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• A 1.3 GHz Prescaler and Preamplifier
for Frequency Counters

by J . Grimm, OJ 6 PI

' 30

Many prescarer, have been descr ibed lor
frequency counter . In VHF COMMUNICA­
TIONS: 180 MHz (1), 250 MHz (2). and SOO
MHz (3). and (4). It Is now Ume to Increaae
the frequ ency range of frequency coun­
ter. up 10 1.3 GHz. 80 that me.aurements
can alao be mad e on th e 23 em amateur
band.

1, AVAILABLE FREQUENCY DIVIDERS
FOR FREQUENCIES ABOVE 1 GHz

1.1. Non-Decade Divider.

UHF TV·band V goes up 10just below 1 GHz.
Many modem tv-receivers use a frequency
synthesizer principle lor channe l selection .
The leading semiconductor manufacturers 01·
ler frequency dividers thai ccoven frequen­
cies of up to 1 GHz to a lower RF.range. The
follOWing types are to be given as an ex­
ample :

CA 3197 : Motorola, + 64 or 256
U 264 B: Telefunken, + 64
SAB 1018: Philips. + 256

Experiments made with type U 264 B showed
that this divider was able to operate up to 1.3
GHz with a slight reduction in sensitivity . even
though an upper Irequency limit of 1 GHz was
given.

In order to obtain a correct Irequency readout
when using these noo-decade diViders. it is
necessary lor either the counter reeooct to be

multiplied by the frequency division teeter . to
use a programmable divider in the frequency
counter, or to divide the time base of the Ire­
quency counter by 64 or 256 .

The majority 01frequency counters oHared on
the market or described in magazines are not
programmable. In order to avoid a mcrnouce­
ucn 01 (he counter readout to the value 01the
Irequency division rene. or to avoid a conside­
rable modiuceuon 01the time base , It was ee­
cided to experiment with decade dividers.

1.2. Decade Divider .

The lollowing decade dividers are the only
ones known to the author at this lime :

SP 8665 : Ptessey 1,0 GHz + 10
SP 8666 : Plessey 1.1 GHz + 10
SP 8667 ; Plessey 1 2 GHz + 10

Acco rding to (he frequency il'hd price retanon­
ship it seems that these three type s use a
common chip. and that the various types are
selected aCCOfdlng to the guaranteed upper
frequency limit.

Experiments made with type SP 8667 sho­
wed that it is at least able to operate up to
1.324 GHz. Unfortuna tely. the authOr did not
have any frequency source available in ell:'
cess of this Irequency. In addition to this, a
large number 01 non-decade dividers are
available that cou ld be combined in a suitable
manner to obtain a decadie division ratio .



The lollowlng types are known to the aulhor to
operate in excess 01 1 GHz:

SP8617: Plessey 1.3GHz + 4
SP 8619 Plessey 1.5 GHz + 4
MC 1697: Motorola 1.0 GHz + 4 'J
11 COS : Fairchild 1.0 GHz + 4

' ) according to (5), and (6) It operates up to
1,5 GHz.

In order to obtain II decade diVISion rete. 11is
necessary to provide 1wo Irequency dividers
+ 5 subsequent to the + 4-divider . The over­
all dlVl&l()(l rail() then amoun ts to 100,

The following + 5-dlviders are available al
present for frequencies up to 400 MHz:

SP 8620 : Plessey
95 H 91: Fairchild

ThIS means lhat the + e-oveer must always
be loIlowed by a 400 MHz + 5-dlvider due to
the CUl-ottlrequency. The second + 5-dlvlder
must also be one of these types. since lhe
considerably cheaper SN 74 196 can only dl'
vide up 10 a maXimum 0125 MHz. In our case ,
enner 65 MHz (1.3 GHz + 20) or 75 MHz (1.5
GHz + 20) must be processed.

2. PREAMPLIFIER

The non-decade frequency dIviders used in
TV-receivers use an Integraled preamplifie r.
In the case of lhe U 264 B, a senSltlVllyof ap­
pro ximately 13 mV was measured at 1,324
GHz. The unbalanced 50 U input was mal ­
ched to the balanced input of me U 264 B with
the aid 01,l ferrlle IranslOl"mer.

The decade dividers or + 4-dlvlders, on lhe
other hand. require an Input vol1age01 150 to
600 n~V at 1.3 GHz according 10 type . In order
10 obtain a Irequency readout at the Iowesl
possible Input VOllage. 11 is necessary 10use a
eensmve preampli lier in Ironl 01the Ilrst dIvi­
der. Experimenls made Wi th Ihe thin·l ifm hy·
brld ampli lier OM 335 cescnoec in (4) were
not successlul. II seems tnetme gain teueott
rapidly in excess of 860 MHz. The wideband
ampli fier type UTe 1521 manufactured by
Avanlek was very SUitable (1 MHz 10 2.3 GHz)
but not acceptable due to lis enormously high
pnce. Desceete wideband amplifiers equipped
With foor BFW 92, BFA 34 or BFA 90A provid·
ed excellent gain characteristics, but had the
disadvan tage of high component and room
requirements. and a poor repeatab ility.

--

DJ6PI
0"-," , ' 12'1

Fig . 1: Completl elrcun dlagr.m of the 1.3 OH, + 10Cl-dlvlder wnlc:h c.n be d lrectlv conoected to I....
TTL counllnv VIII. T 1,12. Ind VR 2 cen be de'-ted when "'Mdl" conjunction wllh. 250 MH, coun ler
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The most faVOfable cenomerce-coce com­
promise was the newly developed OM 361
manufactured by Philips. In conlrast 10 type
OM 335. ttliS type onty requires an operating
VOltage0112 V. hOwever , the lflpul and output
mU$1 be lsoialed from the subsequent crcc­
Itry lI8lng e_Iemal capacrtances The VOltage
conneClIOfl to the thIrd ampbltGr stage myst
be made USII'Ig an e_Iemal Inductance 01ap­
prO_lmately 5 IlH .

Figure 2 gives the min imum input voltage va·
lues as a lunct lOnol lrequency IOJ ttus module
in excess of whICh cor rect operatIOn IS JX!8si­
ble , The maxImum permiSSible Inpu t voltage
amounts to approxImately 0 ,5 V.

PRACTICAL CI RCUIT <t . CON STRU CTION AND ALI GNMENT

1

Before connecting the operating vOltage, bo th
temmer po tenllome ters should be adjus ted 10
the ir full , anhclockwlS8 posmon. Atter coeoec ­
tlng an operaltng Voltage 0112 V (epprox. 200
rnA), po tentIome ter P t is adjus ted so that 6.8
V is prese nt at pin 14 0111 . Ifa voltage 0168 V
canno t be obtained, If Will be necessary lor A
1 to be reduced to 39 kU .

Polenllometer P 2 is aligned alter connecllng
a sIQnal sou rce of appro_lmalely 20 mV at 1.3
GHz so that a stable counter readout results,

The Irequency dIvider ISaccommodated on a
double-coated epa_y PC -board which has
been deSignated OJ 6 PI 0 11 (Figure 3) In
order to avOid unwanted injtldlOn, the PC­
board should be InstaUed in a sealed casing
For SImpliCIty, the prototype was accommo­
da ted in a stendard tocrat e case wtoee
dimensions were 72 mm _ 72 mm (see Flg.4).
The ground sunace 01 the boar d is solde red
10 the case on bot h sides. In the case 01
boards wlthoul thrDUgh-eontaets. lhe ground
ccerectcns 01C 3. C 4. C 5, C 6 and pin 701
I 1 should be SOldered to lhe ground surtace
on both sides 01 the board

Capaotors eland c 2 are 1 nF Chip cecec­
lors lor wtllCh narrow SlOts should be cu t Itlto
lhe board The capacttance surtaces should
be soldered 10 the conductor lanes on both
SIdes , The ChOke RFC IS accommodated on
the lower SIde of the board The input must be
made VIa an SHF-connector wrIh the shortest
possible connectlQnS 10 C 1 In the case 01the
protOtype, a BNC-connec1or was directly SOl­
dered 10 lhe case The outpul can be connect­
ed USIng a RF -eonnector or coa _ial cable 10
the countlng gate

2)c'"

OJ 6Pl

'"

As can be seen in Figure 1. the Iflpul vonage
is amplified In the thIn·111m hybrid amplifier
OM 361 to the required input leve l 01 the Ilrst
divider. The PlesS8y·IC SP 8667 divides inpu t
frequenc ies up to 1.3 GHz by 10, In OJder to
allow the frequency divider to be directly con­
nect ed 10 the cou nttng gate, the first d ivider is
touoweo by a Plessey SP 8632 or SP 8505 as
second + 1O-dlv ider wh ich is then lollowed by
a subsequen llevel convener EClJTTl (T 1).

If the 1,3 GHz divider is 10 be connecled dl'
rect ly in fronl 01an available 250 MHz OJ 500
MHz counter , II ISJX!8slble IOJ 12 and T 1 to be
deleted,

The OM 361 operates Wllh 12 V, the SP 8667
WIth68 V. the SP 8632 and the level conver·
ter tranSistor T I WIth 5 V. In order to use an
operatIng VOIIageoll2 V. two5 VVOIIage ste­
blhzers type 78l 05 A were used The vottage
con lrot VR 1 ts adjustable 106.8 V WIth the aid
01 tnmmer potentl()rl'l8ler P 1; r6StSlor R 1 en­
sures a hmi llng 10 this value,

",-,---, - ---,
"m'
'0

1.

,
•I,.

Fig . 2;
The elf-cult requl,... .... than 2'0mV
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VA 1. VA2:

C 1.C2:
C3.C5 -C9
C4
Cl0:

".

4.1. Component,

P,umpfltl .,:

OM 361 : Ensure thai illS insla/led correelly!
PIl"I 1 i. CleSiOnaled with ..1.. and should be
oonnected 10 C 1,

11, SP 8667 (PIessey)
12: SP 8632 or SP 8505

T 1, BC 4 t 5 or SImIlar ....con
PNP transtStOl'

78l05A

1 nF chip capacrtOr
1 nF 'Nlth c:onneclon lead,
10 f'F / 25 V tantalum
10 nF ceramiC c:apacltor

Trimmer resistors. t'lQrizonlal mounllng,
spacing 1015 mm

Carbon resiSlors 0207 lor 10 mm spacing

RFC: Choke, approx. 511H, e.g
2 turns 01enamelled copper
'Nire placed through a lernle
bead, 'Nllh the shOI'1estlXtSS­
.bIeconnectlOt1S. ThIs it
accommodated on the lOwer
IIde olthe board .

Solder R 4 on the upper and lower tide ol the
boW

s. ANAL NOTES

A nlCkenng counter readout ...,1 be seen IIthen
the Input of the counter is not terminated, or
when the Input level is too lOw, Thl' OIQI­
IatlOn, wt1ic:h usually takes place around the
frequency ol highett senSitivity, can be neu ­
tralized by loacllng the divider inputs With 15
kQ . However, thIS has an adverse eHeel on
the sen.ltivlty of the counter.

In order 10 avoid cwerioading or destroying the
OM 361. the lrequency 10 be measured
thould be led via an anet'IUal or so thai II It
only , trong enough to provide a stable read ­
out, It would have been po$Slble to aVOId this
limlla liOn and the lIiCkering readout WIthout
IUtlicient input signal using an PIN~1Ode cce­
trol and a comparator circuit HowevfM'. this
would have complICated the constl'lJCtiOn and
Increased the price conSiderably.

Experiments made Wllh tne OM 361 In lront 01
lhe lrequency dIVider cha in SP 8619, 2 x SP
8620 provided an excellent mpul senSItivity of
only 1 mV at 13 GHz . hOwever, the gaIn ad­
JUstment ol the OM 361 was very critICal. and
no reIable QrCUI1 could be descnbed by the
authOr al thls poIl"Il.
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An Extremely Low-Noise 96 MHz
Crystal Oscillator for UHF/SHF
Applications

Summarized Irom a l ecture a' the VHF·UHF Convention 1980
In Welnhelm, West Germany

by B. Neublg, OK 1 AG

1, IMPORTANCE OF SHORT·TERM
STABILITY AND PHASE NOISE
IN TRANSMITTER AND RECEIVER
APPLICATIONS

The oulput frequency of UHF and SHF equip·
ment is to be obreinec from a stable crystal
oscataror with lhe aid of frequency multiplier
chains.

Figure 1 shows the various frequency plans
thai can be used. All bands up 10 3 cm can be
obtained from a basic frequency 01 1152
MHz. This Is obtained with the aid ct frequen­
cy doublers, and triple,., from the given fre·
qcencee. Since it is difficult to manulacture

crystal oscillators operating 81 a frequency 01
192 MH z. and because 72 MHz and 144 MHz
will cause unwanted spurious signals in the 2
m and 70 em band (converte r), the most SUIt­
ab le frequency seems 10 be 96 MHz .

The resulllr'IQ total multiplicat ion teeter n..,. is
gi ....en in Ihe illustration , and is between 12 (23
em) and lOS (3 em), This results in very high
demands on me frequency stability 01 the
master oscillator. Whereas insufficient 1009­
term stability will be noticeable as drift thaI
can be avoided using a stable crystar cscue­
lor circuil In a crystal oven and using aged
crystals 01 suffiCiently high C , short·te rm sta ­
bility is lar more critical.

I •••
[)G} -0~ "14. .. .. . - . 2M .. .. .

In<.. 1

."' •-E};. •210 . .. .. .
12 .....I ''' .. l "

0 --G]-.g ~. ~II. "~. • '28 ..... •).~~ .....
11<.. ) • • 4 .. .. .

[ -G:J,. ~ '91"', •
S? b~UI'

I " .. I

--0-~ ".IOJ.......
Fig . 1: UHFISHF frtoquency pl.n Ih.. 1
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Shor'Hlfm Itablkty IS ob5ef'veCI as ·ShOfI-pe­
noel· lkJcttuIbOM of the selected frequency,
or phaM Wllhln. peood of seconds. Flgu,. 2
IhowI thls W1tt1 the 8Id of vanoul dl-oraml .

The lJppet' diagram shows the OSCIllator lignal
In lIme domain, thai Is as can be observed on
an osc illoscope. The center diagram shows
the same liNed In the fann 01 II vector dia ­
gram: The amplItude is shown as the length of
the arrow , and the pha se angl. by the ang le
Ifo- The sinewsv. OSCillatiOncorresponds to •
rolallOn of the arrow, and the momentary
value Is the pro,ieCliOn of the arrow onto the
reference . ..i. . The lOwer row thowI the
ume effect In the frequency domain, fhal II
when observing !he Signal on • apectrum
analyzer .

An ideal OIClIator poe,seues • purely 1Il'lU$­

0idaI 0Utpu1 voltage of constant amplitude
Ul> the point of the arrow WI. moveal • cons­
tant speed in • orcular dIrectIOn. and the
spec1rum WinconSIst of • .,ngl.line WIth e ee­
quency CUo - 2 :I • to
U (ll - Uo ·lIln(lI'ol + <f o) (1)

The output .ignal 01• real osc illa tor - which
has been rather ••8Qgeraled in Figure 2 ­
will .llhibi t short ·term amplitude and phase
(frequency) fluct uations thaI are more or less
statisllcally di5lnbuted. In the case ol lhe vec­
tor diagram, this means thai the lengt h of lhe
arrow WIn fluct uate, and will also no! be cons­
lant in lIs CirCular path , but Will . wing around
the ideal position. In the spectral d isplay, thIS
WlUbe observed a. a WIder line in con""nctlOfl
Wlttl ampl rtude nuetuatlOflS.
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I (I ) •

Such a -rcev- OSCillationcan be determ ined
malhematlcally as:

U (l ) - lUg + I (tl! x sin ,[lool + il (I) t (2)
, ,t> (I)

This maans Ihat the amplitude Uo is provided
with a rcee component due to a momenlary
value r (I ), and the toter phase 'I- (t) by the
component 'I (t).

Since an amplitude limiting takes place within
Ihe OSCillator cha in (oscillator, multiplie r
staqes. recelve r·IF in the FM·mode) it ISposs.
Ible 10 neglect the ~ amplltude noise- (nght·
hand column In FlQure 2). and the output si·
gna l will be

U (t) • Uo ' Sin ['''ot + 'I (tll (3)

The momentary frequency at any nme-oont t
will amoun t to :

I d I d'dll
- - 'I' (I ) • fo + - -- (4)
2 .1 dt 2 .1 en

ThiSequation shows the relationship between
the lrequency and the phase noise , which
cannot be separated Irom another ,

The output SIgnalconSists of a spectral hne 01
Iinite wictlh, Away Irom the main line, a virtual­
ly ~whlle- wldeband I'\Olse base exist s.
whereas the main line Itsell is increased in rts
ceect viCinily by an Increasing noise level. In
addi tion to thiS.weaker bnes may be observed
Irom harmoniCS. and other spuriOus signals ,

The doviatlOl'ls Irom the cons tant Irequency
can be sphtlnto two types : delermlnable am­
bem effects , and stensuc effects, Both types
cannol be clearly separated from another ex­
perimenlally,

The ambient ettects are inlluen ces 01 the
operating voltage. the ambient temperature.
mechanical and electrical loading , as well as
aging 01the crystals and other eleclncal com­
ponents.

The statistic ellects on the oecuetcr Irequen.
cy are added to the ambientlrequency vane ­
tions . Such eeec te are caused by noise 01the
ecnve ci rCUlI components, by aclcli tlonal noise
01 the components, includ ing the crystal. The

crystal noise anglnate s from effects in the re­
sona tor structure, as well as from phySiCal
surface etlects between crys tal disk and eiec­
ncoee. This error causes a dependence 01
me resooent Irequency on the loading 01 the
crystal, as well as variations ol tha electrical
eqUivalent values on changing the OKClting
amplitude.

1/ one observes the common torm 01an cscu­
tater. the main points where the noise is gene·
rated can be localized according to Flgur. 4:

The main componenl s 01 an OSCillator are :

• The amptrner lor commeoong and main­
taining oscillation

• A limiter cecun. which is usually realized
by the amphher useu. (The task is to sta­
bilize me maximum amplitude aner con­
menclng oscilla tlOl'l) .

Furthermore:

• The resona nt circuli. - In our case the
crystal, whiCh may be provided With pha ­
se-Shill, t c -reecuve components .

• Finally, a buffer lor isola tion otthe oscilla-
tor Irom the subseq uent eteqes.

The level 01 the wtllte wideband noise Will be
determmed by the I'IOIse contnbutiOn 01 the
buffer and subsequent amplil ier slages; the
increase of noise in the vleinily otme earner
Irequency is formed by the eereceve oscilla tor
network. The linite line width 01 the carrier it­
sell is dependenl on the a 01the crystal, me
type 01netwOfk, and lhe Iow·lrequency noise
characteristiCS (1!I-range) 01 the cscuetce
stages. The low-frequency noiSe can enect
the oscillalor in two dl lterenl ways :

a) Directly on the frequency·delermlnlng pe­
remerere (crystal) which is called para ­
metric noise

b) It can be muil iplied and ml_ed up in the
range 01 the carrier Irequency indirectly
via non-Itneanties .

The a of the crys tal is dampened in any osci l·
lator CirCUli ClOwn to the so-called ettecnve
a"".which means lhatthe crystal and cecme­
tor Will possess a lo lal a... that may be tconer­
derablyllower than Ihe a ol tha crystal on its
own.
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The relationship between phase noise and
frequency noise is determined by the ettecuve
a ,

ThiS means that me oscilla tor must otter
constant phase conditions With an accuracy
01 1120" in order 10 obtain a short-term stabilily
01 1 Hz (correspondIng 10 100 Hz at 10 GHz)!

What are the ettects 01 shorl-term slabill ty
and phase noise in practice ? Noise side­
bands of a transmit signal will accommodate
a frequency range in the vicinity of the trans­
mit frequency whose width is dependenl on
the frequency multiplication factor, and they
will also superimpose themselves on any
weak signals that appear . In the case of recei­
vers, these noise sidebands will be superim­
posed in the mixer on each receve signal and
Will cause a desensitization 01 the receiver in
the vicinity 01 strong stations (1).

Figure 3 Illustrates equati on (5); me dashed
line is the phase cnarectensuc of a dampened
crystal.

(6)

... - O.05~fHz
_ 1 • 10.3 rad",

"If • arctan ( - 2.0... i; ) (5)

The following result s in lhe viclmty of Ihe os­
cillator frequen cy '0:

d" • _ 2 .2!!!.
dl 10
Example: a... . 50000, fo • 96 MHz

o

QuG" ",....
_owo<", n ..

•• '..,n••
1l l<n.... .....
~-

Fig . • :
Nol, . ~Url;:.e In ,
cryele t 0" 111,10'
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n . - 2

Figure 5 shows that one can draw one or
more straight pieces between the measuring
points when using a double -logari thmic diS­
play . These then have a slope 01 - 2, - 1, O.
etc . The phys ical natu re ctme individual com­
ponents is summanzed in Table 1. According
to equa lion 7, the ellpOl19nl of the Irequency
dependence i, 10 the value 01 two less at S,
(f) than at S~ (f).

2

I ..,.,
n . - 2

S, (f ) •

S, (f) • '10' '

10rO < I ~ f.....

The spectrel densdy of lhe frequency slability
and the phase varial lO(lare dependent on an­
other according 10 the following equatlO(l:

S, (I) • (:0)' S, (I) (7)

II one 01these two ellperimentally measu red
spec tral denSities is drawn as a function 01the
frequency difference to the earner. It is possi­
ble lor the resulting nose spectrum to be dif­
ferentiated according to type (Tlbl. ' )

2

I e, r

2.1. Definition. , Me..urement and
EvalulUon Magn Itude.

2. MEASUREMENT OF THE SHORT·
TERM STABILITY

II the noise , pect rum in the Vicinity 01the car­
rier is , tudled more accura tely. the following
will be observed :

As was given in equatIOn l4) , Irequency and
phase variatIOns are directly dependent on
another. It is therefore suff icienl when evatu­
allng the eron-teen stability, to either measu­
re the relative trequencv varia tion (In ppm)
with respect to a very stable reference fre­
quency, or fQt' the phase variations to be com­
pared wllh a source having a quasi-stationary
phase ,

The mathemallcal evaluation is only 10be ell ­
plained brIefly : The Irequency deviatIOnS, (or
phase deviallons) are measured periodICally
in a cenem measuring pence . comparing only
the variation nom one measurement 10 the
nellt The statistic mean value 01this product
is called the auto-correla tion lunctlon 01 the
frequency or phase verrerco . From this one
can obtain the spectral denSity of the reieuve
frequency varia tIOn S, (I), or the spectrat den­
Sil lY of the phase noise s..- (I) Wi th the aid of
an Integral lrensformabon,

2.1.1. Me..urem enl. In the
Frequency Comaln

Type 01 no l.. s,ln s, (' I
StatlsllCnoiHl al the frequency 8 ,.1 ' lIo' , a, . "·

1/1noise 01the frequency a , .I" lIo'· a , . ,.'

While noise 01 the Irequency

'" 110"80 . 1"Stansnc noise 01 the phase

1/f-noise 01 the phase a,d 110'. 8, . 1'

White notse 01the phase 8, .f 110" a, hb",
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sece the rcee powe' IS usually equally crstn­
buted 10both sidebands , the following is valid
tor .\ . _ « 1 rad,
£(f' -2 5, 11)

UsuaIy. lN IOganttwnc value 10 log ( tfl (d BI
IS vsed Il"l$lead of i (I) . and ttIls IS thus 3 dB
IOwef than the k>g. F111'lmlC value 10 log S. If,

II one measures In a bandwldlh (analyzer
bandwldlh) 01b Hz, lhe measured power wlH
then be apprOlllm&tely 10 10gb (dB) grealer
than al 1 Hz.

2.1.2. Menuremenlaln th e Time Domain

In the lirst part 01thISertcrewe have eescnc­
ec how the eron-teen stabilIty can be charac ­
terized in a spectral display , The measure­
ment 01these magnlludes can be carried OUI
wllh the aid 01a spectf\lm analyzer

II is. however , otten eaSIer 10 determne the
atabl.ty with !he 81(1 of 8 large number oIlr.
quency measurem8flls. or penod duraton
measurements Wllh !he aid of a trequency
counler. Measurements In the Irequency and
time domatn are mathematICally equivalerll

The most common value lor charaeterizll"lQ In
the bme domain II !he IO-C8I1ed Allan-vanan­
ee USIng 8 frequency counter. one reads oft
8 large number of frequency values ~ al pr.
determ.ned Intervall. The Interval between
two measurements II 1. For ev8luaton, hOw­
ever, onty the relatIVe lndIvtdual dlNerences

I.. , - I,
V, • - -',- (In ppm )

between two subsequenl values are lormed .
II one assumes thaI th8 gale time ol lhe coun­
ter 's very small With respect to the actual
measu ring perIOd. me Allan-variance can be
dellned as loIlows wllh m measurements :

''0

••
, , ..

01 III lOll 1)00

FIf. 5: TWOp" of~r" dlslributlon of
fNqu«ICy (5,1~ pNI.. noI.. (S I

Random l"IOI$8 01 the fJeQUeI"ICY results .., •
nell.. apectrum proportJOnaIlO r' A l"IOISe be­
hlVIOUt t ' represents the '''-noese of the I,..
quency . and the wtwle I"IOtM01 the trequency
WI. represenl • constant oonlnbutl()(l In moI ­

gndude 5.,. It is equiv.lenl to • random noese
otme peeee. te. S. (I) - '-' .

The Mil lime shows the 111 notse of lhe phase
and flnallv lhe white 00IS8 ollh8 phase.

The most otlen used value IOf etlaracfenZlng
the phase 1'\OlS8 (In the frequency range) ell.­
penmenlally. is the magmlude r {II. ThiS has
Ihe dimensIOn Hz" and is delined as the rallO
ol lhe power al 8 certai n polnt of 8 noise Side­
bancllo the toter 59os1 power , relerred 10a
meaSlmng bandwidth ot 1 Hz (811he frequen­
cy Vo ... I. ,. I Hz trom the tamer).

.,,' (1. m) •

1
2. (m -1 )

m '
L (y,. , - y,) ' Ie)
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2.2.1, Frequency Dam.ln
(Spectrum An.lys ls)

01Slandards, This contaIns a detailed techni­
cal inl roductlOl'l Wllh mathematICal appendl_.
a detailed eescnotco 01 typical measuring
systems lor measuring the shor1-term slabllity
With e _act mtoematron lor deSigning these, In·
cluding cecun e_ample,.

The lundamenlal measuring princIple is g iven
in Flgur. 7.

A rererence oscilla tor and the oscillator to be
e _amined are converted to Irequency zero in
a balanced rmxer . The conversion product is
led via alOwpass Illter to a lOw-noise DC-am­
pli ller, to which a phase-locked loop is con­
rectec . It il in turn loosely coupled to the rele­
renee oscillator so tha i it remains phase­
locked to the oscmetor to be e_am ined , The
phase-locked loop has a relatively large time
constant, wh ich means thai only very slow
Irequency variations will be cconcnee. More
rapid Irequency vari8l1Ol'l1 WIll be seen as

A very good reference with respect 10 thIs
S6ClIOn Is gIven In (2): The NBS TechnICal Fig. 7:
Note 632. publIshed by the NatlOnsl Bureau ""-luring prlnclphl .ldebencl - pNI H noi..

The V-va lues are the retewe frequency V8r1a ­

ucoe in ppm (10~ .

This means thai the frequency difference be ­
tween measurement 2 and measurement 1 is
formed. the crtterence (in ppm) is squared .
and this value is ste reo . During the ned cycle,
the frequency dltlerance between measure­
rren t atc 2 1slOfmed and the difference squa­
re is summed up accordIng to the previous re­
sult whiCh is lollowed by the third cycle.
where the difference 4 10 3 IS SQuared and
summed up_ After carrying out a sullfcienl
number 01measurements, the mean value 01
this sum 01 the difference squares is formed
and divided by the duratIOn ctthe measuring
interval. Thi S measurement is repeated lor
various measurJr'lg oercee. e ,g, "100 se­
cond. 1110 second. 1 second. 10sec0nds, etc.
and (l~ (t) il drawn in double-logarithmic
scale. This curve is a measure 01the depen­
dence 01 Irequency on the measuring (inte­
gration) time Irom one measurement to the
other.

In order to compare the characterlshcs 01 se­
veral oscillators to another, It is necessary lor
this type 01measurement to be cemec out at
d illerent measuring interval lengths

Figure 6 shows the typical result 01an Allan­
var iance measuremenl as a lunctlon 01 the
counting time when drawn in a double-loga ­
r ithmic sca le.



pha se l1uetuall()OS, and WI ll generate a noisy
DC-Signal llilhe output of the rmxer. ThIs can
be taken from the output ollhe low-nOIse am­
p1ifler. and be examined uSing a spect rum
ana lyzer sUitable lor low Irequenci8 S.

A measunng system was developed accord­
ing to this measuring princip le lor examining
the ' OSCIllators diSCussed in section 3; this
system is COI'l lllruCled using conventional
components. II only a coarse evalua tion is re­
qui red , it Is sufflc lenl lor the noi sy 519n81 10be
measured on an oscilloscope instead of using
an expen sive spectrum analyzer. The peak.
to-peak amplitude 01the noi sy signal is a reie ­
live value , whiChcan be used to carry oul bet ­
ler!wOfSe comparison s, The circuit diagram is
given In Figure 1!I

A peak rect ifier or eeeceve value meter can
be conn9CIed in order 10 obtain a quantitat ive
evaluatiOn. II is possi ble 10 use 8 number 01
lIwllchable. ecnve bandpass fillers and to
measure their OUlput signa l instead 01 using

lhe expensive ececevm analyZElf. II is Ihus
poSSIble 10 evaluale lhe quantltal lve relatl()(l­
Ship belWeen the varIOUS spectral ccmeo-
nan"
However , unsmelhOd only allows lWOoscine­
lor s to be compared 10 another , whereas an
absolut e mea surement on an OSCillator is not
poSSIble . II OSCillator 1 is considerably better
(derived from a frequency slandard), one will
obtain a quasi-absolu te measurement If, on
the other hand . vmuenvsimilar oscittalors are
compared 10 anol her, It will be necessary 10
deduct 3 dB from the measuring result. in
order 10 obla in Ihe phase noise of 8 l ing le
oscilla tor ,

11 is poSSible in Ihls manner 10 cons truct va­
riOus oscWalor prololypes and to compare
lhem 10 anclhet' .

The senSlllv lly of Ihe system can be Increas­
ed by carrying out me frequency convElfSion
oct allhe frequency of the OSCillator , bul atter
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Fig . I : s cee...lv. 10.,'1multlpll c.Uon prloelp l.

multiplying the output frequency. A very ele­
gant method is to use ..successive 1019 multi­
plication. (see Figure 9). This has the ad­
vantage that the frequency to be measured
has Ihe same frequency of the retererce ei­
gnal, whereas the noise sidebands are 10"
wider.

The quantitative measurement of the single·
sideband noise £ (f) is made in the lollowing
manner:

a) The two oscillators are slightly cenmec
from another and Ihe amplitude 01 the dif·
terence signal is measured. or adjusted
to a reterence ...erce (0 dB). The peak-to­
peak amplitude corresponds 10 the sensi­
tivity 01 the measuring system in V/rad.

b) Both oscillators are locked-in opposite 10
another and the et tecuve noise output
voltage is measured at a spacing Ilrom
the carrier Irequency. The voltage ratio is
now converted 10 dB. and the bandwidth
teeter 10 log b is added to this. The result
is the magnitUde £ (f) in " dB/Hz".

2.2.2. Measur emenl . In Time Domain

Principally speaking. the time domain measu­
rement observes the frequency variations of
the oscillator directly using a frequency cocn­
ter with the fastest possible count, and eva­
luating this statistically.

The time base 01 the frequency counter must,
01 course, have a considerably bener short-

term stability than the oscillator to be measur­
ed, Since a higher frequency resolution, ­
when using a directly measuring Irequency
counter - rescue in lOng measuring periods,
it is usually .necessary to make frequency
measurements with a high resolution in short
cycles, using a reciprocal counter and making
period duration measurements.

a) Direct Measurement:
in the case of the direct measurement,
the oscillator to be examined is directly
connected 10 the frequency counter; the
measuring results 01 the Irequency coun­
ter are. for instance, printed oul , or are di­
rectly evaluated using a last processor.
The most usual evaluation method is to
use the Allan-variance.

b) Indirect Measurement:
in the case ot the indirect measurement,
the oscillator to be exemineo is mi_ed
with a reference OSCillator that is Iocked­
in with the aid of a phase-locked loop
(see frequency domain measurement):
however, the control is so tight that the
phase fluctuations are completely con­
Irolled. The correspondingly noisy output
signaf 01 the loop is amplified and fed to a
VOltage·frequency converter that con­
verts the noisy DC-voltage into a rapidly­
changing frequency fluctuation. This con­
verted frequency can be measured with a
frequency counter according to the
method described in a), and evaluated.

One 01 the neKt editions 01 VHF COMMUNI·
CATIONS will bring the final article.
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Coupled Microstriplines as Filter

by F. SChmehr, DC . EC

FUNDAMENTAL CONSIDERATIONS

Fig . I : Slrlp In In~ m« lIum
(mIe'"l rlpll ~: $1"'01" II,..:
Rig"" ;~ linn wtth I.... . ~ •
\ .c.... I .c._

JMny of our rNdets WIth ••penenc;e Ifl dtrec­
IIOf\&/ ooup6er techdogy wiI knOw that coo­
pled lines .r. not defined Wlft't the 1)'Stetn­

dependent mpecIance Zo. but WIth lhe Even­
Mode mpedanc:e z..:.and the Odd·Mode trn·
pedanee z.o. Examples lor balanced conflgu­
fatlOn 11'I a homogene medIum (air) can be
found In many standard WI)ri(, such as in (1)

Thll I nk:.. I, bliNd on • " ur. given at
the Munlch VHF·UHF Convenllon In 1980.
The talk of thi l ertlet. II to g lvI UHF,SHF
I mateur, en In,lghl lnto the • • ad c.lcul..
lion end construc1lon 01 mk:rOltripllne f11·
I.,• . It will also introduce tlbl•• Ihal ,1I0w
• limpl. end ••.c;t det,rminetlon 01 the III·
I" dimension• . The Ilbl•• allo on,r YI ·

IUlbl, ...III.nCI lor lul1Mr IppllCIUonl
in mlcroltrlpllne technology. TM compl..
Ie ceicuillion proce.. with ••empl••
wou ld be too ..ten,l..,. to be de.crlbed
her., howe....... " I, po.,lble to obleln. r..
print of Ihe lecture, end to obtain compi..
ted 13 em liller, from the luthor. Furthe'
delan, r~.rding Ihl••r. given" the end
01 the ertlel• .

tl , hOWeVer . the ooupIed """ (f l(jur. t) ale
to be tound In a hOmOgene mec\lum (dlelectnc
r, • 2 - 10) , the caleulatlOn will become very
compbc~lIed and approllmahon 10000000las WIll
only show a limited accuracy, whICh means
that these are unSUItable lor the conStruc tlOfl
of !Illers The same is valid lor an indiVIdual
slnpline in an inhomogene medium . The elt:·
ect caiculall()f1 01the mechanical dImensions
wltl and sIh Wllh reepectic z"or z...: and leo,
With an error 01< 1 %. would be virtually tm­
posSlble lor mosl reoc amaleurs . Anelample
01 a calculatl()f1 01wltl USIng too simple a lor ­
mula IS to be fou nd In (7) wher e the error is In
the order 01 approlt:lmatety 15 ""',

The _elaetw calculahon 01 mlCroslnpllne s
was "ratly po$SIbIe 11'I 1969 WIth the IIId of lhe
_BRYANT_WEISS _ methOd (3). The mean
error onty amounlS 100 ,7 '" l in ordet' 10 take
the prob6em of the ••'lQmogene medlum InIO
tonIIOefatlOn, the - D!electnc Gteen', Func­
tIOn- II used n.s allows the dI:soonbnullIM

of theI~ al !he edQeS of the rnedun to be
conSlCtered, The caJculallOns ac:cordIoo to (3 )
can only be made USIng large computers such
115 cyeER 176. and lhese have been camed
out The resulllng tables IlllOw anyone worX'
100 Wllh mlCros tnpllnes to read oft the med1a.
f'MCB1 dlmer1SlOl1S et any given Z.

The given accuracy is especially necessary
dunoo the calculation of !Ill8fl, An eltrac1
tram thiS list of tables lor coupled lines on •
RTldu rOICI 6010 dlelectnc WIth r, • 10,25 is
given in flgur. 2,

II Ihls list ol lables is ava ilable . the dnnensions
can be read oft directly lor luch applications
as matching crcuus. lines, Inductances, ce­
paCItances, open and short-CIrCUIted stu bs ,
coupled lines lor dlrectlOn8l couplerS. power
dividers, matct'ung network. lor antenna .r­
rays, Met' WIth coupled lines , and much
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more. It is possible. lor instance. for a 13 cm
converter 10 be calculated which comprises
two preamplifier slages . a travelllng.wave di·
rectlOnal tuter, Of alternalely a Idter wilh petal­
ier-ccopreo lines lor 20 dB suppressiOn of the
image Irequency, a prinled subharmoniC
ml~er With 1_ _ 1080 MHz, and an IF-pre­
amplll ier al 144 MHz, all accommodated on a
board of appro~lmately 70 mm ~ 50 mm ThiS
would represent the end ol the considerable
mechanical reqUirements Of lhe cnamber
technology

APPLICATIONAL EX AMPLE

The - theory- is now to be shown WIth the aid
0 1a practical example.

Firstly it is necessary to brielly diSCUSS the
calc1JlatlOf'l lundamentals lor l iiters U!lIngcoc­
pled lines. ener whiCh the mechanical con­
structIOn and measured values are 10 be diS­
cussed .

This Iiller is constructed In the manner shown
in Figure 3:

'"
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Fig . J : Fillet with coupled li n•• Olll-.gl 2
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The tollowlng is required lor caJc\llallOf1:

• Tables for determining the Tscheby·
SChoff-lOwpass ccetncents and the oe­
gree ol lillering n, which can be found In

any handbook covering 'Iller lundamen·
tafs . such as (1), (2) . (5) : the complete III·'m ceicneton is given in (1) and (8),

• The mentIOned tables lor determining the
values 01 w and s of the coupled mere­
S1riplines .

The calculatIOn process lor coupled lines was
cemec out accordIng to (1).

The values Zc.t: and Zoo for the individual cou­
pled line sections afe obtained Wllh the aid 01
Simple , shan calculations. The mechanical di·
mansions ere determined wifh the aid cttne
rmcecsmonne tables, after which the ' Iller can
be constructed,

The ntter has the following specifications:

CharaClensttcs caloJlaled measured

Bandwidth 200 MHz 160 MHz
Inserllon loss < 1 dB 0,8dB
Cen ler frequency 2300 MHz 2280 MHz
Stopband loss al
2000 MHz (I.....) 20 dB 20 dB

SoU PU ~ ' .I - II. lItM.

DICIT.... 'lOfTEII ..,.7U
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Fig . 4 : freq uen cy respon.. I nd ,etu rn 10•• o l lne fill... lhow" In Fig . 3
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Flgur. 4 show s the measured frequency REFERENCES
response and fetUln lOsS CUf\l8S at It"s Illlet.

The measurements ShOW that the required l~­

tet spe(:lhcatlOf'ls can be obt3lf18d Wlthou1 pro­
blems and allQf1fJ16flt. The tabu lar values
wete calc;ulated usmg the large compulet
CYBER 178 The program used was the HF­
program COMPACTIRFQPT.

The calculabons were camed out lot

- Epait)' tn8Iteoal Wlth f.. .. 8
PTFE gtas Ilbre matenal wrltl r, - 255
RTldur()l(l 5870 wlltl t • • 235
RTldur()l(l6006 Wllh r, - 6
RTldurOtd 6010 wIth I , - 10 25

The lollowing lables are available:

1. Accotding to ~ BRYANT-WE ISS~ :

• SUlgltt-str lp transmiSSiOn ~nes for wth
Irom 0 4 to 15 Wlth 0,2 steps: available lor
OM 10 -

• CouI:Med-mcrostnp transmtSSiOn~nes
7 tablellot wth from 0.5 to 10 Wlth stept
at05. and IIh from 0 ,3 to 2.1 Wlth steps
at03: av..lable lot OM 4() ,- .

2. As under I ., hOweYet . calculated With the
aid oj an appfollltT\8tion
(mean etror apptOll 3 %) :

• Single-stnp transmiss'on ~nes (OM 7.- )

• Coupled-mIcrostnp transtl'\lS5lOl" me.
(OM 22.- ).

Other ranges and steps 01 wltl and IIh of
mICfOStnp and tnplate ~nes ara available 8t
shott rctce from the author

I 1) George L. M8nhllei, l eo Young.
E,M.T.Jones MICfOW8ve Filters,
Impedance-Matd'ung Networils and
Coupling StflJCtUfU
McGfaw·Hil' , New York 1964

( 2) Seymof B, CoM : Para llel Coupled
Tr8l\$lT'll$SlOfl·Une-Reaonator Fillers
IRE TransactIOns on Mcrow8ve
Theory and Tectnqun, Min 6-2158

( 3) Thomas G Bryant. Jerald A Weiss :
Parameters ol MictOSlnp Transtr\l$SlOfl
lJnes and of Coupled Pairs at
MlCfoslnp Lines
IEEE TfansactlOf'lS on MICrOWave
Theory and Techniques. Mn 16- t 2168

(5) P1illenmaler G.:
Tabellenbuch Tle lpAsse
Siemens AG. 1971

(6) K. Hupfer. OJ 1 EE : Strelfenl8llungen
1mVHF- und UHF ·Geblet
UKW·BERICHTE 11 (1971), EditlOf'l 2.
pages 91-100

I 7) Ov. Sleppuhn. DB 3 SR '
StrfllfenlemJngen fUr HF-Scha:Jtungen
CO-OL 1980. Edrtlon 8, pages 362-363

( 8) List of P8P8fI VHFIUHF ConventlOf'l
1980 MUnchen

( 9) W.SChumachet,DJ9XN·
OImenSlOf1leMlg von Stredenleltungs­
krelsen In Mlkrostnptechnlk
UKW-BERICHTE 11 (1971), EditIOn 4.
pages 206-219

(10J RFOPT USER MANUAl
version 5.1 817'9
COMPACT ENGINEERING Inc.•
Palo Alto, Cahf
coe GmbH, Mund'len
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• Close-In DF-Receiver
for the 144 MHz Band

by H. W. Sto rbec k, DL 2 DE

".

Anyone who h.. ta"'en par1 In • ,.4 MHz
lod,unl or olher OF-meeting, will know
that most 144 MHz recel" er. will not work
••I I,'. cto rlly In Ihe direc t Vicinity of the
tr. nemmer. end will thu s no longer allow
th e dlr-etlon 10 be determ ined. • Prof. , ·
slonal ' oxhu"ler. .. usually have . special
'V, tem, which allows them to ope rate
even In the direct "Iclnlly 01 Ihe tr,nsmlt·
ter. A lerge number of amateurs , however,
u•• mod Ified FM·tranacelver. , and they
• re very one n u tlslied when they . r. able
to get wit hin 100 m of the 101 Iranemlner.
Ane, the event, t he transcelve, Is modified
IMek to Ita normal application.

These conSlderallOl'ls anc:l lhe author 's own
practICal a. patlence led 10 the descnbed
elose-In OF-receiver lor the 144 MHz bane!.
Thls recervet is also suitable for use.s. sen·
SlllVe held strength meier, It is nol designed 10
be a un5ltrve or selectIVe r8C8lver, however,
It allows the directIOn 10 be delermlned at a
distance of several thousand meters noht up
10 the transmrl antenna.

The recerver coeretes as a widEtband tllCelVer
WIthin lhe to« MHz band and is very easy to
operate, The cirCUit is buill Up on a double·
coaled PC'board whose dimensions are tOO
mm x 42 mm. The corccrem side of the
board Is In the form 0 1 a ground surtece. The
PC·board can be accommodaled in any
screened case (maybe made Irom PC·board
malerial) togelher WIth a moving COil meter, a
potentiometer WIthOn·Off SWllch. two9 V bal ·
tenea and an antenna connector. No draw ­
ings have been given for the case and insta l­
lallOn, Slnee most radIO amateurs Will nave
the components lfl their jun k boll .

CIRCUIT DESCRIPTION

The receiver is eqUipped Wllh two VHF .pte­
amplifier stage s equipped With dua logate
MOSFETs, type SF 900 (Flgur. 1). The am­
plifled VHF-signal is then recti fied , and the re­
sulling DC·voltage is fed at low impedance to
an operational ampli fier type 74 t (1 1), which
is connected as impedance converter. 11 is
then amplified in I 2 (741). The field strength
is thefl indicated on a meter.

The gain 01 the recevee can be varied Within
wide ranges Wllh the aid 01 a polentiOmeter.
This is made Simullaneously In two ways:

The voltage at the WIper of the potenttorneter
can be varied con tlnuously Irom + 9 V 10
- 9 V. The G 2·vonages01 the MOSFETs are
obIa,ned with the aid of the vonage dlVlder
R 3iR 1 and R 91R 6 The vene of these \/OIl.
ages wiN thus be in the order of + 2.5 V for
maximum unSlllvrty and - 2.5 V lor mil"llmum
sen5ltlVlty. This allows lhe ga in 10 be varied in
lhe order of 70 dB

However. this Will not be sufficient for all eccn­
cenoos. and for this reason the ga in 01 the
DC·voltage ampli fier I 2 is also reduced as
soon as the gain or me MOSFETs has been
reduced Virtually to a mini mum. A junct ion
FET T 3 (SF 245 C) is used lor this . As long
as the vottage at PI 3 is iii: 0 V. diode D 3 will
be blocked and will ensure that the gate is not
provided WIth ccsnve voltages. However, as
soon as the voltage 81 PI 3 becomes negall'
lie. diode 0 3 Will ce-ccct.and T 3 WIll be gra ­
dua lly blocked aller approlima le!y - 4 V_
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ThiS means thal lhe drain-source path will be
01 higher impedance. Since the gain 01 J 2 is
dependenl on the reno 01R 13 to F\.. Ihls Will
reduce the Yollage gain 0112 the more T 3 is
blocked .

It should be noted that it is advisable lor the
given transistor BF' 245 C to be used , 'r t us
tranSIstor has ' Irstly a lower drain-source reo
srsteoc e than Ihe BF 245 A or B and thus en­
sures a higher gain 0112; secondly, lhe con­
l rol of lhe DC-amplifIer Will only commence
when T 1 and T2 are already vinually blocked .
The slope 0' tranSIstors BF 245 A and Bare
less Sleep , and Wilt commence con trol of the
DC-amplifIer even at lower nega tIVegate VOlt­
ages.

The overall adjuslment range 01the gai n is In
lhe order or 85 dB, and inpul VOltages in the
order 01 1 to 2 V at the antenna Will no! cause
any problems,

The zero adjustment of the me ier is made
With the alC! of tnmmer potentIOmeter R 14
Resistors R 2 and A 7 are provided to neutra­
lize any lendency to UHF-OSClliallon , II a
greater sensitivity is requir ed, II is possible lor
R 2 and/or R 7 to be bridged , II no tenden cy to
sel f-OSCillation IS exheneo . Furthermore, it is
poSSible to increase the value of R 13 to 220
kU or 330 kU. However, this Will cause a
somewhallarger zero drill 01the meter, espe ­
Cially when targe temperature lIuctuations
occur.

It ma y seem a dlsadvanlage thai the rece iver
reqUires two9 V eettenee. However, thiS c«­
CUll does brlng some advantages such as a
symmetriCal (Slable) ope ratlOt'l of both Inte­
grated amplifiers. which means that lhe zero­
point 01the meter Is nol affected by Ihe coer­
at.ng voltage. a low temperature drift , and
good conlrol behaviOur 01all FETs. which can
only be correct ly blocked with the alC! 01a ne­
gallve vonage .
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• MEASURED VALU ES

A prototype was constructed in the publi ­
shers ' laboratories . The lollowlng values were
measured on this prototype :

Sensitivity (for a clear indication on the
meter): 50 IIV

Sensitivity (lor FSo) : 250 IIV
Adjustment range 01 the gain : 85 dB
3 dB bandwidth : 5 MHz
Current drain at min. (max.) sensitivity:
+ 9 V battery : 3 mA (10 mAl
- 9 V battery : 4 mA ( 3 mAl

The receiver will operate at ± 6 V. The lile 01
a minus battery is approximately twice that 01
a plus battery .

COMPONENTS

3 ptesnc loiltrimmers 22 pF, 7.5 mm dia,
(Philips : green)

All ceramic capacitors for 2.5 mm spacing ,

All resistors lor 10 mm spacing.

1 trimmer potentiome ter 10 kU , for horizontal
mounting , spacing 1015 mm

2 tantalum electrolytics, drop type, spacing
2.5mm

The value of R 15 must be found experimen­
tally to suit the meter. The actual meter used
(up to 1 mAl should just indicate FSD with 5 V
at pin 60112.

The gain potentiometer A 16 should be equip­
ped with two break contacts for switching off
the receiver.

T 1, T2 :
T3:

11, 12:

01 , 02:
0 3:
L 1 - L 3:

BF900 (TI)
BF245C(TI)

741 (variOusmanufacturers)
0lP8-pin

AA 118 (various manulacturers)
1 N4148, 1 N41 51or similar

6 turns of 1 mm ore. silver-plated
coppar wire. wound on a 4 mm
tormer, pulled out to 10 mm In
length, sell -supporting,
Coil tap on L 1: 2 turns from the
cold end,

CONSTRUCTION

The circuit 01 the close-in OF-receiver can be
accommodated on the PC-board shown in FI­
gure 2, The dimensions of this board are 105
mm x 42 mm; it has been designated o L 2 DE
001. The component side possesses a conti­
nuous ground surface. In the case 01the PC­
board available from the publishers, the
ground surface has been removed at posit­
ions where interconnections are made
through the board to the conductor tanes.

150
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Fig. 3: Th. compl.t. rKeiy.r conilitl of Ihll PC·bolrd, two i V N It.,I.I,
on. po ifililornel.r with on-o" I wllch, 1 me l..,. Ind . n Inlfiln. connector

A photograph 01the prototype constructed by
the publishers , Is given in Figure 3: It will be
seen that two short wire bridges are neceese­
ry in the vicinity 01 the operational amplifiers
(see Figure 2).

It is necessary lor the board to be enclosed in
a RF-tlght case lor practical operation, It can ,
lor instance , be constructed lrom PC·board
material. In order to assist the installation 01
the completed, aligned board, it is advisable
lor the connection pins to be mounted on the
conductor side. and not as shown in the pho­
tograph,

ALIGNMENT

Firstly set polentiometer A 16to Its lully clock-

wise position , in other wcrcs for lull positive
voltage on the wiper of the potentiometer.
Trimmer A 14 is now aligned without input sr­
gnal so that the meter indicates approximate­
Iy 15 % 01 F$O , This will only be possible
when the cirCUit does not break into cscn­
tenon. This adjustment allows a slight drill 01
the needle withoul correction and also allows
an operational check to be made, II, for in·
stance, A 16 has been turned down, the me­
ter will return to zero alter apprOlCimately 2/3
01 ItSrange , II should be noted that intensive
light onto diodes 0 1 and 0 2 Will also euect
the zero·point adjustment.

The rest 01 the alignment only consists of
aligning the three VHF resonan t Circuits lor
maximum reading at 145 MHz with the aid 01
the trimmer cecectcrs.
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• A System for Reception and Display
of METEOSAT Images

Part 9: CR-Tube with X and Y Amplifiers,
and EHT-Supply

'52

The 1. , 1 part or the wellher ..lal1l1. re.
ceptlon .ystem I, now to d. scrlbe the . 0­
called monitor, that conall l, of • picture
l ube and th,..~'d.:

• Def\ecl1Ofl boa rd DC 3 NT 01.
• EHT module DC 3 NT 015

• Picture tube connectlCN'l board
DC3 NT016

After completIng lhis module, It is po$S'ble to
fecefve in'IageS from the geostatIOnary .,'elll·
'es GOES. METEOSAT and GMS tNt ar.
transmmeclln an ....PT lorm8t on 1691.0 and
1694 5 MHz. as wele. images fromtt-.Ofbll ·
It'IQ satelltes in IN 137 MHz blind (TIROS.
NOM, METEOR). These images are then
,raced line by II.,. on the CAT and photo­
graphedWIth the aid 01. camera.Of COUfH. II
Is alllO pos5lble tor 1onqw8ve and shortwave
FAX Iransmissiona lO be recorded if. sullable
receiver is PfOViCled ,

i . SELECTION OF THE CRT

The Ilrst consideralion was to use an eecuc­
scope tube. but this possessed a number 01
disadvantages :

- They are more ' ''penalve than ma..-peo­
duced TV.pICtur. tubes due 10 lhe IowfH
quantll... manufactured

- Their resolution only amo unts to 200 10
400 lines .

- The image 'I 100 small,

- Due to It1eIr amall deflectIOn angle , an un-
wanted modulation of the electron beam
COUld NSlIy be poHIbIe due 10magnetle
hetds (AC-hum)

- The galvar"llCA11y eoupled drive of X, Y,
and Z is veryd1fflCUn "nee a potential dtl­
19fenc& 01 1000 10 2000 V is preSet'lt be­
IWeeo detIecll()n plates and cathOde

For ttvs reason, II was CIeOded 10use a m0no­
chrome TV-tube. These are usually made ."
two types haVIng either a thIn or thICk neck .
Those With a diameter ol 29 mm ccerete WIth
an anode voltage in lhe order ol15 kY, which
resuns In a bnghter, Sharper electron beam
than when using the lower anode vonage ol
only 11 kY In the caN ol TV-tubes With a lt'lln·
ner neck. For thi, reason, the aU1hOr linally
selected. medium alze TV-tube type A 44 ­
120W WIth a thICkneck and 8 diagonal screen
size 01 44 em.

01 course, • smaller TV-tube can be used , II
requIred

The TV· lube A .. -4 ·120 W used in the aulhQf ',
prototype. reqt,lIr.. the toIowing voItaoes-



- EHT; ... 15kV

- AcceIlerallOr'l VOItaoe A.l : ... 500 V

- FocuSSIng vottage : 0 10 ... 500 V

- Calhode YOttage : appro. 60 V, SW'ICe!t'le
modulalor cylinder ts 10 be operaled Wltn
a VIdeo VOltage of 5 10 10 V

Healer 6 3 V I 0 .3 A.

9.1. ModiflcaUon 0' the Deflection SYlt.m

In Its ongll'\ll ata te, the t'lonzontal and v8tbCa1
def1ect1Or'l COlis compnse rwo partlAll WIndingS.
each. These are connecIed In pa rallel tor the
hQnzontal def\eCllOl'l, and Ifl senes lor lhe vee­
IICII dellectlOl'l This musl be • • aetly opposlle
when USIng !he de flectIOn evsrem as a mon.­
tor In lhe wealhet salelllie syslem.

ThiS mean s that the horizon lal COil, which IS
directly on the picture tube , should be con­
eectec in $Sfies. ener wh ich It is stili used lor
the x-cenectcn .

The COli II¥OUnd on !he lerrlle core. on the
o lher hand.11 moc:ldl8d lor pa rallel connecIlOf't .
and any IhefTrllSior removed

The modillfld de llectlOf't Iystem can now be
placed on the neck at the CRT and be check­
ed wt1h !t'le aid of a variable DC-source after
the EHT·module IS compIele

Before connecting VOltage 10 ttle defIectlon
Iyslem, a dar1l. poll"Il ShOuld be al.gned on lhe
lCfeetl; a aquar. sector ShOu6d nowbe mar1l. ·
ee on lhe SCf&en WIth !his pcMnt as lIS cenler
The whOle surface ol lM CRT IhouId not be
used due 10 the distortIOn at the comers. on
lhe other hand. the surface used ShOuld not
be too sman.

ThIS II loIlowed by connectll"lg a slablllzed
powm supply VIa an A.-meier 10one of the eIe­
flecIiOO COlis and lr'ICfeaSlng the VOltage 5tow.
Iy untd the dot touches one 01the prevlOUSly­
mar ked lines The C\lrrenlshOuld now amount
10 apprO.lma lely 350 mA. 1 50 %. Th iS IS101·
lowed by repealing thiS mee euremen t USIng
the Olh er eeuecton coil .

Fina lly , the vOilage dfop ctme COIls IS mea ­
sured : II ShOuld not esceee 35 V In the case
ct me x-eea, and e V wrth the Y-<:OII When
the measur ed values afe WIthin these hm,ts ,
lhe detlectJon syst em wil l be sul lable tor use
In the desctlbed rT'IOOllor .

DC 3 NT OIL r - .
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10. THE DEFLECTION AMPLIFIER
MODULE DC 3 NT 014

The deflec1lOO ampllflGr1conver1 the X and y.
saWlOOlh VOhages lrom module DC 3 NT 009
into proportlONl dellec1lOO currents. Since
theM currents mt.I5t be in ee negatrve and
poIItlve range. two power~ YOtlageI ol
+ '2 V and - 12 V .,e reQUlfed The ClfCUd
eNgram gwen Il'l Flgu,. 715 does noc poa.sess
any apeoaI leahJt... The ItIpU1 eletlecllOO v0l­
tages have. mean polenlJalol + 75 V. wtuCh
is compensa ted lor USing a negatIVe reteeen­
ce vonage. The poSItion of the elec1ron beam
can also be adlUSted at Itns polnt pO kO
aptndIe tnmmer polenbomelers)

The del\eC1JOn currenls generate • vonage
drop across each 22 0 reStSlor , whIChserves
lor feedback of the dellectlOn amphh.,s fhat
comprise an inlegrated amphlier , and a com­
plementary pair ol lransistors. each. The gain
can be ad/Usted with fhe aid of the 2 kU mm­
mer polenllQm8lel"$. thUs allOw1ng the height
and Wldlh of the Image to be sal.

The aperatlng voltage for tha 111m franspor1
motor al tha camera IS erso prov ided by the
power supply ol lhls module The pass tran­
Slstor T 1 has a vanable base vonage, and IS
supplied lrom the negatrve VOhage, Thts II be­
cause Ih8 motor WIll onty Nt't when X and Y
are al the commencement of the mage, Il'l

other 'M)I"ds. when onty the poslbve power
suppty IS loaded

The IWO deflec1J(l1"1 cods have been It'lCIuded If'l

the CWCUl1 dlagram tor c1anty : of course, !hey
.... noc mounled on the PC-board

10.1, Con struction 01 th e Deflection
Ampllfl.r

A single-coa led PC-board 01 190 mm It 115
mm was deslQned for accommoda llng m0­

dule DC3 NT 014, Figure 77 shOwsthe eon­
ponenl locations on lhis bOard , The seven co­
wer transistors are arranged $0 met their diS'
SlP8tlOl"'l can be transferred 10 lour healslnks.
wt1lc:h should be constnJCIed aocordlng 10
Figur. 71 ThlI conslnJCIlQr'l can be ..." In

-- -

1_L- ...J

I

~ I
I

~ QI A.
/1 0 ·/10

Fig . 11:
Four such hHlIlnks m.o. from I mm . Iu .p•• te
ere requ ired I~ module DC 3 NT 014

the photoQt'aph of the authOr's prototype
grven Il'l Figur. 71 Thts rnodu'e ISdeslgned
so that an InSUlated mounllng ISnoc necessa·
ry, and one IhouId onty pay anentJ(ll"l thatlhe
heatSl'*t do noc touCh another or any other
parts of the system

The hve tnmmer poIent1OrTleter' are 10 be
tound on the edge of the board 10 that they
are readily~ tor aetlUSlmenl. II IT'&

dule DC 3 NT 014 IS mounled~ In the
morwlor . II IS then potlSlble lor !he motor volt·
age . and the poSltJOl'l and amplitude of the
Image to be adjusted eltlernally,

10.2. Components tor DC 3 NT 014

T I : 80 676 PNP Darlington power
transistor (Sl8mens)

T 2, T 4 80437 NPN power transistors
(Telefunken. Siemens)

T 3. T 5: 80436 PNP powet" tranSistors
(Telefunken. s.emensl

11 ·13 ' 741 CorTBA2218
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Fig . 71: Phologr sph of the s uthor'. pro totype modu le DC 3 NT 01.

'50

1 pc . 7812 (12 V stabilizer, ocsmvej

1 pc. 7912 (12 V stabilizer, nega tive)

1 bridge rectrtrer B 40 C 2200

1 zener diode C 5 V 6

2 aluminium eiecnoivnce 2200 IIFI40 V,
max . 45 mm long

7 aluminium electrctyucs 100 l1F/25 V,
lor 5 mm spacing

4 plastic 1011 caps.. 0,1 11F, lor 7,5 mm spacing

2 pes. 1n-ium spindle trimmers 2 kU

:3 pes. to-turn spindle trimmer s 10 kU

All resis tors for 10 mm spacing.

11. EHT·MOOULE DC3NT01 5

11.1. Selection and Modllicat lon of the
Une Output Tran slo rmer

During the design and construction oune mo­
nnor, it was alway s attempted to select con-

ventonet tv-compcoems. However, since
the application diNers considerably from that
01 a TV·transmission, it is necessary lo r va­
rious components such as the line output
trans former and the eenecnco system to be
modified.

In the case 01 an APT-image, the screen is
scanned once every 200 second s, whereas
this process must l ake place in 1/50 s with te­
levision. This difference 01 1 : 10000 corres­
ponds apprOICimalely to the loading 01 the
EHT circuit ; it is so low in the case 01our mo­
nitor that the current 01 the EHT-modu le is vir­
tually not measurable (it is in the order of nA t)

A line output trans former original ly designed
lo r single-phase recnnceuco. is driven at such
a low level that the requued HT-voltage can
be gene rated with one cascade. However.Ihe
EHT-windings are comple tely sealed, which
means that one has to accept their number 01
turns,

The line output translormers used In mode rn,
battery-powered portable TV-receivers, are ­
unlortunately - not suitable lo r the cascade
principle, since recneer diodes are already



sealed within the HT-windmgs, Finally, a line
output transformer was found that was used
in TV-receivers equipped with tubes in the
line-output stage, which are stili available.
Figure 80 shows the original circuit of this line
outpul transformer ZTR 230, as well as its
connections 1 to 9, Pin 1 must be isolated
from ground and also connected to the board.

The higher HT-vcneqes are generated in the
windings provided for this purpose; an addi­
tional three windmgs must be provided lor the
converter. This is not difficult since only 2, 7,
or 25 turns are required respectively. These
acorncnat Windings are designated With AlB
(seven turns of 0.9 to 1 mm enamelled copper
wire), BlC (25 turns of 0.3 mm enamelled cop­
per wire), and DIE (2 turns of insulated wire)
in the circuit diagram of DC 3 NT 015/016
(see Figure 81). These designations are also
10 be found as connection points in the com­
ponent location plan. The direction of winding
is given in Figure 80B

7

v

5 2 4 IS

ZTR 230

Fig. 80: A I Ulll bll line-oUlpul trl n,lorrner,
orlgln,lly lor 110· TV-Iubel , 2.1 mH horl, onl. 1
Inducllncl, , . kV rec1lfll-f, el used lor lube,
Pl 500 , PY 88

"'
--,, ,,

\,, I, ,
\ , , I

/ ' I
,,

I I, , ,
I,,' , I, , ! A

., L -{ 0
C

,, '\'- ., , , I ,
I

I\ , ,
' -~

Fig. SOe:
DlrfIClion 01 Winding the eddlllon,l winding,
on I VICini , Ide oll~ liM lr lnlforll'llr

11.2, Circuit of the EHT·Module

The EHT-voltage is generated in a sen-ceca­
latmg, blocking oscillator With subsequent
rectifier cascade. Since the converter is main­
ly used to compensate for the transformer los­
ses and to provide the drive power 01the tran­
sistor, it is possible for the stabilization to be
made with the aid of the base current. A paral­
lel circuit of three resistors in the base circuit
of the transistor (MJE 13007) is provided for
adJustmenl 01the EHT-voltage,

In order to ensure that no holes are burnt in
the fluorescent surface of the picture tube, the
Voltageat the modulator electrode is limited to
+ 15 V (- 33 V with respect to the cathodeI),
A 15 V zener diode is provided on PC-board
DC 3 NT 016 for this purpose - in other
words directly on the socket 01 the CRT.

li the cathode VOltage now falls below + 48 V,
which would then cause a higher beam cur­
rent to flow, the voltage U0\2 will be controlled
down. This Is the only possibility 01protectIng
the CRT, since the EHT-voltage cannot be
discharged so quickly. Even though, one
must be extremely carelul when SWitching on
the momtoe lor the first time. or when making
alignments on it.



Fig. II : TM EHT-mod u'-~~" 15 kV u. lng I Mlt... cll.cl blocking o.clll itor
Inc! ....on.v- triplef C• .e-cM. TM compo~t. conl. ined ....ithin tM d..hed linn
.,. mounl.cl on boIIrd DC3 NT016

' 58

The EHT-VOItage is nowloaded wIth the aid of
a resistor and discharged after sWitching en.
This reeet o- must have I breakdown '.lollage
0118 kV I The most simple way 01doing this Is
to use II resistor Irom an EHT-prObe. It may
be possible to oblain a suitable resistor in the
orde' 01220 MU Irom an old TV-receiver.

tn order to avoid corona.and dangerous " ash'
over 01 the EHT-VOltage. It is necessary lor
the ..tot- connectcn 01the loading reSistor to
be provided wllh a plastic cap, or even better
lor it to be completely sealed, If such a resis­
tor cannot be obtained, it is possible lor it 10
be made from 10 sories-eonnected 22 MU re­
sistors which are then eeerec. or covered With
a heat·shrlnklng tube In any case.this reSIstor
must be Installed so Ittat II is lar enough away
Irom other components,

11.3. Con struction or the EHT-Mod ule
OC3NT015

With the excecnco 01the previously oescno­
ed load reeeror. lhe rest 01the EHT-mod ule is
accommodated on a 170 mm I 145 mm
single-coated PC·board. Figure 82 shows the
component ccetcee on thiS board. whiCh is
deSignated DC 3 NT 015. The oscillator tran­
Sistor and the voltage stabilIzer are mounted
on a 70 mm high aluminium heats;nk, (the
WE 13009 must be insulated !), as shown In
Flgur. 83 The live coooecnone in the top
right-hand comer 01 Figure 82 are mtercon­
nected via a SUitable length 01 wire to the
identical designal lOOs on Pc-ecero DC 3 NT
016, The heater voltage fo, the CRT (desi­
gnated: H) is also provided here ; this Is made
With DC in order to avoid any hum. The heater
cul1'ent ISlimited to 300 mA With the aid 01 an
18 U resistor.
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11.4. Compon ent. for DC 3 NT 015

FI'i!. 83: T~ nutslnk tor In. MJE t3009 i,
mao. 'rom 1 mm th ick aluminium lmount Ihe
trlll'l s isior In en Ins ulllied mannM l].
AllO ...-qulrecl lor t .... 1112

• '"

{!
,

" l eas I.. .--
0
~

J ,, -
I

Mot Al

80 _110 <0,

1 aluminium electrotyllC 100 I.Ff25 V
(can type , spaCIng 5 mm)
1 aluminium electrolytic 10 I.Ff40 V
(can type , spacing 5 mm)

Do not use lantalum electrolytlCS 1

1 plastIC loil capacitor 10 nF"ooo V
(spacing 22.5 mm)

1 plas tiC fool capacitor 10 nFllOO V
(spacing 7.5 mm)

1 plas tic roil capacitor 047 IIF
(spacing 7.5 mm)

2 plastic loil capacr tOf'l 0.1 I.F
(spaCing 7.5 mm)

1 trtmmer potentIOmete r 2.5 MU
(horizontal mounting. spacing 17,5110 mm)
1 trimmer potentiometer 25 kU
(horizontal mounting. spacing 17.5110 mm)

1 resistor 2.2 U /4 W (25 mm spacing)
1 resis tor ta Of2 W (25 mm spaCing)
1 resis tor 1.2 kQ (12 ,5 mm spaCIng)

A....: 3 resis tors 0122 U / l weecn
(spacing 15 mm), II required ,
correct as described in the text.

1 EHT resistor (18 kV) 220-1000 MO
(see le ll).

Figure 84 shows a pholograph 01 lhe
author's proto type module DC 3 NT 015 ,

11.5. ModuleOC 3NT016

ThIS small PC-board, whose dimensions are
40 mm ~ 40 mm . does not have Its own ci rCUi t
diagram, and is only used lor accommodatIng
the components around the CRT-eccket.
which were already given in Figure 61 . The Vi­

deo Signal, which has not been men tioned up
to now. is led to the input designated with . Z..
on PC-board DC 3 NT 0 16,

The conduclor lanes are arranged so that the
voltage peaks are grOUnded If any ueerever
shOuld occur in the pictu re tube. For this rea ­
son , the ground surface and all metal parts o f
the picture tube should be grounded to this
boa rd , The component locations are gIVen in
Figure 85. and Figure 86 shows a photo­
graph 01a prototype boa rd
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T 1:

0 4:

0 3 :

0 1:

0 2:

05,06:

0 7,0 8 :

W E 13009 NPN powerlransislor
(Motorola), maybe W E 13007

T 2 · T 4: SF 459 NPN power transistor wIth
Ucao • 300 V (Siemens)

1 N 400 1 or similar

SA 157 (or 159) last silicon
recnner lor 400 V (ITT)

SA 159 (or 3 x BA 157) lor l 000 V
(ITT)

75 V zener diode ZPY 75 (ITT) or
ez v 97C 75 (Siemens),
II canalso be replaced by a
sUitable aeries-ei rcuil

1 N41 5 1 or similar

24 V zener diode ZPD 24 ' ITT) or
SZX 97 C 24 (Siemens)

, silicon bridge rectrtier B 40 C 2200
(Siemens)

, pc. 78 12 (12 V stabi lize r, positive)

1 line ou1pul IranslOfl'Tler: mo(Med. see 18KI
1 EHT-cescece TVK 25

1 aluminium elec1rolytlC 2200 IlFI4Q V
(length max. 40 mm)
2 aluminium e1ectrolylics 10 IIFf350 V
(leng th mall . 37 .5 mm)

,"0



FIg_&4 : PhO'logrlph 01 I n pr oto tyJ* OI INt EHT-module DC 3 NT 015; the EHT..,..I,tor I,~
the etlleMte (lettl l net the 11M trl n.'otnt« lel nl... )

Fig. 86: Protot ype of PC~ DC 3 NT 016
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...= .
DC 3 NTOT6

Fig. 85: This . m,1I baird I ccommOO.,••
thl co mponenll I t Ihe CRT-Iock.t

Component s lor DC 3 NT 016
1 octal socket lor PC-board mooting
1 eener diode , 15 V: ZPD 15 (ITT)
or SZX 97 C 15 (Siemens)

5 resistors lor 10 mm spacing ,

11.6. Interconnect ion and Alignment
or the EHT· Mod ule

The EHT-module should be firstly checked
Without ccnnectmqthe CRT.The EHT·voltage
is firstly set by replacing one of the base reo
ststors - given as ~ R.... in Figure 81 or 82
- by a 50 Q trimmer. The alignm~nt is com ­
menced with the highest resistance value al'ld
il is reduced unlll an EHT·voItage 01 14.5 10
15 kV is measu red. The actual resistance va­
lue 01 the trimmer Is then measured and re­
placed by a fixed resis tor oltha same varus .
The power loading of the resistor combination
(eccrox. 7 U) in the base circuit is in the order
012 W.

This is followed by checking voltage UAl•

which shoul d be in the order 01 500 V. Atten­
tion should be paid during the measurement
that the impedance 01 this vollage source
amounts to app rOllimate ly 1 M'1.

The CAT can be connected alte r checking the
other operating voltages,

In order to ensure that no dot is burnt into the
fluorescent surface, the beam is cenecteo by
co nnecting a 50 Hz AC-voltage to one 01 the
oeuecnon Windings and allowing a current 01
approximately 200 mA to now. The result
should be a straight line on the scree n of the
CAT,whose brightness can be var ied by alte r­
ing the DC-voltage at the modulator electr ode
(input ..Z" on PC-board DC 3 NT 016) .

li the EHT-module is work ing correctly, it is
now possible lor the dellection amplifie rs to
be cheeked together Wi th the deflection sys­
tem until one is able to measure the deflected
poinl on the screen of the CAT as already
ce scnbec in section 9.1.

12, ASSEMBLY OF THE MONITOR

It was already mentioned in Part 8 01 this des­
criptio n that the CA T could be moun ted in a
wooden case with the screen facing upwa rds
(Figure 87). The wooden case must be light ­
light. and be large enough to accept the ee­
leered CA T together With its mounting plates.

c..... ,.

---I
I

I
I,
I,

i
I

I
I
I
I
I

DC I "'~~

I

Fig. 87: Po••lbl. eon.lrueUo n o l lh. monitor
•• used by th• • uthOf
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Fig_U ; Wiring of lhe monitor

Four bracket. constl'UC1ed from 2 mm thlck
aluminium plale Ihould be prepared and
screwed into the comers lor mourtling the
CAT. The upper~ of the case must be
sawn carefully and remain tree 10 tnet it can
accept the light-light, man-black camera
adapter. wtIiCttcan also be made Itom wood
The height 01this adapter is dependent on the
loca l lenglh of the camera IerIs. In the case 01
reltex cameras, the most favorable dIstance
can be detennu\fld WIth lhe alel ol lhe lIquer.
marked on the C AT SCfeerl .

Modules DC 3 NT 014 and 015 are screwed
inlO POSition in the bon om 01the monitor bo ll ,
PC-board 016 Is plugged onto the CAT·
socket and WIred flS shOwn In Flgur. 88

The power tran,formershould not be Installed
in the monitor Itsell, eece magnehc 116Ids.,ln
the order ol lhe video frequency (0 to 2 kHz)
WOUld be VISible a. a patterning ol lhe Im~

1II1~
A

£S A
£

Fig , 89 : Th•• MIE T£ OSAT 1"1 1~ Ittowl the
firM r..-olvtlorl. elM" g.ey Iltpa. and Itl'I
slight dl.tortlon .1 "'-~ e.uMd by
the CRT
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A For this reason, the transformer should be
accommodated in a separate case, and be
mounted at least 1 m Irom the picture tube,
The following voltages are fed to the moonor
using a uve-ccre cable:

28 VIO.8 A with center tap lor DC 3 NT 014
16 V/1 A for DC 3 NT 0151016.

The lower part of the momtoecase is provided
with a large cutout in the vicinity of the CRT­
socket. An aluminium plate is mounted (light­
tight) over this cutout and is provided wllh one
connector each lor interconnection to the
electronic module (DC 3 NT 009), and to the

previously menncneo power supply, In addi­
tion to this. one can provide holes lor adjust·
ing the spindle tnmmers on board DC 3 NT
014, These should also be covered (light­
light) alter completing the alignment.

The lollowing images are now to demonstrate
the quality that can be obtained using this
system. They were directly photographed
using the described momtor with a 6 x 6 cm,
or a 35 mm rellex camera 01 the prototype
system constructed by the publishers,

This completes the description. however, T,
Brttan. OJ 0 BO is to describe suitable anten­
nas lor use in conjunctIOn with this system.

•

Fig . 90 ; Thl.l. how METEOSAT . I Wlhe . ummel"_llher o.,.r Eu rope 11 11.30 on thl 27.7.79 :
lhe wh ltl pol nt.cl IInl . I nd t tMI dill II,... orlglnlle from th e compute r ollhe ESOC In O.tm.lldt,
WI .1 Ge rmlny
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A Ring Mixer Module for the DJ 4 LB
ATV-Transmitter

by B. Roe••ie. OJ 1 JZ

It ia well known 10all l ho•• r••der. act iv e­
ly Involved with TV·tranemlner. lhat Inle,­
modulation will occur when sound and
video terrie r. are proceased or amplified
together . Thes. Interfe rence algnals are
spaced 5.5 MHz Irom lhe video or sound
carrier, a. well as from another. Thea.
inle rmodulaUon producll cannot be com­
plete/y avoided whe n using the IF-princ ip.­
le used by OJ 4 LB (1); however, they can
be 8uppresHd to more than 30 dB down
on the videO carrie r by using 8 high-level
miller atage and a ,••lIy IIn••r ..linea' am­
pltlie, . , This mean. that 11 ia po ••lble tor
them to be more Ihan 60 dB down when
using a fUle' such aa described by
DL 4 FA In (2):

It has often been suggested mat a SChC>"ky.

dIOde ring mixer should be used In a module
OJ 4 LB 004 instead 01 the tranSistor push·
pull miller, Unfortunately, no delalled article
resulted Irom Ihis, This article is 10 cescnce a
ring mixerlhnear amplifier module which can
be constructeo and used 10 replace module
OJ 4 LB 004 in me ATV·transmltler,

When driven Wllh 0.5 mW at 389133 4 MHz.
Ihe OUlput power will be 40 mW al 434 251
439 75 MHz. As can be seen In Figure 1, the
strongest Intermodulatl()l'l products (video
carrier - 5.5 MHz and sound earner + 55
MHz ) are auwessed by appprOlllmalely 47
dB I The cscmator frequency (473 ,15 MHZ) IS
suppressed by apprOlllmalely 50 dB. This mo­
dule Is used In the reeov-to-operate teansrmt­
ter ATV·7010. in which it drives a two·slage II·
near amphlier to an output 0110 W,

I
I I
II I
/I II

. . /I II .__.I.J...__~_

Fig. t :
Spectrum 011....
modultl w!'>en alilllM'Cl
10 36 mW vld«l• • nd
4 mW ~nd c.rrler,
TM Int. rmod ul. tlon
product••r. 'ppr.
47 dB down on th.
video Clmer : 1M
oac:U1. lor .IVn.1
(4 Mellon. to 1M
right 0' SC) I, .ppr,
$0 dB down.
(Photo: VHF
COMMUNICATIONSI
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CIRCUIT DESCRIPTION

Figure 2 1hows . nng mx8f With subMQuenl
lhr .....t. linear ampllfl4lf The local oeoIa·
tor 1npu1 PI 2 IS PfOVlded WIth approxlmalety 5
mW 11473150 MHz alSO U trom the unmo­
dilled module OJ .. LB 003 ,

Input PI 1 'I l8CI with the video and sound lit·

gnala'IF·levei A 3 dB anenuator WIthan im­

pedance Of 50 0 ensures the oorrec1 mal(:h.
It'Ig between nng ITIl.Elfand resoualltdebancl
I 8f (OJ 6 PI (04) The IF video CArner level
shou6d noI .xceed 2 mW al PI 1, ott'lIIt'wl..
the apeohcahons of a standard level mtl"

suctt a, IE·SOC, SRA.-1, or M[). l 08 WII not be
obtained Approlumalety 0 1 mW 'I 435 MHz
will be available at lhe oolpul ol lhe flng mixer
(ptns3 and 4) . This Signal" then passed via.
PIIow·p. s, lIlter to the urst amplif ier slage .

A two-slage bandpass liIter coupling is pro­
vided belween the ampli fier S1ages la enSU'8
• good suppressiOnct me Image and OSCilla­
tor Irt'quenties. A C8paC1tlVety ahorlened ),/4
Clrcwt II uMd 81 the output of lhe Iow·level
11808 eqUIpped with T 3 thiS allowa the out ·
put coupling al SO 0 to be made HSlIy

FIl'\8Ity.1I should not be lorgonen thlltthe des·

C1'lbed module IS. of course . JUsl as suitable
lOrconslNCIIOfl cr transnutl8fs or transv8f1ers
lor OIher modes, espeoally lor SS8.

CONSTRUCTION

The CIOuble-<:oaled PC·board OJ 1 JZ 002
(see Figura 3) has dlmenSlOf'lS 01 135 mm I
SO rrwn, and IS IUrlable lor accommodallOflll"l
a lin-plate case of the same dlmen$lOl"ls (30
mm high) , The contJnuOua. copper surlace re­
presentS the componenl -.de. and tS only pr0­
vided WIth counter-.nk holes where the c0m­
ponent eonnecIlOns ar. passed ltYOugh lhe
board to the conductor SIde, The pc-boards
On8fed by the publlahen are already dnlled

Ah8f drilling the board , II is soId8fed into lhe
cas e wllh a spacing 01 apprOl lma lely 5 mm
between tne ccrcoctcr lanes and the lower
cov er. The solder jlMI should be made all
around lhe board on the component side,
Finally, the ICflMtnlF'lg panels should be sol·
dered across the module. and In the Viclmty 01
PI 2 8S shown by the dashed ~nes gIVen in Fi­
gure 3 These panels ar. llW01tlmaiely 23
mm high. and ar. Vf/fY ImpOrtanl In adHvlng
• clean outpul IP8C!rum



Aller thIS. II '5 possible lor the olher compo­
nents 10 be lnslalled All ground connec1IOnS
are soldered to the upper side, Three ccmcc­
nents (marked with · In Figure 3) should be
SOldered 10 the COflduclOl' lanes: a neutralized
capaci tor 012 .2 pF from the base 10erruner01
T 2, T 2 (BFW 92) usen. and a Similar cepecr­
tor 01 39 pF Irom the base to eraner 01 T 3
(BFW 16 A) Spectal ettentco must be paid
lhal these components are soldered into
place wIth the very shortest connecllon
length.

Pin 1 (RF-Inpul) 01 all know n ring milors is
marked in some way , After the ring miler has
been mserted Into the board correctly, and
pins 1,3. 4, and 8 have been soldered to the
conductor lanes, me case should be solde red
10 the groond surface on one side. The sold·
em'O process should be made QUICkly I PIns
2, 5. 6. and 7 are Infernally cconectec to the
case In type IE-SOO.

The hne moccrence l 6 is bent around fran­
ststor T 3 so that it htstighlly and solde red to
the case 01this tranSistor. The line ISthus also
used as heat sink , The COllector connectlOfl 01
Ihis Iransistor can be removed or considerab­
ly shortened and solde red 10 lme l 6 . ThIs
means that only base and emrner 01 T 3 musl
be connected to the PC-board. and shou ld be
so long that l 6 possesses a spaCing 014 mm
from the ground surface . The ground con nec­
tlonS 01 the lrimmer capaci tor 01th is stage are
also only connected 10 the board, and lIs hOt
end Is bent up and SOldered to T Ji1.. 6 . The
COld end oi l 6 is benl down and soldefed to a
Chip capaCItor that is solde red tottle ground
surface as shown in Figure 3, An RF-chOke is
soldered into place here lor l lnenng fhe oper­
ating voltage.

o

n•

o
o8=

- ~N

"

•o

w-

, -.--- - - --,,..-- -,

COMPONENTS

Fig. 3:
0,.. " ," "Ing !H'"el I, plaud O",lr T 2,
I nd t.... other~n thl, e nd I.... ring
ml.lr, Both pi ne l, Ihou ld be I I hIgh ••
th , caM . nd mUI. 1Mcomple'lly
l ol de red

T 1:
T2:
T3 :
Mixer :

BF X 69 ($lemens)
BFW 92 (Siemens) or 2 N 6621
BFW 16 A (Siemens)

IE·500 (Mel). When using ofher
500 MHz ring mixers, it may be
necessary lor the ground pins
2.5, 6. and 710 be grounded
externally I

16.



" L 1; 3 turns 011 mm dia silver-plated
copper wire wound 00 a 5 mm
lormer, pulled cut 10l it the hole
spacing on the board, soldered
into place so tha I it has a spacing
o f 2 mm Irom the board . sell ·
supporting .

L 2 - L 5 : Hair-pin loop from 1mm dia .
silve r-plated copper wire. ben t
around a 5 mm lormer, and
soldered into place 11 mm above
the boa rd; tap on L 3 and L 5:
7 mm from the hot end .

L6 : ApprOK.60mmol l ,5mmdla ,
ssver-cteteo copper wire 01which
3 mm is bent down, and appro• .
25 mm wound around T 3, Tap:
appro• . 25 mm Irom the cold end

RFC 1: 19 cm ol OA mm dia. enamel led
copper wire, wound around a
3 mm termer. Pull out the l irst
5 turns somewhat, sell -supporting

C 8: Ceramic chip capaci tor ,
approx . 470 pF

6 K 13 pF , 1 K 6 pF plastiC fo il trimme rs of
7.5 mm ere.

4 drop tantalum eiecuoivuce: 2,2 ~ . F 125 V

All other cap acito rs :
Ce ramic disk types for 5 mm spacing

All resistors: lor 10 mm spacing

1 metal case 50 mm • 135 mm K 30 mm

ALIGNM ENT

Provide the module (FIg ure 4) wrthan operat­
ing voltage 01 12 V and chec k the operating
po ints 01 the mree transistors: In the case 01
T 1, a voltage 01 appro.imalely 1.9 V should
be set across the 150 n emitter resistor, a
volt age 01 1,9 V should also be present
across the 120 n emitter resistor of T 2, and
linally apprOKimately 1.1 V at the 22U resis tor
01 T 3.

The align ment can be car ried ou t easily using
a (sim ple) sweep generator: The demodulator
01 the sweep generato r is connected to the
outpu t 01the module and the generator ou tput
sign al Is fed via a cou pling link of two turns,
and placed firstly in the viCinity 01L 5 in order
to align L 6. This is followed by Injecting into
L 4 and alig ning L 5, alter which the sign al is
intected into L 3 and L 4 is aligned. This pro­
cess is continued back to L 1, and the reso­
nant ci rcui ts shoul d be aligned with the aid 01
frequency markers 10 obtain a Ital passba nd
curve. The Pi-filter 01the ring miKer Is then Ii­
nally aligned lor maximem output power, or ­
il possible - lor minimum lnteenodutenon
product s: Figure 1 shows the output spec trum
that ca n be obtained,

Fig . of: Photograph 01 the author ', pro lotype . Not , " m."ur" hi ve bMn mlde , tthla ,ta"",
hOW.....f , ......r.,. dd itlon,1 pllnal . h. .... been Inll.lled
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EDITORI AL DISCUSSION: Is It reall v necessary tor the video/sound
ca rrie r spac ing to be 10 dB ?

When attempting to obtain better mtermccu­
tanon rejection of ATV-Iransmitters as des­
cribed in this article. it will be seen that Ihe in­
termodulation products decrease rap idly
when the sound carrier is more than 10 dB
down on the video earner. The publishers
have experimented to find out how tar one
can go and what can be obtained With Ihese
measures.

I
~ I
II I

I II II I

I I II /I I ,
__1IiIl~~J~""'~d..,

I
! I

II I
/I ~

,111/11 · I

~~~

Fig. 5:
OUlpul speoclru m :
Ihe VC-power II 9 W
.nd 1M SC·power
Is l w.
The IMJ-productl
. ,. appro• . 31 ee
down on Ihe VC.
(Photo: VHF
COMMUNICATIO NS)

Fig . II :
The VC-po_r II now
I PPro• . 10 W and Ihe
SC-power only 250 mW .
This . Ilowl Ihe 1M.
,.JlCllon 10 be In-
cr..Hd 10 appro• .
45 ae.
(pholo: VHF
COMMUNICATIONS) ,,,



• When using an ATV ·transmltter as described
by DL 4 LB and a conventional monochrome
TV·tete!vet, the allenuatiOn was increased
unlit only oil le w rough structures were visible
In the noise, When the sound earner is 10 dB
down on 'he voec carrier. the voice modul ·
ation is stili completely readable.

Alte r thiS, the output level ol lhe sound carrier
was reduced unliithe readabil Ity was Just A 5.
This shOwed the quality 01 the AF·amplllier
used: it was vlr1ually independent of the mi­
crophone and spea ker. and voice communi·
catiOn was Itlll possible when the sound car­
rier was 20 dB down on the video earner 1

In orde r 10ensure Ihal lhe drive is no t quite so
critical , and in order 10 have a certain power
reserve, the sound carrier w8s1inally adjus ted
10 be 16 dB down on the video earner. Th is re ­
duction al tha sound carrie r by 6 dB With res­
pect 10 the standard, provided 8pPrOll.imately
8 dB improvement ct me thitd-order eterrro­
dula too, which will be seen by comparing
Figur. 5 and 6 These spectra were made at

a video carrier ou tpul 01 10 W , using a linear
am plifier equipped with transistors 2 N 5944
and MA F 644 subsequenl to module OJ 1 JZ
002'
As ca n be seen in Figu re 6. the third -order in­
lermodulahon amounted to 45 dB, and flfth ­
order intermodulalion 1047 dB . The osollator
and image reJ8C1lOn was approximately 47
dB. thiS means met the lOw (IF) ccoceot 01
ATV·transml tters can stili be Improved ,
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fJ:ttechnik Ter ry O. Brttan - Jennetr . 14 . Postfach 80 · 0 ·8523 Baier sdort

Low-Noise Masthead Amplifiers
for 144 MHz and 432 MHz
SMV 144 and SMV 432

• Connecltons'
N-Connectors

• DtmenSlons
125K80K28mm
(Without bracketsl

Further delatls on request

Further versions eqUipped wtlh GaAs FET , available on request

Selec tive High ·Power Masthead Amplifiers in Water­
prool easl-alumin ium case wit h mast brackets. Bu ill ­
in relay lor transmiH eceive swilching , PTT via co­
SKI81 ce cre using supplied RF/DC -sp li lte r.
• Noise ligures: SVM 144 0.9 dB, typ,

SVM 432 1.9 dB. typ ,
• Overall gain: SMV 144 15/20 dB . IwilChable

SVM 432 15 dB

• Insert ion loss . lransm tl: typo0.3 dB

• Maximum transmll power:
SVM 144 : aoo W SSB , 400 CW/ FM
SVM 432: 500 W SSB. 250 CW/FM

• Operaltng voltage: 12 V via coaxial cable

Tel. 09133/855 (Tag und NaChl)
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A Microcomputer for Amateur Radio
Applications

Part 7: The TV-Interface

by W. Kurz, OK 2 RY

This article represents Ihe 1.st of the ee­
rlea, and I. 10 describe the TV·lnterl ace
compleUng the mIcrocomputer system.
The TV-Interface generates character. on
8 conve ntional TV-rece iver.

7.1. Principle 01 opereucn

The tv-euertece ccosets 01three parts :
Data storage. character generat or. and video
modulator (see Figure 48). The dala are

passed trom Ihe CPU via a bidlrecllonal bus
driver to the data storage, and the addresses
are passed via an address muil l p le~er . At the
same lime. the write-order is acnvateo . It the
CPU does not write inlo the data storage , the
addresses trom the frequency divider will be
present at the address inputs cnne cera stor­
age. A frequency divider is driven by a clock
of 6 MHz, and divides firstly by 384 10 15 625
Hz: the line frequency ct ttte TV-receiver. Se ·
condly , this frequency is divided by 320 lo ob­
la in the frame frequency 0148.8 Hz.

L_ --, t e rv,-
~-,-J-.L1,LJ...L.L1....L..,--

-_...

OK 2RY
009

Fig . 48:
The TV.lnlert.c:e eo mprl,lng
th,... pert, :
Ol le ' loregl.
cher.c:ler genefllOr,
video moduillor
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As was mentIOned previously, the addresses
trom the frequency divider are ted to the
RAM s as lOng as the CPU is nol wr il ing into
the data storage 01 the TV·in terface , These
then teed a seven-blt data word to the uppe r
seven address Inpul s 01 the cha racter gene­
rator . The lower three add ress inputs Bfe led
With the IlfSl three add ress bits 01the second
frequency dIVld 9f. These are used lor display·
ing the 8 lines al the character.The addressed
storage contents 01 the character generator
ere led to an a bu. parallel-series conve rter
(regis ter) and led co t in series .

The characters are com bined With the blank·
Ing pulses Irom a b ed value storage in an
OR-g8 te, and 'Inally provided With synchron ­
izing pulses in a dual inverter . This generales
a complete video SIgnal WIth synchroniling
pulses that can be led into lhe veec CirCUit of
a rv-recevee lor displaYing the data In thiS
case, the read ablllly er the cha racters is
somewhat better then when mod ulall ng them
onto a VHF or UHF cemee and paSSing them
through the VHF or UHF pomone 01 the TV·
receiver. When converting the video signal to
a VHF or UHF Signal. one has the advantages
01betng able to use a conventlOnBl rv-rece ­
ver.

The melhOd 01 generating the characters IS
now to be deSCribed In more detail :

The Irequency divider is set 10 eerc at the
com mencement 01an image. This mean s that
the addre ss zero will be present at lhe ad·
dress inputs 01 the RAM s. The data WOl'd
stored there will be led 10the character gert9­
rator , which passes on Its stored con tents to
the regISter. ThiS IS read out dur ing eight sys­
tem pulses

M er the eight system pulses, the lourth Jlip­
ltop 01 the Irequency divider wilt be actuatlJd
so that address 1 witt be connected to the
RAM s. This proce ss Is repeated up to 256
cloc k pulses. in other words until 32 charac­
ters have boon outputted. Due to the divis ion
by 384 , blanking Ilnatty take s place and the
line synchroniZing putse IS sent ThiS recre­
sents one line 01 the image (not one row 01
characters II . After 3&4 putses have passed
through the divider, the Ilrst IlIpllOP 01the se­
cond Irequency diVIder WIll be actua ted ThiS
means thai H-level is present at the addre ss
bit 01 the cnaractee generator .

The above proce ss is repea ted. and the ee­
co-c tine ot the Image is co mpleted . The
whole proce ss is repeated until the eight
image lines 01a chara cter sequence are out­
putted . The nellt flipllOP Is then actuated and
the second row 01characters is commenced.
and so on unl ll a complete TV-Image IS dIS­
played . Flgur. 49 shows the way the Image is
generated



tllO bI8 dlO tll2
122 , JO dIS d21 5 1
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,14 tlI2
tll4 dll

lIO 1HS06 1'5 1I.LSOl

'"ee
d)l III Il6 tl14 d4

d6 ,6 b4

Fig. 50: The TV·ln lltrface OK Z RY 00ll
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A. 7.2. Circuli Deac:riptlon

The~e CIrcuit diagram la.hOwn In Fig .
50. The IflI"Vraled ClfCUlfs type SN 74 LS 157
are used .. addJess mulliplexer, TheIr a..".
puts afe eonnected 10 ee Irequency dlVlOer.

and their A-tnpUts to the add'.". bu. An
SN 7.. lS 138 IS used as seIedor IWltdl lor
the add'", munlplexet. tl an eddr... of ttIe
TV-."erlaee I' addressed by the CPU . lhe se­
lect 'lnput .... be multlplex. L, and Itle ad·
dr... IS led via Ihls munlplexer Into Itle ' lor ­
808, In the other case. If Willbe seleCt-lnpul H .
and lhe addre"" Win be led Irom lhe Ir.
quency diVIder ,"to the slorage

The Irequency divider c:onSIsts 01 two par1S

The line Irequency divider. and the ver11Ca1
Irequency diVide' , A SImple 12 MHz Co!prll.
oSCIllalor is used as clOCk ThiS i. led via an
ampllher Slage 10 a IreQuency dIVide' met diVI­
de. lhe 12 MHz signal by two to 6 MHz ThiS
is the system clOck 01 the TV-inlerlace , AI the
same lime. It is converted 10 TTl·levei The
system clock pulse is then led to lhe 'OOlsle,
8nd to the Inpul 01 the ccomer.

An 8-bt1 divider type SN 74 l S 393 I' uaed 8S
Irequency diVIder togelher Wllh 8 par1 01 an
SN 74 lS 73 SuctI a diVIde' would normally
dIVIde by 512 However. SInce a dlVlStOtI raho
of 384 I' r4lQUlfed. If is necessary tor the dM­
Clef to be ,eset at a coun ler Itate of 384.
whIC:h IS achieved uSll"lQ a synctvonous 'eset
ThIS IS done by c:orrolWlg the dIVIder outPut
of the SN 74 LS 73 and the D-output of the
SN 74 lS 393 VIa an AND-Qal. If 384 IS pt.
...,t al !he OUIPUI of the dIVIder . !he ,"""I' of
lhe AND-Qale Will be et H-level. and thu. allO
the output This IS. In tum. c:onnected 10 the K­
Input ollhe meetee-erave IllpllOp, Since the J ­
Input allO has H·Ie...el . a '111111 be allO al H­
level and 0 al t -ieve r. These ate connected 10
the reset Input 01 the frequency divider. Since
the clOCk Inpul 01 the master-steve Illpt iop IS
eiec connected 10 the syste m clOCk. Ihls '111111
walt unti l a clOCk pulse is comple led before It
accepl' the given states. The oounllng chain
is now rnet, which means thaI the IreQuency
divider '111111 diVIde by 384

ThIS compllcaled method 'ilia. NleCted If1

order 10 obla,n a defined rese1 tllne When

'"

directly combinIng the gale with the reset In­
puls. It would be ponible tor freQuency diVI­
ders not 10 be rete! cor ,ectly The ouIpul Si­
onaJ of Ihts dMder II led 10 lhe Inpul of lhe
vertlC8llrequency divider. which oPera les ac­
cording 10 the same pnncipIe,

As 'III" pt8'VJOUSly mertll()ned. !he storage IS
addressed Two type 2114 ClfCUl1' are used
as slorage, The data Il'lpUltouIpuls are c0n­

nected to a bI-o,ectlOr'lBl bus dnver type
SN 74lS 245 lis c:onnectlOfl CE IS connect­
ed to the SN 74lS 138. and !he OIA -tnput to
the WA The CPU can thus wrlle In and read
out lrom the 'lorage. Furthermore. lhe cere
Input'OUlputs 0 0 . 0 6 are connected to the 7
htgher -valancy address InputS ol lhe charac·
ler generator type 2706 , TheM dala outputs
a'e connected to an 8-bll 'eglsl8f . whtch con­
verts lhe parallel cha racters into series , The
syslem clock pulse I. present 81 the clock In­
PUI. whereas lhe teHnput lSconnected via an
RC-IInk WIth bit 2 o f the line coun ler. An im­
pulse is led to lhe sel -inpul 01 the regisle, at
the tranSItion Irom H to l -level. It will then lake
over the dala Irom the tIme generalor and Will
wflle them et lhe .peed 01 the syslem clock.
The OUtpul Slgnal lrom the register is then led
to an OA-netwon:. where If IS provided With the
vertacal and honzontal . ynchronIZlng pulses

A PROM type 1M5623~al" !tie ver1cal
and line syndvOf'llZIl"IQ pulses Wher eas four
eddresses. NCh. are eonnected to the
higher-valency OUlpuls of the line and vertIC8f
lTequency dMders. outPu1 0 1 and 02 WI. ge­
neratethe line or vertlCaI blf,nkll"lQ Output 0 4
and 0 3 pr<Mde the synchronllll"lQ pulses.
which are cornbM led '" an OR-gale and linary
added to the VJCIeO SIgnal

The comtanec Signal is led 10 gala 2 of lhe
dual-gale MOSFET T 4 where II is modu lated
onl., the Signal Irom the crySla l-c:ontrolled cs­
cilla lor. Ga le 2 IS sene a Ii_ed bias \'ollage 01
- 1.5 V. In oroer 10 achieve the mosl linear
modulahon possible. The modulahon depth
can be set WIth the aid Dlthe 100 kQ polentiO­
meler. The outpul Signat is led Irom P11tPt 2
VIol a coaxial cable 10 the anlenna Input 01 the
rv-eecevee.The outpul voltage CI approxlma ­
lely 30 mV.



DK 2 RY I t' Fig . 51:
Simple drtve e' video level;
modify R 1 Irom 390 U 10
150 U, dele te d. ,heel p.r1',
. nd replK ' by br idge,

11 18 also possible lor the output signa l 01the
adding netw ork 10 be led to the video Input;
however• •1 is necessary lor the phase to be
shiNed by 180", This can be achieved using a
simple IransislOl'amplifier. Direct ly feeding in­
to the video CirCUits ol lhe rv-recever has lhe
advantage 01 a considerably better quality.
OSCillator and modulator can then be deleled .
Figur. 51 shOws 8 circuil lor directly feeding
the output signal into 8 video ceccn.

The follow ing modif ical ions will be required :

The mterconnecnon between the OR'gale
(117) and the inyerter (118) should be crs­
connec ted as shown in Figura 51, as well as
between this inverter and the second inverter.
Ins tead 01 lhis, rwo bridges are made be­
tween I 17 and I 18, A wire bridge is nowcon­
nected instead al tha 2.7 kQ resistor . The oct­
pu t signal can now be matched 10 50 n using
an emitter fo llower. One can use the oscillator
Iransi stOf T 3 lor this. The mod ulator (T 4) can
be deleted , The output signal lrom the emitler
renewer Is led via a short coa xial cable to the
video inpul 01 the 'rv-recewer.

7.3. Component,

115:
116:
117:
118 :
119 :

T1 · T 3:

T4 :

01 :

0 2:

S 1:

l1,l 3:

l 2, l4:

SN 74lS 165 (TI)
1M 5623
SN 74 lS 32 (TI)
SN 74 lS 01 (TI)
SN 74lS 93 (TI)

BC lOS C orSimilar
NPN lransislOt (TI)

BF 35 1, 40481 or Similar
dual 'gate MQSFET

Crystal 12,000 MH z HC-25/U
Crystal according to t v-cneooet
(45-70 MHz )

ConnectOf strip C 74334 ·A80·A60
(Siemens)

7 turns 010,5 mm ea enamelled
copper wIre In special COil set
1.5 turns on L 1,
or L J respectIvely ,

11 - 13:
14 :
15:
16, 18 :
17, 19 :
110 :
111 :
112,11 3 :
114:

SN74 lS 157(TI)
SN 74 lS 138 (TI)
SN 74 lS 02 (TI)
SN 74 lS 393 rrn
SN 74 l S 73 (TI)
SN 74 lS OS (Tt)
SN 74lS 245 (TI)
2 114 (INTEL, NEC)
2708

7.4. Con.trucUon . nd Alignment

The TV-Interlace is constructed on a PC ­
board 01 tO t 6 mm x 160 mm . and has been
deSigna ted OK 2 RY 009 , Alter mounting the
compone nts (Figure 52), the coil cores are
aligned lor maximum outpu t vollage , In order
to achieve thiS. It is necessary lOt the cne rec­
tee generalOt (2708) 10 be remo ved 'rom Its
socket

111
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• After this. the cnerecter generatOl' '8 repl aced the l unct lOf1 c t the - con tro ller- , The software
and the modulation potentiometer slowly m- lor the dnv'ng sys tem will be available teter
creased until a random pattern 01 charac ters from the publ ishers. This Includes the co m-
is visible on the TV-screen. The modulat ion plete cursor-drive. The -c wsor- Is 8 small
level is now increased until a 000d contrast is black rectangle on the screen whiCh ma rks
10 be seen between black and while. the position 01 the ned character thai ca n be

It IS more favorable lor the alignment to be
inputted .

made with the Bid 01an 0SCi11osc:ope. In this The cursoe-onve consists of the following
case, .1is necessary lor the 2708to be ramov- parts:
ad and the inputs 01 the register should be

0 ) Cursor home posmon which is the POSit·
grounded. It will then be possible lor the ion al tha l lf st character on the screen ,
image con ten ts (25 % mod ulation) . the Ironl

" ) Carriage return (CA) cor res poncllng 10and back blaCkshoulders (75 % modulatIOn),
and the synchronizing pulses ( ' 00 '" modu·

the carriag e return 01 a typewriter, but

tatlOn) 10 be recognized and aligned to the reo Without line feel.

qUlred values c) line leed (I F), cor res ponds to the line

Atter completing the alignment. Ihe board is
teee . WithOut carnage return.

d ) Back space (BS): aeck-ecece 01the cur-
placed in one 01 the connector strips on the sor by one character Without canc elling
bus board OK 2 AY 002, the last cha rader.
The TV -interlace is designed to produce 0 ) Hori zonta l TAB (HT): Forward shJlt 01the
black characters on a whit e baCkground . This cursor by one poSltl()(l, withOul cancelling
IS lar more lavorable when USing a VHF or the charad er at the presenl POSitIOn 01
UHF modulation than when displaylng white the cursor .
cha racters on a black backgrou nd. In the tat -

' ) Verti ca l TAB (VT) : Upward shllt 01 the
ter case, me tv-rece'ver will reduce the gain cursor by one line (recuned tor graphiC
II only a few characters are present and a displays),
black bar will appear In the line, whiCh means

9) De lete or Aubout (DEL) : ThiS allows the
that the character Itsell w ill not be clearly ee- last Character inputted 10 be canc elled
played , and cor rected .
ThiS is Imma terial when di splaying at video h) End 01Te~t or CTRl C:
level . II one reqUires whrle characters on a Stop 01the run ning program and return 10
black baCkground, this can be achieved by the command state.
di sconnecting the connection between pin 7 ;) Form Feed or Page: Cancel ling the full
01 the register and pin 9 01 the SN 74 lS 08. screen .
and providing ins tead 8 Wire bridge between

Furthermor e, the oper ating sys tem atso con-pin 9 01 the regis ler and pin 9 01 the SN 74
l S 08, The charaders will then be white on a talns a so-called page·full software that en -

black background . sures that the screen addr ess range is no! ex-
ceeded
The authOr would like 10 point out tha i an ad·
dltional CPU Is requ ired together With lhe pre-

7.5. Drive vious ly mentioned sottware In order 10 lulfl ll
the control funct ion s when the 'rv-mtertace is

The TV·interlace cannot carry out the Ivnct· to be drtv8f1 I,om a different computer.

ions 01 a momlor , but reqUires the aid 01 the II is, hOwever , then poSSIble lor the TV·inter·
CPU lor this. It Is deSigned so that the CPU l ace to be used lor other appliCahons, suc h as
can access It In the same ma nner as 8 src r- an a'rrv-coeverter that drives Ihe TV·inter ·
age (memory mapped). This means thaI the la ce so fhat the le~t is displayed on the TV-
CPU can read and moclify any storage POSit· screen . Tha author can assist readers with
ion (character) al any time. Thi s means that It the producl lOn 01 suc h a program. as long as
Is advisable 10 allow the program to take eve r a Z 8O-CPU Is used

.eo



8. CO NNECTION AND TESTING
THE CO MP UTER

The microcomputer can be Inlercon nect ed
and cceretec ener all descnbed modules
have been built up. aligned, and rested

Firs lly, the EPROMs programmed by lhe pu­
blishers are placed Into lhe ir soc kets . A small
numeral is present on the upper side , whICh is
identICal to me number 01the socket in whICh
the EPROM should be inserted. II an EPRO M
is placed inlo a dlNerenl socket. Ihe program
and com pute r will no l lunction .

The card is now placed inlo one 01 the con ­
nectiOn stnp s on the bus board, aller which
lhe computef is ready loroperallOO. A random
mi lfture 01 cha racters will appear on lhe
screen atler sWltctllng on the operating voh·
age . Atler depressing me reset -key, Ihls Will
disappear and a large white rectang le with
black edge Will appear on the SCreen, The rust
question 01 the computer: TIME will now ap­
pear in metest line . This means that the com­
puter requires 10 know the time. The loca l
time is lhen inse rted using me keyboard, lor
elfample: 09/45 (CR), thus 09 45. The cha rac­
ter (CA) indICates depresslOr'l 01 lhe ..Carn­
age Return - key . It is absolulely necessary to
provide the slant strl)l(e and no spaces should
be present between me numerals, II an error
is made, e ,g. 09/6 1 (CR) , a nonextstent time
01 09 .61, the compule r will answer : TIME
SYNTAX ERROR , and request the lime again
in me neKt line

TIM E

11 is now possible lor lhe time 10 be Inputled
again.

If the time has been given in the cor rect man ­
ner , Ihe computer Will verily the lime as:

TIM E 09 4500

This is lollowed by :

C M 0 > Inthenelflltne

which means lhat the compuler is In Its ccen­
mand sta le and is wail lflg lor the neKt order,

8.1, Program .

Since the programs tha i have been deve­
loped and are under preparaTlOO, are all in the

assembler program language. they are too
elflenSlve (over 2000 orders) to be eeecncee
in this magazine. Thev would also be boring
to a large number 01our readers.

As was previously mentioned , an operatIng
system was developed the t does not only ear­
ry out lhe cursor con trol , but also has another
task . ThiS includes. tor instance, lhe exteo­
eive dove ol the numbe r cruncher, lhe dIsplay
01 mathematical caiculatlOO resuns on the
screen , the calcula llOO 01 the tene. the data.
and order input, as well as lhe drive ct the roo
tate r interlace , For ama teu r radio eccuce­
tone. a prog ram has been developed lor car­
cula llon 01 Ihe distance and orecncn using
the OT H-Iocator, as well a's the poinllng olthe
antenna to lhe calculated dlfectlOO. Further·
more, the author is preparing a prog ram lor
calculatIng the IocatlOr'l and dlrect lOl'l (azimuth
and elevallon) ol satellites . Further programs
are planned lor logging (also ccerest logging),
and lor RnY and CW-decodlng ,

However, It IS necessary lo r an interl ace to be
developed lor all planned progr ams in order
to achieve these applicatlOr'ls. The develOp­
ment 01meee depends, ol cou rse , on the in·
rerest in the compuTer Itself .

It sulllCl8nt interest is avai lable, the nelft part
01this descript ion Is 10 eescnee the ordef1, as
well as inlormallon regarding the com mence­
ment addresses 01 various sub-programs ,
whiCh are required lor developing one's own
programs . When ordering the programs, Ihe
lollowing must be given, since they are stored
In lhe program :

1) Ca ll sign
2) One 's own OTH-Iocator

The progr am consists 01 the lollowlng :

3 k operaTing system (3 pes. 2708)
1 k amateur radio progr ams ( 1 pc, 2708)

9. EDITO RIAL NOTES

Since the interest in oblalning pc-boards lor
Ihis computer is very low, 11 has been decided
no l 10 produce any boards lor this computer
system . However, any readers requiflng pro­
grammed EPROMs should contact the pubh­
shers wno Will arrange this on their behall .
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• A Compact 144 MHz/28 MHz Transverter
with Low-Noise Preamplifier, Schottky
Ring Mixer, and Clean Transmit Signal

by A. Albert. OK 8 0 0

182

144 MHz transvert er. have been used lor
80me time now for convert Ing the output
frequency of 10 m transceiver, to the 144
MHz band . Although Ih ls cannot be aeen
from the designation, 8uch transverter.
are linear tr an averter . sui table for all epee­
ling modes. Th is artlel. I. to descr Ibe an
extremely compact, reproducible tran. ·
vert er. On the receive aide, II Is equ ipped
with an extremely low-nol . . du.l-gate
MOSFET (BF 981), wh ich Is followed by a
SchoUky ring mixer. On Ihe transmit aide,
an output of approximately 100 mW Is
available wllh • very good harmonic and
spurious rejecti on . This power I. auffl ·
c lent for local communication, but can , 01
course, be amplified to any required level
using line ar amplifier atages . Th e d imen­
sion. 01 the transverter amount to 140 mm
)( 63 mm )( 31 mm (Incl uding BNC-eonnec­
tor.). As can be seen In th e photograph
given In Figure 1, th e tran.mlt and receive
paths are accessIble . eparate ly and are
provided w ith sepa ra le connector•.

1. CIRCUIT DESCRIPTION

As can be seen in Figure 2, the heart 01 this
uansverter is a common cvetei-conucuec oe­
culator that prov ides the local oscillator 're ­
quency lor Ihe transmit and receive ccnver­
eion , This local oscillator does not possess
any lrequency·mulliplying stages , bul cscme­
tes dlreclly at the required frequen cy 01 116
MHz, A low-noise junction FET (T 1) ISused ,
and the 116 MHz resonant cirCUlI comprises

L 4 and a cececwe voltage divider . This is
toncweo by a subsequent double -gate MOS­
FET buller (T 2) that amplifies the oscillator
signal 10 a value 01 7 to 10 dBm ( ~ 5 10 10
mW) required lor the ring miMer (IE-500 or si­
milar type),

Four PIN-dlooes (0 1 to D 4) are provided in
the vieinlty 01 the ring miller which switch on
the receive path when + 12 V is present at
the ~ RX .. operating voltage pin. The transm it
path is SWllched in. when + 12 V is present at
the ~ TX.. pin ,

In the receive mode , the inpul signal is pas ­
sed via the ~ IN .. connecter to the low-octse
dual -gate MOSFET T 4, where il is ampliliOd
and jed to the ring mixer (pin 1) via the band ­
pass rllter comprising L 10 and L 9. Diodes
D 1 and 0 3 will conduct. and 0 2 and D 4 will
be blocked , The intermediate ' requency is
lormed as the diffe rence of the input signal
and local osci llator .signal, which is then pass­
ed from pins 3 and 4 01the ring miller via 0 3
and a series -circuit comprising L 2 10 the IF·
preamplifier (T 3) . This row-ooee FET oper­
ates in a common gate ci rcuit ; a subsequent
Pi-filter comprising L 3 nenstcrms ns output
impedance to 50 n , which allows the 10 m re­
ceiver 10 be fed using a 50 n coaxial cable
thai can be connected to connector ~ RX ...

In the transmit mode . the 28 MHz drive signal
is 'ed at a power level of mall. 100 mW to the
~TX .. connector. Trimmer potentiometer P 1
is used for adjus ling this input power level 10
the input 01 the transmi t miller that only requi­
res a mexenum 01 1 mW. The wideband IF­
circuit comprising L 1 nlters out unwanted si­
gnals oulslde 01 the passband.
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Diodes 0 4 and 0 2 will now conduct and dio­
des 0 3 and 0 1 will be blocked. This means
that the drive signal is converted up to 144
MHz with the aid 01 the local oscillat or signal.
This signa l is then passed via Ihe bandpass
hner comprising L 6 and L 7 10 the driver tran­
sistor T 5. The drain cecun comprising L 8 In­
creases Ihe suppression 01 oscillalor and
image frequency. A Pi-litter matching has
been selected in the collector of the output
transistor T 6 for improved harmonic suppres­
sion. Alter correct alignment. all spurious
signals will be suppressed by more than 50
dB, Due to the high gain of transistor type
BFR 96, special choke s and a separate coer­
atlng.point stabilization is provided lor the
output staqe.

1 ferrite bead. 3 mm long
1 plasnc folltrimmer, 7 mm cra.: 45 pF

All ceramic disk capacno-s: spacing 2.5 mm
tescecnco: 2 ceramic lIal , tubular capacitors
of 100 nF : 5 mm spacing)
2 ceramic leed-through capacitors for solder
mounting, short type : apprOk. 1 nF (value un­
cnncan
1 trimmer potentiom eter 100 U ,
spacing 1015 mm (Piher)

All resistors:
Carbon resistors lor 10 mm spacing

1 bnplate case 102 mm k 60 mm k 28 mm
With two covers
4 BNC flange connectors UG·290 NU
1 crystal 116.000 MHz,5th ovencne.ac-tezu

1.1. Components

The crcuu given in Figure 2 can be accom­
modated on a 101 mm k 60 mm large , double­
coaled PC-board as shown in Figure 3, The
component side is provided Witha continuous
copper surface, which is used as ground sur­
face, and is only etched where the compo­
nents pass through the board . 5 mm holes are
required for the lour stripline transistors (T 2,
T 4. T 5. T 6), and two 2,6 mm holes tor the
two leed -through capacitors. All other nces
on the board are 0,8 mm in diameter.

The two side pieces 01 the case are now de­
pressed into one 01 the covers, alter which me
two side pieces are soldered toge ther, but not
to the cover. The Inner conductor s 01 me 4
BNC·connectors shOuld be shortened to 2
mm In length , These connectors are now
placed over the mounting holes on me out­
side 01 the case and screwed inlo place with
Ihe aid 01 2,5 mm screws, which are inserted
from the inside 01the case. The PTFE teed ­
through s lor the operaling voltages: + 12 V
(AX) and + 12 V (TX) are pressed into place
Irom the outside and shortened to a length of
2 mm on the inside. The PC-board can now
be placed into the case from the lower side
Wi th the component side (ground surface) fa·
Clng the connectors, It is now litted into the
case so that the position is determined by the

2. CONSTRUCTION
J3tO (Siticonik)
BF 910 trexes Instrumenls)
BF 981 (Philips )
BF 905 (TI) or (new!) BF 907
BFR 96 (Siemens. Philips)

IE-500, HPF·505, SRA -1
or similar

T 1, T 3 :
T2 :
T4 :
T5:
T 6 :

BA 379 (Siemens)
1 N4148 0r 1 N4151
or similar

Voltage stabilizer: 78 LO 8 (National Semic.)

1 zener diode: C5V6

0 1 · 04:
0 5 · 0 7:

L 1, L 2 : Neosid-BV 5049 fyllWl)
L 3: Neosid-BV 5056 (gnlbl)
L 4. L 5, L 8 : Neosid-BV 5061 (bllbn)
L 6, L 7, L 9. L 10 :

Neosid-BV 5063 (bllorange)
L 11: 5 turns 01 0.8 mm dia . silver ­

plaled copper wire wound on a
4 mm lormer, sell -support ing.
pull out to fil the holes In the
board

L 12 : e.stcme ct 0.8 mm dia. silver­
plated copper wire wound on a
6 mm ribbed coil tormer, with
VHF-core . coil tap apprex.
1 turn trom the cold end

5 min. temre chokes (spacing 10 mm) : 1 I,H
1 min. ferrite choke (spacing 10 mm) : 10 f,H

18'
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mounting screws crtne connectors, ApprOXi ­
metely 3 mm remain free on the conductor
side of the board, AMntion should be paid
that the holes lor the twoleedthrough capaci­
tors are directly belOw the PTFE feed­
throughs. The photograph shown In Figure 1
can provide valuable inlormation during con­
struction,

The edge of the ground side 01the PC-board
is now soldered on all sides to the case, after
whiCh it is turned around so that the conduc tor
side 01 the of the board can be soldered twice
10 the case in the viCinity 01 L 12. The feed­
through capacitors are placed through the
board Irom the connector side and soldered
to the ground surface.

On the conductor side. the connection wires
01these two capacito rs should be bent, short­
ened and soldered to the required conductor
lanes , On the upper side 01the board they are
connected to the PTFE-Ieedthroughs,

It is now possible lor the other components to
be mounted into place on the boards, and this
should be commenced with the ceramc capa­
citors . The capacitors that are grounded on

one side can be connected to soldering points
on the inductance cans, or to resistors, which
means that they need not be soldered to the
ground surface itsell . In tile case 01all othe rs,
the connection leads should be kept as short
as possible so that no unwanted line induc­
tances result. The inner conductor pins 01 the
..IN.. and ..OUT.. connectors should be con­
nected using one 1 nF capacitor, each. to the
required points on the board. The connectors
designated ..RX.. and ..TX.. respectively are.
on the other hand, connected with the aid 01
short wire bridges ,

Solder the plastic loil tnmmer and inductance
L 12 inlo place. There is only one inductance
to be wound (L 11); this should be made ac­
cording to section 1.1. and soldered mto
place. Attention should be paid to the direc­
tion 01 the winding. which Is given on the
board.

Mount all resistors, chokes, and diodes with
the exception 010 5.

Mount all canned Inductances , and solder the
screening cans additionally to the ground sur­
lace, This should be done Quickty by using a
hot soldering iron (approlt. 3 mm wide).



Solder the ring mixer Into place , and also sol­
der the case to the ground surface quickly, It
is suHlcient to solder the two short sides to the
board .

This IS followed by soldering the crystal and
the trimmer potentIOmeter Into place .

Alter this. mount the transistors and the volt ·
ege stabilizer. The soldering Iron and PC­
board should at least be grOUndeddUring thiS
pnase. SInce transistors type BF 905. SF 910 ,
and SF 981 are MOSFETs, and It IS thus pos ·
SIble to destroy them by higher VOltages inspi ·
te 01 the gala crcrecnve diodes

Finally . diode 0 5 is soldered Into place on the
conductor side 01 the board and pressed Inlo
posmcn directly adjacent to the case 01 T 6

3. ALI GNMENT OF TH E TRANSVERT ER

In order to carry out an exact alignment, .the
loIlowlng will be reqUired: A mulllplier With RF­
probe. or even bener an AF-mlllivoltmeler. or
OSCIlloscope with RF-probe. lurthermore an
RF-power meter With a 100 mW range . and a
signal generator lor aligning the receive con ­
verter . It is necessary lor the lower cover to be
IllIed during alignment. and in operatIOn

3.1. Alignment of th e l ocal O, c llial or

Conned a 12 V source: -+ 10 one 01 the two
leectlhroughs, and - to the case. Connect the
RF-prObe 10G 1 ottranslstor T 2 and align the
core 01induclance l 4 lo r maximum reading.
Switch the operating VOltage temporarily off
and on and slightly shift the core 01 L 4 until
the OSCillator commences osciUahon reliably
on SWitChing on .

Place the RF-probe to pin 8 of the ring mixer
and align the core of induetance L 5 lor maxi­
mum reading II SUItable meaSUring equip­
ment IS available. II is poSSible lor the Ire­
queocy and power 10be checked at thiS pos i­
tIOn (unsolder the 1 nFI . Any deviat Ion oftha
IreQuency lrom 116.000 MHz can be cceect­
ed by aligning inductance l 4, hOwever. reli ­
able commencement 01OSCillatIOn. and suff i­
cent output (at least 5 mWI are more impor ­
tant than a deviatIOn 01 a lew hundred Hz.

3.2. Allgnmenl ol lhe Rec eive Conver1er

A 28 MHz receiver is now connected to the
- RX- connector. and a 144 MHz antenna or
Signal generator connected to the - IN· con­
nec10r using SO 0 coa xial cable. The pream­
plifier transistor T 4 can OSCillate when the In­
pul connector is open. and thiS snould be
avoided by providing either an antenna . a SO
U lemMatlng resistor. or other SO U load to
lhe _IN· connector at all times. The -+ U.
(RX) leedlhrough can now be provided Wi th
+ 12V.

Firstly . inductances l3 and l2 are alignecl lor
maximum noise in the connected receiver .
ThiS is lollowed by also aligning induetances
l 9, L 10. and l 12 lor maximum noise II a
clear maximum results lor all Inductances.
this will mean that the receive converter is
operating ccrrecus. and It Will then be possi­
ble lor the lIne alignmenl to be made:

Adjus t the receiver to 28 MHz. Align L 3 and
L 10 for maximum noise, or maximum readIng
on the s-meter.

satlhe receiver to 30 MHz . Ahgn L 2 and L 9
lor maximum. Finally , inductance l12 snould
be aligned lor this signat ·ta-noise ,atlO 8llher
al the center ot me band (145 MHZ129 MHz)
or In the Irequency range of interest (lor ex­
ample 144,3 MHzI28 .3 MHz). A very weak
beacon signal is most sUltiible lor this. 01
course. where no noise- Ilgure measunng
equipment is available .

3.3. Alignment of th e Tran smit Mixer

Anentlon should be paid Ihat the dnve power
Irom the 10 m transmitter cannot be more
than 1QO mW in any oP8rahng mode 111onty
1 mW is available. the trimmer potenllomeler
can be totaled to its tully clockwise POSitIOn, II
the power Is between 1 and 100 mW. the p0­
tentIOmeter shOuld be adlUsted 10 oblaln the
required value at the ring mixer.

A milliwallmeter is now connected to the
..OUT.. connector and a Voltage of + 12 V
connected 10 the feedthrough -+ U. (TX) .
Firstly, connect the RF·probe to pins 3 and .­
01the nng mixer and align Inductance L 1 lor
maximum reading .
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" thIS is lollowed by connecllng the ptobe to
G 1 of lranSlSlor T 5 and altgning l 6 and l 7
to resonance, Usually , the power ·meter will
IndICate 8 small output power at lhe output,
whiCh means that lhe resonant eira.lIt com ­
priSing L 8. and the outpu l lnmmer ct me PI­
network can be altgn&d for ma.lmum outpu t
II this is not the case , the AF·ptobe is connec­
ted to the collector 01T 6 and l 8 aligned lor
maKimum reading , Now the 45 pF-trimm er is
aligned tor maximum outpul power.

This is followed by the line alignment:

Tune the eKclter to 28 MHz and align L 1 and
L 7 for maKlmum outpu t power .

Set the exeter to 30 MHz and altgn l 6 and
l 8 lor manmum output . Set the esceer to 29
MHz and altgn the 45 pF lrimmer care lully lor
maKimum outpu t power.

A harmoniC rejeC110n 01 at least 45 dB will be
achieved atter a ca relul alignmen t (especially
01the 45 pF lrimmer ). The given values in ex­
cess 0155 dB can usually onl y be achieved in
conjunctIOn WIth a spectru m analy zer and
other measuring equipment.

lithe treosverter is only to be used in a narrow
port IOnof the 144 MHz band (e.g , only SSB·
band ), II is poSSIble lor the alignment to be
made here . ThiSmeans that the power gain 01
the transmit converter will then be more Ihan
20 dB. The Iowesl possible drive level to
achieve the reqW ed outpul power should be
used so that the ml .er is able 10 ptov ide the
cleanest posSIble IIlQnal.

Since transistor T 6 (BFA 96) has a very high
gain at 144 MHz, It is very Importan t lor a real
terrrllnalron of 50 U 10 be pres ent at all l imes
at lhe TX-ou tput socket (OUT). When con­
nected 10 a subsequent power amphtier, the
Iluctuatlng input Impedance of Ihis amphfier
as a lunction 01dr ive could cause T 6 10 break
nuc oscillallon. In Ihls case , me 220 U damp·
ing resislor In parallel to the collector choke 01
T 6 should be eKchanged lor 100 Q . How­
ever, the output power wi ll be reduced to ap­
prOKima tely 50 mW due to this ,

4. MEASURED VALUES

.. The lollowlng values were measured by the

.> publishers on a prototype:

'"

Oscillator Irequency
slable between 8 and 135 V DC

Receive Convert er
NOIse "gure: 1.6 dB , ThiS could be improved
10 1,2 dB atler changing the COil lap on l 12 to
1 turn from the cold end (1 nF capaCItor dI­
rectly soldered Irom the connector to the coil ),

Tran.mit Converter
Ma.imum output power: 250 mW
(UII - 12 V: POl - 1 mW)
Maximum output power With ccee hnearlty:
150 mW (POl - 0,5 mW)
Harmonic rej6CtlOn
(measured up to 500 MHz): min. 55 dB

5. NOTE S REGARDING OPERATION

Many shortwave transceivers have built·in
connectors lor a trensveeter . II such ccooec­
tors are eot available, a socket should be pro­
vided lor extracting a small portlOO 01the drive
power. In addition , a two-pole change-over
SWi tch is required that switches 011 the AF­
outpul stage during transverter operation , and
switches the drive to the uensverter socket,

The required drive level is then passed Irom
this socke t to connector ~TX.. 01the transver·
ter . The - AX.. connector Is then connected
With the antenna connector ol tha transceiver.
In this manner. Ills not necessary lor an extra
relay to be provided lor transmit -receive
SWltCtling at 28 MHz.

The operallng voltage lor the eeneven er must
be SWllched between trans mit and receIVe
mode (possibly using a relay). This is earned
out by feeding + 12 V to the PTFE teed ­
through AX in the receive mode , and to TX in
the transmit mode .

The two 144 MHz connectors ~ IN .. and
- OUT.. should be connect ed 10 the antenna
using a cceerer relay when used without
power amplilie r. or connected to the required
power ampli fier and poSSibly masthead pre­
amplifier. The sensilivity 01 the receive con­
verter is exlremely good WIth lIS noise figure
011.2 dB , whid'l means that an addItiOnalpte­
ampllfi8f will only bring an improvement when
moun ted directly at the anlenna. where It Is
able 10 compensate tor cable losses,
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cap.. 1 lomle bead , zmmmer pols " 4 reSlslors.
1 metal case, 2 BNC connectors

OJ 6 PI 011 with _boy. part . (without Semlcond uc lorl)

Ed . 3.'198 1

OM 28,-

OM 19.­
OM 45.-

Clc...ln OF·Rece iverDl2DEOOl

PC-board
SemiCOnduclors

M,niklt

. It

DL 2 DE 00 1

DL2DEOO I

DL20EOO I

Dl2 DEOO1

Double-<:oaled. onneo
3 transistors. 2 op.amps., 3 diode s

t m silve r·pI.wlre. 3 pl.loil lfimmers, 11cer.caps.,
2 tantalum er.. 1 trimmer pct.. 14 resistors

complete with above put.

Ed.3 ',9S1

OM 18,­
OM 16,SO

OM 15.50

OM 46.-

DC3 NT014

PC-board

se mcooooctors

.It

SalellIte Recepllon Sys lem f Monitor Deltecllon Module

DC 3 NT 014 Single coated. dnlled. With plan

DC 3 NT 014 5 trans.• 2 voltage stab.• 3 op.amps. I bridge
recti fier. 1 zener diode

DC 3 NT 014 9 alu.'OI. . 4 pl.l OlI caps., 5tnmmer pol (10 turn) .
13 resistors. 12 solder pins

DC 3 NT 014 complete wi lh . boye pan s

Ed. 31 981

OM 25.-

OM 36 -

OM 39 ,­

OM 98.-

Ed. 3,'1981

OM 25.­

OM 8.-

124,­

69 ,-

OM
OM

Satell ite Reception Sys tem I Monil or EHT·Modut.

DC 3 NT 015 Single-coated. drilled . With plan

DC 3 NT 016 Single-coated. undfilled. Withplan

DC 3 NT 015/18 4lranSistors. 1 voltage etee.. I bridge rect ifier.
5 diodes. 4 zener diodes. 1 EHT·cascade

DC 3 NT 015 With additional Windings

DC 3 NT 015/16 A 44·120 W Withsockel and EHT-cconector
(wllhoUllreight) OM 140.-

tor above 'tv-nee OM 59,-

DC 3 NT 015/0165 atu.ar., 5 pUOiI caps .• 2 large Irimmer pots.•
2 power resistors. 16 resistors lor 12.5 mm spacing.
9 reSislorslor 10 mm SpaCing, 15 solder pins OM 27.-

DC 3 NT 015 '016wll h I II abovI pa ns (e.cl.lrelght on TV-tu be) OM 438.-

DC 3 NT 015 '016

pc-board

ec-eoero
semcooeoctcre

oenecnce UOit

MIOIkil

.It

Line-output trans,

tv-ieee

DC 3 NT FA X Set 01Orlwlng s for FAX-machine

Complete Package-PrIce lor all kit s DC 3 NT 003.Q18

All kits lor operating only wilh TV·tube : DC3 NT 003-009 and 011.Q16

All kits lor operating only wll h FAX·machlne: DC 3 NT 003-008 and 01O.Q13

OM 8.­

OM 1650.­

OM 1550.­

OM 1050.-

18.



3850

122.-

OM
OMOJ 1 Jl 002

Rl~ Mlnr I L1ne.r Amplifier Module IOf ATV·t r.n.mln . r .
(Rep l.ce. DJ 4 lBOlM) Ed. 3 1981

OJ 1 JZ002 DoubltH:oaled, d"lled, wIth plan OM 19 -

OJ 1 JZ002 1 noo mtlet IE 500. 3tranllSIors OM 68 -
OJ 1 JZOO2 7pUOlllnmmet• . taeer.eece.. 1 leedlhroughcap.•

4 tanlalum et 14 reSIstors, I melal case ,
3 WIre lizes

complete w ith . bo ve p.rtsKit

DJ1JZ OO2

PC·board

$emlCOOdoclorl

Mlmkll

OK a00 001

PC·board
Components

Kit

Compact 10 m 12 m Trln.verter Ed.3 1981

OK800001 Double-coated.drliled OM 30 .-
OK 8 00001 6tranSlSlors, 1 "00 mller. 3dlOd6s , 1 vollageslab ,

11 already wound COil., 6 fTl4nialur cholo.es, I pllOlI
'"mmer, I terrIl_ bead. 21eedlhrough cepe..
47 cer.capa.•1 tantalum cap.,25reslslors. ltflmmel
pot .1crys lal l 16 000 MHz (HC·l61U). 1 eerereeee
(dnlled) . 4 BNC-eonn , 2 PTFE·f&edlhroughs OM 169 -

OK 8 00 001 complete with .bov. part. OM 198.-

k l\.IWI~berichte Te"y 0 B,ltan . Jatmstr 14 . Pcsrtach 80 . 0-8523 Baierscort
Tel. 09 133/855 (Tag und Nacht)

New Interdigital Bandpass Filters
"·elege , MlIecI bMtdpll" fill... . IOf
1152 MHl, 1255 MHz. U N MHz Of 1291 MHz
centra IreqUfil(:I• • .

3 dB blIndwKtlh: 12 MHz
Pai llband lnlefll()llloaa: 1.5 dB
"nen~hon at :1 24 MHz 40 dB
"n~t.on at :1 33 MHz 60 dB
Retum~: 20 dB
DlmertsionI (rTWTl) : 140 l 10.26

Idnl lor ..-tall'llOll between "rll,nd I8COl'\d pr..
.mph'... 01 in I.onl oIlhe mi• .,'01 auppr_1Iion 01
lIl'lage noon , and Inlerl.,enee Irom UHF· TV
tran,mlner, and OI.lt-ot·band Reda r StallOl'lI _Alao
WIry ~I.able . , lhe output 01 • f.equency multI'
ph• • chaIn. 01 behind. tran'mtl mIler , rl

Prlc.: DM 168.-

Plea.. bl rllQlJlred
cent._ kequeocy on
OId_"'"Ig

technik Telry D,Brttan Jahnslr. 14 Posttacn80 0·8523 Baiersdorl
Tel ,09133/855 (Tag und N achl )
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,
-

her satellite reception systems
need not be expensi 'C.

r,.,. pocl..... go..... In OUI'_ ,-'I on~ 63 01EOoloon 1 11~ ' or VHFCOMUUNICAlION S ..... no! ...­
\ItII1g OU' ,v-1em The _ 1tIItlQe . how...... .now. ,'''' qu"1Iy 11\111 ca n be obl.,ned WIlli OVI' ..,.,"'"

Inexpensive, complete
ute_lve a nd Image·
proc...lng sy. tems
fOf geo llallonary and
orbit ing weather
n te lUt...

We otter a complete system
of inexpensive modules lor
protessicnat applica tions.
These are of special in terest

for meteo rological ctuces at
smaller ai rpo rts , harbours
and for similar applications
such as lor instruction at
universit ies and scien ti fic
ins lt lu les . A number 01
crt terent Image processors
are ava ilable for photogra·
phic , facsimile. and video
processing, Suitable
5 ·Band and VHF·Receivers
are available lor the appli ­
cation in question. Equip­
men t is available or under
development lor the follow ­
ing satelli tes:

• METEOSAT, GOES, and
GMS in geos tationary
orbil. or

• NOAA. TIROS. and
METEOR satelhles in
polar orbits,

k mMtechnik r . "y D. Bitten . Jennstr 14 . Posttacnso -0 ·8523 Baiersdcrt
Tel. 0 9133/8 55 (Tag und NaChl ) 191



A New Generation
of Transverters
for 1296 MHz

We would like 10 Introduce our second generation 01 23 em Irtlnlverlar. lor operlllon In ecn­
junct ion WIth 8lthe, 10 m or 2 m transceiver• .

• Oouble-conversion both on l ransrfll l and Ieee..... With the 10 m version 10 obl.,n Ihe
. _tre me ly high image and SPUriOUS rejection and clean spectrum ,

• Overall no illl!l l lgura 01 Ihe receive corwener typi cally 39 dB

• lrensverters are ava,lable in the following v~muons

ST 129611 44 A:
ST 12961144 B:
ST 1296128 :

2 m IF, outpot t W
2 m IF, output 3 W
10mlF, outpul1W

OM 655.­
OM 825.­
OM 798.-

192

NEW COAXIAL SPECIALITIES
"'-......., __ eII_....

jlfCIdooel - -..y .... _ . -- "' -".-_,,",·'0-
. ..... ....... _ ••• , _,0 ('. II

...th 2. 3. Of • ......., PG'" C..._ . 10 1 ""'.
put potll_ . !lOU ..-com-...... Lo.. ·_
*'I~ lIooo:I C_.,."-1_ (_1_1

. ..... 111·.............. . _ .... , ' ....... I I
."I~ 'wo! or ,_ _ ,_ loG II "l "COl'_ lOtI

Looot ·,.... _ 1IOOcl <....,.,. '....1_

e ....m.porI ........ . _ h
.. "" ilOU_-'_ ... ,_tot .,,_.
lot _ .. ,...... -......-' RG-~JU

• • _ ... _ ........ 11

0.20 <lB *'''~ tl .. .......--._ -................ 'WOIJII-'-' _ .......... _ ,,,-_ .. .. _..­
~l_ , '"~ ,__
lXlO Iollit a.... .. IDO....., , . <18._---
!npul N ew !INC _""'. 0I.01p,I1 (OC I

"'"• eo.o.... --"" "_'""--
(_e'~l'''' Jew. e~_
......1_ .... I.! ","" ~ Iollit , _
l;l9ll1oll-tt !OU " ·_hl<,

, .... _e,1I _ ....ocee .,...., ~l_
~...... , or cloO'Kl I ~ ........ .

.... 1 .....

1K~' technik Terry 0 , Bitten -Jahnslr, 14 ' Posllach 80 · 0 -8523 Baiersdor1
Tel. 09133/855 (Tag und Nachl )



ANTENNA ROTATING SYSTEMS

SPECIFICATIONS

,

Type 01 !l ola "'" KA400 " '" " "" AAT IOOG

,... "" ""
.., "" 0,

~"'ll l~
.., ,.. '''' "" 1<1... ' 1

8'.~.lo,q... "" "" ,.. ''''' _.,
RolahOIl 1000quIl " .. '" ""

_.,
Mn l d,. _ ,.." ,.." ,-, ." ..." ~

SJo-d 11 .... 1 .. .. .. .. •
Roltl"(trl."Il~ ". '"

,,..
'"Con trOl e-b.. • • • • "'If"

O,menli onl 270 . 1 80 ~' 270. 1110 , ' 34~ .m,· .110 • :lOO o ••
Wlltlghl .. .. " '" 0,
Mota' vollao- .. ,. " "

,
L,... voll ao- 220 V/SO H, mV I~ Hl mV /!lO H, 120 v 1 !lO HI

" .. ' 00 "" .-
.

, .. m ;, '" "1m

Controllers for above rotators

Terry Buran Jat mstr. ta Posllach 80 0 -8523 aa.ersccrt

Tel. 09 133 /855

OUf well· known rola lor, MA .co lU I 600 "Fl2(O)
KR 400. KR 600 and
KR 2000 are now avail ­
able with large 360
com pass Indicators 01
105 mm di ameter
These models are
designated by the
su llilt . RC·

k UKWlechnik

••-

,\ AT 1000

II-
"'- .;;

• •••



OUR GREATEST now with reduced dimensions I

Case: 15 14 13 17

DISCRETE App li ·
M O N O LI TH I C EQU IVALENT

CRYSTA L with im pedance transl ormation Without impedance transformation
FILTER

calion
Type Term inahon Case Type Term inal ion case

XF·9 A SSB XFM-9 A 500U 11 30 pF 15 XFM-9S02 1,Bk U II 3pF 13
XF·9B SSB XFM·9B 500 U 11 30 pF 15 XFM-9S03 18kU II 3pF 14
XF-9C AM XFM·9C 500 U 11 30 pF 15 XFM·9S04 2.7 kU 1I 2pF 14
XF·9D AM XFM-9 D 500 U 11 30 pF 15 XFM-9S01 33 ku II2pF 14
XF-9E FM XFM-9E 1 2 kU ll JOpF 15 XFM·9S05 8,2 k ~l l l 0 pF 14
XF·9BOl LSB XFM·9BOl 500U 11 30 pF 15 XFM·9SG6 1,8 kU 113 pF 14
XF·9B02 USB XFM·9B02 500U II JOpF 15 XFM-9S07 1 8k~J 113 pF 14
XF-9B 10 ' SSB XFM·9S08 1,8 kU 1I3 pF 15

• New : 10-Pole SSB·fmer, shape teeter 60 dB : 6 dB 1.5

Dual (monoli thic twopole)

Matched dual pair (lour pol e)

XF· 910; Bandw idth 15 kHz. RT • 6 kU . Case 17

XF· 920; Bandw idth 15 kHz , RT - 6 kU . Case 2 JI; 17

DISCRIMIN ATOR DUALS (see VHF COMMUNICATIONS 111979, page 45)
l or NBFM XF-909 Peak separation 28 kHZ
l or FSK/ RTTY XF-919 Peak separation 2 kHz

CW·FUlers - slill in discrele techn ology'

Type 6 dB Bandwid th Cryslals Shape-Facto r Termination c ese

XF·9M 500 H, 4 50dB :6 dB 4 4 500 U 11 30 pF 2
XF·9NB 500 H, • 50dB ' 6 dB 2,2 soo c 11 30 pF 1
XF-9 P ' 250 Hz • 60dS 6dB:2 :2 50011 30 pF 1

• New I

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH
0 -6924 Neckamlschofshelm ' Postl8ch 61 · Tel . 0 72 63 / 6301
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