 or SRA-3 {mini-circuits)

Q: IF=10.7 MHz : 62.9 MHz

IF =8 MHz: 62.5 MHz

Series resonant, 3rd overtone, holder
HC-18/U or HC-6/U e.g.

XS 6204 (KVGE)

L1: Ceramic inductor type 87-6228 {Stett-
ner) tapped one wdg from earthy end for
tuning diodea

1 13 Wdg. 0.15 mm copper-laguer-(silk)
wire on Vogt coil kit 514 04

L3: 8 Wdg. 0.8 mm silvered wire (self supp-

orted) 5.5 mm inside dia

L4.7:  Ferrite choke 1.5 NH (Siemens, Jahre)

L8: As L 2, but with coupling Wdg. of insula-

ted wire on earthy end

C1: Ceramic coaxial trimmer 6 pF, 3mm dia.

C2, C3: Ceramic disc cap. 10 pF, don't use

brown ones ('S'-ceramic has greater
loss)

C4, C5: Ceramic (multi-layer) cap. 100 pF

C11:  Tantalum cap. 22 NF/A40 V10 mm moun-
ting

C27:  Tantalum cap. 22 NF/16 V 5 mm mtg

C33:  Tantalum cap. 100 NF/16 V 5 mm mtg

CX: Feed-thro. cap. 2.2 nF/30 V (solder
flange)

C20:  Foil trimmer 20 pF 7.5 mm dia.

C22:  (Valve: green)

The remaining capacitors are ceramic disc 30 V,
5 mm mounting. All resistors are 10 mm moun-
ting.

Tr: 4+2x4 Wdg 0.1 mm Cul in 2 hole bead B
£2152-A8-X17 (Siemens)

5.5. Setting-up and Adjustment

After the connection of supply volltages to Pt 3, Pt
5, Pt 8 and Pt 9 check the drain current of all
transistors by measuwing the voltage drop across
the drain resistors. A value of 10 mAis optinum,
6 to 15 mA tolerable. Outside these limits the FET
should be replaced. The two oscillators (T 1 and
T 4) are measured in the non-oscillatory condi-
tion: T 1 Gate to earth via 100 {: and T 4 by taking
out the crystal or C 35. Following that, connect a
temporary adjustable voltage to Pt 1 taken from
the supply voltage via a 10 k() (approx.) potentio-
meter. Pt 3 is supplied directly with 15 V. Fit the
WCO enclosure provisionally with the cover and
obtain the tuning characteristics shown in Fig.
31. Trimmer C 1 is adjusted so that the upper
band limit is attained with a potential of 12 V_ If
this is not achieved with C 1 fully out replace C 2
or C 3 with a smaller value (say 8.2 pF), likewise
increase C 2 or C 3 if the band limit is not reached
at 12 V with C 1 fully in. The frequency counter
may be connected either by coax cable across C
17 or remove the screen from L 2 and use a
single-turn inductive coupling. Naturally, only
half the output frequency will be measured at
these points.

The lower band limit should be attained with
about 8 V (6 to 8 V). If this is not the case (maybe
another tuning diode has been used) the diode
tap on L 1 must be adjusted.

"7
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Next the crystal oscillator is checked the counter
being connected inductively to L 6 or a coax.ca-
ble to pin 8 of the ringmixer. The adjustment is
limited to adjusting the core of L 6 exactly to the
crystal frequency. If the crystal refuses to oscil-
late (e.g. with old or “tired” crystals) reduce C 34
to 27 or 22 pF.

The given difference frequency at Pt 10 may be
checked easily with an oscilloscope (freq = 10
WMHz} with the input terminated in 50 ohms.

Turn the preset RX at Pt 7 to maximum and tuns
L 2 and L 5 for max. amplitude at Pt 10. The VCO
should be set to mid-band (provisional voltage at

18

Tuning Voltoge ——=—

Pt 1 about 10 V). About 300 mV peak-to-peak
(approx. 100 mVYRMS) should be dislayed, This
drops to 60 mVp.p. (20 mV RMS) with RX at 20
mV. A high impecance {100 kohms) voltmeter
should read 0.1 V between Pt 11 and Pt 12,

Bandfilter tnmmers C 20 and C 22 following the
doubler are iterated several times to achieve the
maximum output. Should a high-frequency level-
meter not be available, use a test circuit of 50 0
resistor a Germanium diode and a 1 nF reservoir
capacitor across a normal multimeter,

After adjustment the VCO cover should be fitted
and soldered. The tuning curve is then re-
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checked and, If necessary, C 1 corrected. The
connections to the PLL part DK10OF 046 are
shown in Fig. 26. The VCO cof the PLL part will not
be needed but may be used to check unit 046 on
its own. Screened cable should be used for the
connection Pt 1 to Pt 23 to avoid pick-up volta-
ges on the VCO tuning line. This is not too critical
as the tuning line is a relatively low impedance of
100 €1 (R 55 see Fig. 19 part 2). Also low fre-
quency pick-up (hum) is nulled by the action of
the phase loop. The supply voltage should of
course, be well regulated and filtered.

5.6. Test Values

In the following table is set forth the data which
was obtained from measurements on the proto-
type. The instruments used were:

Vector Analyser (Pegelimesser) ZPV Rohde &
Schwarz

Spectrum Analyser HP 141 T with plug-in mod-
ules 8552 and 8554

Freguency Counter (home mace, 8 digit, DCF 77
lockec).

DATA:

Freauency range 1333 - 135,3 MHz
(IF =10,7 MHz)
135,0 - 137.0 MHz
{IF =9 MHz)

+ 4 dBm midband
+ 3 dBm bandlimits

Output power

Sub-harmonics fo/2, 312 1y
30 dBm
Harmonics 2 fo &1y
= — 40 dBm
31, 515
< — 60 dBm
Switch on drift < 200 Hz g
Long term drift < 20 Hz/hour g
Sensitivity to supply
voltage changes: < 1 kHz/NV 7
Supply: + 15V, 40 mA &

*) together with PLL-DL-Module DK10OF 046.

Naturally the data are not complete without
carrier noise being assessed but unfortunately
suitable test equipment was not to hand. In the
next edition of VHF COMMUNICATIONS a recei-
ver input stage suitable for use with this oscillator
module will be described which will of course,
consider the question of front-end overloading.

5.7. A70 cm Version

Those who wish to make their first steps on a
higher frequency band will do well to construct

30 440 MBz
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Fig. 32: Block diagram of a 70 cm
single conversion super
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the converter first and test it with an available,
good receiver. In this manner and without a great
outlay, one can gain experience in high fre-
quency techniques and with unfamiliar compao-
nents and circuits. Results may not approach
those of the state of the art with regard to input
overloading and IF spurious specifications, an
optimal solution being the concept of a narrow
band, fixed IF. This trend is to be seen on the 435
MHz band but for the 2 m band it is already the
norm.

Fig. 32 shows how the described oscillator
module may be usedina 70 cmreceiver (or trans-
ceiver). The VCO oscillates at 103 MHz, its signal
being doubled twice before being passed to the
mixer. It is suggested that an IF of 21.4 MHz is
used, as crystal filters exist at this frequency but
the choice is not binding.

With more attention to the preselection filter in
order to tacilitate image performance, an IF of
10.7 or 9 MHz may be used. Anyway, image inter-
farence is not so unpleasant as overloading
offects as only a single frequency sufters
whereas overloading could make the whole band
unusable.

The question is interesting, whether the often
mentioned Stettner ceramic inductor is suitable
for a 103 MHz VCO. Measurements as in 5.1 but
at 103 MHz, gave a circuit Q of 460 {C = 6 pF, coil
in enclosure, diode voltage 10 V) i.e. not much
less than at 67 MHz.

The following table indicates which components
in Fig. 27 are to be changed:

D1: BB 505
D2 redundant
Q: IF=21.4MHz: 98.0 MHz

IF = 10.7 MHz: 101.0 MHz
Series resonance, 5TH ovartone
holder HC-18/U or HC-6/U e.q.
XS 6306 (KVG)

L2, L5 8Wdg. 0.25 mm silvered
copper wire Vogt kit 514-04
L3 7 Wdg. 0.8 mm silvered, self
supporting coil, int. dia 5.5 mm
L6&: As L 2 but with one coupling loop
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C1: ceramic cylindrical trimmer 3 pF, 3
mm dia

c2: ceramic disc, 4.7 pF

Ca redundant

C4,C5:  ceramic disc 39 pF

C17, C31:ceramic disc 10 pF
C20, C22: failtrimmer 10 pF
All other components as listed in 5.4.

Construction and operation are as described in
5.3. and 5.5 This version also, did not need
inductive compensation for the static crystal. The
outpul capacitance power at Pt 6 was 1 mW (0
dBm) in the mid-band falling to — 2 dBm at the
band extremes — somewhat lower than the 2 m
version.

Owing to the frequency doubling, the drift rates
were also doubled. One revolution of the phase-
shifters will now result in a frequency inlerval of 4
% 15625 kHz = 62,5 kHz.

AT0 cm receiver front end (IF = 10.7 MHz) is now
in the process of contruction; if the expectations
match projected specifications, publicalion in
this magazine is intended.

Literature:

1) Martin, M.:  Low noise VHF-Oscillator with
Diode Tuning
VHF-COMM. 2/1881,
Pages 66 — 82

2} Kestler, J.:  PLL-Oscillators with Delay Lines
Fart 1, VHF-COMM. 4/84,
Pages 211 -220
PLL-Oscillators with Delay Lines
Part 2, VHF-COMM. 1/85,

Pages 46 - 54

3) Kestler, J.:
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Guenter Hoch, DL 6 WU

Estimating the Gain of Yagi-Antennas

from Chart Data

The author has described in (1} how the gain
reduction due to sidelobes can be estimated
for an antenna with a nearly rotational sym-
metrical polar diagramm. The comparison
with practical measurements on a yagi anten-
na leads to a diagramm, which with easily ob-
tainable values, gives a close approximation
to the available gain.

1
BASIC THEORY

The familiar Kraus formula for antenna gain
Gg— "% )
d)l____ : {1,1_'
or for the angle in degrees and with reference to
adipole
25200

ITJE . (‘D'_1

GL::'-'- ) (2]

vields for an antenna whose half power or beam-
width - and &y, for both polarization planes are
known, an upper limit for the gain. When the dia-
gram has sidelobes suitable deductions are to be
made.

In general, the main lobes and sidelobes are dif-
ferent for both diagram planes, the amateur is
however, only interested in the directional cha-
racteristics of one plane, tor horizontal polariza-
tionthisis the E plane (the plane of the elements).

For a tew types of antenna the relationship be-
tween E and H diagrams is known. One of these is
the yagi anlenna, superimposing (multiplication)
the H diagram with a dipole characterislic resulls
in a good approximation of the E diagram. The
lalter causes null paints at + 90° which in turn
causes extensive cancelling of the sidelobes in
the area of the null position; this leads to, for short
and medium length antennas, a certain narrow-
ing of the main lobe (from this it is clear that the
often stated front/side ratio for the Eplane is non-
sanse: aradiation in the direction of the elements
canonly arise from current in the boom or cable).

2.
APPLICATION

From the previous basics it follows, that for a yagi
antenna it is sufficient to know the important data
characteristics of the diagram of one plane in
order to determine the gain.
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Fig. 1: Gain of yagi-antennas as a function of beamwidth (¢

of the E plane and sidelobe damping

Fig. 1 shows dolted the theoretical gain of a loss
free, sidelobe free antenna, as a function of the E
beamwidth. The solid lines show the practical
gains as a function of beamwidth for various de-
grees of sidelobe damping.

From this, the conclusion should not be drawn
that an antenna with weak sidelobes generally
has higher gain. For the same length of antenna
decreasing the sidelobes increases the beam-
width of the main lobe. The gain remains nearly
constant over a wide range. In spite of this it is
normally preferable to choose the antenna with
the least peaky sidelobes.

From Fig. 1, someone, able to measure dB’s and
angle degrees, can obtain a good estimate of the
gain.

It must be stressed, that the diagram is only valid
for single yagi antennas; not for arrays etc., since
for these, completely different standards apply.
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Correclions for ohmic loss {skin effect) are nor-
mally unnecessary. The bases for this has been
derived from test data, as well as from actual
antennas. |t goes without saying that drastic mis-
matching, unsymmetrical feeds etc. falsify the
result. The almost amazing accuracy of the pro-
cedures has been confirmed by G. Schwarzbeck.,
DL1BU in (2).

The antenna to be measured is aligned to a suffi-
ciently strong and constantincoming signal (bea-
con), than the beamwidth is determined by rota-
ting the antenna until the -3 dB-point is found,
then rotate the antenna in the opposite direction
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Fig. 2: Polar diagram of an 18 element yagi antenna measured on 1.10.1981 at 432.5 MHz

until the other —3 dB-point is found; the angle
between these points is the required beamwidth.
On the other side of the -3 dB-point the signal
must quickly decrease, run through a pronoun-
ced minimum, then climb to a value usually lying
10 to 20 dB’s under the maximum:value. The

signal difference is equal to the sidelobe attenua-

tion. .

All the following sidelobes must be smaller, at
+ 90" there will be a deep null point. All backward
lobes should be many dB’s below the maximum

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

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

When an exactly calibrated S meter is not availa-
ble, a switched attenuator can be inserted in the
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signal path, and adjusi for the same level. Itis not
possible to go below a certain minimum attenua-
tor value, otherwise mismatching will falsify the
results.

The found half power angle can now be easily
examined: it is never bigger than half the angle
{4, which is the angle between the first two
minima. For shorter antennas it is noliceably
smaller (0.47 —0.48 @,,,, in order of 2 klong), from
around 64 long is almost exactly 0.5 .

4.
EXAMPLE

Fig. 2 shows the diagram of an 18 element
antenna (Parabeam PBM18). The -3 dB-points
lie at +12% and ~15°, that means (@ = 27°. The first
minima lie at +27" and 28", that means {4 =
567 The first sidelobes have sunk to around 12
dB and 14 dB respectively, the average sidelobe

attenuation is therefore 13 dB. The front/back
ratio comes to 19 dB. With these values trans-
posed to Fig. 1, it gives a gain of 13.3 dB;, the
measured gain was 13.4 dB, (dBy gain ref.
dipole).

The author has employed the diagram for many
years to verify gain measurements and it imme-
diately revealed any obvious errors in measure-
ment.,

5.
LITERATURE

{1} Hoch, G.. YAGI-ANTENNAS-Principle of
Operalion and Optimum Design Criteria
WYHF COMMUNICATIONS Vol .9
Autumn 3/1977 - Pages 157 — 166

{2) Schwarzbeck, G.: Streifzug durch den Anten-
nenwald
ca-DL 52 (1981), H.3, 8. 126 — 130

New Interdigital Bandpass Fiiters

4-stage, sealed bandpass filters for
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz
centre frequencies.

3 dB bandwidth: ...
Passband insertion loss:
Aftenuation at + 24 MHz: |

...................... 12 MHz
. 1.5dB
- 40 dB

Attenuation at £ 33 MHz: ... 60dB
Return loss: . 200 dB
Dimensions (MM} ... 140 x /O x 26

Ideal for installation between first and second pre-
amplifier or in front of the mixer for suppression of
image noise, and interference from UHF-TV
transmitters and out-of-band Radar Stations. Also
very advisable at the output of a frequency multi-
plier chain, or behind a transmit mixer.

2 ) ',: - Price: DM 178.—

Please list required
centre frequency on

el \ i ordering.
L __Lf _J_\_
Uliiberichte terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdorf

Tel. West Germany 8133-855. For Representatives see cover page 2
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TDA 5660P —

A Versatile Modulator Circuit
for TV, Video, and Sound Signals
in the Range of 48 to 860 MHz

The new, bipolar integrated modulator TDA
5660P was developed for use in TV and video
equipment. and also for other electronic equip-
ment with video and sound reguirements. Thisin-
tegrated circuit contains all funclional circuits that
are required for the modulation and conversion of
video and sound signals to VHF/UHF in the fre-
guency range of 48 MHz to 860 MHz. A few ex-
amples of the versalility of the circuit are:

o TV and video equipment

e Cable and TV converters

» Video generators

» Video surveyance systems

o Amateur TV, or

» Personal Computers.

The varsalility of this integrated circuit can be in-
creased further with the aid of a number of exter-
nal connections for adjustment ete.

Itis possible, for instance, for the sound signal to
be either amplitude ar frequency modulated (e. g.
FM-zound IF 5.5 MHz}, The video input is able to
process frequencies of between 0 and 5 MHz,
and the sound input between 0 and 20 kHz. The
sound oscillator operates between 4 and 7 MHz,
and the output carrier frequency (sound and video
information) can be in the range between 48 and
860 MHz. The following functions can be adjusted
externally: The video-sound carrier spacing, the
AM-depth of modulation, negative or positive vi-
deo modulation. and suppression of the residual
carrier.

Functional Description and Special Features
of the TDA 5660P

e AM-sound modulator, FM-zound medulatar;
AM-depth of modulation and preemphasis are ex-

ternally adjusiable.

e Sound ascillater (4 to 7 MH2) with a high fre-
quency stability.

e High frequency stability of lhe balanced VHF:
UHF main oscillator.

e Synch. level blanking circuil for the video signal.
e Control circuit for peak white and a control circu-
it for the video amplitude {compensation for fluc-
luations of up to 6 dB).

+ Continuous adjusiment of the depth of modula-
tion of both positive or negative modulation.

e Alignment possibilities for compensating the dy-
namic unbalance of the mixer (at high output fre-
quencies), and thus for minimizing the dynamic
residual carrier.

e Variable video-sound carrier spacing.

e Balanced mixer output (48 to 860 MHz) with buf-
fer.

e Low interference specirum.

e Very stable, internal reference voltage ol 7.5 V.

Circuit Description (Figure 1)

The sound signal (AF) is connected capacitively
to connection 1 in the case of frequency modula-
tion. The preemphasis can be provided by use of
an external R-C circuit. This signal is fed to a mi-
xer {AM-sound moedulator), which is dependent
on the AM-modulator input (connection 16). If a
voltage is present at pin 16 that differs from the in-
ternal reference voltage, it is possible for the vi-
deo-sound carrier spacing to be adjusted. If the
sound carrier is not to be frequency modulated,
but amplitude modulated, it is necessary for pin 1
to be connected to pin 2 and for the AF-signal to
be fed capacitively to pin 16. The internally set
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depth of modulation can be adjusted by providing
an additional, external DC-voltage to pin 16.

The FM or AM sound carrier is added to the video
signal in the VHF/UHF mixer with the aid of the lo-
cal oscillator signat. The parallel resonant circuit
of the sound carrier oscillator is connected bet-
ween pins 17 and 18,

An additional alignment of the cross talk is requi-
red to avoid sound interference tothe image when
using AM-sound. Due to the lack of free connec-
tions, the DIP-18 case does not provide any pos-
sibilities for this. For this reason, a 20-pin case is
being prepared.
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The video signal with negative-going synchroni-
zing level is connected capacitively to pin 10. The
blanking circuit blanks the signal to synchronizing
level,

Fluctuations of the video signal of up to 6 dB are
compensated forin the control circuit and brought
to peak-white level. The VHF/UHF mixer will
therefore receive a constant video level from the
video buffer.

If pin 12 is grounded, the IC will be switched from
negative to positive modulation. The modulation
depth can be varied by using a variable resistor
connectedtopin 12 (R = = to R = Q).
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Fig. 2: Block circuit diagram of the TDA 5660P

The internal reference voltage should be bypas-

saed at pin 2. The balanced amplifior of the VHFE/

UHF oscillator (ECO-circuit) is available at pins 3
to 7. When operating at higher frequencies in ex

cess of 300 MHz, it is possible that a dynamic un

balance of the VHF/UHF mixer musl be compen-
sated in order to suppress the residual carrier.
This can be made via pin 8,

The ground of the oscillator resonant circuit
should also be connected to pin 5. An external os-
cillator signal can he injected via pins 3 and 7 both
inductively and capacitively.

The construction of the PC-board should be made
so that a sufficient screening attenuation of ap-
proximately 80 dB is present between the oscilla-
tor pins 3 to 7 and the modulator outputs 13 to 15.

]

In order to obtain the best residual carrier sup-
pression, the balanced mixer output (pins 1.3 and
15) should be connected to a wideband balance
transformer having a good phase accuracy. Fur-
thermore, an L-C lowpass filter is required at the
output, whose cutoff frequency must be in excess
of the maximum operating frequency.

Editorial note:

If this interesting IC is to be used in amateur TV-
transmitters, it is necessary for a vestigial side-
band filter to be provided. It is not possible 1o use
the well-known IF vestigial filter DJEPI 004 or
OFW 369, since a VHF/UHF filter is required. The
editors would be interested to hear from readers
who constructed circuits based on this |1C.
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MATERIAL PRICE LIST OF EQUIPMENT

described in edition 2/85 of VHF COMMUNICATIONS

_VHF-COMMUNICATIONS 2/85

DJGPI Loop Yagi Antenna Design for 13 cm., Art.No.
PC-board DJBFI 014 RT/duroid 5870/0.78mm, 45 x 40 6911
PC-board DJBPI 015 RT/duroid 5870/0.79mm, 65 x 30 6912
Semi-rigid cable 5R-3 0392 p. cm
N-connector for cable SR-3 D426
Loop yagi antenna for 13 cm, ready-to-operate,
with N-connector and mast clamp 0094
DK10F PLL Oscillators with Delay Lines. Oscillator
Module for the 2-metre-band.
PC-board DKAOF 047 double-sided etched with 6906
thro-conlacls
Components DK10F 047 2 FET, 2 DG-FET, 4C-diodes 6907
2 Schottky-diodes, 2 Ge diodes
1 ringmixer, 1 Stettner-ceramic
coll, 3 coil kits, 2 chokes, 1
two-hole bead, p. 1 mwire 0150/
0.83 /0.1 @, 1 coax. trimmer, 2 foil
trimmers, 14 ceram. caps., 21 by-pass
caps., 3 latalum caps., 9 feed-thru.
caps., 22 resislors
Crystal 62.5 MHz XS 6204, HC-43/U 6908
Crystal 62.9 MHz XS 6204, HC-43/U 6809
Kit DK10OF 047  complete, with 1 crystal (mention 6910
please!)

It is now possible for you to order magazines, kits elc. using your
VISA Credit Card!
To do so, please slate your credit-card number and the validity date,

Ed. 2/1985
DM 33.—
DM 34—
DM 0.50
DM 24—

DM 195.—
Ed. 2/1985

DM 33.—

DM 271.—

DM 32—
DM 32—
DM 329.—

and sign your order.

Yours — UKW-BERICHTE/VHF COMMUNICATIONS _

‘technik terry D. Bittan - Jahnstr. 14 - Postfach 80 - D-8523 Baiersdori
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Space and Astronomical Slides

Informative and Impressive

VHF COMMUNICATIONS now offers sets of phan-
tastic slides made during the Gemini, Apollo.Mariner,
and Voyager missions, as well as slides from leading
observatories. These are standard size 5ecm x 5 cm
slides which are framed and annotated.

Prices plus DM 3.00 for post and packing.

Sets of 5NASA-slides DM 8.50 per set
Set8103  Apollo 11: Earth and Moon
SetB8104  Apollo 11: Man ol the Mocn
Set8105 Apolic 8and 10: Moon Rehearsal
Set8106  FromCalfornato Cap Canavera
Se18107  Apolio12: Moaon Revisited
Set8108 Gemini Earth Views

Set8109 Apollo 15: Hr;vingllacloy Rille
Set8110  Apolio 16: Intothe Highlands
Set8111  Apollo 17: Lastvoyage to the moon
Set8112  Apollo17: Last Moon Walks
Sel8113 Mariner 10: Mercury and Venus

Set 8147 »Jupiter encountered« 20 slides of VOYAGER 1 & 2 DM 35.00

1 > : 2. Tne giart planet 3. Jupiter, lo and Furopa 4. The Red spol 5 The Red spotin detal 6. The
vane awhileoval 8 The neighbourboss of the Bedspot 9. The rings of Jupiter 10, The Gallilean satelli
tes 1. Amql h(’d 12, Callisto 13, Impact Tealure on Calllsto 14, Eruption on lo 15, lo ull dise 16, Europa close-up
17, Buropa cistant view 18 Ganymede close-up 19, Adistant Ganymede 20, The lovian system

Set 8100 »Saturn encountered«, 20 VOYAGER-1 slides DM 35.00

1 Saturn anc §ofits mo nio miles 3. Saturn from 8 miomiles 4. Saturn from 1 mio miles 5. Saturn and
rirgs Y 900.000 7. Cloud belts in detail 8. Dions against Saturn 9. Dione close-up 10
1) [

Rhaa El Craters ¢ ‘s polar hood 14 Huge crateron Mimas 15, Other side of Mimas  16. Ap-
oroaching thenngs 17\ '1{:?' the fingGs 18 Below thernings 19 «Brawded= Fring  20. lapetus

Set 8148 »VOYAGER 2 at Saturn«, 20 VOYAGER-2 slides DM 35.00

1. VOYAGLER 2 appro: 2. Clouds & rlngs
regions 6. Atmospheri fisturh ance 7 R
hack on Saturn 12, Titan night side 1
rovonled 17 Cncaladus explored 18, The Te I‘\.'sw

3 g salelliles 4. Cyclones, spotls & jet streams 5. Convective

ring 9 Hing details 10, The »As fing 11, Looking
wsphernchinas 14 The «Fenng 15 Hyperioncloseup 16, lapelus
yan 18 The « = ring stroclure 20, Within the Fnke division

Set 8102 »The Solar System«, 20 NASA/JPL slides DM 35.00

1. Solar System 1ofthe Planets 3. The Sun 4. Mercury 5. Crescent Venus 6. Clouds of Venus 7 Earth
8.Full Moon 8. Mz 10. Mars: Olympus Mons 11, Mars: Grand Caryon 12, Mars: Sinuous Channel 13, Phobos
14, Jupter with Moors 15, Jupiter Red Spot 16 Saturn 17, Saturn Rings 18, Uranus and Neplune 19 Pluto 20 Comet
keya-Sek

Set 8149 »The Sun in action«, 20 NASA/JPL slides DM 35.00

1. 8ur nHadlght 2 Total Solareclipse 3. Oulercorona 4, Corona from SMM satellite 5, Coronaclose-up 6 Solar magne
logram 7. Az onsin X-radiaton 8 X-raycorona 8. Acoronalhele 10 Solarflare 11, Active Sun 12, Eruptive pro-
minence 13 antuan prominence 14, Eruptive prominence 15, Huge Sclar explosion 16, Prominence in action 17
Sunin ac 18 Magnetic tield loops 19, Prominence cloge-up - 20, Chromosphetic spray

Set 8144 =»Space shuttle«, 12 first-flight slides DM 24.00

1. 5TS heads aloft 2. View from the tower 3. Tower clear 4, Launch profile 5, Payload bay open 6. STS control Hou-
ston 7. Inorbit. earth seen through the windows 8. Bob Crippen in mid-deck % John Young 10 Approaching touchdown
1. After 54.5 hoursin space Columbia retumsto Earth. 12 Astronauts Crippen and Young emerge after the successful mission

Set8150 »Stars and Galaxies«, 30 astro color slides, AAT 1977 - 1982, DM 46.00

* The Anglo-Australian 3 9 m Telescope (AAT) 2 AAT Dome 3
intre SWe Crroumpoar Star Trails 7

e'escope Coniro! Console 4 An Cbeerver al the Prime Focus 5.5tar Trails
Centaurus A NGC5128 8, The Spiral Galaxy MB2(NGC5236) 9 The Eta Cannae Nebula 10.An open
Cluster ol Stars NGC3293 11 A Plan y Nebula, NGCE302 12 The Trfic Nebula M20(NGUES14) 13 The Cone Nebula 14.5 Monocera-
ta and NGCZ2264 15 The Helx Nebula NGC7283 164 Woll-Rayet Star in NGC2359 17.A Spiral Galaxy NGC2997 18 Messier 16
(NGCEET) 19, Tne Qrion Nabula 20 Dust and Gas n Sdol[id'lu'u.Nf:f G5E3-90 21 NGCE184/5, The Nebuiosity Around HD148937
22 Dust Cloud arg Open Cluster NGCBE20 23 The Spiral Galaxy NGC253 244 Mass-Loss Star, 1G2220 25 The Jewel Box NGC4755
261 ocal Group Galaxy NGCES22 27 Central Regions of NGCS 128 28, Towards the Galactic Centre 28 The Trapezium 30_The Trifid Stars

[IBLE =
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OUR GREATEST now with reduced dimensions !

 ERISTALL-VERARBEITUNG
 MECHARSISEHOFEHEM-

GEEH

DISCRETE Aniii MONOLITHIC EQUIVALENT
CRYSTAL iy with impedance transformation without impedance transformation
cation Pl S

FILTER Type Termination Case Type Termination | Case
XF-9A SSB | XFM-9A 500 €2 | 30 pF 15 AFM-9802 | 18k | 3pF 13
XF-9B 558 XFM-9B 500 €2 | 30 pF 15 AFM-2503 | 18kQ |3pF 14
XF-9C AM KFM-8C 500 Q || 30 pF 15 XFM-8504 | 27k |2 pF 14
XF-9D AM AFM-3D 500 €2 || 30 pF 15 XFM-8501 | 33kQ || 2pF 14
XF-9E FM AFM-2E 1.2kQ || 30 pF 15 KFM-33505 | 82kQ || 0pF 14
XF-9B01 LSB | XFM-9BU1 | 500 || 80 pF 15 HFM-BS06 | 18k |[3pF| 14
XF-9B02 Use XFM-SB02 | 500 Q || 30 pF 15 XFM-3507 | 1.8kQ || 3pF 14
XF-8B10" 558 — - AFRI-9508 [ 18kQ || 3 pF 15
* New: 10-Pole SSB-filter, shape factor 60 dB : 6 dB 1.5
Dual {monglithic twopole) XF-910; Bandwidth 15 kHz, RT = 6 k2, Case 17
Matched dual pair (four pole) XF-920; Bandwidth 15 kHz, Ry = 6 k&2, Case 2 x 17
DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/1979, page 45)
for NBFM XF-909 Peak separation 28 kHz
for FSK/RTTY XF-913 Peak separation 2 kHz

CW-Filters - still in discrete technology:

Type 6 dB Bandwidth | Crystals | Shape-Factor Termination Case

XF-9M 500 Hz 4 60dB:6dB4.4 | 500 |30 pF

XF-9NB 500 Hz 8 60dB:6dB2.2 | 500Q |30 pF

XF-9p* 250 Hz 8 B0dB:6dB2.2 | 5000 || 30 pF

* New !

KRISTALLVERRRBEITUNG NECKARBISCHOFSHEIM GMBH

D-6924 Neckarbischofsheim - Postiach 61 - Tel. 07263 /6301




	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068

