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Josef Grimm, DJ6PI

A Low-Noise Preamplifier
for Weather Satellite Reception at 1.7 GHz

Several hundred rad io amateurs are now
operat ing wea ther satel li te recept ion sta
t ions for the geostatio nary weather eater
lites , and most of these are home-made
st ations. Until now, PC-board DJ6PI 010
has been us ed fo r constructing the 1.7 GHz
pr eam plifier. This pream pli fier was de
scribed in (1) and can, although des igned
for 2.3 GHz, also be aligned for 1.7 GHz.
However, the pr ice for PTFE PC-boards has
increased so considerab ly that a new, inex
pe ns ive preamplifier was required . New
pr eamplifiers for 1.3 GHz and 2.3 GHz were
pu b lished in (2) .

In the fol lowing a two-stage prea mplifier is to
be described which is equipped with the bi-

po lar trans istors NE 645 35 and NE 578 35,
and uses the inexpensive epoxv Pc-ooarc
materia l with a thic kness of 0.79 mm This pre
ampl ifier is abl e to prov ide the same specifica
tions as the onqina ! PTFE preamplifier DJ6PI
010: Noi se Figure NF '" 2 .4 dB and Gain G
'" 23 dB. These values make it very suitab le
tor use in conjunction with the interdi gital lil ter
converter described in (3).

In addit ion to th is. a single-stage pream plifier
eq uipped with a Gaas-field eftect trans istor
was desig ned using the more expensive
RTlduro id 5870 PC-board materi al also with a
th ickness of 0 79 mm. Due to the expensive
Pc -boaro material, it was necessa ry to keep
the preampl ifier as sm81 1 as possible. How-

DJ6P I 011 ","'. "_-c::J ::: ." f13- - , "
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Fig. 1:
Two-s tage preampli fier for 1.7 GHz
equipped with bipo lar tr ansistors.
NF '" 2.4dBand G '" 23dB



OJ 6 PI 012
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The fo llo wing components are req ui red

4 pes. cnc sos: on e ferrite be ad on each con
nection w ire of R l - R4

1 metal box 37 x 111 x 30 mm
2 coaoarco nnectors suitablo for SHF, 50 Q

Figu re 2 shOW'S Pc-ooaru DJ6 PI 012 wh ich
uses 0.79 mm th ick epoxy g lasfibre ma teria l.
The lower side of the boa rd possesses a con
t inuous g round surface, and the d imen s ions
are su itab le lor mo unting tho above mention
ed mora! box

The connection surfa ces for the emitter must
be th rough-contacted to the g rou nd surface
(lo-.V8r side) in a low-in c ucuve manne r. This is
made by saw ing along the Insi de o l lhe su r-

'31

ever, tne exceueru character istics of the G aAs
FET and the low-loss material RTlduroid can
clearl y be seen from the specifications of this
preamplifier: Noise Figure NF = 1 dB , and
Gain G :: 14 dB. This preamplifier is not
cesigned tor crvinq the passive mixer 01 the
mte rdiqrtaltker converter (NF = 7 to 10 dB).
sin ce ne gain is 10 0 1010'0' ' o r th is application.
However. it is ideal for mounting directly al tha
antenna. where ;1can be used lor eli minating
cable noise (= loss). and to obtain more
reserve 01sensitrvrty.

1.
TWO-STAGE PREAMPLIFIER
DJ6 PI012

The stnplines were calculated with the aid ora
computer proq-em using the transistor speui
fications (1). The input trans istor NE 645 35 is
align ed for minimum noise figure. and the
second transistor NE 578 35 lor maximum
ga in.

Accorcmq to 'ne d ata book . a no-se figure 0;
15 dB is to ne expe cted . However. the ep oxy
Pc -t oarc material and the use of lossy plast ic
toatn-nroors causes the relat ively small oete
r.orato n of 0.9 dB.

1.1 Co n stru ction

rne circui t shown in Figure 1 is vir tuall y ioen
tic al to thai cescnbec in (1); the d iffe rence s
are on ly in the stnpunes.

T1 :
T2:
D 1, 0 2:

C 1. C 4, C 7:
C2, Co, C 6

C8 cta.

C I3
e re.

a r A4
no:
R6 :
R7
RB, RY
nw
p ,
P?:

NE 645 35 (NEG)
N[ 578 35 (NEG)
C9V 1 ze no r d iodes

20 ~ 100 pF chip ca pacitors
0.7-5 pF miniature pla sti c foi l
tri mmers SKY (green)
':70 pF - l nF teodthrouqh
capacit ors
10.IIFf25 V tantalum eioctroivnc
47 nF ce ramic capacuor

10 - 22 U [uncnnc nl]
18kU
220P
12 kD
150 n
100 n
25 kO
lO kO
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n /§f}·h tz
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Slot

Fig . 5:
Connections
01the NEC-lransisl ors

f ig . 3, II is nece ssary 10prOllide a l hrough-conlacl
fo r the emitter conneetio ns

face with a fretsaw so tha t slots art! made in
lhe PC-board (see Figure 3). An approxim a
tely 2 rnm wid e strip of copper loil is placed
th rough the slots and soldered to both sides

The holes for the tour feedthrough capacito rs
in Ihe Pc -ooard lor base and collector volt
ages arc made in the vicinity at the transition
lrom the narrow to wide choke line so that the
resistors A l - A4 have enough room logether
with their terrne beads. These ocsnons are
marked with crosses on the Pc -boarn.

O nly high -quality flange connectors such as
N , SMA. SMC etc can be used for the SHF·
inp ut. It is possible to use BNC for the ou tpu t
connector. According to the connector used.
cutouts must be provided on the PC-board to
accommodate them.

The position of the holes for Ihe orouno con
nec tions of trimmer s C 2, C 5, and C 6 depend
on their d imensions. In the case ot the recom
mended Sxv-mmmers. the hot con nections
are bent by goo. as shown in Figure 4 . and are
soldered 10 the ends 0 1 the assoc iated stri p
lines, It is then possible lor the three chip
capacitors to be soldered into posil ion vern
ceuv at the interruptio ns 01 the stnptine. The
SHF-connectors should be solde red in front0'
the board into the metal frame Th is is done by
firstly shortening the inner conductor to a suit
able valu e (approx. 2 mrn] and l ittin g the board
into the case with a spac ing of 10 mm between

i~""B SKY
Fig . 4: The hot ecooeeuee of l he SKY·pla sl ic foil

trimmers ill benl up. and a h()je is drilled
'or lhe gro und cc nnecnc n

132
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its ground su rface and the lower edge of the
case, In some cases, it may be necessary for
the Ilange to be sawn off at one side so that the
cover on the ground side 0' the board ca n be
closed. The inner con ductors of the connec
tors should lie directl y on the strip lines. when
the PC-board has been fitted In and is then
soldered to the metal box.

It is now possible lor the leedthrough capaci
tor C 12 to be mounted at the output end of the
ground sid e of the box. after wh ich the whole
nc-vonece network lor supplyin g me transr
stors is moun ted into plac e [sell-suppcrtinq)
on this side 01 the board,

The last components to be mounted are lhe
two transistors whose connections are g iven
in Figure 5. The NE 645 35 is tne transistor
marked with Ku (small letter variable), and the
N[ 578 35 is marked with ex(small letter is
variable),

The photographs 01 the SHF and ground side
01 the author's prototype are given 10 Figures
6and 7.

1.2 . Alig nment of DJ 6Pl 012

Firstty adju st poten tiometers P 1 und P 2 lor
alignment 0' the transistor operating po ints 10
their ground stop. Termin ate the input and out
put 01 the amplifier with 50 (1 (anenuntcrs or
20 m RG-58/U with 50 Q at the far end) : this is
to avoid any tendency to sell-osc illation dur ing
the alignment p rocess. Connec t a rnA·meter
into the co llector line of T 1. and T2 . respect
ively, Co nnect the operating voltag e and
adjust the co llec tor current at T 1 with the aid
ot P 1 tO 7 rnA, and that of 'r z tc 10 rnA with the
aid 0 ' P 2. After tms. remove the mA·meter.

In order to align the three tri mmer capacitors.
one will require an operational receiver (co n
verter) and an input signal . Firstly, align the
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Fig . 6: The Neenoectc r is the inp ut side ot tn e aut hor 's prototype

Fig . 7: The OC-voltage ne twork ca n be accommod'llcd on Ihe g round side o f Ihe boatd be l wHn Ihe
le edlhrough capaci lon and the g round surl llce

preampli fier 101 maximum gain. II possible.
lrimmer C 2 - and possibly trimmer Cs 
should bo corrected later on a noise-ligu,e
measming system (4). or - if not available _
aligned for minimum noise.

2.
SINGLE-STAGE
GaAs-FET PREAMPLIFIER DJ 6 PI 013

As can be seen in Figu re 8, the source of the
FET is connected to provide the bias votlage,

which saves one having 10 provide the gale
vol1age supply wnh a time delay. The ceeo
vantageol this method is that both source con
nectors must be bypassed in a manner suit
able for SHF and in the shortest possible way.

The striplines on the low-loss RTlduroid 5870
material were calculated tor use with the Mit
subishi GaAs-FET MGF 1400 However, the
tun ing range of the two trimmers is sufficiently
large to allow other GaAs-FETs to be used. In
this manner, one can use the even better
GaAs-FETs MGF 1402, MGF 1412, manufac
lu red by Mllsubishi, Of the Siemens GaA5
FETsCFY 11 - CFY 19. However, it is not only
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Fig . 8'
Single·slage GaAs-FET preampli fier
for 1.7 GHz with NF " 1 dB and G " 14 dB.

the transistor itself , that determines the noise
figure, but also the microwave tr imm er used at
the input, the disk capacitors and their con
struction, the qualit y of the connectors, as well
as fin ally the actual al ignm ent. For this rea
son, the /allow ing sec tions are very important.

P t : 100 (2 trimmer potent iome ter
11 78L055 V-voltage stabil izer
2 pCS. flange connectors (or 1 plu q . 1 connec
tor) N, SMA, SMC acco rding to antenna con 
nector or plug.
1 metal box 37 x 74 x 30 mm

C3,C4:

2 .2. Con st ru ction of the GaAs-FET
Preamplifier

Pc-ooa rc DJ6PI 013 is const ructed from
RTldu roid 5870 material and possesses a
thi ckness of 0 79 mm. The PC-board layout is
shown in Figure 9. This material is very soft ,
wh ich means that a very sharp drill must be
used at low speed forthe holes at C 3, C4, Cr.
and ca, The diameter of these holes depends
on the tr immers availabl e

The two disk, bypass capacitors C 3 and C4
should be connected as near as possible to
the strip lines so that the sou rce lines have the
lowest possible length after soldering (prefe r
ab ly zero) . The drawing in Figure 10 can he
used for informat ion and Figu re 11 shows a
photograp h ot the author's prototype.

C 9

C5:

C2:

2.1. Components fo r DJ6 PI 013

T 1: MGF 1400 (Mitsubishi)
C 1,G6' 10-40 pF ceramic disk

capacitor (ATC)
0.5 -2.5 pF microwave trimmer
Johanson 9402-0
as C2, or miniature plastic foil
trimmer SKY 0.7-5 pF (green)
approx. 1 nF ceram ic d isk
capac itor
approx. 1 nF ceramic
feedthrough capac itor for solder
mounting
to riF ceram ic ca pacitor
1pf/16 V tantalum electrolytic
27-47 n (value uncr itical)
27-47 n with ferr ite bead

C7

ClO:
Cl1 :
R1
R2 :

Fig. 9:
The RTlduroid PC·board
DJ 6PI 01:) for th e
single-stage FET preamplifier

-i-

OJ 6 PI 013•

+

+

I
.J"---_+_-.__,"'

-+~.

~ t-
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Fig. 10:
Posi tion of the source
ca pac ito rs

Fig , 11: A few. high·quali ty compo nents are required
for the 1 d8 pr eampli fier

The ground con nection of these two capa ci
tors is made to the continuou s ground su rface
by placi ng a piece of coppe r fo il through the
holes on the PC-board. After th is, the disk
capacitors are pressoc into the ho les on the
Pc-boaro and soldered to the lower, copp er
sur face

The hole for the ground connection of the two
tun ing tr immers C 2 and C 5 depends on the
dimensions of the trimmer used A low-loss
trimmer Johanson 9402· 0 sho uld always be
used at the input. The ground connection is
marked with a red point.

The sam e is valid for the select ion , posi tion,
and insta lla tion of the SHF-sockets as was
mentioned in Section 1.1. Also, Ihe installation
of the DC -voltage supply is very simi lar. The
potentiometer in the source line. and the volt
age stab il izer with its bypass capacitors are

mounted on the gro und side ollhe hoard , as
can be see n in the photograph of the autho r's
prototype in Fig ure 12.

The gate end of th e printed choke line is con
nec ted through the board to the ground sur 
face using a short p iece 01 wire. The source
b ias resistor nt is soldered to one of the two
source con nections and fed to the: grou nd side
01 the boa rd via a feed through capacitor The
drain bia s resistor R2 is connected in the
same ma nner afte r prov iding a ferrite bead.

The last piece of construction work is solder
ing the trans istor onto the stnphn es, and pro
vid ing the bypass capacitors. Protective mea
sures must be observed here aga inst oarnaq
ing the transistor due to static cha rge. It is
necessary to use a soldering iron with galva
nic sepa ration from th e power l ine, or one
shou ld at least dis con nect the solde ring iron

Fig . 12:
The uc-vcnace network
is acco mm o dated in t he
11) mm high gro und-s ide
of th e case
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f ig. 13: Shows how sensib le the manufacturers
provide the ir connection conf igurat ions l

lrom the power line just betore soldering. It is
also necessary lor me con structo r to ground
himself by connecting his wrtstto a grounded
ob ject. The transistor is placed into posit ion
with me aid 01 tweezers and soldered as
quickly as possible. In order to ensure that
" Murphy'Slaw" does not become valid. allen
han should be paid to the correct connections,
as shown in Fig ure 13. II wilt be seen that the
various manufacturers use dillerent connec
tion configurations !

2.3. Alig nment of DJ6PI 013

The input and output of this preamplifier are
also term inated with 50 rI, and potentio meter
P 1 is adjusted to its free end. A me -meter is
connected in the drain line, and the drain cur
rent is adjusted to 10 mA alter connecting the
operating voltage ,

The two alignment trimmers are firstly set for
maximum gain, and later corrected for mini
mum norse figure. A specia l alignment tool is
necessary for the microwave trimmer manu
tacrureo by Johanson. nus is a short plaslic
pin wllh a square tip. IIsuch a tool is nor avail
able. it is poss ible to use a watchmake r's
screwdr iver whose tip l its into the square eta-

VHF·COMMUNICAnONs 3184

gonally. Due to the deluning cau sed by tms
metal tool, II is necessary for the alignment to
be made in steps.

3.
RE FEREN CE S
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Two-Stage Low-Noise Preamplil iers
lor the Amateur Bands from 24 to 12 cm
VHF COMMU NICATIONS 12,
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(2) J Grimm.DJ 6 PI:
Rauscharme Vorverstiirker in Kammer
uno Platinen-Bauweise fur 23 und 13 cm
mit GaAs- FETs
UHF untenace III, Pages 451-458

(3) B. RbBle, DJ 1JZ :
A Receive Converter
tor the Geostationary Weather Satellites
METEOSAT-GOES-GMS
VHF COMMUNICATIONS 13,
Ed ition 411981. Pages 207~213

VHF COMMUNICATIONS 13,
Edition 1f1 982, Pages 24 - 30

(4) M.Doh lus:
A Home-Mado Automatic Noise-Figure
Measuring System
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Edmon 111983. Pages 2 - 11
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am ount.
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Harald Fleckner, DC8 UG

A Noise Generator
with Defined Noise Power
for Applications up in the Microwave Range

In recent years, several construction al articles
have been published for noise generator s (1),
(2), (3), fo r a noise measuring system (4), as
well CIS informati on regarding this measu ring
technology (5), (6)

connection to an automatic noise measur
ing system , and gives further information
regarding operational experience.

1.
NQISEDIQDE

", (01'1<."'''('', .o...ro"•• • t OJ)

Fig. 1: Case and dimensions of the noise diode
BAT 31

,
,),10

)00

The noise diode used is a BAT 31, which is
manu tacturec by PhilipslMuila rd in a mic ro
wave case type SO 86 (Figure 1). This case is

The following article describes the con
struction of the source and provides tech
nical specifications of the noise diode, as
well as describing the construction of a
power supply with switching amplifier for

The sem iconductor noise generators describ 
ed in (1) and (2) use the base- emitter d iode 01
an RF-tm nsis\or operated in the backward
direction. The avalanche er-ect required for
wideband noise is not very prevalent due to
the low breakdown voltages of the RF
transistors BFR 34a and BFR 96 of < 5 V. It is
mainly a tunnel effect that appears here ,
which means that the noise spectrum drops
oli cons ide rably towards higher freq uencies
(> 1 GH z), (7).

The described noise generator operates
with a silicon avalanche diode type BAT 31
which provides a wideband noise spec
trum from < 10 Hz to > 18 GHz with a typi 
cal noise power (ENR == Excess Noise
Ratio) of > 34 dB. This allows manual or
automatic noise measurements to be made
up to the satellite TV-band of 12.4 GHz with
sufficient accuracy even for radio ama 
teurs.
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Fig. 2:
Noise power as a f unction of frequency when
Install ed In a 50 () system1SmA noise diode b ios

Abso lut e error l or 50n
system Im peda nce

2,0 5.0
Freouenc y (G Hz)

o

I

""'"z ' 0
1;\
2 38
•
2 36
• ....-r-........1-
•'g 34

• 32' 'O"---",,,-~~~""",';c~~...,!;;-
III " 0
•u
<
W

known from the varacto r and Gun n dio de tech
no logy

The no ise power as a function of frequency in
a 50 D system is shown in Figure 2. The fluc
tuat ions of lhe ENR in the amateur bands in
excess of t GHz amount to ± 0.5 dB, which
corresponds to an absolute value of 1 dB
when referred to a nois e power of 35 dB: tfus is

a very low value with respect to the large fre
quency range,

Fig ure 3 gives the ENR as a function of d iod e
cu rrent, and of the frequency. One will see
cl early th at a current of 13 - 17 mA is requi red
for wideband opera tion . The breakdown volt
age is between 17 and 22 V.

nc.a
Noise powe l as a function of
avalan che cu rrent w ith frequency
as parameter when installed in a
50 o system

to
Noi5e d iode bi" 5 curren t (mA l

l GHz

,
•
6
o

Reco m me"d..d bros
range for brood bond
operat io n up t o 12A GHz
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Fig. 4 : B lo ck diagram of fhe noise source and us power supply wit h switching ampli fie r

2.
CIRCUIT

When used as noise sou rce In swncneoope
ration (manual or autc-n anc}, the component
should exhibit a sou rce imped ance of 50 nat
annro es.

In c roe r to obtain this. the diode is nu.tt into a
50 n coaxial or stripl ine system and terminat
ed with a wicebanc ette nuarcr of > '4 dB.
VSWR < 1.2 (see Figure 4 ). The value ot the
return loss has a decisive enect on the qua lity
of the meas c-ement (see Sect ion 5) . In th is ci r
cuit. It is exclusively cetermmed by the at
tenuator. A varco of 20 dBwith a VSWR :;; 1.15
up to 4 GHl and VSWR :;; 1 2~ tram
4 - 12.4 GHz nas been found to bu sufficie ntly
good (Weinschel, HP, Radiall, or Greer-pan
Heme-mace uttenuatcrs are not recom mend
co here' With an attenuauon at 20 dB, the
E:NR Will amount to app roximatoly '5 dB and
its rreqcencv-oepencent uuctuanons Will now
be determined by the diode and auenuator
Good coa xial atteouato rs have a tolerance of
:; 0,5 dB.

Mosl norse measunnq systems are calib rated
lor use wilh an EXCQSS Noise Ratio ENR 01
15,2 dB Thi s means that the source is virtually
compatible,

In the author's prototype. the diode operates
in a 50 n stripline system as shown in Figures
5 and 7. The switch or operating voltage is fed

to the stnpfme via three. series-co nnected
150 n metal-film chip resistors. The position.
dimensions. and quality 01 the restsiors have
an enect on the wideband characteristics o f
the decoup ling .

Tho diod e current is adjusted with the aid of a
FET·constant current source, which deter
mine s the noise power. Two par allel-connect
eo ATC·tOOchip capacitors decoup le the swlt-

h AT{: DO
7 : SOJl

r~~if 0
- u

h 1';oOfI-lh ip

IJATJ l

0
De aUG OOS,

""

.---1 820p

Fig . ~ : SOn strl pllrle syslem wit h DC-YOlt3<,j('
blo cking et the ou tpul connecl O1. and
w iOOb '..>dcho ke in lhe supply line
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Fig_ 6: Power supply with swit ch ing ampli fi er and current source

ncU UG

Fig. 7: layou ' 01, 0.79 mm RTldumid boa rd
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3.
CONSTRUCTION

The diode system comprises mainly a double
coated. PTFE-board (RT-duroid 0.79mm) onto
which a 50 0 line has been provided , The
coupling ot the diode to the line must be made
extremely accurately, since it determines the
value of the available noise power at the upper
Irequency limit.

Further details regarding this are given in
Figu re 8. The diode mount comprises a gold
plated Ma-screw with which the diode is
coupled to the stripline on the ground-side of
theboard via a Ma-nut. In order to achieve this,
the line is provided with a 1.5 mm hole at the
end. which is carefully extended to 2 mm ore
meter.The centrical position of the nut is cue
remeec by use of a dummy instead of the
noise diode (such as a defective varactor or
Gunn diode), After this, a small gold plate is
prepared with a width of 23 rnm. length
acoroc. 3 mm. and a 1.6 mm hole. and is
placed over the dummy and soldered to the

noise iig ure measuring system described in
(II) , or with older noise figure measuring
systems [eq . tho GM 551 A)

AICU'

,,'SJR
C ~io

J61

ching voltage from the attenuator. The switch
ing voltaqe should amounl to at least 33 V,
which is generated most favorably using a
seperaie power supply_ Figure 6 shows the
cncun diagram of me power supply with
switching ampliher and current source- If the
amplifie r input is provided with a modulator
pulse01, lor instance,9 V.500 Hz squarewavo
voltage, a current and voltage-controllable
pulse ot the same frequency and sufficient
powor will be available at the output. This
allows the source to be used together with the
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Co,,:acts

Smell geld o'a:e w;th 1.6mrn hole ;
I'.' _ 2.3 mm; I _ 3-4 m-n soldered to str ipline

~'/~~~~'7~,/,::,----- Copper coatingr PTFE (RTlduroid) 0.79 mm

-------- Cor r er coannq

BAT 31

-fF=='--- M4 con withhole of 1.6 mm (I;a ..
:3 1.6 mmimi" 2.5 m m d" up

Fig.8:
In stallation details
o f the no ise diode

BAT31

PTrE-~a rd with ~ mm hotA

Go ld-r imed M4-nut soldered into pj~c ~

ecro-ororor M4 bott wit ll llo l~

stnptme. The smal l gold plate can be obtained
tram a connect ion strip of a power trans istor
The dummy is now rernoveo, and the hole is
widened from the rear side thro ugh the
M4-nut with the aid 01 a 2 .1 mm dr ill , so that
one can guarantee that the diode is coupled to
the strip line with the aid 01the lower cathode
connection via the gold plate, With a carefu l
const ruction, one will achieve a good stnpline
coaxial transition

Alte r this, the PC-board is solde red into a
metal box, The DC-switching voltage is now
fed in via a BNC-conne ctor. and the stripline
should be terminated with the lowest disconti 
nuity with an SMA or Nconnector (preferably
N-plu g). One sho uld only use preci sion N
con nector s (clean thread, gold p in, maybe
using a smaliliange). If one expects to obtain
reproducible measur ing results, it is important
that no movable coa xial con nections are pro
vided. For this reason, BNC sho uld not be
used!

Final ly, the chip capacitors, chip resistors, and
the choke with the prec ision resisto r. and the
two disk capacitors on the ground side, are
installed.

On insertin g the diode, check for correct pola-

rity (blocked operatio n) using an ra-rneter.
Fig ure 9 shows the author's prototype from
both sides
The power supp ly with switching amp lifier and
co nstant current source can be accommodat
ed on the epoxy PC-board show n in Figure 10.
fj manual operat ion is to be used exclusively,
one wil l not require tho switching amplifier,
which means il can be deleted from the board

4.
OPERATION

Check the power suppl y before con nect ing it
10the noise sautee. This is achieved by replac
ing the noise diode by a 20 V zener diode and
connect ing it via a dropp er resisto r of 470 0 to
the power supply. At an out put voltage of 36 V
from the stabilizer L 200, it should be poss ible
to adjust a current of 15 mA with the aid of the
trimmer potentiometer of the cur rent sou rce.
CAUTION' T 2 mu st block!

Furthermore, the switching amp lif ier should
be driven with the mod ulator pulse from the
noise meas uring system, and the waveform at
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Fig .9:
On the upper side of t he
noise sou rce (w ith out
attenuator), one w ill se e
th e b locking capacito rs .
the th ree ch ip resistors,
and the buil t·i n diode.
On the lo wer side , on e
can see the diode mo unt
and t he precis ion resistor
so ldered int o p lace
between the two disk
cap ac itors.

the output checked with the aid of an oscillo
scope.

It everything is working correctly, the source
can be connected to the power supply. The
curren t value should be aligned using the
trimmer of the current source. This can be
checked by measuring the voltage drop
across the precision resistor R" == 100 Q. Pre
l im inary, it is suff icient to adjust the cur rent to
15 rnA ~ 1.5 V voltage drop. In the case of a
pulsed diode, one ca n measure th is best with
the aid of a RMS-voltmeler, or oscill oscope.

For relative noise measurements, or compari 
son measurements for opti mizing the receive
sens it iv ity of amplifiers etc., it is not necessary
to r th e ENR to be ca librat ed exactly. However,
for abso lute measurements, it is abso lutely

142

necessary for the source and attenuator to be
compared to a cal ibrated no ise source over
the who le frequency range of interest.

5,
OPERATIONAL EXPERIENCE

The au thor has been using a BAT at-noise
sou rce w ith great success for more than three
years. It was firstl y used in manual operation
for measuring the Y-facto r, and later used in
conjunction with a noise measu ring system ,
typ e 551 A, manufactured by Genera l Micro
wave
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,i'~'''i7 OOjJ 1 6r'~Vr-,

Fig. 10, Co mpo nent locat io ns on t he po wer supply /switching ~mp l jficr board DCa UG 006

For abso lute measurements, it is necessary to
know the ENR for the amateur radio bands.
Comparisons to All-norse systems using Hj> .

sources showed that the source desc ribed
here, used in conjunction with a 20 dB at
tenua to r, exhib ited the follow ing ENR-values:

- i44l 1296 2320 3456 5760 10368 MHz144 432
-

15.8 I 154 15.2 15.2 15.0 16.9 14.0dB
-

Sutticient noise power is also available in the
shortwave range. II is even possible to carry
out alignment for maximum sensit ivity in the
80 m band . However, exact noise power values
were not determined .

The principle of noise measurements is not to
be desc ribed here, since suffic ient articles
have been publ ished regarding this subject
(1), (2), (6) .

However, the author would like to give some
information regard ing the measuring accu
racy, espec ially in conjunction with automatic
noise measuring systems.

Amon g experts, there is no doubt that all auto
matic noise measurements have a considera
ble uncertainty, espec ially in the range below
3 dB The following errors are added to the

ttuctuatio ns of the source-ENR as a funct ion of
frequency:

1. Accuracy of the noise meter
e go AIL 7514 ± 0.15 dB, GM 551 A ±
0.25 dB, HP 340 A ± 050 dB, all in the
lowest range .

2 Temperature error
± 0.1 dB with a ± 10degree dev iation from
290 Kelvin

3. Image noise power
up to + 3 dB, this can be avoided by using
suitable circui try

4 Mismatch sou rce - fest object
This error is not considered carefully
enough during noise measurements in the
range below 3 dB. For th is reason, Figure
11 shows this street graphically.
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Fig , 11; Ma.imum measuring eflOI a s a function 01th e me.suled n o ise hgure, as we ll as 01the VSWR·Ylllu.. s
Qfthe nQise SQurc e an d test o b tet1 (UUT. Hewlel1·P.tk....d).

Example: In the case of a determined noise
figure of 2 dB, a source·VSWR of 1.2, and a
test object-YSWR of 2.0, the measuring
uncertainty will be in the order of ± 0 5 dB!

As can be seen further, the retom loss of
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Ihe noise source cannot be large enough in
order to provide tolerable measurements in
the range below 2 dB, especially when the
test objects posse ss a high stand ing wave
ratio.
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If these errors are added in the correct sign,
one will arr ive in a tolerance range that makes
the decimal oa-veroee seem rid iculous Even
if one assumes that those can appe ar with
opp osite signs, and the actual accura cy of the
measur ing system is greater than the tole
rance value. one should note that diffe rences
of 05 dB must be accep ted, whe n using the
same preamplifie r at differ ent times with di ffe
rent measuring set-ups on the same measur
ing system.

This just is to demonstrate how questionable
most noise figure values under 1 dB are it they
are not measured using an exacnv calibrated
hot/cold standard, but have been autom au
cauy measured , and tnat temns-cr-a-oa
values can be ignored.

To summarize, it can be said that the possib i
l ity of compariso n measurements in the SHF
range represents an important aid for the
home const ruc1or and cr itical amateu r consu
mer, especially consideri ng the incre asing
act ivity. Absolute values should be of second
importanc e to radio amateu rs, since the opti
mization of every receive system must be
made including the antenna , and Ihis IS

achieved best using solar noise(8)
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Bernhard Kokot,
and Dieter Schwarzenau

A Home-Made RF-Millivoltmeter
Second, concluding part

4.2.2. Mechanically-swi tched Contro l
Modu le

This double-coated PC-board has been de
signated DLOHV 002 Figure 18 shows the
component locations on this board and
Figure 19 a photograph of the author's proto
type Table 4 gives all required components.
The two inch wide lront panel is drilled as
shown in Figure 20.

4.2.3. Electronicall y-switched Control
Modul e

This module comprises the electronic board
DLOHV 006a (Euroboard) and a control board
DLOHV 006b (see Figure 22). whose dimen
sions are 40 mm x 100 mm. It is mounted
behind the two men trent panel as shown in
Figure 23. A photograph of the author's proto
type is given in Figure 24.

Fig . 18: Componenls of the con l rol mod ule (mechanical) Dl OHV002
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Fig . 19 : Pholo g raph o l the au thor's pr ot ot ype (:011110 1mod ule
witll me chanica l switt.h ing

•

I
- ~
-~6- .

s I'" E'

'-91
I r 15.~ . '

'JEff];
"I

All d lm <m slOn s In mm

Fig. 20:
FfOnl panel 1o . l he
me(:hanica lly-swi lched
conl'Ol module

.L
~~~. 0 .

". R617 ~" ",,":: ';"

Fig . 21: Components ol lhe e lect.onic boa.d OLOHV 006.. to. lhe e le(:troniC<'llly-sw lld'led (:onl'Ol module
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Ouant. Designation Component

1 1201 ICL 7650 CPO(Intersil)
1 1202 n 071 CP
1 1203 MC 7808 CT
I 1204 MC 7908 CT

2 T201, T 202 BF 256

2 R 207, R 210 Resistor III

I R 216 Resistor ,on
I R 215 Resistor 90 0
4 A 217 Resistor 100 U, A 214 Resistor 900 0
2 R 201, R 208 Resistor lkn
I A 213 Resistor 9 kU
2 R 202,R2tt Resistor 10kU
I R 212 Resistor 90Hl
1 R 203 Resistor tOO kn
3 R 204, R206 Resistor 1 Mrl:

R 209
1 R 205 Resistor 10 M~}

I C208 Capacito r 1 /IF I MKS
2 C 201, C 202 Capacitor t nF /FKC

2 C 206. C207 Capacitor 22 nF I MKS
2 C203. C 204 Capacitor 100 nF I MKS
7 C205, C2Q9 Capacitor 100 nF I ceram ic

C2 t2
2 C210 Capac itor 10 JIF I tantalum
I P2O ' Potentiometer loo n
I TA 201 Potted core 14)(8 . A121 00

(Siemens) wllh con former and
mounting plate
1.) 300 turns; 2.) 75 turns ena-
melled copper wire 0.1 mm dia.

I S 201 Switch SBL 11.3_ 12, BU 201 Connector, 31-pin connector DIN 416 17, Front panel 2 inch I Vero F2V1F
1 Knob for 6 mm dia. shaft
2 Mica disks for TO 220

Screws and nuts
Solder pins
Pc-ooard DLOHV OO2.
100 _160 mm, double-coated
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Fig. 22:
Componentloc3t lons 01
t h~ conlrol b<Ho .d OLOHV
006b 101" Ih~

~C<:tron IC .ny-_ 'lched

cont rol module

Table 4;
Compon~n l S li st lor th e
mechanicall y_swi tche d cent re !
module
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All d'......nsions in mm

sO> Fig.23:
Fron t~n.llor the e lOH;tronlc al1v
switch ..:! conlrol modul.
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Two aluminium blocks of 10 mm per side are
provided with a threaded hole of 3 mm diame
ter and are used for mounting the control
board DLOHV 006b behind the front panel. It
is fixed to the rear side of the front panel with
the aid of a metal adhes ive. The elect rical con
nect ions to the electron ic board DL 0 HV 006a
are made via a te-oore flat cable with DIL con
nectars at each end, and several addit ional
wires. Table 5 gives all required components:

Quant. Designation Compon ent

11 0601 -0611 LED L0 350·4

5 0 612 -0 616 Oiode l N4148

2 T 60 1, T 602 FET BF 256

5 T 603 - T 607 FET BF245 C

10 T608 -T 617 Transisto r BC 237 B

1 1601 NE 556N

1 1602 HEF 40192 BP

1 160 3 HEF 4028 BP

1 1604 HEF 400 1 BP

2 1605, 1606 HEF 4030 BP

2 1607, 1608 CO 4066 BE

1 1609 TL 07 1 CP

1 1610 ICL 7650 CPO

1 1611 MC 7808 CT

1 16 12 Me 7908 CT

2 R 633 , R 634 Resis tor 3.9 0

1 R 626 Resisto r 1011

1 R 625 Resis to r 90 n

2 R 620, R 62 1 Resistor 820 c
1 R 624 Resistor 900 0

1 R632 Resistor 1kD
1 R623 Resistor 9 kO

8 R 601, Resistor -osc
R604 - R 608
R 627 - R 631

16 R 609 - R 619 Resis to r 47 kO
R 637 - R 641

2 R 602, R 603 Resistor 82 kO

1 R 622 Resistor 90 k~ :l

1 R 630 Resistor 100 kO

150

4.2 .4. Power Su pp ly

As previous ly mentioned, the PC-board for the
power supply is only single-coated and has
been designa ted DLOHV 007. Figure 25
shows the components on this PC-board ; in
the photograph of the open power supply
(Figure 26) one will see the toroid-core trans
former, as wel l as the temporar ily used toroid
core choke, and the charge capaci tors C701
and C 702 formed trom two paraltel-connectec
capacito rs. Al l requ ired parts are given in
Table 6.



VHFoCOMMUNICATIONS 3/84

3

1

1

2
2
9
1
4

2
1

1

2

2

2

1

1

2
1

2

A629, R635
R 636

A 628
C607

C608,C 613
C6l 1, C612
C610, C 614

C 609
C601 - C 604
C607, C 615

Tr 601

Bu 601
Tasl S 601,
Fast S 602

Resistor 1 Mf.l

Resistor 10 MU
Capacitor 1 of I FKC
caoa cucr 22 nF I MKS
Capacilor 100 nF I MKS
Capacitor 100 nF I ceramic
Capacitor 1 /IF I MKS
Capacitor 2211F, 25 V/ tantalum
Capacitor 10 !,F, 16 VI tantalum
Potted core 14x8 , AL 2100
with coil former and mounting
SUPlX'rt
pr.: 75 turns; sec.: 300 turns
0.1 mm dia. enammelled copper
wire
connec tor
Digil asler, black

OIL sockets is-pore
OIL connectors, t e-ccre
flat cable, t e-ccre
31-pin connector DIN 41617
Front panel 2" Vero F2V1F
Aluminium block 10x tOx 10mm
Pc -ooaro DLOHV 006,
100 x 160 mm , dc ubre-coetec
ec-toaro 40 x l 00 mm,
double-coaled
Mica disks lor TO 220
Solder pins
SCrews and nuts M3

Tabl e 5:
Components Iisl lor the
electronicall y -sw Itched co ntro l
module

0

I I []
0

D701 0
0

,
'""D

,
0

'"
s

H! 701
~,

8 EJ
,

F~'D7Cl.. / .'
0

Fig. 25 :
ccmpcnemreeetrene on lhe
power supply board DLOHV 007
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Flg .26:
Photograph 01the op en
power supply module

",]

Com ponen tDesign ationQua nt.
-+- "--------Jf--'----- - - - -

2

2

2

1

1

1

1
1

1

1
1

2
4

Tr70 1

C 701,C702

Si702, Si 703

GI701

S 701

Si701

Pc-ooaro DLOHV 007,
100 x 160 mm single-coated
Toroid core transto rmator
2 x 12V/20 VA

Elektrolytic cap ac ito r
4JOOjlFf 40V

Fuse ho lde r lo r PC-board
mounting

Fuses 1 A, ine rt

Rect i1ier B40C3200
Two-inch front panel Vero F2V 1F

Power swi tch with lam p

Power conn ector with fuse

Fuse 0.1 A, quick -action
31-pin con nector DIN 41617

Cover 100 x 160 mm

Alum inium brecket t nxt sxas mm

Spacers M3 x 40
Spa cers M3 x 37

Screws M3 and spr ing washe rs
Insulating tub ing

Tabl e 6 :
Components list lor the power
supply
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All hal., 3.2 10m don
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•- 25-

- 15-
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Fig 27: Mechanical par ts fo r con structin g l he power supp ly mod ule

A completely insulated constr uction was used
for feeding in the power sup ply voltage. The
author constructed a cover p late and a bracket
as shown in Figure 27. The cover plate was
conn ected to the board using fou r spacers of
37 mm in length. The power conn ector with
built-in fuse is connected to the bracket using
two further. 40 mm long spacers . After screw
ing the bracket to the cover pla te, it is possible
for the interconnection to be made between
the power supply and power connector If the
interconnection points are covered with insu
lating tubing, sufficie nt attention will have
been paid to avoid electrical shOCK .

In order to ensu re that the power connector is
accessible from behind , it is necessary for a
cutout to be provided in the rear panel of the
uni t, whose di mensions are given in Figure
28. The 2 inch wide front pane l for the powe r
su pply plug-in is final ly shown in Figure 29.

4.3. Installati o n into the Cabinet

at-core con nectors (DIN 41617) are installed
into the plug-in cabinet at the req uired pos i
tions. At the same time, solder tags are mount 
ed simultaneously with the screws, which are
then con nected to co nnections 1 and 31 in
order to provide the requ ired grou nd connec
tions

. -- - - '

c , - - - - - - - - --,
,,

o
. _--- - - - - - - -- ..- - - - - - - - - -_ .. _-- - - - - - - ~

Ven t-i :o ~i J n vents '

c

Fig. 28: Cufout on the rear panel of the cabme t
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Fig. 29:
Dimensional drawing
lor the ' rool pan..1
01100~r supply

VHF-COMMUNICATIONS 3184

The output of the AF-module - eit her con nec
tion 24 or 25 acc ord ing 10me position of S 101
- is connected to the corr esponding inpu t 01
meloganthmic circu it.

5.
ALI GNMENT

Finally. the power supply lines are provided in
the cab inet. and soldered to conn ections 3
and 29 of eacn connector strip

The following mterconnectmns are required
between the control and AF-mod ule: Connoc 
nons 17, 18. 19. 20, and 22 .

The alignment can be made alte r the describ
ed modules have bee n constructed and wi red
tngether.

Firstly, check whether the AC-oscillator 01 the
AF-mod ule is operating corre ctly. An AC-volt·
aqeot appmx. 1.5 Y AMS should be present at
test point TP 102with a frequency 017.5kHz. II
th is vonece is too low. it may be necessary In
ch ange the values 01 capaci tors C 103 and
C 104, The frequency 017.5 kHz is not critic al

For the actua l aliqn ment. the circu its should
be connected as shown in Figure 30, Any
available transmitter can be used as signal
source. It should only be able to provide a
signal of suffi cient, and constant ampl itude.

The atten uator. or output voltage of the sign al
source should be adjusted so thai a Dc -vou
age of 4 ,47 V is meas ured after the SChotlky
diode.

Att f OOO'...

Fig. 30:Alignmontcircuit
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Set the RF-m illi voltmeter 10 its 3 V range and
connect a meter to tesfpoint A of the AF·
module. Align P 103to obtain a voltage of 1 V
at this testpoint (full scale)

Final ly, an output vo ltage of 0.316 V is aligned
with the aid of P 101 in the 10 V measu ring
range . If the same meter is used for align ment
that is to be used in the indicator module, and
il it possesses two sca les. this ind ication wil l
correspond to the same value, bu lan the othe r
scale.

The 10 V measuring range is also sele cted for
alignment oune digital vonm eter ou jput. P 102
is aligned so thaI the same voltage is present
at tes tpoi nt Das at testp oint A.

6.
EXTEN SI ONS

k

s 1
U1~"::I

R ~ ~2[1
U2)

CD "
0,

,,
"( tl ~II~- rk,,,

'7 - - -1- --,
~

t 1"0
" t

(1)
"

Fig . 31; P rinciple of the lo ga rithmi c CIrc u it

with the most important comp onents, and the
associated character istic cu rve. Switch S is
closed with a cer tain l ixed Ireq uency in order
to charge capacitor C to a voltage U" alter
which II opens

SInce U , is greater than U2, the output 01com
parator K w ill become po sitive at the same
time. The capac ito r will now di scha rge itself
v ia resistor R. The voltage can now be ca lc u
lated accord ing to th e lallowing equation :

When the value 01 U2 is reached , the compa
rator WIll switch , and the vol lage al its ou tput
will be negative again

If the corres pond ing values for this conditio n
are p laced into the equation . and jj i t is resotv-
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Figure 31 shows the princip le use d tog ether

6.1. Logarithmic Circuit

The log arithmic c ircuit to be descr ibed rep re
sents a useful e xtension to the AF-mi lli volt
meter. It is pos sible using this mod ule to read
all vo ltages or attenuation values d irec tly in
dBm or dB on the linear sca le of the meter. It is
only neces sary for the meter to be marked in
the opposite d irection from - 10 to 0 lor the
dBm-indication .

The logarithmic circuit is conne cted in front of
the meter. It pos sesses lwo inputs between
which one can switch (voueqe measurement),
or which ale both used lor measurem ents 01
voltage ratios (attenuation or gain ).

6.1.1. Princi ple of th e Logar it hm ic Circ u it

Most know n logarithmic c ircuits use th e expo
nential characteristics of d iodes or transistors
with the aid of operationa l amplif iers. The
d isadvantages of this p rinc iple are the compli
cated alignme nt, and the large temperature
dril t . For this reason , a dmerent method was
used he re. which uunzes the d ischarge curve
01 a capacitor 10 obtain the exponentional
Character istic.
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ed according to the delay time, the following
will result :

u,
t2=RxCxln

u,

The pulse width of the voltage at the output of
the comparator is therefore a measure of the
logarithmic relationship between the two input
voltage s. A correspond ing DC-voltage is
obta ined for the meter by forming the mean
value of the signal ,

6.1.2 . Logari th mi c Circuit

The circui t of the logarithmic modu le is given
in Figure 32.

The two inputs are buffe red with the aid of
operational amplifie rs (I 301 and \ 302). The
LEDs connected to the four comparators
(I 303) indicate when the voltages are too high
or too low, and that another measur ing range
shou ld be selected .

It is possi ble tor the various operating modes
to be selected with the aid of the tour-position
switch S 301, In the two upper posit ions, oneof
the input voltages is directly indicated on the
meter connected to connec tion 10. In the other
positions, these voltag es are passed via the

logar ithmic circuit.

The swi tch posit ion should be selected at
which the lower of the two voltages is presen t
at the inverting input of the comparator (1306).
With the aid ot S 302, it is possible for th is volt
age to be repla ced by a fixed voltage as provid 
ed by 1308.This is necessary, if individual volt
ages are to be measured in dBm.

The actual logar ithmic circui t diffe rs from that
descr ibed in the previous sect ion in that it pos
sesses one add itional switch, each , in the
discharge path, and subsequent to the capa
cito r. These are neces sary because the MOS
FET switches used here exhibit a resistance
wh ich cannot be neg lected whe n they are con 
duct ing , since this would form a voltage divi
de r in conjunction with the discharge resistor,
Further more, this means that the charge time
for the capacito r cannot be kept as short as
req uired , wh ich means that the comparator
must be disconn ected from the capacitor
du ring this period.

The switches are controlled from a time r Ie
(1305), whi ch is connected as multivibrator. It
qenerates a squa re-wave signal with a keying
ratio of 4.5:1 at a frequency 01appro x. 750 Hz.

The output signa l of the comparator is fed via

Fig. 33:
Photograph of the
author's prototype
logarithmic
module
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Fig . 34: Compo ...... ts on thoe logarithm IC: board Dl OHV003

a diode (D 306) 10 a low-pass filler tor lorming
the mean value

The required DC-voItage signal is available er
the ou tpu t of 1307 and is led to a me tes.

6.1.3. Consl rucl ion
of Ihe Logarilhmic Circuit

A oocbre-ccaieo PC·board (Eurocard size)
has been developed tor accommodating the
logarithmic circuit (Figure 33). This board is
designated DLOHV 003 and should be
equipped according to the component loca
tion plan given in Figure 34. The components
are listed in Table 7:

6.1.4 . Alignment of th e Logarithm ic Circ uit

For alignment of the logarithmic circuit. the
two inputs should be connected together and
grounded. The offset of the two input ampli
fiers can be aligned with the aid of trimmer
potentiometers P 301 and P 302 and read off
with the aid of a voltmeter connected to points
3 and 4.
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Quant , Designation Component

Table 7:
4 0 301 -0 304 LED LO 350·4 Compo-
1 0306 Diode H$CH 1001 nente list

4 130U 302 TL 071 CP for Ihe

1307, 1308 loga·
rithmic, 1303 LM 339 N module, 1304 CD 4066 BE

1 1305 NE 555
1 1306 LM 311 N
1 1309 MC 7808CT, 1310 MC 7908CT
1 A 312 Resistor 62 Q

4 A 301. R 304 Resistor 100 c
R31 9.R 320, R 325 Resistor 220 o

4 R 309, R 310 Resistor 470 n
R 313, R 314

1 R 324 Resisto r 1.2kU
1 R 318 Resistor 3.3 kQ
1 R 308 Resistor t.eec
1 R 322 Resistor 3 kU
1 R 315 ResistOf 3.9kO
1 R 321 Resistor 36kO

10 R307.R31 1.R316 Resistor 10kU
R 326. R 302, R 303
R 305, R 306, R 327

R328, R 317 Resistor 12kU, R 323 Resistor 100 kU
1 R 329 Resistor , MO
1 C 305 Capacitor '00 nF / MK8

' 9 C301, C 302, C 304 Capaci tor 100 nF / ceramic
C 307, C308, C 309

C310, C 311
1 C303 Capacitor 150 nF / MK8
1 C 306 Capacitor 1,uF fMKS
2 C312 Capacitor 10l/F, 16 V/ tantalum
1 C313 Oapacrtor 3.3 nF / FKC
3 P 301. P 302, P 306 Porenuorneter 100 kU, P 303 Potentiometer 2.2 kQ
1 P304 Potentiometer 470 n, P 305 Potentlomerer 100 n, 8 301 Switch SBL 1 1/ 1'4~3

1 S 302 Togg le change-over switch M90-3A, at-cere connector DIN 41617, Front panel 1 inch Vero F1V1F
2 Telephone connector, insulated, Knob for 6 mm ora. shaft
2 Mica disks lor TO 220

Solder pins
Screws and nuts
PC-board OLOHV 003, 100x 160 mm,
double-coated 159
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<10% up to SOD MHz

<10% up to 500 MHz

1 MHz - 1.3 GHz
10 kHz - 1.3GHz

8.
REFEREN CES

< 1%

0 +1 V
0 +0.316V11 V

60 '1
> 80 kn/2,5 pF

(2) RCA: l ineal jnteqrated Cucuus
USA: RCA Corpo ration 19n

(1) U. Tietze; Ch. Schenk :
Halb leiterschaltungstectm ik. 5. Aufl
Berlin , Heid elberg.
New York: Sp ring er 1960

Maximum DC-voltage com ponent at the
measuring probe: 40 V

RMS-value indication in the case 01si newave
vo ltages
Frequency rang e:
Through-probe :
Test pro be:

Error limits:
Operating module with AF-modute:
logar ithmic c ircui t < 0.1 dB

Through -probe
(AA 119):

Test probe
(AA 119):

Imp edance s:'
Thro ugh-probe
Test pro be, 10 MHz:

DC-voltage ou tput:
For ana log meter'
For dig ital mete r;

nanscteotume: 1 s

Testpomt 8 is grounded lor the ottser align
ment 011307; P 306 is then align ed so thai the
voltage at testpomt 9 is sel la 0 V

The next step is to lest wheth er a square-wave
s ignal with a keying ratio of 4.5:1 and a fre
quency of approx. 750 Hz is availabl e at the
ou tp ut of I 305 (TP 5).

In switch po sition 3 or 4 (8 301). it is nec essary
fOf the elise! of the com parator to be aligned
with Ihe aid of potentiometer P 303. This is
made by connecunq a DC.vollage of 1 V \0
connection 24, and a voltage of 0$ V at con
nection 25. This represents a ga in 01 6 dB and
a logarithmic output voltage 01 0.4 V. Any
deviation can be corrected with the aid of
P 304. After this, connection 24 is provided
with a DC-voltage of 300 mV and a voltage of
150 mV fed to connection 25.This also corres
ponds 10 a gain of 6 dB P 303 should now be
aligned lo r an output vo ltage at TP 9 ot 0.4 V

This procedure should be repe ated alterna te
ly unW no deviat ions are observed . Finally, it is
on ly necessary for the output voltage of I 308
(TP t1) to be aligned with the aid of P 305 to
0.2236 V(OdB ).

Com parative experiments mad e with this
logar ithm ic circuit and another constructed
accord ing to Tietze/Schenk (page 209, Fig.
11. 22) show th at high accu rac ies were achiev
ed with both types

However, the describe d ci rcui t exhi bited better
temperature dri ft characteristics that were at
least one Older of magnitude better. sunn er
more. the alignment is considerab ly easier.

7.
SPECIFICATIO NS

(3) Valvo: Integr ierte Digi tal-SChaltungen
LOCM OS-Reihe
Hamburg '
Verlag Boysen + Masch 1980/81

Power Supply: 220 Vl50 Hz

Voltages lo r the modu les: ± 12 V un staotuzeo
± 8 V stab ilized

Measuring ranges: 1 rrN10 10V in nine ranges

(4) texas Instruments: Pocket Gu ide
Ba nd 2 "professional l ineal "
Texas mstrumeors
Deutschland GmbH : 1977
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Hans UlrichSchmidt, OJ6 TA

Introduction into Spread Spectrum Technology
Article based on a Lecture at the Weinhcim VHF-Convention 1982,

Second, concluding part

4 .4 . Synchronizati on

One of the greatest prob lems in spread spe c
trum techn ology is the synchronization bet
ween transmitte r and receiver. The met hod
obtains its enorm ous processing gain, of
course, trom the fact that practic ally every
th ing is known about the transm it signal at the
receive end . with the exception 01 the actual
information nseu.
For this rca son, the receiver mu st know the
lollowing vatues exact ly, in addi lion to the
exact transmit frequoncy, in order to decode
the transmit signa l:

- The spread code sequence,
- the clock rate of the code sequence
- the co mmenc ement time 01 the code

seque nce (phase shift) to an accuracy at
.i 0.5 Bit.

In this case, one considers a synchronous
condition. The synchron izat ion must be ma in
tainec under all conditions, such as do ubler
shift (" trac king ' 'J.

Three methods are usually used to tou.urn ese
demands:

- Transmission of the re ference code by the
transmitter

- Frequency and phase synchron ization
using a standard frequency transrmtter

- Synchronization by only evaluatinq the
spre ad spectrum signal

In the case 01 the meth od thattransmits the
rarorence signal (Fig ure 11). virtually all
sync hronization problems have bee n solved .

F, _ h • F"

"
I/ ~

Fig. 11: Syn chronizat ion me thod us ing a transmitted rel e renee ..19nal
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For this reason, the first expe rime nts with
spread spectrum technolog y were cameo oul
in this man ner In this case, a modulated cei
r ie r 11 is spread with the aid 01a PN-code and
transrr utred. and an unmodulaled carrier I;> is
also spread using the same code. and trans
milled simultarnlOusly

Al the receive end. both signals are received
and led 10 l he two RF.j npuls of a mixer. The
un modulaled . spread ca rrier is now used as
receive OSCIllator fof the modulated one, and
the intermediate ' req~ 1,- 11 wilTappear
unsp!'ead atthe IF-OVl pIJl of the rm..er u sed as
coerelator.

Thi :;; melhod can be used both WIth OS and
FH ·signa ls and is pos sib ly the s,mples t me
thod lor reco amateurs for such communica 
toes in the microwave bands. Natur ally. Ihe
secur ity 01 'hi:! l ransmission will suller , " il IS
received on a noo·ault1Ol'izt."d receiver since
the nansrrutted retcr eo ce arK! lis Ireq uency
spacing can be de termmed

In the case cuee second method , all transrrut
and c lock freq uenc ies at bo th end s 01 the
tr ansmiSSIOO I,nk are der ived from the signal
of a standard freq uency and time tran sm itte r
(e.g. DCF77WWV) , As unknown constant,
the re only remains lhe phase sh ift due to the
oeraoce between transmi tter , rece iver. and
standard freq uen cy u ansmitter . as well as
any possible ph ase response du e to prcpaqa
non.
As long as the stations are not mob ile , and
def ined p ropagation condi tions e xis t Without
vanatons in rene cnco and de flection . It
should be possib le for a manual adJustmenl of
the phase shift to be sufficient tor pre lim inary
experi ments. tf this is not the case, It is neces
sary lor th e required phase st utt to be forecast
using do ubler measurem ents made on the
standa rd Irequ en cy, o r to be compe nsat ed lor
us ing a ph ase synchronization.

If the transmitter and recei ver can not be
synchronized with the aid 01 a third signal,
ext remely high demands are placed on the
frequency stabil ity of the a r-svsrems. and
automati c pha se synchronization circuits will
be necessary In a ll cases.

'62

These circu its compris e a detector that mea
sures the auto-corr elation value at the output
of the conelatcr (e. g. IF-output vol lage 01 the
receiver) as a function 01 the phase shift , a
phase-shifter lor the PN -code sequ enc e tha t
is cont roll ed by the detect or signal. as well as
amplifiers and low or ba nd bass filters that
far m a phase control loop. In the case of the
s imp lest Fl-i-systems. the detector evaluates
only the ampntooe. and sophisticatlJ(! ee-rc
dulatOfs evaluate the auto-conetaton tooc
t ion accorumqto ampl itude and ph ase .

At the commencement 01 a syn chronizatIon
p roc ess. it is necessary IOf the p hase 10 fllstly
loce-n . This is achi eved by Shil ling the phase
cnne recerver cod e seq uence WIth respec l to
the tran smit phase conhnuously , or In sreos.
until co incidenc e is achieved , wh ich is when
me output amplitude of the corre la tor IS maxi
mum (sh ill corretalor )_Since the Shi ll Ing can
only be carried out very slOwly wi th respect to
me code clock seq ue nce. very long sea rch
nees result with me long codes req uired lor
data sec untv.

The length of the codes used lor d istance
measurem ents Will not allow this search pro
cess. These problems can be soIvlJ(! by uSIng
short er codes tha t are only used for synchro
nization , or synchroniza tion to pa rts ot the
codes in non-maximu m code seq uenc es The
d isadvantage of such short sync hronizatio n
codes is, however. the loss of Interfer ence
signal suppress ion in com pa rison to that exi
sli ng under synchronized cond itions ,

It wou ld exceed the ran ge 01this artic le to drs
cuss uusin more detail and to discuss spe cific
sync hronization circuits. The greatest num
be r of arncie s publish ed dur ing recent year s
have been d iscussing th is problem of spread
spectrum technoloqy.

5.
SPREAD SPECTRUM TECHNOLOGY
AND APPLI CAT IONS

'rnrs art ic le has shown that Ihe sp read spec 
tru m techno log y possesses a num ber 01tec h-
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ntcat charac ter istics that allow conventional
telecommunications to be improved when
used individually or as a comb inat ion.

The high sec ur ity due to the low spectral
power density, and the high rejec tion of
int erf erence have made the spread spec
trum technoloqy mainly interesting for military
communications. For this reason, there are
already a large number of military groun d-to
satell ite and qrouno-to-air communications ,
as well as missile contro l systems that are
based on this techno logy, which are very diffi
cult to jam with any electronic counter measu
res (ECM) avai lable. One examp le desc ribed
in (2) is the ground -to-air communication of
the AWACS reconnaissance airc raft. They
operate a ns-evstem over the whole of the L
band (915 - 1215 MHz)with a data rateol R =

56 kHz and a spread bandwidth of W =

300 MHz. This corresponds to a processing
gain of Gp = 37 dB. In addition to the high
rejection to jamming, the use of an occupi ed
frequency band is decisive.

The British manufacturer RACAL has develo
ped a frequency-hopping system tor tactical
VHF·communications in the range 0130 to 88
MHz. In this case , frequ ency hopp ing is made
between a tota l of 2320 chann els (Gp =

34 dB). Due to the high ly integrated circ uits
used in this equipment, these stat ions are not
larger than a conventiona l VHF-transceiver,
and this system can be used for portabl e and
mob ile communications.

In addition to the security agains t willfu l jam
ming, spread spectrum technology can also
be used for the suppression of propagation
dependent interference, For instance , the
interference due to multipath propaga tion
(delay effects) can be eliminated wel l in the
case of VHF/SHF over-the-horizon communi
cations (Troposcatter) . It is also possible for it
to be used in the shortwave range (selective
fad ing), howev er, the charactertsucs of the
ionosphere limit the spread bandw idth. Qu ite
recently , th is techno logy has been used for
experiments on carrier-frequency transmis
sion system s on power lines, where great
improvements are expected over exist ing
systems.

A very intere sting aspec t , even for radio ama
teurs, is the most eff ect ive use of the fre
qu ency spect rum, and the poss ibility of
mu ltiple use of frequency bands . As has
been mentioned previously , it is possible for
the same freque ncy range to be used by a
number of spread spectrum communication
links using different code s, and more systems
can be accommodated than when using con
ventiona l narrow-band systems . Further
more , these transmissions can be used toget
her with conve ntional systems, wh ich means
that already occupied freq uency band s can
be used " once again" .

In the example of the AWACS airc raft. th is has
already been realized ; in this case , the DS
system is operating in the same frequency
range as the TACAN and IFF-equipment 01
milita ry aircraft , and the DME and transpon
der of civil airc raft . In the USA, recommenda
tions have been made and expe riments are
being carr ied out to use the, relatively spea
king, enormously wide TV-bands lor addit io
nal spread spectrum communications, This
could solve the problems of VHF-mobi le com
mun icat ions. There are already plans to reor 
ganize the comp lete mob ile telecommunica
tion system based on spread spect rum tech 
nology and lor it to be redistributed.

It is also possib le for addit ional channels to be
obtained in canier-lrequency systems on
cable and microwave netwo rks. Measuring
equ ipme nt is availab le on the mar ket that
allows measurements to be made on fully
opera tiona l systems using spread spectrum
signals

Furthe r advan tages of the spread spectrum
techno logy result from the possi bility of multi
pie access to telecommun icat ion networks
and from the aodressabnny . In the case of a
code mult iplex system, it is poss ible to simu l
taneously transmit 10 all stations , and for con
fidenti al transmiss ions to be made between
ind ividual stations of the network , In this case,
individual stat ions are addressed with the aid
of a certa in Ptq-code. Recomme ndations
already exist for car-telephone, mobile com
municat ions, and automatic perimetry sy
stems,
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Another very important characteristic is the
poss ibi lity 01 carryi ng our exact d istance
me asu rement s wil h the aid 01 sp read spec
uum signals. Interplane tary space I ligh lS are
unlhinkable withoul this technology, as are
the orbua t parame ter measurements o f satel
li tes (OSCAR 10). as well as Ihe sareane navi
gation systems lor aeronau ncat and marine
use.

6 .
RAD IO AMA TEUR APPLICATIONS

As can be seen in US-Amer ican radio ama
teur publ icat ions (4 - 6), one is becom ing
more and more Interested in ttns new nans
mission technology. and it is in the interest 01
the experimental nat ure 01ama teu r rado tha t
rad io amate urs shou ld experimen t wllh th is.
In add ition to the general mterest in this tech
no logy, 11 is also possible 101 11 to be used in
the l ul ure lor new band-plans lor repea ter sta
lions. VHF-communication channels. linear
uansponders . and for amateur sarenee co m
muntcatio ns. Jn me shortw ave range, it is pos
sible for mtenerence caused by the overfi lled
frequency bands and unaumonzed transmis
sions to be solved Wllh the aid of a frequency
hopping system. Since personal computers
are beco ming more and more popular. it
would be poss ible lor even code mulli plex
comm unication networks With addressable
stations to be bu ilt up on the UHF/SHF-bands,
and th e " pac kage rar nc'<e xce rtmente of
American radio amateurs are a first step in
this d irection.

Afte r cons idering allthese new "wlceoano"
ideas, one might ge t th e false impression that
all previous ly used narro w-band systems are
suddenly obsotete. The oppos ile is the case,
since the new technology obtains its proces
sing gain partly in that the receiver portion

164

VHF-COMMUN ICATLQ.~

subsequent tothe correlator carries out a very
narrow-band processing cnne signal.

The sig nal-to-noise reno of this part, and thus
the whole processing gain can st ill be impro
ved by a further red uction onne IF-bandwidlh
(lor example: us ing matched hlters. synchro
nous demodulation etc .j .
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Friedrich Krug, D.J3RV

An Optimum Crystal Filter
for Coherent Telegraphy (CCW)

The fo llowing ar tic le is to describe the
prac tical construc tion 01 a nar row-ba nd 9
MH z cryst al l i lter for coherent te legraphy
(CCW), and represents the second par t of
an art ic le by Bernd Neubi g, DK1AG, reg ar
ding " Opti mum IF-Selecti vity fo r Coheren t
Telegraphy (CCW)" in Edi ti on 3/1982 of
VHF COMMUNICATIONS.

The described fil ter is desi gned l or pul se
modul ated sig na ls having a low bandwidth
and is to be used by the author in a RTTY·
rece iver tor a tra nsmission speed of 50
Bau d . It can. however, also be used in th e
IF-circu it described by the author in Edition
2/1982 o f VHF COMMUN ICATIONS instead
01 the described crysta l filler modul e
OJ 3RV OOI.

Fig . 1: Ph..,tograph of the author 's prototype CCW-crY8tal f ilte r lo r use es a module in thll IF-c ircui t des ignC!d
by OJ 3 RV (VHF COMMUNICATIONS 14, Ed. 4/82 . Pages 239-252)
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A hlter suitable for good pulse transmissions
should havea good transcrent behaviour with
out overshoot. At the same time, it should also
possess a good selectivity with a high stop
band rejection outside of the passband range.
This is only possible using special types of
filters.

Since such utters are not readily available and
must be constructed especially. a crystal fil ter
was calculated according to the previously
mentioned article (1). published by B Neubig:
It was in the 101m 01 two senes-cor mected,
identical four-pole lilters as described by UI
brich/Plloty for home-made construction.

This circuit was built up using two series
connected, four-pole crystal fillers intercon
nected with the aid of an amplifier stage,
which was constructed using large-signal,
and low-reactive amplifiers. Figure 1 shows a
photograph of the author's prototype.

The filters are decoupled using the low
reactive amplifiers. and are simullaneously
matched to the required terminating and
source impedances. This allows a sufficiently
good selectivity. and good pulse behavour to
be obtained.

1-
FOUR·POLE CRYSTAL FILTER

VHF.(: OMMUNICATIONS 3.'84

Fig .2: A four·pol e c rY5I~ 1 I lit er as described by
DK 1 AG (1)

stals are:

t, .. 8999.757 kHz
f~ = 9000.051 kHz
fJ = 8999.840 kHz
f4 = 8999 .964 kHz

with the following equivalent specifications of
the crystal:

C = 9 fF ± 10%
(L = 34.7 mH
t 1()01c)

A = max. 13 f.l
(0 > 150000)

Co = max. 3 pF

In order to keep the spread of the filter and the,.

•
•
•

The following values result for the II

components:

The jour-pole crystal filter calcutated by Bernd
Neubig is constructed from two nau-enoqes
(Figure 2), and designed lor an inpul and our
put impedance 0150 Q . The nominal specifi 
cations for the filter are as foltows:

Center frequency to = 9 MHz
l>f = ±75 Hz (- 3 dB)
and ±325 Hz (-60 dBj

•
•
•
•

L 1 = L 2 = 2.82JIH
c i oo C3 oo 270 pF

C2 oo 833 pF

The series resonance frequencies of the cry
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extent 01alignments due to to lerances 01the
components to a minimum, cryst als were re
quuedthat had an alignment tolerance 01 ~3 II
10.6, and a temperature ccettcient 01 the Ire
quency reI 01 ::.3 • 10 6 between O"'C and
5O"C

The tneorencal select ivity CUl'Ve ISgiven in Fi·
gure 3 (Ftgure Sa 01(1)) and the measured va
lues 01 the author's prOlOlype have also been
add ed. The cevranon 01me measured values
is caused by a cen ter frequency that is 17 Hz
lower, whiCh is less than 2 . 1~ alg MHz, and
due 10 the reduct ion in unenatesetecuvitv. The
tallet is dependenl on Ihe coosmeton. and
can be improved by providing intt.'f medlale
panelSbelwe9fllhe stages.

II sud'l a IoN devtatlQll 01tne center IfeQl,.ency
ot toe passband r a~ 'r om the nomll'l al ' re
quency is permISSIble thIs means Ihat no
allgnmenl 01 the crystals and lhe bndge ba
lance Will be n,..q uired Wilen uSIng seiec tec
capaci tors wllh a TC _ NPO. II Will be sulll 
cie nt to ahgn the Itl:er only With the aid cttne
Inductances . For Ih,s reason , Itller kits are
used lor lhe input and output ' ranstom-ers in
stead ollh". usuarterrue toro id cores

2.
CIRCUIT DESCRIPT ION

Tne circuit 01the overal l il l ter module is shOwn
in Fig ure 4. The I~, four·poIe uners are
extended by the bu ller ampli fier, and by one
inpul and output amp lifier each , wt uch are
used to compensa te tor the lilter loss 016 dB
per fi lter. Well-proven crcuns taken from the
IF-ampl ifier desc ribed by the author (2) were
used lor these amplif iers T fus ensu res an in
put and outpu t impedance of the module Of 50
0 , which is a great simplificatIOn lor al'9fl
men t, aOO lor measureme nts ThIS also gua
ramees the use Of th is Coo·l,l tet In the fF·
module instead of OJ 3RV 001.

The cfrcuu is flOW to be cescreec bnefly A de
tailed description aOO caccratoe 01 Ihe en
cuus was given In (2).

The inpUI bandpass I llter constructed accor
dIng 10 (3) is followed by a trans former Tr lor
matching . which is in lurn Iollowed by a large
signal arnphtier ecucceo wilh IWO parallel
connected powe r FETs This stage determm es
the intercept point of the module with lP, _ 29

T

DJlRV
( ( W Fitter

Fig . 4: Clreuit eli,gram ol lhe ....nole CCW-fllter mocIule

""
,"

II --
hI ""

>?O II -{O auI
/ I
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dBm , since the intercept poin t of the filter
amounts to approximately 42 dBm with the
co il formers used

As shown in (2), the load resist ance or the
FE Ts represents a compro mise between gam
and inlercepl poin t, and is given by the input
impedance of me hlter and that required tor
matching to the source impedance. The 470 n
resistor terms this sou rce impedance. wtuch is
translormed to the calcu lated crys lallilter im
pedance 50 U With the aid or L1. The input
ampnter thus has a power gain of 6.5 dB.

The buffer amp lifier follOWing the I lrst crystal
filler is equip ped with the FET P8002 in a
comrnon-qate cncon. wh ich possesses a sulfi·
ciently low react ion in order to decouple the
two htters. Furthermore. the trans istor with its
slope of 20 mS in a common-gate crrcuit has
an inpul impedance of 50 Q. whIChmean s mat
the first fil ter IScorrect ly terminated.

With Ihe sele cted drain res istor of 470 U . this
staqe has a power gain of 3,5 dB. and the mat
ching to me seco nd rour·pole uuer is made
with L3 in a similar manner 10 tha t of the nrst
filler.

Since the load impedance of me uner
amounts 10 50 n. II wou ld be possi ble for me
outpu t coupling to be made di rect ly However.
th e insertion loss ot metutoris sti ll not compte
lely com pensated lor using the two amplifiers.
and for lhis reason a further stage equipped
with the tow-norse BFa 69 is added, The Iran
stst or will have an inp ut impedance 01 50 n
using the cu rrent and voltage feedback.
shown . and a load Impedance of 50 n.which
means that the second utter is also ter
minated.

It should be ment ioned here that the input im
pedance of a transistor with voltage feedback.
is very dependent on the load impedance. In
order to obtain a gau d term ination ot the filte r,
it is necessary for a load impedance 01as near
as possible to 50 n to be provided at the out
put of the module,

The gain of the BFa 69 is set to bf! 12 dB.
whi m means that an overall gain of 10 dB
results ,
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3.
CONSTRUCTION AND ALIGNMENT

Special attention mus t be paid dUllng con
struction of the circuit to obtain a good de
cou pling between the ind ividual stage s. The
required ult ima te select ivity will , otherwise.
not be obta ined. In the case of the author's
prototy pe shown in Figure 1.an anenuanon of
96 dB at ~1 kHz Irom the center frequency
was obtained without screening panels. In the
case 01 another prototype provided with such
intermediate pan els . as can be seen in 121in
th e DJ3RV 001 monne. it was ccssuse to ob
ta in an attenuation 01more than 110 d B ai 1 2
kHz from the cen ter frequencv.

The circuit will operate without probl em s if the
usual care is taken during ccnsrrucuoo . It is
only the BFa ss mat tends to sen-oscnarcn If
a composile carbon resistor with 100 high an
induct ive component is used as em itte r reeo
baoc resistor. Th is enect was not not iced when
us ing metal-laye r resistors.

Fi lter kits 0 41-2165 (orange) (new designation
10x12·514 0500000) are used for the align
able indu ctances. and the specifications were
obtained with the follow ing windings:

L 1. L 3: 2 x 7 turns or epprox 0.2 mm
cia. enamelled copper wire ;
2,811H
21 turn s of apprcx. 0.2 mm dia
enam elled copper wi re

L 2. L 4: 2 x 7 turns of approx 0.2 mm
dia. enamelled copper wire
28 ji H.

2.5-/iH-coi l: 15 turns of app rox. 0.2 mm ora.
enamelled copper wire

O,3-11 H-coil: 5 tu rns of approx. 0.35 mm
era. enamelled copper wire

Tr: 3 x 12 turn s ot app rox. 0,35 mm
ora. ename lled copper wire
wound on a to roid co re,
Siemens R10 N30

It is important tha t the 2 x 7 turns in L 1 to L 4
are bmrar wound (two wires logethe r) and are
wound evenly as lower layer. Attention should
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Flg . 5a: Pulse behaviour 01the CCW-l ilte r module
with input and output pulse displayed line·
ar ty, Pulse durat ion : 12.5 ms ; time sca le :
2.5 ms/d iv ision

be paid to good balance during the w iring. Any
error will have a great effect on the ul timate se
lectivity of the filter, which means that the stop
band attenu ation wi ll be reduced
It should be mentioned here th at the value s 01
the sou rce resistors R 1 and R 2 are only valid
lo r the autho r 's prototype These must be se
lected so tha t the transisto r provides matching
to the input impedance. The selection of the
transistors is also described in (2)

The align ment is relatively si mple since the
c ircu it concept is designed so Ihat the ind iv i-

Fig ,6a: Pulse behaviou r of a filte r with Tscheby·
Scheff ct1aracte rlsllc (XF·9NB). Input and
output puls e displayed linearly. Scales as
in Figure Sa.

Fig. 5b: Output pu lses 01the CCW·lilter modul e In
a logarithmic d isp lay of the amplitude.
Pulse duration: 12.5 ms ; pulse repelition
f requ ency: 25 Hz; amplitu de : 10 dB/d ivi_
sion ; t ime scale: 5 msld iv ision

dual stages can be measured sepa rately.

The grea test problem will probably be round in
the provisio n of suita ble measuring equip
men t. O ne w ill req uire a signal generator that
is suffic iently stable in the frequency and
which is able to be pu lse-amplitude modu
lated. Furth ermore , one will requi re an indica
tor c ircui t that is ab le to d isplay both linearly
and logarithmically. This means that one will
require a signal generator, an osci lloscope,
and - as used by the author - a spectrum
analyzer.

Fig .6b : Out put pu lse of a XF-9NB Ill ter with the
amp litude disp layed logari th mi call y. Pulse
duration: 12.5 rna; pu tse repetition fre 
quency: 25 Hz; sca les as sho wn in Fig . 5b .
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If the two coup ling capacitors CKare removed,
it is possible for the three parts of the circu its
to be measured separately at an inputand out
put impedance 0150 c.
The alignment of the lil ters is made in con.
junction wilh a pulse-modulated signal 10 co
tain the best pulse behaviour while varying the
carrier frequency by ±500 Hz. This is made in
order to ensure thai a similar behaviour is
achieved on both fitter slopes.

One will then automatically obtain a good
selectivity curve it the filter bridges are con
structed symmetrically

The resorts obtained with the author's proto
type are shown in the photographs given in
Figures 5 and 6_Figure Sa shows the input
pulse and the output pulse displayed linearly
wilh a pulse duration T = 12.5 ms and a pulse
repetition frequency of 25 Hz, after passing
through the whole filte r, The time scale is 2.5
ms per division, so that the group delay 01 t '"
6.7 ms can be read off easi ly.

Fig ure 5b shows the output pulse sequence
in a logarithmic display. The amplitude decays
from - 6 dB to - 70 dB in 12 ms: it is not possi
ble to determine more due to the noise limit of
the equipment. A photograph trace shows,
however, that the lilter can also be used tor
higher pulse repetit ion frequencies.

For comparison, the pulse behaviour 01a filler
wllh Tschebyscheff characteristic was
examined. Figures 6a and b show the values
measured in conjunction with module OJ 3 RV
On ta together with a XF-9NB crystal filter. The
tiller is aligned for a good selectivity curve.
withoul laking the inp ut behaviour into con
sideration.
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The results show that it is possible to carry out
home-made construction of narrow-band
Coo·lilt ers if suitable a1ignmenl equipment is
available. II shoutd be mentioned, however,
tnenne resuns could only be obtained with the
assistance 01Bernd Neubig, OK1AG, and the
author would like to take this opportunity of
thanking him once agai n.

The author would also like to thank KVG for
the provision of very-Close-tolerance crystals.
wh ich were manufactured especially
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Wilhelm Schurings, OK4 TJ

A VSWR-Indicator

After read ing this title , many reade rs will
bel ieve that a conventional type 01 standing
wave meter is to be described. However,
inspite of its name, the ope ration of this unit is
com pletely different. Stand ing wave bridges,
as we call them , are power ind icators, that
measu re the forward and ref lected power on
feeder cables. lt is poss ib le to calcu late the
VSWR from these power readings.

In contrast to this, the VSWR-ind ica tor is
actually that: An indicator nothing more!
The measurement of standing wave ratios,
for instance, is only possible in conjunc
tion wi th a directional coupler or slotted
line. However, the VSWR-indicator can do
much more:

Measu rements 01 attenuation and gain ; fo r
instance, the gain of a preamplif ier or co nver
ter, the attenuation of cables, fixed and varia
ble attenuators, titte rs. the cross-tal k attenua
tion of coax ial relays, etc, It is also possible to
trace the passband curve of a filter, and even
to measure the antenn a ga in in comparison to
a reference antenna, Together with a directio
nal coupler, or return-loss bridge, a large num
ber of measurement s of match ing are possi
ble : for instance, VSWR of amp lifier stages,
recei ver inp uts, antennas , determination of
the best matching of inductive and capacit ive
voltage divide rs, etc.

Inspite of the mu ltitude of applications, the
VSWR-ind icator is a relatively simple piece of
equipment. It is virtua lly a sensitive, selective,
and uncalibrated AC-voltmeter, which can be
switched in 10 dB-steps

Since the indicator is not calibrated - it is on ly
an indi cator as the name imp lies - no calibra
tions must be made to any RF, AF, or DC
voltage standa rds during construction and
ope ration ,

t,
PRINCIPLE

The accuracy of the measurement is based on
the accuracy of the square character istics of a
diode demodu lator, which is requ ired lor all
measuremen ts The square range is the por
tion of a diode characteristic in which the oUI
put voltage is proportion al to the input power .
The dynam ic range of the square characteri 
st ic of a diode amounts in theory to approx ima
tely 38 dB. A rang e of 30 dB ca n surely be
achieve d in con junction with a home-made
demodu lator prob e using normal ger manium
diodes such as the OA 90, or AA 119, Th is
range of app roximately 30 dB represents tho
direct ly usab le measuring range of the indica
tor. Th e dynamic range of the measuring
setup can be extended infinitely, in theory, by
add ing attenu ators.

The disadvanlaqe of Ihis measu ring mothod is
that an amp litude-modu lated test signal will
always be requ ired, since it is only the AF
voltage obta ined dur ing demodulation that is
indicated . The requ ired RF-Ievel is, however,
very low; it is in the order of 20 to 200 mY.
Furthermore, very low demands are p laced on
tho qua lity of the AM. It is suff icien t to use a
simple ON/OFF modu lator.Since many of our
reade rs will not possess a signal ge nerator, a
simp le diode modulato r with matching drive
module is to be descri bed. The RF-signal can
be taken , for inst ance, fro m one of the many
local oscillator modules desc ribed in th is
magaz ine. With suitable crysta ls, it is then
easily possible 10 provide a sign al source for
each band, or for the appli cation in question;
the on ly disadvantage with respect to a signal
generator is that the frequ ency is not variabl e.
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2.
CIRCUIT

The VSWR-indicator can be split intothreedif
rerent parts. As can be seen Figure 1, the first
stage is a two-stage, De -coupled AF-amplifier
The first transistor is operated with a collector
current 01 approximately 200 /IA in order to
obtain the most favorable noise characteri 
stics. The capacitor between the base of the
second trans istor and grou nd is used to short
out higher-frequency noise components.

The second stage is an AF-filter for 1000 Hz.
As far as we know, th is type of AF-filter is not
well known . and for th is reason, catcutauon
informat ion is to be given in the appendix . The
fi lter can be tuned by approximately ±50 Hz,
since the modulation frequency will nOI always
be 1000 Hz. In contrastto other variable fre
quency networks, no double potentiome ter is
required here for tun ing. The 3 dB bandw idth
of this filter amounts to approximately 20 Hz,
and the overall gain of the stage is approx ima
tely 30 dB.

The last stage is a linear rectifier comprising
diodes in the feedback path of an operational
amplifier. A sensit ivity increase of 5 dB is pos
sible by switching a resistor. This allows the

VHF-COMMUNICATIONS 3/84

reado ut accu racy to be increased , wh ich is
very low in the lower range of the scale, due to
the logarit hmic charact erist ic A red LED will
light , in order to ensure that th is +5 dB is not
forgotten when read ing off the indication .

A RC-link is provided to adjust the readout to
indicate the RMS-value of a sinewave signa l.

Since the whole amp lifier is very sens itive (G
"" 100 dB, input sensitivity less than 1pV), the
meter is dampened with the aid 01a RC-link
(56 Q/1 mF) having a large time constant in
order to suppress meter fluctu ations due to
noise.

The res istors provided on the two range
switch wafers S1a and S1b represent a division
ratio of 1:10.The ratio 011 :10corresponds to 20
dB when referred to the input vo ltage 01 the
indicator. However, since po wer ratios are
measured in the square portion of the diode
characteristic, this division ratio amounts to 10
aa
The linear sca le of the meter can be converted
to a corresponding logarithmically calibrated
scale using the fol lowing equat ion :

Attenuat ion in dB = - 10 x log+
where I is is the relative cu rrent through the
meter.

'"

. 1ZVi '-r@

~
s "

w
u :

741

' A' 1..'"1:' ,"

Fig. 1: The VSWR-indicator comprises AF-amptif ier, 1000 Hz-filler and linear rect ifier
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Fig . 2: The de modulator pro be sho uld be bu ilt
up us ing good UHF-practice

The following ca libration po ints and as
sociated era-values ca n, however, be noted .
which could save having to calibrate a new
scale :

I '" 0.79 ~ - 1 dB
I ", 0.5 -4 - 3 dB
1 ", 0.25 ':' - 6 dB
I ", 0.2 .:. - 7 dB
1 ", 0 1 ~ - l OdB

The potent iome te r between the preamplifier
stage and fitter is used for fine adju stment
Due to the use of this potenti ometer. no abso
lu te mea surements are poss ible.

The demod ulato r probe (Fig u re 2) does not
have any spec ial features with the excep tion of
the voltage dou bling circu it. This probe was
originally designed for use with a swept fre
quency genera tor, but has been found to be
suitable for use in conj unction with th e VSWR
ind icator However, attention sho uld be pa id
tha t the construct ion is sui tab le for UHF
app lications

3.
CONSTRUCTION

With the except ion of the range-swi tch . lhe
potentiometers for frequency and fine adjust
men t, as we ll as the RC-link for the meter, the
wh ole elect ronic c ircuit 01the YSWR-indicator
is accommodated on a PC-board . Figu re 3
shows the com ponent locations on th is board

Resistor R is only instal led after ca rrying out
the alignment 01 the bo ard. In order to avoid
ground loops, only one commo n ground po int
has been provid ed. This grou nd point is the
BNC-input conn ector. The PC-boa rd is instal-

led in an insulated manne r and connec ted to
the con nec tor with the aid of a wire. The
grou nd connection of the fine-adjustment
potentiometer, and the two resi stors of the volt
age d iv ider are also co nnected to thi s po int. A
scree ned AF-cable is used for the inte rco n
nection between th e inp ut con necto r, th e rota
t ing switch. and the electronic circu it

If the elec tron ic ci rcui t is to be enclosed in a
metal box. it will no t be necessary for the
board to be screened add itionally. It is advisa 
hie to use Ihe largest-size meter po ss ible.
sin ce this will prov ide the highest readout
accu racy.

No special demand s are placed on th e ope ra
ting volt age. It should only be stab le and
hum-free.

3.1. Con struction of th e Demodulator

The demodulato r circu it is shown in Figure 2.
It is accommodated on an approx imate ly
13 mm x 40 mm fang, double-coa ted PC
board This boa rd ca n be ma de in the 10110
wi ng manner:

Cu t or etch one side of the Pc -board to provide
an approx imate ly 6 mm wide co nductor lane
th at is surround ed by the ground surlace wit h
the exception ot one front side. This conductor
lane can be interrupted at the requ ired posi
tions, for instance w ith the aid 01 a sharp
screwdriver. Th is board can be accommodat
ed in a piece of 18 mm diam eter co pper wate r
pipe . which can be provided with a cap. The
cap itsell is provi ded w ith a hole in the center
tor accommodating a BNC-con nector fo r
stngte-hole moun ting. Two bent so lder tags
are mounted at the sam e time as the
connecto r.

These ground tags are so ldered on both s ides
to the gro und sur face 01 the board, whereas
the inner conductor of the connector is so l
dered to the "hot" conductor lane.

A dis k or chip capacitor is used lor coupling
and it is p laced in a s lot in the PC-board. No
ho les are requ ired on the boa rd, since a ll com 
ponents are so lde red directly to the conductor
lanes usi ng sho rt connections as requi red by
UHF-applications.
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Fig. 3:
PC·board and
component
lo cat ion plan
fo r the VSWR
indicator

RG-174 is used as interconnection cable to the
indicator and is prov ided w ith the required
BNC-connector A p iece of copper tubi ng is
placed over the boa rd up to the cap and fixed
into place using a small selt-tappinq sc rew,

On ly germanium RF-d iodes shou ld be used :
AAY 27. AAY 21. OA 90, AA f4 3, or AA f19, For
this app licat ion without bias current, Schot1ky
diodes will be approximately 20 dB less sensi
tive .

3.2. A lignment of the VSWR-Indi cat or

The alignment is lim ited to the filter and the
+ 5 dB-position. Th is is carr ied out with the aid
of a 1000 Hz signa l of several 100 mV A sman
meter reading is adjusted in the upper range
w ith the aid at the fine -adjustment potent io
meter, A lign Ihe frequency potentiome 1er and
trimmer P, on the board alternately for max i
mum meter read ing. lf the meter read ing is full
scale, it will be nec ess ary for th e input level to
be dec reased This procedu re sho uld be
repeated several times since the two poten tio 
meters interact. In some cases, it may be
impossible to obtai n a ma ximum with the aid
of the treque ncv potentiometer due fa the tole 
rances of the capaci tors. In th is case, the 1.5
kQ res istor adjacent to th e potent iometer
shou ld be changed by one standa rd value up
or down The potentiometer shou ld be app ro
x imately in its center pos ition at 1000 Hz.

Fina lly, the fine potentiomete r and/or the AF
level is adjusted to obtain a read ing of 0.31 6.
Close switch S2 (+5 dB) and alig n tr imm er
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poten tiometer P~ to ful l score This shO'uld also
be repeated severa l times, Th is is fo llowed by
mcasu nnq the tota l resistance of the 1 k12 res i
stor and tr immer P~ with the aid of an ohmme
te r. The value of the miss ing res istor n is obtai
ned from the measured resistance R '" (1 kll
+ P~) x 9.03.

The exact res istance value is not very crit ical;
the ne arest standa rd resistance is sat isfac
to ry, and shou ld be installed . The sw itch pos i
tio n +5 dB shou ld now be rechecked and cor
rec ted, if nec essary.

The multi-pos ition sw itch is now provided with
the markings lrorn - 10 dB to - 60 dB. This
ca lib ration is not per chance, but has been
taken from pro fess ion al equipm ent (fo r
instance HP 4158, E)

4.
MODUL ATOR

in order to he lp Ihose readers that do not have
a modulated signal qen erator, a d iode modu
la tor is now to be described that orig inales
from a publication of Hewlett Packard given in
(1). The advantag e of this series-pa rallel c ir
cuit. as shown in Figure 4, is that the input
and outp ut VSW R on ly change slightly when
sw itching between the two states : RF-ON and
RF-OFF. Th is means that a good matching is
guarant eed at all times for the signal genera
tor, and test object.
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Fig . 4:
Wideband modulator
using 4 pin ·diodu

The three-pole high-pass filters at the input
and output suppress the pulses from the dri
ver sctnat theydo not reach the signal genera
tor or testobject. It is a Tschebyschell filler with
a ripple 0(0.01 dB within the passband range.
When using the given Neosid inductances
(BV 5036, blue-orange. 580 nH), and the
series capacitor 01150 pF. the lower cutoff fre
quency will be approximately 22 MHz.

The driver ci rcuit (see Figure 5), comprises a
1000 Hz-muluvrbrator equipped with a last
operational amplifier. which dri ves diod es D
l /D 2 or D 3/0 4 alternately via transistors T 1
and T 2. This generates a AF-signal that is
switched on and ott at a frequency of 1000 Hz.

The current flowing through the diode is limi
ted to approximately 20 mA with the aid of
trimmer potentiometer P 2. It is poss ible using
this potentiometer to adjust the balance of the
modulation signal between posi tive and nega
tive amplitude, This unbalance is caused by
the difference in tho current gain tactors of
transistors T 1 and T 2.

into a meterbox of 35 x n x 30 mm. The holes
for the two BNC-flange connectors Should be
drill ed anne appropriate positions in rne case.
CAUTION: The center point of the holes
should not be in the center of the front panel,
and should have a spacing of at least 16 mm
from the upper edge of the case, otherwise it
will not be poss ible to fit on the cover,

The board is now filed so that the conductor
lane connections for the connectors are
directly adjacent to the center pin s 01 these
connecto rs. alter whicn they can be soldered
Into position . The connectors can be screwed,
or soldered into place. The Pc -boaro is now
soldered to the case all around the edge on
both sides of the board. This ensures a very
good ground connection. The connect ion for
the driver circuit is made via a feedthrough
capacitor.

The alignmen t of the inductances is limited to
insertmq the cores to maximum inductivity,

Fig . 5: 1000 Hz drive c irc uit
for the mod ulato r shown in Figure 4

4.1. Const ruction ollhe Modul ator

The modulator is accommodated on a 35 mm
x n mm double-coated PC-board. The com
ponent locations are shown in Figure 6. and it
is built up very similar to the layout in the cir
cuit diagram,

The non-required pins of the Neosto inductan
ces are cuI off as near to the coil as poss ible,
and the ground tags are bent out by 90". The
components are mounted on the ground side
of the board, and the ground tags 01the scree
ning cans of the coil are directly grounded to
the surface.

After completion, the Pc-eoard can be fitted
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Fig, 6:
ec-ecere and component location plan
for the modula tor shown in Figur e 4

4.2 . Construction of th e Control Circui t

The control circuit is very simple and can be
eas ily constructed using a piece of Veroboard
Attention should be paid Ihat the control vel
taqe is satisfactori ly bypassed, since the rise
and fall slopes o! the square-wave pulses are
very steep:

4.3. Alignment of th e Dri ve Circu it

A frequency coun ter is connected to the out
put and a frequency of 1000 Hz is selected
with the aid of tr immer potentiometer P 1 The
modulator is now con nected and trimmer
potentiometer P2 is aligned to balance the
posit ive and negative ampli tude at the input of
the modu lator with the aid of a u c-coupreo
osci l loscope. If no oscil loscope is available for
this alignment, the wiper of the potentiometer
is set approximately to a value of 1/3 10 2/3 in
the direction 01T 1

5.
APPLICATIONS

When using the measu ring setup comprisi ng
modulate d signa l generator, demod ulator

probe, and VSWR-ind icator, it is now possible
for all types of attenuation and gain measure
ments to be made. It sho uld be noted, howe
ver. that the RF·pa rt ot the measuring setup
must always be the same (lo r instance 50 n),
and it may be necessary to improve the mat
ching by provid ing additional attenuators. The
required RF-Ievel is then, ot co urse, higher
Since the demodu lator probe also does not
possess a terminating resistor.a cor rect termi
nation is provi ded using a 50 n resistor in a
BNC·connector. which is connected via a BNC
Ladapter to the demodu lator The system
impedance is now fixed at 50 n Figure 7
shows a block diagram of th is measuring
circuit

Before using the measuring system for the
fir st time, one must determine at which RF
input voltage the square range of the demodu 
lator ceases This range commences in the
noise, and will cease at the transition into the
linear range, where the output voltage is pro
po rtiona l to the input vo ttaqa.

In order 10 carry out th is test, one wil l require
an addi tiona l 3 dB attenuator (fixed or vari·
able). Firstly, conn ect the measu ring setup as
shown in Figure 7, preferably using a Ire
quency 01 less than 100 MHz.

-~-

Ge ner<llo r
r---- --- , r- -------,
: 01 : X : C2 i Dartcdu.ntcr

---J 'Q~O i-. .---Jn f--.' ----I
: : I I i
I ..... I : _,L __-' L J "- .J L _ _ -'

Fig . 7: Measuring setup lor use with the VSWR·indicato r
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The lest should be made as follows:

1. Set the fine-adjustment potentiometer
10 maximum

2. Set the range switch to - 30 dB
3. Adjust the AF-Ieval lor lull scale
4. Connect the 3 c a-anenuator at " X".

The meter reading should now drop by 50%. II
nus value is not indicated, me input level will
probably be 100 high. In this case, reduce me
input signal, for instance. to a value 01 0.5 in
the - 30 dB-position (= - 33 dB), or even to
full scale in the - 40 dfl-positio n. Repeal the
test again.

In this manner, it is possib le to deter mine at
which input level the square range 01 the
demod ulator ceases This range should never
be exceeded , otherwise no accuraie measu
remenls will be possible

The selection of me - 30 dB·point is also
taken from professional measuring equip
ment. However this point need not be defined
exactly. It is firstly dependent on the gain of the
VSWR-indicator (the qain of the two inpu t tran
sistors 11 and 12, and thu s the gain ot this
stage is not defined) , and second ly on tho die
des and their dynamic load In the
demod ulator.

As an example. an attenuation measurement
IS 10 be carried out on a home-made 20 dR
auenuator. The measuring setup is <IS shown
in Figure 7.

1. SIl t the level by adju sting the RF-siQnal
and potentiometer to, tor instance,
- 30 dB

2, Intercon nect the unenuator at " X".
The po tentiometer may not be varied
during the foll owing measuring procedure,
since nus would alter me reference lovel and
make the measurement invalid.

3. n eaooot: The readout will drop to less
than 0.1 ; Switch to - 40 dB ranee. read
out still less than 0.1; Select - 50 dB
range,readout indicates 0.96(- 0 2dB).

4. Test result:
2 x - 10 dB + - 0.2 dB
= - 20.2 dB attenuation .

The examined anenuator thus has an enenua-

tion of 20.2 dB at the selected measuring
frequ ency.

Due to the relative spread of the sca le in the
upper halt, especia lly between values of 079
(-1dB), and 1.0 (0 dB), it would even be posst
bre to evaluate 0.1dB steps. This is very useful ,
for instance, when carrying out measure
ments ol lhe insertion loss at filters.

As second example, tet us carry out an atte
nuation measurement 01 the characteristic
curve of a bandpass filter. Since the dynamic
range 01the measuring setup on ly amounts to
approximately 30 dB, whereas the tilter is to be
examined at frequencies far trom its center
frequency, if was decided to use the attenuator
measured in example 1 in the measuring
setup shown in Figure 7.

The reference level is now 5C1 at the center tre
quency 01the hiler, tor instance, once again 10
- 30 dB.The frequency of the siqna tgene rator
is now vartec in SUitable steps, and the rosut
ting attenuation values are noted. When the
measuring limit is reached at - 60 dB, it is pos
sible for the attcn uator 10 be removed, and the
range switch of the VSWR·indicator can be
switched up 10 - 40 dB.

The same meter reading should now be ad
justed. This allows the available dynamic
range to be increased by the value oruus 20
dB (or 20.2 dB) 01the attenuator. The usable
range now amounts to approximately 50 d8 .
Of course, one should not forget this value of
20.2 dB when evaluating the test results.

It shou ld be mentioned, of course, Ihat the
ampl itude and the degree ot modulation of the
signal generator must remain constant on
varying the frequency.

An example 01a gain measurement is now 10
be given by measuring the gain 01a preampli
ner. The measuring setup is as shown In
Figure 7.

Set the RF·level and potentiometer to,
for instance, - 60 d8. This corresponds
to a meter reading of 0.1 in the - 50 dB
range.

2. Connect the preamplif ier to position
"X"
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3, Readou t: Meter reading at full scale.
switch up to the next highest range
(- 40 dB), meter still at fu ll sca le. switch
up to - 30 dB range. meter reading is
app rox. 0.2

In order to improve the reado ut accuracy.
the + 5 dB switch is selected : The meter
reading is now 0,66 (- 1.8 dB) ,

4 , Test resu lt
2 x +10 dB .. 10 dB - 18 dB - 5 dB,.

switch sca lA swnc'i

+ 30 dB - 6.8 dB ,. 23,2 dB gain

Once aga in. attention r nust be paid that the
potent iomete r is not altered duri llg the measu
ring process since otherwise one will 10:>;; the
reference level.

Of course. everyone knows. that it is neces 
sary, when carry ing out measureme nts on
active modules, lo r the ir operating voltage to
be prov ided (important whe n carrying out mat
ching measurements)

In the author 's opinion. HIe greatest advan
tage 01 the VSWR-indicator is provided when
carryinu out measu rements 01matching, It is
110 longer necessary to determine the correct
tapp ing point ot an inductance, or the correc t
division ratio 01 a capac itive voltage divider
experimentally: one can meas ure it' 0 1
course , one wil l require a directional coupler.
or a return-less bridge as described in (2). and
(3). Further deta ils regarding the measuring
princip le were given in (3).

VHF·COMJ.,1UNICATIONS 3/84

When using the measuri ng setup shown in
Figure 8, it is poss ible to carry out match ing
measurements down to a VSWR of less than
1.05 il the quality of the directiona l coupler or
return loss bridge is good enough, One does
not measu re the VSWR directl y. bu t the return
loss , Irom which the VSWR can be calculated.

As an example, let us deter mine the co rrect
tapping point on a co il. or caviti y.

I . Adjust the level with RF-signal andlo r
potentio mete r. lo r instance, to - 30 dB

2. Connect the test objec t to the bridge.
non potent io meter!

3. Readout Mete r reading is less than
0.1. select - 40 dB range, readou t is
031 (-5 dBJ

'I . Test result:
- 10 dB + - 5 dB '" -1 5 dB return loss
switch + scale

The resulting return loss can now be conver
ted to VSWR in the following eq uation

rno « lO--{)05 ru. (cB)

VSWR = l~.t:!o
1- rho

Acco rding to this. a retu rn loss 01 - 15 dB cor
respon ds to a VSWR of 1.43

Since this is still not satisfactory for our appti
cation . the VSWR is to be improved by chang
ing the tapp ing point. It should be noted in
practice that values of less than 12 (-"- return
loss = - 20 dB) are only academ ic,

A table with return loss and the associated
V8WR -values is to be found in (4)

o-.
Ge" eruto r Dire:liaml

([) - couple r
, "R, f1 " t,, · ,,,
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j
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It should also be mentioned that the "fre
quency" potentiometer olthe VSWR -ind ica tor
should be adjusted to the modu lat ion fre
qu ency of the signal generator used, previous
to each measurement.

Fu rthermore, the fine-adjustment pote nt iome
ter sho uld always be within t he the upper third
01 its adjustment ran ge so that one cannot
excee d tile squ are range of the demodulator.

6(R1+R21

~
Fig . 9:
The (Notc h)
fi lter of the
vswn.rnescetcr

6.
MEASUREMENT ERRO RS
AND EXPERIENCE

Anyon e that carr ies out meas ure ments regu 
la rly, wil l know the num erous measuring
erro rs that can be made. On its own , (as AF
voltmeter), the VSWR -indicator is very accu 
rare. allhouqh the - 60 dB posi t ion is oll imited
use due to the ellect of noise in the lower pa rt
of th is ranq u However, du ring all measu re
ments it is necessary for the who le system
compris ing signal ge nerator, modu lator, pos 
s ibly attenuators. terminat ing resisto r, demo
duknor, and VSW R-ind icato r, to be consider 
ed . Furthermore, the test ob je ct also has its
ef fect. Each coaxia l tra nsit ion (or ada pte r) and
each piec e of cab le have an ef fect on the test
resu lt (5) Ac cord ing to Ihe author's expe 
rience, the measuring system can be used
w itho ut l imitation up to 300 MHz. The inaccu 
racies in excess of 300 MHz have not been
exarnmec with the avai lab le measurinq aids

In order to determi ne the qual ity of the
modu lato r-demod ulator part ot the system, the
author measured the matching of a term ina
ting resis tor (B ird Therma line) wit h the aid of a
d irectional coup ler manufactured by EME.

In com par ison to a VSWR-ind icato r HP 415 E,
and a professiona l d iod e-de tector 1N 21 (with
bu ilt-in 50 U terminat ion) in conjunction wi th a
direct ly modu lated RF·signal from pro fess io
na l s ignal gen erators (Wavetek 300 1, R&S
SDR), the values measured us ing the des
cribed c ircuit were v irtual ly just as goo d.

For this reason, th e autho r is will ing to suggest
that the described mea suring system inc lu
d ing modulator can be used up 10 app roxima 
lely 1000 MH z. when using Ihe VSWR 
indicator together w ith professional eq uip
ment (gene rator and demodulator), the upper
frequency limit rs oetermmeo by the se cornpo
nents. The technical upper limit is in exce ss 01
to GHz.

6.1. Me asuring Equipment Used

Wavetek sign al gen erator 300 1 (520 MHz)

R&S s i~Jna l ge nerator SDR (1000 MHz) with
50 U match ing network DAF

HP ca l ibrat ed ane nuator 355 C + 355 D

Direct ional coup ler (EME, type 7020{30 A)
(144 MHz - 1296 MH z)

Bird ,,Thermaline" termi nating res istor 50 n ,
type 80 M

Philco 50 &.1 crysta l detector. type 14H
(with 1N 21)

Min ic irc uit attenuato rs type CAT 3, 6, to, 20 ou
HP 4t 5 E VSW R-ind icator.

7.
APPENDIX

The AF-l ilte r shown in Fig u re 9 is actual ly a
Notich filter, and is based on a deve lopment at
General Radio. It is des cr ibed in de tail in (6).
Th e bas ic des ig n criter ia is :

1
F70 ro

= 21l XC x r 3 R, R2

w ith R in n, an d C in Farad.
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Fig , 10: Design of the filter for a

tuning ra nge 01 1:3

When using the resistance values shown in
Figure 10, one will obta in a tuning range of
approximately 1:3, The calcu lation of the Ire
quency range to be covered can be made as
fol lows:

Lower cuto ff frequen cy FI = E~og

Uppe r cutoff frequenc y Fup = 3 xE~og

with R in nand C in ,aF.

When used in the VSWR-indicator, the luning
range is limited to approx imate ly ±50 Hz al a
center frequen cy of 1000 Hz by selection of a
suuabresmau potent iomete r, In order to obtain
the lowest possible bandwidth, it is important
that the three capac itors have exactly the
same values (select, if necessary) Further
more, the value of the upper resistor should
have exactly six times the value of the sum 01
the th ree lower resistors, For this reason , th is
resistan ce value is best realized using a com
bination of a fixed resistor and tr immer poten
tiomete r,

Altough originally a Notch filter, th is filter will
have a band pass filter characteristic due to
the mvertion function of the operational ampli
fie r.
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Willy van Driessche, ON6 VD

Suggestion for Standardizing SSTV and
FAX Transmissions

wnat is SSTV?

stow-scan Television (SSTV) is, basica lly
speaking, not onterent from facsi mi le (FAX)
transmissions with a speed of 960 lines per
minu te. However, one advantage of FAX·trans·
missions is not used: namely that is is not
necessary for synchronizing pulses to be
transmitted after the image has been " phase d
in". II no synchron izing pulses are needed .
they cannot be missed. when transmission
cisturtiances occur. Especially when the
recei ve syste m is using a scroll ing system
suc h as is the case with the YU 3 UMV storage
modu le. the stable line frequency is used to
the full extent

Compariso n of the Une Frequen cie s Used

In SSTV, the following are used :
Europa: 60 ms incl . 5 ms sync.
~ 16.666 Hz
USA: 66.7 ms incl. 5 ms sync.
~ 15 Hz.

The hne freq uencies with FAX are :
6Olp m _ 1 Hz

120 1pm = 2 Hz
2<:0 1pm = 4 Hz
4BOlpm = B Hz
960tpm = 16 Hz

Whereby the freq uency deviation shall not
exceed a value of 10" .

The two highest frequencies are still not used
for FAX transmissions. and they have only
been listed in order to indicate the similarities
be tween FAX and S8TV. 480 lines per minute
would be a good compromise be tween Image
quality and transmission time (32 seconds lo r

an image/- 8uch a uansmtssic n could be
called FAX or SSTV.

Recommendation of a Suita b le SSTV
Standard

II would be advisab le for 88TV to have a Ire 
quency of 16 Hz and a maximu m stabil ity of
10.5 . The 5 ms sync hronizing pu lse could be
prov ided in each line. In this manner, S8TV
equ ipment cou ld "phase in" and thus be vir
tually fu lly com patible with FAX equ ipm ent.
The stable line Irequency of 16 Hz (8 Hz)would
be [ust as suitable lor FAX equipment such as
th e YU3UMV storage. as for SSTV equipmenl
in Europe and the USA

In the case 01FAX transmi ssions. the 1200 Hz
synchronizing pulses could be used in the
same manner for ph asing in, as is the case on
board YU 3U MV 00 1 for the recep tion of the
NOAA and METEOR weather satell ites. In the
case of 8 8TV, it would be possible for equip
ment available on the mar ket to be used ,
which means that full compatibil ity woul d
exist.

New SSTV eq uipment should have the possr
bi lily of using lh e synchronizing pulses in the
same ma nner as with FAX (in other words on ly
for phasing in), as well as a changeover switch
to use normal SSTV line synchronization.

A publication in QST of August 1983 (" High"
Resolution 88TV ") indicated that there is a
trend to mo re lines. In the case of images with
256 x 256 pixels, it would be very advisable
when the standard was compatib le wilh
480 Ipm FAX.

Any co mments would be gratefully received by
the author: enher direct or via the editors
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Werner Hanschke. DCORZ

C-MOS Frequency Counter
for 10 Hz to I GHz

Frequ ency co unters represent probably
one 01th e most popular pieces 01measur
Ing equi pment lor rad io amateurs. The
increasing integrat ion density 01d igital C
MOS circuits, as well as advances made In

input prescaters all ow new co ncepts to be
realized . Thi s led to development of a
small . highly Integ rated Ireq uency counter
that operates from Ihe lowest audio fre
qu enci es up 10 the UHF-range
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Fig . 1: Countll'f" mod u le. re~l . and power t.upply before lhoe conn«100n
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Fig , 2: Circu it diag ram of the coun ter wit h eight-dig it readout a"d power supp ly

The frequency cou nter has two meas uring
ranges: The first tram 10 Hz to 10 MHz, and a
further range from 20 MHz to 1 GHz, Figure 1
shows the coun ter modu le (74 mm x 111 mm x
30 mm), the sti ll not connected eight-digit
readout. as wetI as the sma ll power supply.

1.
CIRCUIT DESCRIPTI ON

Figur e 2 shows the circu it d iagram of the fre
quency coun ter. The actual co unter is with in
the integrated MO S-circuit type ICM 7216 D,
manufactured by Intersil (1), This in turn dr ives
eight, 10 mm high. 7-segment LED readout s
without drivers This is made in a Mu ltiplex
operation workinq with approximately 500 Hz,
The counter-IC possesses a clock oscil lator,
an advanced co ntrol elect ron ic for four gale
times, rneasured -vajue indicator, overf low
ind icator (ind icated by the first zero point or the
display), automate dec imal point control. sup
pression of unwanted zeros, and finally the
a·digit BCD-counter with intermediate
storage.

The integrated circu it can count frequ enc ies
up to 10 MHz (max. 14 MHz). A two-stage tran
sistor amplifier (T 2, T 3) is prov ided for th is
direct frequency range, It provides suff ic ient
gain for measurements betwee n 10 Hz and
maximum 14 MHz.

A prescate r is required for highe r frequencies.
A prcscarc r type U 664 B (2) manufactu red by
Telefu nken was used here: it possesses a very
unfavorable frequency divisio n factor of 64,
provides, however, on the other hand an excel
lent frequency ranee ot 20 MHl to 1 GHz, and
an inteqrated , h ighly sensitive preampl ifier. Its
sensitivi ty amounts to typ ically 10mY. Thecor
rect division factor (deci mal) of Ihl'! UHF
prescaler is made with the aid of two, program
mable TTL-dividers type SN74167, They divide
by 5:4, each, so that a total d ivision rector ot
64:1 x 5:4 x 5:4 '" 100:1 results.

Both signal paths: The direct 10 MHz-rang e
and the UHF-range divi ded by 100:1, are fed to
a TTL-trigger gate type SN74132. The trigge r
characteristics of this IC allow one to do with
out a com pl icated level control. The TTL-
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signa ls at the output of the SN74132 (14) are
fed via the MHz/GH z bridge to the input 01the
coun ter.

In order to obtain a clear switching ot the ope 
rating functions, it is adv isab le to use a six
pushbutton assembly havlnq two changeover
contacts, each. The ON/O FF-pushbutton and

5V
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the MHzlGHz-button shou ld be operated ind i
vidually, whereas the gate time buttons
sho uld deactivate the unwanted ranges auto
mat ica lly

The operating voltage at +5 V is provided by
tho power supp ly, which also allows 12 V ope
rat ion, for instance, for mobile and portab le
applications

.,
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a,
5
6
7
8

C13A

o C~ I- . '/ C':;::
C5..... C'!...l.. C8..... 0

"'T'" "'T'" "'T'"
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U: -m:J-,,

S -= ,,
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- I -n- Ip I , I
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O{:IDQ]- ~' Il§ CE °T-t'0 0 00
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~ n" _ ~-;'I,u0 0 0 0o udce dp a: a: MHz GHz 0
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~=[]
I- rr.~ ~kl o 0 o 0 , 0 O J
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L- L- , '-------' L-

Fig. 3: Comp onent and wir ing plan for the counter board DCORZ 002
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Reso lution

Gate times'

Sensitivity:

Power supply:

C4 -C 6:
C 7:
C8, C 12:
C 11'
C 13:

L 1:

Plastic loil trimmer. 10 mm dia.•
yellow
10 nF, ceramic, 2,5 mm spacing
100 nF, ceramic, S mm spacing
10 nF, ceram ic, 2.5 mm spac ing
1 ,uFf1 6 V, 2.5 mm spacing
1 nF feedthrough capacitor

5 turns of 05 mm era.enamelled
copper wire wound on a 5 mm lor-
mer. sell-suppo rting

Rl , R 2: 1 0 H~(aU 0207 , 5%)

R 3: l 00 kH
R4- 22 MO
A 5 22 0
A 6: 470 n
A T: 330n
R 8: 150 U
R 9: 1 kn
R 10: 2.2 kU
Rl l : 15 kf2
Rl?: 22kf:l
R 13: 51U
P: 47 kD poti., spacing 10/5 mm

1 pc. 2B-pin IC-socket

C 3:

10 Hz - 10 MHz,
20 MHz - 1GHz
30 mV (typ.), 10 mV
(typ.) with autonmuc
trigge ring
0.1 Hz (max.),
10 Hz (max,)
10sJ 1 $I 100 msl
to me
10 MH..:
1 x 10- ' (typ.)
eight digits, with
unwanted zero sup
pression
220 VISV....b 13oo rnA.
as well as input
12 V-DC
74x l 1\x 30(withou l
readout and power
supply)

Maximum test voltage at th e input co nnec
tor : 1 V into 50 0 1

Dimensions (mm):

Crystal l ime base:
Accuracy:
Readout

2.
SPECIFICATION

Frequency ranges'

0 1:

I 1:
12, 13:
14
15:
T 1.
T 2. T 3'

3.
PARTS LIST

PC-board DCORZ002
Metal box 74 x 111 x JOmm

U 664 B [Telefunken)
SN74167 (TI)
SN74132 (TI)
leM 7216 0 (Intarsil) .
BF 324 (PNP-RF transistor)
2N 708 or similar switching
transistor
1N 4148 or similar switching
diode

Q: 10 MHL crystal, HC-l BIU

Cs: 1 nF ceramic disk
CT: 1 of chip capacitor

C 1, C 10: l 00 pF/16 V, Smm spacing
C 2: 56 pF ceramic, spacing 5 mm

Fig _4: When COIlectly installed 101 UHF. many
U 66 4 B opelale up 10 1300 MHz
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Fig . S, On .. will see Ih e in pu t c ircuit or Ih .. U 664 B 01tnc cou n le r mod u le

4.
CONSTRUCTION

The frequency counter is accommoda ted on a
109 mill x 72 mm sing le-coated Pc -t oard .
Figure 3 shows the component locations and
the required external connections 10sw itches,
read out, power sup ply, and inpu t connectors
of this board, which has been desiqnated
OR QRZ 002. Before mo unting the compo
nents. the PC-board is mo unted into the metal
box with a spacing of 5 mm from the base
plate.

T he next step is to cut a s lot lo r the chip cap a
c itor C, between connections 3 and 4 al l 1
with the aid of a fret saw. Attention sho uld be
paid that 11 must be solder ed into position on
the co nductor side of the board, and that CT is
mounted on the component side di rectl y bet
ween the pins of the IC. Before solderin g into
place, pins 1, 3, 5, 6, 7 and 8 01 11 (U 664 B)

186

should be sho rtened so that only pin 2 and 4
app ear on the co mponent side and can be
bent down. Fig u re 4 shows 11 afte r be ing so l
dered into place.

The ceram ic dis k capac itor Cois now so ldered
to the bent-down pin 2 on the compo nent side.
It is now poss ible fo r the 51 U resistor R 13 to
be connected between this disk capacito r and
the grou nd side of th e chip cap ac itor. This can
be see n on the lower r ight-hand side of
Fig u re 5

A 28-pin socke t shou ld be used for 15, the inte
gra ted counter ; before which one shou ld not
to rget to so lder the requ ired bridge into pos i
tion Three fu rthe r sm all bridg es at other pos i
t ions on the bo ard should also not be forgot
ten. These br idges are made in order to save
us ing a doub le-coated construction

The three TTL-circu its can be soldered
d irectl y to the board w itho ut sockets, afte r
wh ich the other components can be mounted
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Fig. 6: Readout board DCO RZ 003 w ith conn ectio n s to r the 7_se,!",e"l LED readou ts

0 5VO 0 ° sO Fuse 0+ - +

~
+Q T ran sfo rmer

CJ- ~
C20

§T 7~5

°220V

0 0 0
Fig . 7 : Power sup ply board DC ORZ 004 is ab le to p rovi de 300 ",A at +5 V

into position. The Ul-lf -prescaler U 664 B is
installed last. alter being provided with heat
cond uctive paste so that it can be coole d by
the lower cover, or by a plate screwed into pos i
tion in the cou nter.

s,
READOUT AND POWER SUP PLY

The eight-d igit. 7-segment readout can be
assem bled on the sing le-coated PC-board
DeORZ 003 shown in Fig ure 6. The PC-bo ard
is only 20 mm wide, and 109 mm long. The
LED-readouts type HD 1107 r (Siemens) have
10 mm high , red digits, Each of thei r 7 seg
men ts is parallel-co nnected at the side of the
PC-board where connect ions a - 9 are pro
vided. The conn ect ions fo r the para llel
connected deci mal points dp are also provi-

ded there. The catho des, on the other hand,
are conn ected individually from K 1 - K 8 to
the cou nter mo dule.

Figure 7 finally shows a recomm endation for
the power supply. Th is can be accomm odated
on the 109 mm x 40 mm single-coated PC
board DCO RZ 004. Of course, th is board is
only su itable when the matching t ransformer
is available, All other components are stan
dard types.

6,
REFE RENCES

(1) Data sheet Intersi llCM 7216 B

(2) Data shee t Telefunke n U 664 B
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Satellite News

NEW METEOSAT 2 Oesseminat ion
Schedule.

A new dessemi nation schedule l timetable)
becomes enecnve 00 Septemb er tst. 1984. A
copyol this scnedoie can beobtained from the
publishers for OM 3_00, or from vour national
represeotenve. A new bookle t describing the
METEOSAToperaling system is now available
in Engl ish lor OM 100.

There are a number of changes in the Meteo
sat Schedule, since many of lhe time s have
changed. The main changes for European
users are that the half-hour ly sequence of
D2/C02tC03 is now to comm ence at 10 mlnu
tee and 42 minutes past the hour; unto-tun a
tely, stil l not a 30 minute interval !

NOAA·S has failed and NOAA-6 reactivated

NOAA-8 sudde nly lailed in orbit. According to
our iniormalion th is has been caused by a

' BB

VHF-COMMUNICATIONS 3184

lault in me master csc jneior mat controls al l
gy ro and stabilization systems. This is not only
a loss la the meteorolog ists bul also to aviation
as a whole, since N0AA-8 was the first 01the
NOAA series to have a searcn and rescue
system on board to locale crashed aircraft and
other emergency transmissions world wide on
1215 MH z.

It was possible to reaclivate NOAA--6 to obrajn
satell ite imagery , and this satellite is now per
forming well in its morning descend ing (N - .
S), and evening ascending (S • N) orbits.

NQAA·9 to be launched In October 1984.

The launch 01 the ned NOAA satellite,
NOAA-9, is planned for October 23rd, 19B4.
However, the diff iculties involved with N0AA-8
could poss ibly de lay the launch until the pro
blems have been determined and solved.
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TV-satellites th at can already be received in
Euro pe.

Many readers will not know that a number of
TV-satell ites can already be received in
Europe. 0 1 course, this is not so easy as in
North America where these satellites operate
with normal standard NTSC (/>5) transmissions
that do not need to be receded. The only such
satellite that can be received in Europe is the
Russian Gorizonl satellite located in a geosta
tionary orbit at 14°W. This satell ite transmits
the USSR first programme on 3875 MHz, and
second USSR programme on 3825 MHz, The
second programme is approximately 3 dB
weaker. The publishers have been receiving
just noise-free images with a 1.4 m parabolic
antenna, The transmissions are right-hand
(clockwise) circular-polarized.

Another Gorizont satellite has been received
which is located at 53°E and is operating on
3675 and 3875 MHz.

All of the other communication satellites ope
rating in the 3 to 4 GHz satellite band require
extremely large dishes, which are usually too
large for European gardens!

Now to the TV-satell ites operating in me 11 10
12 GHz satellite band. These satellites are
mainly using wideband-FM video and PCM·
sound. Table 1 gives a list of the TV-satellite
transponders that can be received with 1.5 to
2 m diameter parabolic antennas from lntelsat
V (F04), which is located at 27, 5"V11

The only other satellite providing sufficiently
strong signals for sma ll antennas in Europe is
ECS 1, which is located at 13°E,

Some of these cnanoers are ccoeu. Further
Information is given in Table 2.

In the meantime. the ESA has launched
EC8-2,but no channet information is known at
present.

We at VHF COMMUNICATIONS intend to
study the TV-satellite reception technology
further and hope to also bring constructional
articles to anew our readers to construct thei r
own TV-satel lite reception systems. The
editors would like to hear trom amateurs that
have designed ancl constructed such equip
ment and would be willing to pass on tfleir
experience 10 other readers

Frequency IMHL) Polarization Operator

11.135 linear, horizontal Screen Sport , UK
Table I :
St rong TV·lr..ns -

11.175 linear, horizontal The Entertainment Network, UK ponde rs llbo ard
11.674 linear, horizontal The Music Channel, UK Inl e lsilt V(F0 4)

Frequenc y (MHz) Polarization Operator

1t .055 linear, horizontal ZOF and OAF (GermanyfAustria)
11.491 linear, horizontal TV-5 (France)
11 650 linear, horizontal Sky Channel (UK)
10.986 linear, vertical Paysat (Switzerland) Table 2:
11.158 linear essene Vicleo (Belgium) S trong TV·t ran s-
11.507 linear, vertical PKS-Stuclios (Germany) po nders aboard
11.674 linear, vert ical The Music Channel (UK) ECS-1
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MATERIAL PRICE LIST OF EQUIPMENT
described in edition 3/1984 of VHF COMMUNICATIONS

DJ6PI

PC-board

Components

Kil

Low-Noise Preamplifiers for Weath er sareuue
Reception at 1.7 GHz

1. Tw o-stage bi-polarversion (f = 2.4 dB ; G = 23 dB)
OJ6PI 012 0.79 mm thick glasslepo xi board, double

coated, silver-plated , und rilled
DJ6P1012 1 NE64535. 1 NE57635. 1z-coce.3 chip.

5 teed-throuqn. 1 ceram . capacitors, 3 10il
trimmers SKY green, 1 tantalum eiec trorync
cap., 2 trimmer cctenucmeters. 10 resi
stors. 4 ferrite beads, t metal box. 1 N
flange ccnn., 1 BNC·flange connector

DJ6PI Ot 2 comple te , wi th above part s

Art.N o.

6865

6866
68 67

Ed. 3/1984

OM 17,-

OM 161,_
OM 175,-

OM 39,-

Ed. 2+ 3f84

OM 60,-

OM 31,-

OM 67,
OM 115.
OM 79,
OM 130,
OM 94,

Ed. 3f1984

OM 77,-
OM 39,-

OM 398.- ·

Ed. 3f1984

OM 1400.-"

Art.No.

approx .

6851

Art. No,

0359

6869
687 0
9737
9738
9739

OJ6PI 013

OJ6PI01 3
OJ6PI013

OL0 HV OO2
OL0HV OO2

2. Single-stage GaAs-FET version (f = 1 dB ; G = 14 dB)
OJ6PI 013 0.79 mm thick AT/Ouroid 5670, double-

coated , silver-plated, uncrureo 6868
2 ATC chip capacitors , 1 Johanson trimmer.
I foil trimmer SKY green , 2 cerem. d isk
caps., 3 feedl hrough , t ceramic. and
I tantalum capaci tor , 2 resistors, 1 trimmer
potenuomet er. 1voltag e stebrnse r . 1 metal
bo x. t temte eeeo. t N·flange plug.l N
tlanqe SOCket
with above part s (wilhout GaAs-FET!)
MWT 11 [Sie mens)
MGF 1402 (Mltsub ishi)
CFY 19 (5 iemcns)

Noise Generato r with defined no ise power
Availab le as a ready-to-operate. tested noise generator
mod ule, tog ether with PC·board De BUG 006 (power
supply/switching amplif ier) with a kit of semiconductors

Opti mum Crystal Filler for Coherent CW
and Coherent RITY
The publishe rs pl an 10 oller this l illar as a ready-to-ope rate
module (aligned by the author) ll su fficient demand arises.
Since the specially ma nufactured crystals will be ra ther
expensive. we would like 10 ask interested readers 10
Contac t us (di rec tly and ooo.obli9i09),

• Available directly from the pub lishers .

DL0HV RF-Millivo ltmeter with probes for 1500 MHz
PC-board DL0HVQO l European Standard sec

(ESS .. 100 mm x 160 mm), double
coated, silver-plated , drill ed

DU2lHV 001 2 voltage stab, ICs, 4 switching and
4 Schottky diodes, 6 1Cs, 1 pair of 31-pin
connectors (DIN 4 1617) 6852
ESS, double-coated, silver-pla ted, drilied 6853
2 vol1age etee.rcs.2 FETs, 2 1Cs, 1 potted-
core kit. 1 pair o13 1·p in conn . (DIN 41617) 6854

Kil
GaAs-FETs for

Components

Pc-ooaro
Components

De BUG

Compone nts

Pc-ooaro

DJ3RV
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PC-board OL0HVOO3 ESS, double-coated, silver-plated, dr illed 6855 OM 41,-
Components OL0HV003 4 red LEOs, 1 Schottky-diod e, 8 1Cs, 1 pair

0131-pole conn. 6856 OM 52,-
PC-board OL0HV 004 34.7 mm x 71.5 mm, double-coated, silver-

plated, undrilled 6857 OM 15,-
Components OL0HV004 2 Germanium diodes, 4 mini RF-chokes,

1 trapezoid and 3 chip capacitors , 1 tinned-
metal case 37 x 74 x 30 (mm) 6858 OM 20,-

PC-board DL0 HV005 9 mm x 68 mm, double-coated, silver-
plated, undr illed 6859 OM 14.-

Components DL0HV005 4Germanium diodes, 2 mini Rf -chckes,
5 Chip capac itors 6860 OM 14,-

PC-board DL0HV006a E55 , double-coated, silver-plated , drilled 6861 OM 40,-
PC-board DL0 HV 006b 40 mm x 100 mm, double-coated, silver-

plated, dr illed 6862 OM 25,-
Components DL0HV006 11 small red LEOs. 5 switching diodes,

7 FETs, 11 AF transistors, 3 l inear and 7 C-
MOS ICs, 1 potted -core kit, 1 pair 01 31-pin
connectors (as above) 6863 OM 111,-

DK4TJ VSWR-Indikator Art. No. Ed. 311984
Pc -boaro DK4TJ 001 sinqle-coated , silver-plated, undrilled 6871 OM 27,-
Components DK4TJ OOt 2 transistors, 1 1C , 2d iodes, 1 LED. 2 trim-

mer potent iometers, 19 carbon and 7 metal
film resistors, 4 ceram., 7 tantalum and
2 aluminium capacito rs 6872 OM 29,-

PC-board OK4TJ 002 double-coated, silver-plated, vncnuoo 6873 OM t6, -
Components DK4TJ 002 4 PIN diodes, 4 Neosid inductances, 2 resi-

stors, 6 ceram.. 1feedl hrough capacitors ,
1 finned-meta l box, 2 6N C flange conn. 6874 OM 39,-

Kit DK4TJ 001/002 complete, with all above par ts 6875 DM 108, -

DeCRZ C·MOS Frequency Counter for 10 Hz to 1 GHz Ed. 311984
Pc-boaro DC0 RZ002 single-coated, drilled 6876 OM 27,-
Meehan. parts DC0RZ002 PC-board in metal box already drilled,

28-pin rc -sccket 6877 OM 62,-
Components DC0RZ002 1 prescaler IC, 3 TTL-ICs. 1 CMOS counter

IC, 3 transistors. 1 d iode, 1 crystal 10 MHz,
t disc and 1 trap eze capacitor, 7 ceram.
and 1 leedthrough cap., 1 loil trimm er.
1 tantalum and 2 aluminium etectrolvtics.
1 m 010.5 mm enamelled copper wire.
1 tr immer potentiometer, 13 resistors, 8 off
7 segment displays 6878 OM 308,-

Pc-ooaro DC0RZOO3 single-coated , drilled 6879 OM 19,-
PC-board DC0RZ004 single-coated , drilled , as well as
Components DC0RZ004 I mains translormer (220 V), 1 bridge

rectif ier, 1 electrol. cap., 1 voltage stabmser 6881 OM 33,-
Kit DeCRZ 002 - 004 comp lete , w ith above parts 6882 OM 410,-

k ~1Mi(5berichte Teny D B"lao . Ja",,". 14 . PoaHa," 80 · D-8523 Balecadott
Tel. West Germany 9133 -855. For Representatives see cover page 2
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Which Volumes of VHF COMMUNICATIONS are missing from your library?
SUbscr iption to VHF COMMUNICATIONS 1984
VHF COMMUNICATIONS - Volume 1983
VHF COMMUNICATIONS - votu -na 198111982
VHF COMMUNICATIONS - Volume 197911980
VHF COMMUN ICATIONS - Volume 1976. 19n. and 1978
VHF COMMUNICATIONS - Volume 1974, 1975

VHF COMMUNICATIONS - Discount pr ice for any 3 volumes including 1 bin der:
VHF COMMU NICATIONS - Volumes 1974 - 1976
VHF COMMU NICATIONS - Volumes 1975 - 1977
VHF COMMUNICATIONS - Volumes 1976 - 1978
VHF COMMUNICATIONS - Volumes 1977 - 1979
VHF COM MUNICATIONS - Volumes 1978 - 1980
VHF COMMUNICATIONS - Vol\Jmes 1979 - 198 1
VHr COMMUNICATIONS - Volumes 1980 - 1982
VHF COMMUNICATIONS _ Volumes 1981- 1983

Plastic bln cer for 3 volumes

OM 22.00
OM 22.00

each ~M 20 00
each OM 18.00
each OM ~ 6. 00

each OM 14 00

OM 45.00
OM 47.00
OM 48 00
OM 50_0C
OM 52 00
OM 56.0C
OM 59_0C
OM 62.0C

OM 8 0C

As k tor your free copy of the 1984 Pncel.st of kts etc.. ann the Cu.""I" t" Inde, of ll il 'Ie Un ,," fm·n 1970 -1 982

New Polarisation Switching Unit
for OSCAR 10 and Normal Communications

Ready-to-operate as described in VHF
COMMUNICATIONS 2/1973. Complete
with three BNC connectors (N or SO 239
connectors are also available) in an attrac
t ive cabinet. Especially designed for use
with crossed yagi antennas mounted as
an "X", and fed with equal-length feeders.

VSWR.
Power rating:
Insertion loss:
Phase error:
Dimensions (mm):

Supplied with:

max. 1.2
max. 100 W carrier
0.1-0.3dB
approx. 10

220 x 80 x 120

Art. No. Price

OM 193,
OM 199,
OM 217,-

0320
0321
0322

BNe
SO 239
N

can beThe following six polarisations
selectee by the front-panel knob:

Vertical, horizontal, clockwise circular,
anti-clockwise circular, slant 45° and slant
135°.

k :~'!iJjiberichte Teccy D. B;t1a, · Ja h,, 'e 14· Po,"a,h 80 . D·6523 Bai,,,',,'
Tel. West Germany 9 133-855. For Representatives see cover page 2
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A system for Reception and Display of Weather-Satellite
Images using a digital scan converter/storage module

Al A complete system as kits

O",cr iption

Par abol ic antenna. 1,1 111 diil me te r.
12 segments to bp. screwcu Or rivet e d logCtl illf,
:I orest« SUPPOl t~ for radratcr,
mi\sl-mOlJn!<rtg pens With eievoton mecnaosm

l ow_no ise a m plilie r lo r 1.7 GHz

M£TEOSAT COllVe" er , conslstirtg of
two modules - Oulput flfstIF _ 137.~M+ 1 7)

VHF Receiver, frequency range
13b -138 MHL,
OlJtplit NOO Hl sub-carrie r

Dig il al scan conve 'l~'

(256 x ;>T.J6x I) B'I)

PAl·Co lo ' m od ule ....,th V/ IF mod ulator

Edition

3/1979

~'''''
4/ I M I
1/1982

4/1979
l/HJHO

4/1982
1/19/1.:1

211983

Kil deSIg n ation Art . No . Pr ic e

""
Se t of 12 segments 0098 lBO.OO
Rivetin g machine t rivets 0105 93. 00
1.7 GH~ Cav;ly radiator kit "'''' 90.00
3 radiator supports " '" 29.00
Masl-mounti ng p lI.! ,. 0107 85.00

OJ6Pl012 606' 175. 00

DJ I JZ OO3 ero; 18 9 .0 0
DJ1 J ZOO4 671 4 185.00

DC3 NTOO3 ti l4 1 225.00
OC3 NT OO4 6 14.~ 80 .00

YU J UMV 00 1
6T36 675.00YU 3 UMV 002

YU 3UMV 003 6 739 150 .00

B) Aligned ready-to-operate PCB-modules and equipment
Cavity radi ator tor aoovo p,mloolic anten n,l

VHF Ieee; ...... l lJO' 136- 138 MH7, UC 3 NT 000

Oscillator lor VHF r"c..over , DC3NT 004

Dig ital scan conver l er (?56 x ;>56 x 6 BI1) YU :lUMV 00 1 -+- 002

Pr\ L·C olor n1 orlLlI ~ will1 VHF os.cillalor YU3 UMV 003

C) A complete system, ready-to-operat e in cabinets
Par abolic an tenna . 12 !l+IQmerrts, riwling maclline and , ivets , cav 'ly radialor. suppur1!1

METEOSAT COrlY1lrle , ....'111 GaAs -FET prMmplil,Of and mixer , 2 chan nels, in casi r>g

Anlenna f"r <:>rt>l ing sal" II,I ..s. DJ 0 BQ. 13 ' JVHF CO MM UNICA l lONS 411981)
P OWN c" ", biner tor aoovo, AT· 137

6-channel VHF receiver in cabinet. prograrnm" d tor:
137,130/137,300 /137,4()O/137,5 00/ 131 ,1i?01137,8~ M H7

Digita l scan converte" 2'".>6 )( 2!>6 )( 6~. w,lh 00111'01 e1CC1l'Of'K:
and PAL-eolor moduleN HF oocilalnr ,n caboet

Video monilor, blaCk/White , with 31ern C .Il.T

All 10 ed itions 01VHF COMMUNICATIONS con ta ining intorrTI ll tion
on weather satollit" rac flpl ion

Disseminat ion Sch edule of METEOSA T, il'lCl. surlace mail

Audio Comp act casseue ....'lh 2)( 30 m'nu tes 01selected sebca me.. recordings
at METEOSAT and NO AA. resp.

"'" 150, -

or." 395,-

szaa 168 , -

,m 1150 ,-

613H 285,-

0 "'. 510 ,_

""" 692,-

0101 198,-
oeoo 98,-

= 0 1298 ,-
,,,S 1980, -

"'" 550, -

674 ? 4 9,-

00>0 ',-
6 740 25 ,80

k 1\Jl,.'\l:ii:[berichte Tec", D. Binan · Ja hn,tc. 14 , Poslfach 80 '0-8523 Baie, _ "
Tel. w est Germany 9133-855. For Representatives see cove, page 2



OUR GREATEST now with reduced dimensions !

Case: 15 14 13 17

DISCRETE M ON OLI THI C EQU IVALENT

CRVSTAL
Appli-

with impedance n ansroon anon without impedance tra nstormauo o
FILTER

cal ion
Type Termination CaS(' Type Termination Case

XF-9A SSB XFM-9A 5OO !~ 11 30 pF 15 XFM-9S02 I.l:l kQ II 3pF 13
XF·9 B SSB XFM-9B eoo u uoo er 15 XFM-9 S03 1.8kU 1 3 pF 14
XF-9C AM XFM-9C 500 U 11 30 pF 15 XFM-9S04 2.7 k~1 1. 2 p l-' 14
XF-9 D AM XFM-9D ~O(HJ 1 30 pF 15 XFM-9S 01 3,:.l kn ' I ::> pF 14
XF·9 E FM XFM-9E 1 .2 k ~J I aocr 15 XFM -9S0S 8 2 kIJ to er 14
XF·9 B01 LSB XFM-9B Ol ~OO ~J 1130 pF 15 XFM-9S 06 1 8kU ,1:.lp F 14
XF-9B02 USB XFM-9B02 500~1 1130 pF 15 XFM-9 S07 r.e ec 113 pF 14
XF·9B10 · SSB XFM-9S08 1.8 k1J 113 pf t s

• New: 10-Pole SSB-fi lte r, shape fac tor 60 dB ; 6 dB 1.5

Dua l (mono lithic two po lc )

Matched dual pair (lour po le)

XF·910; Bandw id th 15 kliz, AT = 6 kQ. CaS(' 17

XF-920; Bandwidth 1~ kHz, RT .. 6 kU , Case 2 >l 17

DISCRIMINATOR DUALS (see VHF COMMUNICAIIONS 1/ 1979. page 45)

fo r NSFM XF-909 Peak sepa ration 28 "- Hz
fo r FSKIRTTY XF-919 Peak separation 2 kHz

CW·F lIte rs - still in discrete technology:

Type 6 dB Bandw idth Crystals Shape-Facto r Terminati on Case

XF-9M 500 H, 4 60d B . 6d B -lA 500 Q l 30 pF ,
XF·9NB 500 Hz 8 6OdS .6dB 2 2 SOO U ll 3OpF 1
XF·9P · 250 Hz 8 6OdB : 6dB2.2 5OO!'1 1! 30 pF 1

• New l
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