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PARABOLIC DISHES are rather rare. and d illicull to obtain . For th is reason we have manu ­
factu red a lew types of d ishes for SHF and m icrowave use. A ki t fo ' a 1.2 m dish and rad iator
are gi ven in the price list. This d ish is sui table up to about 3-4 GHz. We have also manufac­
tu red a d ish fo r 10 GHz with fo ll ow ing specif ications:

Mater ial: Pu re aluminium, 1.2 mm thick . Diameter: 450 mm . Gain : app rOllimately 30 dB .
Weight: 500 g • Focal di stance: I _ 200 mm • Supplied without radiato r. Please ask your
representat ive lor pr ice.
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A SYSTEM FOR RECEPTION AND DISPLAY
OF METEOSAT IMAGES

Part 1
by R. 1 ell _rt. DC 3 NT

The image acquisi tion and transmission syslem cttne European ......ealher satel li te METEOSAT
was descr ibed in detail in (1) and (2). The author deve loped and construc ted a sy!otem tha i
roughly corresponds to that g iven In Figure to in (2). Thi s system is to be descr ibed in th is
and further ed itions 01VHF COM MUNICATIONS tcr construCIIOl'l.

Part 1 01 th iS artic le is to give a bnel oesc nenon 01 the overall system and is to cesc nee a
home-ma de parabolic antenna lor 1691116945 MHz having a dia meter 01 1 2 m.

F'"x· t i t< t raM ' F,I.. · 1rcns~ or l
ontr
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1. CONCEPT

The lollowing modules ere used to obtam norse- tree im~ges 'r om the METEOSAT·APT trans­
mi SSIons:

1. A 1.2 m paraboli c d ish With tu bu lar radratoe. and 1,5 m eceoar cable,

2. METEOSAT convert er 1691/ 1694,5 MHz to 137.5 MHz With BFR 14 B preampli fie r,

3 , A 137.5 MHz fM receiver, tun eab le ! 25 kHz, double conversion to 10.7 MHz and 455 kHz
If S wilh scbsequent PLL-demod ulator and AF bandpass Ii lter, as _II as in pu lloulput for
record ing in conjuncncn With a lape recorder .

4 . Image recording using a 44 cm TV·lube WIlh signal processing lor modu lation o t lhe
ca thode beam, de l lechon conl rol , and synchronization , as well as the req uired HT·supply,
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5. A 25 mm camera with motorized film transport that can be cont rolled Irom th e receiver, as
well as elec tronic switching at lhe end 01 the image

6. Furt hermore. alte rnately . an elect ro-mechanical facsimi le recorder that generates images
on metalized paper.

The previously mentioned components 0 1 th e image reception system 01 the aut hor are given
in Figu re 1. The system is co mpleted by addition o f a shortwave receiver l or reception 01
weather map transmission s. and a tape recor der lor storing the received images. Since the
co nst ru ct io n canno t be described in one edit ion. and Since the prepara tion 01 the manu­
scripts is tim e-eonsummg. and must the rel ore be spread over several edi tio ns. the overall
system is to be descnbed brielly as follows:

1.1. The Video Reception Syst em at DC 3 NT

A hom e-made par abolic d ish 01 1.2 m diameter is used as antenna for me 169111694.5 MHz
METEOSAT transmissions. The paraboli c di sh is made Ir om 12 seqrnents and a round disk at
th e center. The indi vidual segments are cut Irom 1 mm alum inium plate and are dri lled so
thai a parabolic shape wil l resu lt when the indiVidual segments are screwed or rivelled to­
get her. The only critic al poin t is the cal cu lation and exact dr i lling 0 1 the holes according to a
parabolic characteristi c. Since a screw or rivet is only placed every t o em. a slig htly rippled
parabolic d ish will result after compienon that has overlapping metal edges. However . th e
inaccuracies are without noticeab le inll uence at a wavelength of 17.7 em.

A tubul ar rad iator as described in (3) was recalcu lated lor 1693 MHz and is used lor illumi­
nat ing the dish. Since METEOSAT signals have been lound to arr ive virtuall y horizontally
polarized, the radiator element in the tube is mounted in a ncnz cn ter di rec tion . The tubul ar
rad iator is mounted at the local po int using a tripod , The parabo lic d iSh is lixed to an adju st·
ab le mount . The rad iator is co nnected to the con verte r using N·connectors and a maximum
of 2 m coaxial cable (AG-213). II should be mentioned that mea sures should be taken to
ensur e that no humidity or condensatio n can get into the coaxial connections, as well as to
ensur e that the converter is not subj-ected to great temperature variations and other ellects
tha t ca n cause condensed water in the converter.

The converter is co nst ruc ted using reson ant chambers: it comprises two RF preamphher
stages : the lirst stage is equipped with a transistor type BFA 14 B (Siemens). Noi se-free
images were only possible alter using this transistor . what was not possible when using a
8FT 65 or BFR 34 A.

A transistor type BFT 65 is used in the seco nd preampiJl ier stage and in the active mixer. The
intermediate frequency 01 137.5 MHz is amp lil ied in a DG-MOSFET and a hybrid wideband
amplif ier OM 335 so that it is even possible lor a very long cable to be used between th e
co nverter and the VHF receiver. The only specia l feature 01 the osci llator chai n o f the con­
verter is 'hat the last mpter uses a cheap switching diode type 1 N 4148. It is driven with
approximately 10 mW at 5 17.81519 MHz and provides sutnctent pow er lor conversio n at
1553.511557.0 MHz.

The 137.5 MHz FM rece iver is equipped with a low -no ise DG-MOSFET BF 900 in the in put.
The input signal is firstly co nverted to 10.7 MHz whe re a crys tal filt er having a bandwi dth 01
30 kHz provides the ma in selectivity. The required iocat osc illator signal 01 126 .8 MHz is pro-
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vided eltt'ler by a var iable crystal oscillato r (VXO) or by a variable t .c-osc matcr w ith automatiC
frequency con trol (AFC) and scanning cirCUlI 10 l ind the Signal af ter transm iSSIon pauses. A
fi xed crys tal-controtled oscillalor ceoocr be used er this position, since the crys tal-controtled
frequenci es in me sal elMe llsell , and In the con ven er can vary due 10 a number of ellecls,
For Ihis reason , it is necessary 10 provide a l UOlng POSSibility somewhere in th e system ; a
venatio n of ± 25 kHz is su fficient.

In orde r 10 also be able to rec ord Ihe APT transrmssions of the weatner satenues having a
polar orbit. the FM receiver can be coooecrec to a 136 10 138 MHz emenne and the miser led
w ith a var iable oscillato r (Superhel VFO, PLL-osclllator, synthesizer, etc.). Ih at is variable
between 125.3 and 127.3 MHz.

The second IF-amp li f ier at 455 kHz is equipped With row-norse DG-MOSFETs and reson ant
ci rCUlls between stages In order 10 ensure tha i FlO wldeband FlO'W is generated. The fo llow ­
ing PLL -demodulalor is also designed With this in mind It is construc ted in the form of a
Iracking fit ter, and possesses a lowpass filter in ItS control loop. whose cut-crt Irequency IS
lower than the IF bandwidth.

The receiver ci rcui t is then co mpleted usmg an audiO low -pass filler with a c ot -o tt Irequency
o f 4 kH z, an aud io h igh -pa ss fi lter of 800 Hz. as welt as an integ rated audio amplifier with
squelch , Th is allows one 10 mon itor the 2400 Hz tone thaI is modulated wllh th e video signal.

The Image. can be recor ded using lh is system in two ways: The first met hod is new when
record ing images having grey steps. The images are rec croee on metalized paper, whi ch is
used in inexpens ive plotters In Ihe periphery equipment lor micro -processors. The second
method w as eescoeee in (2): The image is Iraced on a rv-tcbe and ph ot ographed by a
camera.

--'-'-'_.~'.._"" "'.._'-'...'...' ." "" " " ...' ..'.'..
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Figure 2 gives an example 01 th e quality 01 the elec tro -mech an ica l image record ing modu le
(FAX-machi ne) in the fo rm 01 the ESA·test pa ttern transmi lled via METEOSAT. The orig inal
d imensi ons are 120 mm ll: 120 mm and it does not ell:hibi t any geometric dis tortion . The
reso lut ion is also excellent: the d isadvantage 01 this system is in t he low co ntrast between
the grey steps . The mechanical construction 01 th is un it is no t too ell:tensive. The metal ized
paper is in the lo rm 01 a ro ll on a metal d rum which is d riven by a synchrono us motor from a
crystal -controlled sou rce . The need le is mounted on a slide which moves horizon tall y along
th e drum . If a vo ltage (video signal ) is presen t between the pin and Ihe drum , the metauzeo
surf ace (aluminium) on the pape r Will be burnt away , and the black pape r will be visib le .
However, the deep bl ack 01 ph otograph ic pape r w ill not be achieved . The grey levels are
obtained us ing dot s (pulse widt hs-modulation ).

Figure 3 sho ws a ph ot ograph of the author's FAX-machine, which look s simila r to Edison's
first gramophone, and the operat ion is very simi lar.

FIg, 3: Phot ov r. ph of th••ulhor'. prototype FAX-m.chlne

The imag es shown in Figure 4 were mad e, using a ncme-rnece camera, by photographing the
image t raced on a TV-tube. Shown are a ser ies 01 images transmilted on February 16, 1979.
The ind ivi dual imag es have been combined usi ng an en larger. The narrow whit e and bla ck
l ines be twee n the images are caused by inacc uracies of the mas k; they have no thing to do
w ith the actual video record ing system. The camera do es no t have a shutter , but is prov ided
with a mo tor lor tr ansport ing the film .

It sw it ches rtseu ofl au tomatically after the film has been transported 25 mm . Th is all o ws 49
to 50 images 01 23 mm ll: 23 mm to be photographed on one 111m. A sui table lens was lound
in the author's camera bo ll:

Since 15 images per hou r are transmuted via METEOSAT, the described system can record
all images transm itted by METEOSAT lor a period 01 3 hours. II the operato r canno t be
present during th is period , it is possible lor the system to be controlled by a clock, which has
been p rogrammed lor the most interesting pe riod s according to the dissemination scneocse .
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Flg.. 4 : A '.-qu,_ of M£TE O$AT .....9" record.cl 011 fltbno'ry " . 117'.
a ll4 combined wttI'Ill'Iof'" of an"rver

Both methOds ot ,mage aCQuislt,on h.lve the ir advan tages and disadvantages wh ich are to be
compared in ee loI lowlng tab le

Characterlst,c

Cos t per image
Cort tras t (g rey steps)
FocuS
Automatic record ing
Time reQuired Irom recording until ,mage available
Image distort ion (combination 01 images)
Su,tabill ty lor mon OChrome weather maps
Mechanical extent l or manulactu re

Image record ing on
Met alil'ed paper Tv-tubezcemera

,
,

,
S,nce most pcmts will be evaluated differently. the author co nsi ders thaI bo th method s
possess thei r d,st,nct advantages.
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The electronk circuitry lor the FAX-record ing is accommodated on lour PC-boards in the
autho r 's prototype, The present system resulted because the elec tronic ci rcuit lor the
mechanica l image record ing was I lrstly constructed, and the electron iCS tor the TV-system
came later, These modules are to be rearranged IOf public&lJon in VHF COM MUNICATIONS ,
The PC-boards now accommodate ee follOWing crcuus:

1. Freq uency processing tor the variOus standard speeds required fOf the drum motor 01 the
FAX-mach ine ;

2. Output stage lor driving ee motor

3. Signal p rocessing tor modulat ion ot the pin current. or cathode beam;

4 X and Y-deflect,on, blan king 01 Z. camera control With counter .

In additi on to th is, sma ller sc-eceree are provided lor the high-voltage supply. and lor the X­
and V-output stages,

After describing the overall system. we can now commence With the detailed cesc npncns.

2. PAR ABOliC ANTENNA WITH TUBULAR RADIATOR

Since the parabo lic d ish was 10 be home-m ade. all parameters co uld be selected as required .
For this reason . the tubular rad iator was I lrstly designed. and a malc hi ng parabo lic d ish was
then selected ,

2.1. Tubular Rad iator for 1693 MHz

The d,menSIOfIS 01 a tubu lar rad iator to r~ MHz described by OJ 1 SL in (3). were reca lcu­
lated hnearly tOf 1693 MHz. Al t t:e selected tube d iameter ot 120 mm. the resulting di men­
siOns are given in Agure 5 It a brass tube 01 120 mm inner dlameler is no t available, it can
be made USIng 1 mm thICk brass plate as 10 the case of the author. The seam and the ba se
plate were hard-soldered.

0l.3WR

....- • 110

'0

u

, . . "I.CG-rectar
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The rad iator elemen l comprises an N-conneclor sock et and a brass rod 01 4 mm diameler
whiCh is soft-soldered to the in ner conduc to r. A brass screw 01 M 2.6 x 8 mm long is pro­
vided at the tree end of Ihis rad iator for exact frequency alig nment. The tubular radiator
exh ib its a 3 dB beamwi dth 0 1 approximately 80", and the 10 dB beamwid lh is app rox imately
130°. Based on this . me autho r designed a parabolic dish with th e aid 01 a colleague.

2.2. Par abo lic Dish

As was given in (3). it wilt be seen mat a parabo lic d ish wi lh a local angle 110 01 approxi­
mate ly 0.4 is suitable lor me 10 dB beamwidlh 0 1 the tubular radiat or 01 app roximalely 130' . A
urerneter 0 1 120 em was select ed together w ilh a local depth 0 1 I = 50 em (110 - 0.42).
Figure 6 shows Ihis cc mcinauc n schematically . AI Ih is relatively long locus. the corvaiure is
sti lt so lo w that the deviations Irom the ideal parabolic thai resull using Ihe manu facturing
system (manufac lu ring the dIsh from ind ividua l segments) remain suff ic iently low and have
tittle effect.

f Ig. I :
Th. parlbollc dl.n
atlel rl dlalor togeth.r
with the rad'llOt
belm _ktIhs

AS was men nooec in Ihe intrccucnoo. Ihe idea was 10 consl ruc t a perabouc dish Irom 12
ind ivid ual segments that could also be dri lled betcre bending , The parabolic shape results
after t he individual parts are screwed (or nvetted) together. This resul ts in low material costs
<less Ihan 2 mZ 01 1 mm thick aluminium plale). very low looling costs (1 dri ll ing template)
and not to lorget the advantages when shi ppmg Ihe parabol ic renec tcr betcre assembly.

An individual segment with all dimension s is g iven in Rgur. 1. The lengl hs given on the tett
hand side, are based on calcu lations made Irom Ihe center poinl 0 01 the parabolic dish : on
the r ight-hand side , Ihe workshop values are given which are based on the edge thaI has
been cu i from the triangular prate. A relal ively simple method 01 man ulacturing these pieces
is now 10 be descr ibed :

The tectmtcer statt of VHF COMMUNIATIONS obl ained a strip 01 618 mm in wid th Irom a
2.5 m long alumin ium ptare, whi ch was then cut, according 10 Ihe small d iagram . inlo
tri angles having the dimensions given in Figure 1. A tc tat 01 13 pieces are c eta.reo . The
narrow poi nts of the Iriangle are cui 011 at Ihe given position so tha I a length o f 550 mm
remains. The poin ts 01 Ihe 12 parabol ic segmenls are now replaced by eilher a 12-corne red
or rou nd plate 01 appr oaimetety 180 mm diameter wh ich is mounled 10 each segmen t alter
assem bly wi lh the aid 0 1 a screw (or rivel).
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The mounting 01 the tubular rad iato r beh ind the loca l point 01 the dish (adjustable) w ith the
a id 01 a r ing and tripod (aluminium tube 01 10-1 5 mm dlameler), as well as the mou ntmg 01
the ante nn a is not to be described in detail here. An ide a can be taken Irom the pho tograph
gi ven in Figure 8 which shows t he prototy pe anlenna at the ec mcrs location .

FIg , I : Phot Oiltaph 01 ttl • • ult,or'a protofypot a nta nna

2.3. Appendl. : Ca lculallon 01 th e Parabo liC Dish

The calculation 01 the 12 parabo lic segments is based on Figure 9 wh ich shows a segmen t
w ithout th e overlapping requ ired for mountmg the segments tog ethe r,

Where:

lmax
Imin
b
a
c

"
• 138 -

Maximum leng th (de termined by the outer diameter 01 the d ish)
Cut length (inner d iameter 01 th e dish, depending on maoutecture)
1/1 2 01 the crrcumtereoce at point P = I (x)
Cho rd associa ted to b
Vert ical associa ted to a
Ang le assoc iated to b
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1...

Fig. 10:
The par a bo lic
chl,marl.llc

Fig. 9;
One .eg me nl ol lh. d ilh
(s.c h e ml llcaUy) wittllh.
design m agnitude'

The definit ions 01 the parabo lic characteri stics are now required. and these are g iven in
Figure 10 ;

The fOllowing is valid :

Path PF Path PO
Path OF Path OR ~ p/2 • I '" focus
I Arc OP
P . ' - 2 py =o O

Th e following equations are derived from this:

" -2", • 0

"y > -
2p

Arc OP

with h '" y :

.j p' P
1'1 (1'1 +- ) + ­

2 2
arc Sin h [h"/ Pii

t1)

1
2
,p' ( 2"P + 2P ) : P2 arc sinh j ;,V: 2 p X P/2

p ,
+ - arc smh -2 p

(2)

b

b

2 ', -
2 t')

(II)
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Th is resu lts in the lollowing :

u • 30- .!. (3)
1

21
u

21 sin (15 ·1'• • Sln - • "J2

u
( 15"flc • roo - 1 roo (5)

2

WIth the aid 01 the g rven eq uatl()l'lS. segments 0 1 parabohc dIShes were calculated Wllh

various l ocal depths (I " 40 cm. 45 em. SO em. 55 cm and 60 cm) and up to a diameter 01
2 m. A Hewlen ·Packard computer was available lor this. For construc lion. a d,sh of I •
500 mm and 0 = 1.2 m was selected . The origll'l8l compuler pr,nt-out lor p • HllXl mm (~ I

• sao mm) is now 10 be given .
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A FREQUENCY DOUBLER FOR THE 13 CM BAND
WITH 6 W OUTPUT POWER

bV O. Froslnn, DF 7 OF

The doubler to be descr ibed in the fo llow ing arti c le is eQuipped with a varact or d iode type
BXY 21 (Phil ips) and is suitable lor freq uency doub ling from the order 01 115 2 MHz 10 appro­
ximately 2304 MHz. Its maximum output po wer amounts 10 6 W. II can be constructed. with ­
out extensive lath ing and milled part s. easil y from epoxy PC-board material, brass lube or
bars (6 and 7 mm in diameter), several M 3 and M 6 screws and nu ts. as well as BNC co nnec­
la rs type UG-l094. The construct ion and t he most important d imension s ere gi ven in Fig . 1.

BNC2

_ 11 ..

_ _ 25 - ..

, I
~1S '/l

- l­
BXY21-
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--so - - 1ll

,, -~- .
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{ and 0

~~ 61>

0 00
~.,

00 0 ~ 20
000 ,,

,
.. - 2] .
OF1 OF

, •
IQJ"

,
21 •

""" "Il)xlO, l.... l hl( k •

Fig . 1: Pow. r l,.q_nc:y doubler 1200 /2400 MHz

1. CONSTRUCTION

Fir stly, the epcxy PC·board mate rial is sawn to the righl sizes and provided with the requ ired
hole s. The di mens ions should be adhered to as c losely as possible. Atter th is, nuts E, F, and
G are so ldered into p lace. as well as lhe slotted bra ss t ube H. Fina lly . the var ious part s of the
case are soldered logether cl eanly. II corresponding laps are eveneere. tne hol es lor E 1, G I ,
and BN C 1 can be in the lorm of taped holes.

The pro trud ing piec e 01 PTFE dielectriC is removed Ir om BNC 1, the inner co nductor cui
down to a 3 mm in length, and a circu lar d isk o f 6 mm dia. of brass or copper plate solde red
in lO position here. An approximale ly 40 mm long brass l ube. or copper wire 01 2 mm dia.. is
so ldered to the inner conducto r of BNC 2. Finally , a 6 mm brass l ube 01 38 mm in leng th is
so ldered to !he edge 01the conneclor. Allenlioo should be paid during this tne t tne tubes are
coax ial and centrically moun ted to lhe connec tor. This is ach ieved at the open -end by insert -
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ing the PTFE piece cut from BNC 1. The orig inal 40 mm long inner conductor is now sho rt­
ened so Ihat it protrudes 4 mm from the 6 mm tube. and provided with a d isk of 5 mm in ere­
meter. It is now po ssi ble for th is cou pling probe to be placed in the slotted end of the 7 mm
lube that has been pressed together slightl y.

Spacers C and 0 are made from epoxy PC-b oard mater ial from which the copper coaling has
been removed. They should be 01 such size that they are jammed lightly into the chamber.
The moun ting and heat d issipation screw K 1 (M 6. b rass) is provided with a 3 mm deep .
1.75m m era.hole. Th is is made most favorably, of cou rse. in a lathe . However, if the screw is
marked exactly with Ihe cen ter poi nt and a new 1.75 mm drill is used , it sho uld be po ssib le
fo r it 10 be made on a drill stand. The note should not be noticeably outside o t the center,
since the diode could easi ly be damaged on tightening screw K 1. The exact d iameter o l lhe
hol e ensures a good fit to Ihe diode, and is thus necessary fo r etticient heat dissipation .

The hole in the inner conducto r l can have a somewhat grealer dia meter than 1.75 mm, si nce
the anode flange 0 1 Ihe BXY 27 has a diameter of 3 mm . It is thu s po ssib le for il to be in ­
creased to 2 or even 2.25 mm . Part K is now screwed on to screw K 1. Part K I , in tu rn , pro ­
trud es th rough Ihe a mm hole in the case and is slightly countered using nut K 2. Space rs C
and 0 are pushed over the inner conduc to r l and placed into the case. By alte rnately shi fti ng
land K I, the holes for the d iode are cen tered: fi rstly optically , after whi ch a 1,75 mm drill is
p laced t hrough l into K 1. Plate K is now so ldered to the base of the case at any posit ion that
ca n be reached , pa rts C. 0 and L are then removed and K sol dered all around. Attent ion
should be paid during this that K is not shi fted. Finally. C. 0 , and L are reinstalled . the holes
centered aga in. and parts C. O. and L g lued into position with a last drying glue , it required .
The d iode shou ld be inserted to see if it lits. II it fit s, part s C, 0 , and L can be finally g lued
into place using a dual-eomponent glue .

Afte r h arden ing, resistor R (47 kU /O,5 W ) is so ldered into place after first ly removing t he
diode. A miniature trimmer po tent iometer 01 SO kQ is also very SUitable after the rotat ing part
has been removed. The diode hole in K 1 should now be fi lled with very li tt le heat-conductive
paste. K 1 and the d iode are then mounted , and a heat sink screwed onto this using a second
nut K 2. The extensive descr iption 01 the diode moun ting seems very complicated. but it ha s
th e adv antage of good heat dis sipation and allows a simple exchange 01 the diode. II K 1 is
made from copper, the heat d issipat ion will be even better.
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2. ALIGNMENT

FOf the alignmen l process . BNC 1 is eonnectee vIa a VSWR-mel&f. eg Ioke that described in
(1). to a 1152 MHz exciler wllh an OUlpu t power at firsl in the order of 100 mW, The out put is
connecled via a bandpass ' Ille r ' or 2304 MHz (2) 10 a 50 0 cetectce. or via a coaxial wave­
meter (3) to a 50 Q terminatIng resiSlor . Fig ur. 2 shows th is schematlcly

The alignment tor min imum VSWR at the inpu t and mall imum outpu l power at the OUl pul is
achIeVed by shIft ing BNC 2. rotal lng BNC 1, and aligning M 3 The OUlpu l probe is hnaUy
approximately 3 10 4 mm ' rom the inner conducto r L. The drive power is now inc reased in
steps and the alignment car efu ll y corrected . Finally. lhe drive power at 1152 MHz will be a
max imum Of 12 W. which ttlen results in appro ll imately 6 w out pul at 2304 MHz, The eff i­
ciency is dependent on the drive power. and achieves a max imum in the case of the author' s
pr ototype o f apprOximately 65 % al a drive power of approxIma tely 6 W

Experiments were also made using diode type BXY 28. and ttle descr ibed construc tion is also
suifabl e for the use with this d iode : how ever , the drive power should not be more tha n a
maximum of 5 W. A max imu m eff ic iency of 75 % was measured Flgur. 3 fInally shows in the
form of a block diagr am how sullicient power can be obtained at 1152 MHz using modules
that had already been descr ibed in VHF COMMUNICATIONS. ThiS exciter can be keyed or
frequency-modulated. The diagram can be read thai each of the vertical columns can be used
to form a block as required. The upper th ree are semiconducto r versions. the lower are
versions equ ipped with tubes. When a subsequent varactcemi xer is used . the high power can
also be co nverted in to a SSB signal (4).

§
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r:::::l
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SSB-TRANSMIT MIXERS FOR THE SHF BANDS
Part 2: The 9 em Band

by R. HeIdemann, OC 3 OS

Since th e SSB- transmit mixer to be describe d fo r the 9 em band operates accord ing 10 the
same theory as was described l or the 13 em version given in part " the same principles are
vali d and are not to be repealed here . A signal frequency 01144 MHz has been selec ted since
it oHers the best co mpromise between spurious reject ion and ease of operation (portabl e
operat ion is possibl e). Th is means Ihal lhe required oscillator frequency is 3312 MHz (3312 +
144 • 3456 MHz). The necessary UHF and SHF varacto r mult ipliers are to be described in th is
art ic le . It is also possible when using these verectoe circuits to mu lt iply the output lrequen cy
from a 70 em transmi tter in the A 1 and F 3 mod es to output frequencies in Ihe 9 em band.

t , A LINEAR TRANSMIT MI XER FOR THE 9 em BAND

As was mentioned in Part 1, the 9 cm power mixer is also to be construc ted in the form 01 a
pr inted hybrid r ing on a double-coa ted PTFE-g lassl ibre board , Figu re 1 shows the ci rc ui t 01
the mi xer tog ether w ith several construc tion detai ls,

(]. C4

..=::r&~'"
Cut , tr. pl '"l

=~
01.... PTfE 10,1
,nto plO£I

.&%~
solder t upper plate
,n ta pas ,t ,on

,
lOOk

OC3QSl

o
B)(Y28

'",~n--/-;-;-:r:;- 144 MHz
C2 C1 ,;r

\ I/====;I Inputp B12 MHl
( 3 BN( - ( OM'"""'"o'--=;:=10 f,lter C1 ~

(IN C· (onn
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The 2 m input Signal is mat ched to the I. rgely capaclhve input 01 the mi_er wIth the aid of
the netwo rk com prising L 1 and C 1. The 1-« MHz signal is led 10 the phase modulator via
lhe low-pass fi lter composing four }J 4 imped ance jumps. E_tenSiye e _perunenls have shown
that the eeee type BXY 28 is mOSI sul lable for this app lication. SInce II IS very favou rab le
wi th respect 10 efficiency and price. The open 50 0 mlcrostrlphne L serves as slandard Impe­
dance 10 conY8'l1 the phase modu lallon into the requIred ampli tude modulat ion. For price
reasons, no special trimmer is used at Ihis positIOn. but the fine adjustment of the phase
angle q:O is made with the a", 01 Imnmel' R. This is poISlble beca use a po rt Ion 011he 3312
MHz signal is recnnec in the varact or . The DC-eunent p rod uces a DC-voltage drop across R.
which is used as bias 'tOitage for l he JUnc;:tlon capac llance 01 lhe ... . ract or O. and is thus .ble
10 influence the ph ase angle lJO.

Capacitances C2. C 3 and C 4 (see Fig . I ) are used as DC ISOlato rs; C 3 and C' also ensure
Ih.1 no 2 m energy can en ter the con nec ted local oscill ator chain, o r be virtually short eu­
curtee by the a 9 cm inlerdi gl tal Ill ter at lhe output.

Fig u,. 2 shows. phot ograph of Ihe author's p rot otype. The components ere .

L 1:

C 1:
C2:
C 3. C 4·

2 tums of 1 mm di.meter Sllver·plated copper wire on a 5 mm ccutoemer
with core

Ptesnc lo illrimmer 30 pF (red)
1 nF ceramic d isc capacito r w ilhout connection w ires
Construc ted from PTFE· lotl and coppe r loil according to Fig
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2. LOCAL OSCILLATOR FOR 3312 (J456) MHz

Several effic ient power amplif iers lor the 400 MHz range have been described in this maga­
zine. ReQuired lor our app licat ion is one lor 414 or 432 MHz with an oulput power 01 lO W.
The desc ription 01 the aut hor' s local osci llato r lor the 9 em Iransmi ller (Figure 3) is the refore
to beg in with the th ree doubler stages. Thi s mult ip lier chain represent s the optimum means
of obtai ning the requ ired output sig nal IOf SSe·applica tio ns. especially with respect to its
cos t. ell ic iency, ease 01 construction, and spec tral purity Of the OSCillato r signal. As a co n­
c lusion. a very simp le mult ip lier (by 4) is 10 be described for A I and F 3 transmitters : 628 x 4
... 3312 or 864 x 4 ,. 3456 MHz.

Figure l 4 a and 4 b show th e co nstruc tion 01 a IreQuency doubler from 414 or 432 MHz to
828 or 864 MHz. The circu it is bu ilt up on the copper side 01 a suilable pie ce o f pc-bcarc
(epoxy) materie l and mounted on a heatsink . PC-boa rd material is also used to lorm the side
panels and cove r to co nstruc t a screened box. Figu re 4 C shows a photograph o f the author' s
prototype. The components required are :

Tr 1, Tr 3 · Tr 6: 3.5 pF ceramic miniature spi nd le tr imme rs
Tr 2: 5 pF plastic foil tr immer (grey) 7 mm diameter

L 1, L 2: 3 tu rns of 1 mm dia. silver· plated copper wire. sell-support ing .
inner d ia 7 mm

L 3. L 4: Thin co pper strip 5 mm Wide, 7 mm high, and leng th :
L 3: 26 mm ; L4: 22 mm

Diode and BNC con n, see text.

Fig. ole:
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DC 3 as
'KlOk

R L3Tr2 L2 Tr5

BNC1 BNC2
11 0 L4

Tr1 Tr3 I Tr4 Tr6

432 ( 4411Mhz • 86418281MHz

NC
2

L4

DC 3 as

- 10--13 -19 - - 11 - 15 - 10 '"
I Tr1 r3 Ir-I- L2 I

2926 ~'N C1

DC 3~:3l 20 --11-r -
~1-:8 ' r1 " !L ~ I0 l3 ~Tr6

,L. , - , .;, .Q» - f- --,
~5NC ~ Tr4 T ENC 1~
J _ 1 L1 S ' L4 I L .

creeru nq I 7
, Ponel '-j'''-- - -.-

,~", 864MHz .. 17 28MHz

The freq uency doubler Irom 828 Or 864 MHz 10 1656 or 1728 MHz is shown in Figure. 5 a to
5 d. The construction and alignment 01 this module are also uncrit ical. The following diodes
are suitable lor thiS multiplier and also the previous 400 to 800 MHz doubler : BAY 66.
VBe 86 J, VEe 87 M, SAX 11 and possibly BXY 27. The other components required lor Ihe
frequen cy doubler shown in Fig. 5 are:
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l3. L4:

Tr 1 · Tr 4, Tr 6: 3.5 pF ceramic min iatur e sp ind le tr immers
Tr 5: Copper plale o f 4 mm wide and 14 mm lo ng

ll : 25 mm long piece 01 1 mm ere. silver-plated copper wi re
l 2: 1 turn 01 1 mm dia . silver-pl ated cop per wire. self-s upporti ng.

in ner d ia. 7 mm
Thin copper plate of 4 mm wide and 4 mm high . lenglh :
l 3: 20 mm; t e: 17 mm

H ~ pl Qst >t srp ",

\, ' 1'1 10 brllSs nut
1 50ld..-ed ,nt o......) IlIQt P

II
r> ,odp

The co ns truction 01 the frequency dOl.Jbler I rom 1656 or 1728 MHz to 3312 or 3456 MHz is
mor e co mplicated since very smalt coaxial cucurts are to be solde red together Irom Pc -ooaro
mater ial . The com plicated construchon shown in FIgure 6 was selected since it allows
external ad justment 01 all seven (!) alignment poi nts, wh ich means that it is not necessary to
keep opening and resealing the un it. Due 10 Ihe versatility of the alignment 01 the ou tput
c ircu it (2 l or coupling , 1 lor capacitive tuni ng ). it is possible l or the 3312 MHZ osc illa tor cha in
to be ma tched lavourab ly to the SSB-mixer, wh ich is ohen a problem with ot her types 01
mu lti p l iers . In Our case, the output circuit is directly connected to the mixer using a BNC
couple r (2 BNC co nn. UG-491/U ) withou t interconnectio n cable.
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TI'Ie varactor d icXle type BXY 28 has been found to be extremely SU itable in pra ct ice . In o rder
10 avoid the usual d ropper resist or wh iCh is unfavourab le In the coaKla1cucuns. the ceramic

case 01 the diOde is coa ted With graptllte from a pencil so that the junctIOn resistance in the
reYefH dir ec1101l drops to approx ima tely 20 kU . This mu lt ip lier can be modified to fo rm a

tr iplet or quadruplet' by lengthening the in put CirCUlI.

A quadru plet from 828 or 864 MHz to 3312 or 3456 MHz In the form 01 an tnl erdig ,tal f ilter is

shown in Agure 7. This mu ltiplier ca n be eaSily co ns truc ted trom pc·board material. repre­
sents no p roblems with respect to the c ircui try . and ca n be used as trlpler . The open ~4 line
L3 is designed lor 33 12/3456 MHz and allows the current flow through the dIode at the re­

quired output fr equency . It is possible in the same manner to provide id ler c ircuits at this
poemo n lo r the second and third harmonics of the in put Irequency . The tappIng poin t on

ci rcui t L 4 has been optim ized l or cicce ty pes BX Y 36 and B XY 26 : in the case 01 ot he r
d iod es it may be necessary to vary thi s An elliciency 01 1S % to 20 % will be ell h ib ited .

The components lor th is quad ru pler are :

r-1:
Tr 2, Tr 3 :

R,

L 1, L 2:

Plast ic 'o il tr immer 22 p F (g reen)
Plasti c fOil trimmer 12 pF (yell ow)

ApprOll. . 1.8 «n
1 mm d,ameter sdver ,pl ated copper wir e
L 1: Length 27 mm. Height 4 mm: l2: l ength 22 mm. Height 4 mm
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DC 3 as
B64(B2B1MHz

I

- 21 - - - 21 ~-ltS..
I i I

34S6[33121MHz

I MS I

,,

MS 12/M1 d~pth

All . 7: The 800 MHz/3200 MHz quedrupler with Inlerdlg ll . I 'llter

3. ALIGNMENT AND SPECIFICATIONS

The ali gnment 01 veractc r multipliers has been descr ibed many times and need not be

repeated here . It is only important to know that the tend ency to parasit ic oscilla tion is lower
the lower the DC resistance 01 A. veractcr multipl iers that are connected in series are alig ned
one aher another into a termina ting resistor , th is is ach ieved at first by con necti ng 3 dB pads
between each mu lt ip lier . The alignment 01 the previous mu ltiplier should then remain
unaltered .

The author has used a chain 01 three doublers under various oper ating condi t ions (dillerent
input powers at 414 MHz, temperature variations during mobile operation e tc .). wh ich worked
reliably without intermediate attenuatcr pads. For alignment and operation 01 the mixer. it
shou ld be connected as sho wn in Figure 3 to the local OSCillator chain. a 2 m transmiller with
1.5 • 2 W output (insert 2 to 3 c a atten uation lor isol atio n). and te rminated through a pre­
al igned 3456 MHz l i lter by a power meter. With the OSCi llator switched on, me 144 MHz input
c ircu it L 1 + C 1 is aligned lor minimum VSWR . The varector b ias voltage is adjusted at
resistor A. and the 3312 MHz circ uit 01 the last doubler aligned lor maximum output power in
the 9 cm band. Finall y it is possi ble to optimize the alignment 01 the 9 cm fill er carelully. This
ali gnment should. if possib le. be made with th e aid 01 a spectrum analyzer to ensure that it is
not aligned to the maximum sum vollage 01 these 3 Irequencies (3456. 3312, and 3128 MHz).

The described mod ules sho uld
shown in Figure 3:

Inp ut power at414 MHz :
Power at 828 MHz:
Power at 1656 MHz:
LO po wer at 3312 MHz :
sse outpu t power at 3456 MHz:

- 150 •

provide the l ollowing spec ilications when interconnected as

lO W
51 W
3.6 W
2.0 W
O.7 W
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A SIMPLE RADIATOR FOR 3 em PARABOLIC DISHES

Paraboli c d ishes are becoming more and more popu lar 0t'I the microwave amaleur bandS.

mainly due to the fact that they provtde a laYOlJrable relationstup between gain anet mecha­
nical constructlOl'l work involved

In Of'der to guarantee maJumum ga in. It is necess.ary to ensure tha i the parabolic dish is fu lly

illuminated. Hom Of tubular 'ad,aton (1) are very su itable IOf home ccoetrocnon. SInce thet,
rad Iat ing ceeeectensncs (beamwidlhS) aflCl thus their mechanical d ,rneflSions can be easily

calculated 10 suit an available dish. One crennct dlsadvanl3ge 01 using a horn rad iator on t he
3 em ba nd is the dIfficulty of mounting lhe wavegU ide leed

An x -banc rad iator that is popula r in radar applications is to be cescnbed th at represents a

sui table al ternative In ho m . lubu lar, and d.pole radiator,. The feed to be described is SUi table
lor d ish es having a local ang le 110 of 0.58 . The only mater ials requi red for construc tion are a

p iece 01 R 100 CWG 16) waveguide. and a 1 mm brass plate 0126 mm by 62 mm ,

Flgur. 1 shows the feed mounted in a 15" parabolic d ish having a 110 01 0.58. whiCh is sui t­
able for use With it. The feed itsel f can be seen in more detail In Flgur. 2 Construction info r ­
ma tion is g iven in Figures 3 end 4

The rad iator is constructed by I lhng do wn the wide sides of the wavegUide by 4 mm. The
brass p late is then prepar ed as sho wn in Figure " and soldered to the remai ning narrow sides

of the waveg uide. atter wh ic h the plate should be bent towards the dish to lorm the required
ang le Of JO-.
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OC 3 as

..._­...... ..-
fig. 4:
Dime nsIons olll'le s nlenns
s hown In Fill . 1

.. ..-
The mount ing o f the leed will depend on the d ish used . and no details can be given here.
How ever. it is adv isable lo r the teeo to be made adjustab le in the axial d ire ction (spaci ng to
the dish ) so Ihat the ill umination 01 the dish can be op ti mized . Matching can be improved by
provid ing a two-screw tun er. The VSWR will be in the order 01 1.2 in the Irequency range 0 1

interest when al igned lor max im um gain .

REFERENCES

(1) H,J. Griem: A Tubular Rad iator lor Parabo l ic Antennas on the 13 cm Band
VHF COMMUNICATIONS 8. Edit ion 4/ 1976. Pages 207- 214

(2) R. Gr iek and M. Mun ich : A 3 ern Primary Rad iato r l or Paraboli c Antennas
VHF COMMUNICATIONS 11. Edit ion 2/ 1979. Pages 74-75

(3 ) A. C. Si udd: A Rear Feed lor Parabo loida l Reflectors
The Microw ave Jou rnal , Februa ry 1966

8 ack Co p ies of VHF COMMUNICATIONS

OM 36.00
OM 6500
OM 9500

Any three volu mes
Any si x volumes
All nme volumes (1970- 1978)

Please remember that we have ccnnncee to repnnt these edit ions Since each is hke a sma ll
ha ndbook In rtsett . 00 nol to rqet there are no new s columns and other mtormanon tha i
becomes ccr-o t-oate. and the magazines co ntain on ly technica l arnctes. most 01 wh ich are
strll state -o t-tbe-art today All bac k copies are avai lable back to 1970. We can otter these
voromes al l he fo ll ow mg prices

UKW·TECHNIK / UKW-SERICHTE . Han s DOHLUS oHG - 0 -8523 B A I E A S 0 0 A F
Pos"a ch 80 . J ahns tr . 14 . Tel elon (09133) 855 + 856 (Anrufb. a nlwo rte r) . Telell : 629887

A VHF COMMUNICATIONS 3/1979 - 153 -



OPTIMUM SPACINGS OF DIRECTIONAL ANTENNAS
by G. Hoc:h, DL 6 WU

There have been a numbet" of artICles (' ''' ' thai haVil dean with the stack ing ot d, feehonal
antennas. However. there is snn a 101 0 1 contuSion and miwndersla nd,ng among rad Io
amaleu rs . Very ohen. a rad IO am ateu r wilt fond thallhe expense and effort enyolved to oblaln

the mall imum theoret ica l ga in increase 01 3 dB on doubling the ,nleona Size has not bee n
achieved in practice _ FOf" th is reason. it seems itdvisable to go into the ....t IOUS relaltonships
in more detail.

The basic pnnclpies are valid lo r all types of an lenna g rou ps . even " thiS artICle is 10 be
based mainly on the Vagi anl ennas. since rms represents the most Important application.

1. GAIN OF A DIRECTIONAL AN TENNA

The gai n 01 a dIrectional antenna w ill . assumi ng tnat no losses occur due 10 Side lobes and
d issipation . be de term ined by the beamWld lh 01 the direc tlona ! cnerectensuc. Kraus (5) used
th e fo llowing equation lor th is:

(1 a)

where 8 E and 6ti are the angles betw een the 3 dB pcmts 01 the E or H-d lagram . Gi IS th e
ga in oyer an isotropic rad iator . For angles In degrees. and gain in dB O'<'er a d ipo le. the
equatIon Will be as fol lows:

41253
- 10 log - 2.14

H E 1I HH
11 b)

According to ttllS . an increase 01 gain can only be obtained by decreasing the beamwidth;
decreaSing the beamwidth by hall ,n on& plane Will cause a doubllrtg ot the power gain
(3 dB). II the possi bthtteS 01 inc reaSing the gain 01 an indiyidual antenna have been used to
the lull - lor example by lengthemng the boom of a Vag i antenna (6) - a lurther increase 01
ga in ca n only be obtamed by lo rmlng groups o f en tennes. ThiS IS to be di SCUssed In thiS
article.

2. THE SUPERPOSITION PRINCIPLE

The rad iation Charac teristic 0 1 a group o f identical directional antennas resu lt s by multip li ­
ca tion 0 1 two com ponents :

1. The characteristic 01an identical artay 01 (iso tropic ) eleme ntary rad iato rs

2. The chaeecten suc 01 one 01 the dIrect ional antennas to be combined (2). Prerequ iSile IS.
how ever, that no interact ion takes place.

II the antennas are to be stac ked in bo th planes. it wil l be necessary to know the indIvidual
charac ter is tiCSof the antenna in both (po larization ) planes.
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The charac teristics o f poi nt (iso tropic) sources in variouS arrangem ent s and spacings are to
be found in any good antenna hand book. l arge arrays can be combined from several sub­
groups. However, since mainly groups 0 1 two or lour anlennas are used for amateur rad io
applications. the fo llow ing description is to be limited to the relatively clear case of stac king
two antennas in the H-p lane (two horizon tally po larized Vagis stacked one above the other).

2.1. Diagram of two Point-Source.

Two equa l-phase point sources will provide the maximum l ield st reng lh at all points where
their waves arr ive at identica l ph ase, and a min imum where ann-phase conditions exist. l.e .
(2 n - 1) x 180" phase shift. In the case of Agur. I , the maximu m field st rengt h will be
obtained in the symmetrical ax is, and the l irst nu ll is exhibi ted at th e angle If l .

As can be seen in Ihe diagram, th e fo llowi ng is valid:

sin If l
,

2 , 0
(2)

The angle fo r the second null w ill result when the path difference amounts 10 3/2 ;., 5/ 2 ;.,
and so on.

The prerequisite lor Ihe appearance of a null is a spaci ng 0 of at least /../2, o therwi se, a pal h
differen ce of 'U2 wi ll not be possible (smaller spacings are thu s unsuitab le).

Fig. 1:
SUP<'r1mpo sltlotl ol lh.
ba,ms of two equ.l­
ph... point tou n::..

At D . J,J2, the null w ill be at ± 180 Q
, and a po lar d iagram Will have the lorm 0 1 a horizontal

Eight. If 0 is greater than ;'/2, side lobe s will appear in the diagram al r igh t angl es 10 th e
centra l axis, and will break up into a numbe r of small er lobes on increasing Ihe spacing D.
The first zera- posit ion becomes then nearer and nearer 10 lhe centra l axis.

If 0 is large with respec t to J.., this will result in a large num ber 0 1 narrow lobes. For 0 - 10 /.. ,
for ins tance, the fi rsl nu ll w ill be at ± 2 .9", the second at ± 8 .6", the th ird at ± 1-4S .
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If the diagram of the pOint sources is mu lhplied by the H-d utgram of a Vagi an tenna. lhe zero
poi nts w il l be present in all cases. ThIS can be seen eaSIly Slnc. the anlenna array will not
rad iate anything in a d irect ion where the ind, ...idual anl enna does no t. It will be lound that the
charac teristIC of the ind IVidual an lenna tends to en.... lope the overall Characterishc. The dIa­
grams taken from (1) lor two stacked J.element Vagis show ttl is prIncIple c learly (Figur. 2)
The diagrams show the polar dIagrams 0 1 Ih. relat , e f ield streng th in the H-p lane in a linear
scale . Each diagram is relerenced 10 the max Imum arce. whICh means thai a dIrect com pa-
rison is nOI po$SIble .

••

.._--".. .......
Fig . ~.

-.. .. .

... ,.. 000-

FIg.2b

••

... --- ,.. _-
Fig .2c

.._'..... ,.. ... ....._- ,.. ,.. --
Flg . 2d

••

"'_"' ''0''' ''' ...
Flg. 2e

OM _ _ •

FIg. 2f

• •
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Fig. 2; Horiz~1 dI••_ of two rtIe . l", poI . rtzed. hortzonl.1ty
. Iacked~ntVett- lit nov• .tKki", .--"'roe..
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3.OPTIMUM SPACING

As is to be ell.pected . large spacings wil l p rovide, stacking ga in 01 virtually 3 dB . This is
because the IM!k:I components will subtract over twalf o f the d ,rechoos in space and add in the

othe r ha lf ; th is means lhat the lotal energy rema ins ecuar. The optimum sl,ckl ng d istance is
the lowest spacing at wh ich the ga in is virtually doubled ,

.... was seen in the ga in equation . it is necessary lor the beamwidth 01 lhe ma in beam to be
reduced by halt It is therelo re neces.sary lo r the positIOn 0 1 the I ,rst null to be selected .

Accordingly. the reQuired posltlOn is lound when the null is placed at Ihe - 3 dB polnt of the
individual charac teristi c . It is not inlended to prove th is here. bu t this wi ll be seen wi th the

aid of Figure 2 :

The beamwidth ctthe ind ividual anleona (Fig ure 2a) i.e. the ang le between Ihe points of 0.71
01 the rec eive voltage. amounts to app rOll.ima fely 80". A spac ing of 0 ., 0.75 ), will generate

ze ro poSItions at :1 41.8" and limi t lhe maIn beam to somewhat less than 40" as will be seen
in Figure 2.

o ., ),/ 2 (Figure 2b) w i ll lead to a beamwidth 01 approxima tely 50", wh ich is unsati sfactory;
o ., ), w ill reduce the main beam to approx imately 30". but will result in a very large side lobe
(Figure 2d ).

If hall the beamwid lh 8 /2 is insertecl fo r q' in eq uati on (2). the followi ng will be cetameo:

Dopt .,
2 sin 8 /2

(3)

There are a number 0 1 other me thods 01 calculallng tne optimum spaCing Dopt ' e,g. usmg the
ga in calculation by integ ratiOn of Ihe d iagram, or calculallng the aperture, The resu lt w in be

equarty ac~rate and ide!"ltical.

At the opflmum stac king d istance, the ' ,rst side lobe will always be approxImately 13 dB down
on the mam beam. Figure 2 shows how lhe side lobes become greater on inc reasi ng the

spacing . It wi ll also be seen clearty why the ga In formula wil l no longer be v. lld WIth d.a·
g rams h a...ing strong side lobes, Since me ga in will remain constanl due to the side lobe

lOsses inspl te of the fact Itlatlhe maIn be.mwidth becomes narrower.

It is intereshng to see tha t the optimum sl acking dislance of ev.n such short antennas as
J..elemenl Yagis is g reater tha n half a w.....length . Accord ing to tne authof'. the s!itCking gain
D amounls to 2 dB at 0.5 )., 10 2 .8 dB al 0 _ 0.75 ), (.. Dopt) and fluctuates between 2,8 and

2.95 dB at larger values 01O.

II the rel ationship between o op t and the beam width e is traced . th is wi ll r.sul t in the di.gram
given in F~ure 3, wh ich is well kno wn from other publications.

4. OTHER SPACINGS

It is etten Idvisable in practice to know ho w a cleY•• hon from a calculated .... Iu. has an effect
on the gain.
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If the spacing is inc reased, the side lobes will also increase as previously mentioned. t he
main beam will become Sharper, but the gain will only increase by a lraclion 01 a dB in each
stacki ng plane. This very low increase in gain is no t worthw ile when cons idering the given
disadvantages and the expense and etten 01 construc tio n, and can easily be 1051 in the ed ra
length of the feeders.

The gain will fall o l f rapidly at spacings th ai ere less than op tim um. and the in creasing coupl·
ing between the antennas wi ll also play its part. Agur. .. shows the mean values 01numerous
measured values from variou s sources.

11 may be acceptab le in many cases 10 reduce the spac ing 10 0.75 01 Dopt : in this case . the
stacking gain will result in approx imately 2 dB and virtually no addit iona l side lobes wi ll be
generated . Obviously there is little room lor com promises,
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5. LARGER GROUPS

The previous ell.ample was valid tor an array 01 two antennas, It larQ8r groups are to be
formed. il w ill be necessary to add further antennas in the Mnzanlal or YlH'heal plane . or to
teem a matrill.. The superposil ion princ iple remaIn s valid . and .1 is . lor instance. possi ble to
class the arTay of two stacked antennas eeeeneee In seeeee 3 as an .f'ldnnd ual antenna, If an
array 01 lour antennas has been oplimally stacked. this can also be considered as an indivi­
dual anlenna to form even larger groups.

The geometnc method pointed oul in chapter 3 WIll give rwice the spacing 01 the ind ividua l
antennas fOf the center- to-center spaci ng 01 two suc h arrays of four antennas. Th.,; is where
the values deviate slightly trom anolher accord.ng to the dltlerenl methods.

However , the gain Of very large arrays (mo re than 16 indIVid ual antennas) Will mainly be
determ ined by the aperture. which means the actual advantage 01 Vagi antennas is lost more
and more.

Princ ipall y speak ing . appr Oll.imately 2.5 dB Increase 01 gam can be expected in pract ice wit h
each doubling the antenna (7).

6. DEMANDS ON THE INDIVIDUAL ANTENNAS

When designing an an tenn a array . il wil l usual ly be based on a certain ind.vidual antenna.
The ch aracteristoes of th is antenna should be known eKactly if opl lmum results are to be
achieved.

The most impor1ant characteristic is the radiation diag ram in tne plane to be Slacked. One
reQuires lhe beamwidth (- 3 dB). and lhe • •de lobe suppression. A close relationship ell.ists
between these magnitudes and the gain (8). II several dlfferenl antennas haVing the same
gain are available. the most sullable will be the one having the lowest side lo bes. Since il
must Ihen have lhe largest beam width, It Will requ ire the lowest staCking dIStan ce. Requi red
is a side k>be suppression 01 at leasl 15 ea .

Th is value is. un fortuna tely . not ell.h,blted by mosl long Vagi antennas. Another d iff icu lty IS
tha t mostly only the E-plane diag rams are avai lable (in the polarization plane). and the side
lobes in the H-p lane are always con siderably grea ter. If antennas With stro ng side lobes are
com bined to lorm arrays. this will result in several disadvantages:

In addi t io n to the mechanical pr ob lems due 10 the unnecessari ly lafge spaci ngs there will be
the higher po inting accuracies due 10 the sharper main beam. The number and magn il ude 01
the side lobes in the overall d iag ram wil t inc rease due 10 the inaVOidable side lobes 01 the
atray charac teristics whiCh are superimposed on the individua l characteris tic . In the case 01
EME arrays (large groups 01 antennas l or moonbou nce com munica tion s). l his will inc rease
the possibi liliy 01 receiving addi tional noise and in terference sources,

There are some ell.2mples 01 lo ng Vagi an tennas lor 2 m and 70 cm hav,"g • c lean pola,
d iagram . Virtually all antennas in the 9- 10 12-element c lass posses s a sullicienUy good side
lobe rejectIOn.
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7. EXAMPLE

Required is an antenna for the 2 m band hav ing a gain of apprOl(im ate ly 18 dB over a dipo le.
Th is means that two Vagis 0 1 al least 15 dB , o r lour Vag is 01 12 10 13 dB are to be combi ned
to form an arr ay.

It wi ll be seen in Fig ure 1 01 (6) that a 15 dB Vagi w ill have to be at least 5 I.. long . wh iCh
amounts to ove r 10 m. Th is means that a group 01 lour anlennas is advisable .

In orde r to obtain a gain 01 12.5 dB . a min imum leng th 01 2.3 I.. o r epproximately 4.5 m is
requi red . A 10-element anten na accord ing to (6) of 4.5 m in length and 12 to 12.5 ca gain
wou ld meet these demands. The beam widths would be in the order 01 35· , or 40" respe ctively.
Th is can be chec ked by placing these values in the Krau s-equ al ion which resu lts in a gain 01
12.55 d B, an acceptab le value.

The stac king cnstances lor horizontal po larization can be calculated as renews:

2.08 m
Verti cal spacing Oti = 2 l( sin 20"" 3.04 m

Horizontal spac ing DE
2.08 m

2 l(sin l7S
• 3.46 m

This antenna arr ay exmotts a beamwidth 01 17.5· hor izonta l and 20"" V9rt ical whiCh corr es­
ponds to a calcul ated gain 0 1 t 8 ,6 dB , Irom wh ich approx imal ely 1 dB must be subt racted l or
th e side lobes .

This relati vely compact an tenna array represents th e low er limit lo r EME commun ica tions .
The gain is in excess 01 that 01 a 64 - or 80-ele ment ccnneer array. Mod el measu rement s on
the 70 cm band have proved Ihe calcula ted values: the stacking gain was measured to be 2.7
or 2.8 dB at the g iven spacin gs.

8, FEEDING

The author does not intend to d iscuss all pos sible method s 01 leeding the anten na group s,
this ha s been desc ribed in detail already elsewhe re (7. 9). It is important that au antennas are
e xcited with idenlica l ampli tude and identica l phase (except for some special cases) . The
cable leng ths With in th e group sho uld have a low VSWR and should be as short as possible.

but 01 identical leng th . Low -loss cable should be used.

Each lenl h of a dB o f l ine loss will be add ed to the noi se figure o f the rece iver o r preampli­
uer. which in the ideal case would be located at tne mtercco necticn po int 01 the feed .

It is ad v isable lor such practi ce to be taken into consideration, especially wit h the lew-norse
transistors availab le tod ay, otherw ise all the ertcrt and d illicu lt ies will no t have been worth­
wile.

The o ld p rOV9rb that . a good antenna is the best RF am plif ier.. sti ll remains val id . even when
used in cc moncucn w ith the best preamp li f ier.
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mall . 1.2
100 W carrier
0.1 to 0.3 dB

apprOll. 1"
216 II 132 II 80mm

VSWR ;
Power :
Insert ion loss :
Phase error:
Dimensions:

Reacty-to-operate as eeeeeeee in
VHF COMMUNICATIONS. Complete
in cab inet w ith th ree BNG connec­
to rs. Especial ty des igned fo r use w ith
crossed yagis mounted as an -x •.
and led w ith equal-length reeoers.
Following sill po larisa tiOns can be
select ed : Vertical, hor izontal, clock­
w ise ci rc ular, anliclockwise c irc ular,
slan l 45" and slanl 135".

r
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--
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NEW I NEW I
Pola rlsallons Switching

Unit lor 2 m
Crossed Vagls
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A 20 W POWER AMPLIFIER WITH INTEGRATED PA·MODULE
FOR FM TRANSCEIVERS ON THE 2 m BAND

by J. Becker, OJ ell

For many years now. tran sistor ized transmitters for the freq uency range 01 2 10 500 MHz wilh
power leve ls from 0.1 to 100 W have been co nstruc ted according 10 the same basic ci rcu it
princ ip les . It seems that a cerati n technical optimum has been reac hed. and the next log ical
step seems 10 be the integrati on into a small black eox . by which many al ignment elements
are deleted.

Such black boxes firstly appeared on the market in the USA as power amplifiers l or UHF
transceivers. since the internal matchi ng networ ks co uld easily be reauzee in the form of
stripli nes. Such mo dules are now also available lor the VHF-range: A hybrid ampli fier series
ma nufactured by Phil ips (1) covers the frequency rang e from 68 .•0 174 MHz in lour pass
bands . The match ing elements (Figure t ) consis t 01 Chi p capacito rs and pr inted inductances.
Input and output impedance are a real 50 Q du ring nom inal operation. The dimensions o f the
mooutes are 67.5 mm x 19,7 mm x 8 mm . At an operating voltage 01 12.5 V and an in put
power of 150 mW, these mod ules will provide an ou tput power of at least 18 W.

,- S
3 12mA 1_2)

1_1) - :c'" :c
~ - BGY 35

$l o bo .,...- 1-o7 1ou II

l,nl l o-1 -2.4
Tr"bIor 290 -"''''' -1'011 .

6- "lIn_ 290 MH2 trail

1. CONCEPT

This art ic le is to descr ibe what is necessary lor the rad io amateur to consider in conj unc tio n
with these modules: Suflic ient rejection 01 the harmonics and unwanted spurious signals
from the exciter, and provis ion 01 a reliab le row-ro ss VHF-VOX. Several d illerent Circu its are
to be given lor the VHF-VOX-c ir cu il, am:! thei r Characteris tics are to be desc ribed.

Tabl e t contains the mos t imp ortant sceeuceucoe 01 the power amp lifier, which has been
desig ned lor use wi th the SUEDWIND hand-he ld transcei ver (2). The overall circu it is g iven in
Fig ure 2. and the output spec trum at the antenna socket is given in Figure 3, It is possible to
co nnect all FM tran sceivers without loss 01 output whose power ou tput is at least 0.25 W,
Only the values 01 several compo nents in the input network should be coarsely matched to
the vari ou s dr ive power levels. The ampl il ier module i1sell is able to hand le a maximum inpu t
power 01 0.3 W.
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Tabl. 1: Speci fications , mean Yalues 01th ree suCh modules

Outpu t power:
Eff iciency:
Harmonic output. max.:
Spur ious radia tIon . max.:
Qu iescent curren t:
Inse rtIon loss (Ax) :
Exciter: SUEO'NIND with PIJl. :

17WaI 12 .5V
52 % (including SUEDWIND: 47 %)

- 62 dB
- 6 1 dB (With - 44 dB ' rom the transceiver)
19 mA
O.SdB
- 0.9 Wit • 145.25 MHz ~ chann&! 50

Fig. 3: Tr,.."",1t1IpKtnIm. _ .....Itd . 1"'" ,nl,"", _ k.1 with HP 110 Ii + 1S5I 8 .
Ind ........ SUEDWIHD II • •~
hor.: 1).1 GHlI100 "HzlO+".), ",rtle••: 10 d 81DlY.
t - 145 ..25MHr; SUEOWIH[)....~ ......: _ • • _ .. d B
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1.1. Input flh.r

In order to ensure stable operation o f the ampl ifie r module under differ ing dr ive ccnerucn s.
the man ufactu rer recommends an isolating link having at least 1.5 dB to be placed in the
input line. In Figure 2, th is Pi-att enuator tR 1 to R 4) is d isconnected at the center and ell­
tended using a reson ant circui t (L 1. C 1 to C 6). which arteouates the spurious and harmonic
sig nals fr om the exciter.

Crystal-controlled transceivers ollen show a whole spect rum 0 1 sidelines spaced ± n Jl Iq
from the ca rrier frequency. In th e case 01 transmitters with super het teeq uencv processing.
sidelines spaced to the value of the intermedia te Ireq uency are uolually the stro ngest . The
interference lines should no t be greater than _ 46 dB at an output power 01 1 W. and should
not be gr eater than - 60 dB at hig h power levels .

This me ans that a m inimum a 0 1 as '"' 34.5 was calcu lated lor a single-stage fi lter. The upper
li mit 01 0B is limi ted due to th e required bandwidth th at the trans rmtte r should be able 10

cover without power drop-ott . as well as the maximum react ive power at resonance that can
be hand led by m e co mponents . The tatter is t he reason for the ralher extensive Pi-circui t with
the series resonant ci rcuit in the longitudinal bra nch: The operati ng a as - Pb'Pw results in
appro ximately two equal parts Irom the relat ionship: reactive cu rrent in the resonant circ uit
to transferred required current and reactive voltage via C 5 and C 6 to the required volt age a t

the input points (R 2, R 3) . The 180" phase reversal 0 1 this Pi-network is 01 advantage for the
stabi l ity when operating in co nj unc tion with an elect ron ic VHF-VOX.

The fo llowing specifications were found alt er tr imming for max. output power at 145 M Hz:

Attenuation: 7.0 dB (nominal valu e: 0.85 W/0.15 W - 7.5 dB ), Rin .. 52 Q

- 3 dB bandwidth: 3.55 MHz ..... 0B _ 41
Power drop at the band limits: < 0 2 dS

The power loss at the band limits is so low because the amplifier modu le operates in the
saturation range of the Po/Pi Characteristic . A co mpari son of the output spectrum (Flgur. 3)
to the input spectrum shOws an approximately 3 dB hig her interference level in the vicin ity 01

the ca rrier than in Fig . 26 of (3) and demon strates the eff ic iency of th is simple lilter.

The spectral scecucencoe given in Table 1 and Figu re 3 are valid at least for the H.4-range
Ir om 145.0 to 145.5 MHz, whereas it will be a lew dB mor e at the band limits otthe 2 m band.

1.2, Output Filter

The am plifier mod ule prod uced the fo llowing harmonic spectrum at the output :

2 1

- 34 dB

31

- 56 dB

4f

- 40 dB -54 dB

5 f

- 59 dS
t .. 14S MHz

A 2-stage Pi-f ilter o f conventional design 2 :1 f L _ 1/2 It t C = 50 U would have 32 ca at 2 f,
and 55 dB at 3 t, which means that it shou ld be sulficient to clean up thi s spectrum ,
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2. ANTENNA CHANGEOVER SWITCHING

In the receive mode , it is necessary for the transmit ampli fier to be bypassed in a low-loss
manner. Five different melhods of AF-controUed changeover SWitching (VHF-VOX) were
examined in order to gain experience in th is type 01 ci rcuitry.

Figure 4 • shO'NS the classical method using 2 relay contacts (3). When using suitable relays,
this ci rc ui t can be used up to the GHz-range and is suitable lor all power levels. SWitch S is
to d isable the VHF·VOX when Ihe power amplil ler is not required . In the rece ive mod e. jesses
wi ll be caused by the two relays, and in hne I. This will be in the ord er 010.35 dB.

Flg . 4: VHF-VOX cIrcuit. wlttl rel.y• . In FIg. 4b, the co. ...I.ock. t.
tor TI . nd . nt.nn. er. In the dlree1 vicinity 01 ttl. rel.y

The circ ui t g iven in Flgur. 4 b is recommended by the author in order to ob tain the lowest
possible loss in the receive branch : In excess 01 apprOllimately 100 mW input power. it is
possible fo r relay r, to be replaced by fast switchi ng diodes when th e power ampli fier is to

rema in in circu it at all t imes. An insertion Joss of 0,15 dB was measured in the receive bran ch
when us ing an inexpens ive Nal ional RS-type relay.

In the purely elec tron ic ci rcui lS g iven in Figure 5. the ellci ter power is fed to the amplifier via
the ant i-phase diodes 0 1, and 02, and the ampli fied VHF signal also fed via a further pai r of
eon-poeee diodes (03 and 0 4) to the antenna. All diodes are blocked in the receive mode
since th e receive signal is practically always belo w their conducting threshold . They should
have a lo w juncti on capacitance at 0 V.

Oiode 0 5 and 0 6 in the receive signal path will con du ct in the transm it mode . and form a
VHF-short ci rcuit to ground . This means that the series resonan t ci rc uit L, and C in Figur. 5e.
or Ihe "A / 2 line in 5b end se will be discon nected . The amplifier g iven in Figure f)a will

become capacitive at the in put due to C, and the outpu t w ill be induc tively detuned by L. For
th is reason. thi s simple ci rcu it (4) can on ly be used with amplifiers constructed from discrete
co mponents. where the reactive com ponents can be taken into consider ahon du ring the
alignment.

In Figures 5b and St. on the o ther hand . the amplif ier will no t be detuned : the bypass bran ch
will form two ).14 circ uits during transmit which will represent an open ci rcuit under ideal
co ndi tions at the o ther end . and will therefore be com pletely decoupled (5). The react ive
curr ent in th e righ t-hand )./4 circ uit mainta ins ecces 0 5 and 0 6 in their flow range. These
diodes should possess a suff ici ently long ca rrier lifetime similar to PIN diodes_The cheapest
solution is to use switching diodes as used in TV-tuners The insertiOn 105$ of the receive
bra nch in ci rcui t 5b amou nts to 0.4 dB .
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FIlii. 5:
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the requ ired output Pl.I I" _,
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As in the case 01 elec tronic cuotexers (6), som ewhat be tter cnerectensucs are 10 be expec ted
if 0 5 and 06 are biased with an addit ional DC-curren t in the transm it mode (Figure SCI. The
requ ired rec tify ing amp lif ier is similar to thaI used lor relay con trol in Figure 4b, Measure­
ments made on two eceros ccnsu uctec according 10 5b and 5c ekhibited the lollowing
characteristics:

A hardl y not iceable increase in outp ut power was gained , and the seco nd harmonic was
somewha t weaker « 3 dB), nowevee. the spu rious rejection was somewhal less th an with out
b ias cu rrent. Parasitic osci lla tion at 112 and 3/2 1 appeared in the spectrum when capaci to rS
were u sed fo r C 1 and C 2 tha i had a non-linear cnerectnc (type 2) (470-2200 pF). especially
wh en C 2 was greater than C 1. A bias curr ent o f 20 to 30 rnA through the diode type BA 262
was not sufficiently great l or the VHF drive to be classed as a low-signal lellill; thi s wa s
proved by the drop of the DC-voltage across 06 fro m 0.6 V wi thout VHF to 0.3 V in the trans­
m it mode; this shows that DC-biasing is not sui tabl e. Further spec ifications lor the c ir cuit
g iven in 5b measu red in conjun ct ion with a com pleted amplilier accordi ng to the ci rcuit gi ven

in Fig. 2. are listed in Table 2,

Table 2: Fu rther speci licatio ns, comparison 01 three modules

Losses in the output Pi-Filter: 0.3 dB
Losses in the output coupling diodes (0 3. 04): O. t 5 dB
Losses due to the VHF-VOX line: 0.1 dB

Outp ut Ii Iter and VHF·VOX
Module w ithout without with with w ith

IS p. IS p. "
437 BGY/ L 3.50 A 22,4W 3.0 A t 8,6 W 50 %
BGY 36-$A 64 3.10 A 19,OW 2.5 A 16,3 W 52 %
BGY 36-SA 65 3,OSA 19 6 W 2.4 A 16,5 W 55 %

Us = 12.5 V Pi - O.9 W f = 145 25 MHz
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3. COMPONENT LIST

Mu llard (Philips)

Ceramic 1 b . type EDPU/ 63 V (Phi lips)
Plastic ten trimmer 7.5 mm cra.. Phili ps-2222 808 11109 (yellow)
Ceramic 1 b . 8 mm dia., TC '"' N 150. type SOPN (Dralo ric ), :i 5 %
Ceram ic 2, type EDPU/4 0 V (Ph ilips)
Elec trolytic 22 ",F 125 V

Spacing 10 mm

5 tu rns, inner d ia. 4 mm. 7 mm long }o
4 tums. inner dia. 5 mm, 7 mm long

• air -spaced coil s from 1 mm dia., Sil ver-pla ted copper w ire .
pay atte ntion to d irect ion 01 wind ing ! (Fig . 8)

0 1,0 4: Fast swi tc hing d iodes BAW 76 (Siemens)
0 5. 06: Switchi ng di odes Irom TV-tuners SA 282

VHF-VOX receive tine : 2 .. 35 em RG· t7 4 U P../4 .. VF)

R 1 - R 4:

L 1:
L 2, L 3:

BGY 35/BGY 36:

C l·C5:
C6:
C7- C l 0:
C ll·C 13:
C 14 - C 15:

4. CONSTRUCTION DETAILS

The heat si nk is used as case. Furt her preparations are sho wn in Figure 6.

The co mpo nents are mounted on the conductor side 01 the 134 mm .. 34 ,5 mm large boa rd
OJ 8 1L 003. n)8 d iodes and resisto rs are d irectly mountec onto the board, and Ihe three
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ind uctances are soldered into place with a spac ing of 1.5 mm from the board. All capac ito rs
should be installed w ith the shortest po ssible leads . Large ceramic disk capac itors 01 8 mm
diam eter are used in the outpu t utter (C 7 to C 10), because the usua l miniature types EOPU
are not su itable due to the high reactive load at th is position; they wou ld then generate har­
mon ics , especially the th ird harm onic. For instance , the 3 t-iever was measured to be - 51 dB
and - 67 d B lor the two capaci tor types .

Fig . 7: Co mpo n. nl' loe" lon plan lor PC-board OJ eu, 003

L2 ~9 1-e
~ = f.• .1 _

~b •-e ~~

I
Solder l og

be low M2 {i nu l

BGY 35

Fig. a: Compl<tt.cfPC-board ,..dy lo r In'lall.lion

SOlder tog~H'"OS 06

In the components location p lan give n in Agur. 7, a bent solder tag is used as add itional
g round connection Irom C 10 10 the antenna connec tor. This tag should not be lo rgotlen
dur ing assembly, sin ce it provides a better suppression 01 the higher harmon ics, If a through­
contac ted PC-boa rd is not availab le, it is necessary for all ground connec tions to be made st
both sides of the boa rd. Four so lde r pins are provided l or connection 01 the outer conducto rs
on bo th ends of the }J 4 cables.

The di odes used are high-tem per ature, pressure-contact types (do uble heat si nk technology).
These diodes can be so ldered rig ht up to the vici nity 01 the glas s case in order 10 keep the
inductiv ity as low as possible, which is especially advisable in Ihe case 01 0 S and 06.

The co mpo nents are located on Ihe board as shown in Figure 8, alter which it is screwed to
Ihe heat sink w ith Ihe aid 01 live screws . Five M 3 nuts are dr illed out and used as spacers.
The BNC-connec tors, the solder tag of the + US-plug and the previously mentioned ground
tag are now so ldered into p lace. This is lo ll owed by inserti ng the two 35 cm coaxial cables
(Figur. 9). The exact dimension 01 tnese cables is 34 ,1 cm ; however, a deviation Irom th e
electrical cha racte ris tics wi ll not be noticed until the dev iation is greater than 2 cm ,
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Fig . , : Phologr.ph ol lhe co mpl. led . mpllll. r

Finally, the actual amplifier module is mounted into place . Its connec tion leads should be
previo usly shortened down to app roximatety 3 mm in length and the lower surface th inly
coated with heat-conduc tive paste . The components can be pro tected using a 1.5 mm th ick
aluminium plate placed in the groove of the two inner rib s 0 1 the heat sink. No noticeable
change of the spectrum will occur under these condit ions whi ch indicate s that it is not
necessary fo r any screening measures to be made il the layout 01 the boa rd is lavorab le.

5. ALIGNMENT

The power amp lil ier is construc ted as a plug -in modu le. and protected against incorr ect
polarity. It is best to feed the crcs-ceoie (4 mm2 ) direct to the car banery and the ground
cable to the nearest ground point. No fi lter measures were requ ired. For al ignment. C 6 is
trimmed lor maximum current drain . This adjustment also g ives maximum output power and
maxim um spurious reject ion . A slight increase 0 1 output power could be obtained by exact
mat ch ing of the output fi lte r to the amp li l ier modu le. Thi s is ach ieved by placing an add ilional
capac itance of several pF in para llel to C 7 or C 8.

6. REFERENCES

(1) P. J . Hart : r rensmuter Design w ith VHF Broadband Ampli fier Modules
Application note, Mu llard t.to.. Mull ard House, Tor rington Place. London we 1 E 7 HD

(2) J. Becker; SUEOWIND - A 2 m-FM t;tilnd-held Transceiver with 80 or 396 Channel
Synthesizer and Touch-Key Operatloo -, Part 1: Cir cuit Description
VHf COMMUNICATIONS 10, Editi on .411978, page s 194-212

(3) G. Olto : A 144 MHz Linear Ampli f ier w ith 25 W Output at 12 V to 14 V
VHF COMMUNICATIONS 5. Edit io~ 2/ 1973. pages 81-90

(4) F. KOhne : Drake- End stule AA 10 - Funkschau 46 (1974). page 848

(5) Heath - Power Ampli f ier HA 201

(6) M. J . Koppen : Elec tronic An tenna Swit ches lor the 160 MHz Band Using SA 182 Diodes
Application Repo rt ECQ 6918. Philips

~ VHF COMMUNICATIONS 3/ 1919 • 169 ·



QUADRATURE DEMODULATORS
by A. Meier. DC 7 MA

Co in cidence or quadra ture detec tors are demodulators suitable l or frequency modulation
(FM); such demodulators have become popular together with the integrated IF-amplil lers!
demodulato rs such as types TBA 120 or CA 3089. This art icle is not to discuss the theory 01
operation, but more to d iscuss pr act ical experiences using such demodulato rs . The fo llow ing
descript ion s used suc h demodu lators:

(1) FM · lf modu le ol l he DC 6 HL transceiver - DC 6 HL 007 with TBA 120
(2) fM·I F modu le in the TEKQ set system - OK 1 PN 005 with CA 3089 E
(3) FM-broadcast rece iver - OK 1 OF 021 with TBA 120
(4) fM · 'ranscei lle r RT·33 - DC 3 NT 00 1 With TBA 120
(5) UlM -70 - OJ0 FW 001 with CA 3089 E
(6) Hand-held tran sceiver SUeOWIND - OJ a u, 001 With TOA 1047
(7) 2 m FM receiver - OK 1 OF 034 with CA 3089 E

Hard ly any difficulties are encountered when uSing Quadratu re demodu lators l or wid eband
FM. as long as the manufa ctu rer's recommendaf ions are followed. A SQuelch circuit can also
be rea lized easily. since a wioeeeno noise will be present from whi ch any reQuired Irequency
can be filtered out l or the SQuelch ci rcuit. As can be seen in Figure 1, the demo dula ted AF·
voltage at a treqoency deviation of !: 100 kHz is virtua ll y as great as the noise voltage,

It is, however. more dif l icu lt when using the circuit in the narrow-band FM mode used lo r
com munications . The reason for th is is tha t the phase-shIft, or referen ce resonan t circu it et

the dem odulator is too wideband With respect to the frequency deviation used. The phase­
Shi ft ac ross the resonant ci rcui t whiCh is necessa ry lor demod ulation is very low. One possi­
bil ity of sol ving th is problem is to use a lower intermedi ate trequencv. e g o 455 kHz. The
relat ionsh ip 0 1 trequ encv deviation to bandwid th 01 th e resonant c ircuit will then be suttr­
ci enlty great even when using resonant ci rc uits of moderate a This sciunon has, however ,
technical di sadvantages, whi ch means th at it is not generally used ,

On the o ther hand , il the Quadratu re cemcoctator is used at a higher IF (9 MHz, 10.7 MHz or
even 2 1.4 MHz), me rati o ol l requency deviat ion to bandwidth 01 l he phase-shIft ctrcurt will be

sma ll and the reclaimed AF will be low. This is indicated in Figu re 2 l or a uequencv
devia tion 01 !: 7.5 kHZ, The 15 kHZ filter also only allows a small amoun t 01 nOise to pass,
wh ich mean s that the SQuelch will also not operate cor rectly. Either it will not open or , II It
opens , wi ll be closed agai n at moderate freq uency deviation levels wh ich occ ur dUring voi ce
modu lat ion .

.. ~, ~..-. """ ~, ...."....
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In order 10 avoid these problems, it is necessary lor a high-O pna se-sfut t circuit to be used
(2), (5). The resu lts g iven in Figure 3 are then yalid

Fig. 3 Ind 4: Hlgh.Q ph••• ·.hln elreult fol nUlow-blnd FM

Since it is usuall y inductances thaI are responsible lor the a 01 the resonant circ uit. It is
necessary l or lurther measures to be taken here. Higher O·...alue s can be obtained using
potted co res. or toreros made Ir om a sui table material - this meth od was used in (2). The
co rrect LIC ratio and coupling is also important. E...en the highest a of the resonant c ircuit is
useless when too lightly co upl ed. 0 1co urse. th is is not new, howe...er. the author has still not
seen a quadrature demodulator having an e:w: tremely loo se coupling to the phase-shill ci rcui t.
An excenment made in this d irec tion was surprisingly success ful (FIgure 4 shows a circuit 01
SUCh a de modul ator with only on e coupling turn):

The dem odulator cha racteristic when using suc h loo se co upli ng provided such a high a and
was so narrow Ihat it was necessary to co nnect a resistor in parallel to red uce the Q. When
th is resistor was deleted, the rep roduction was dis torted or even unintell igible, since the
demodulation charac teris tic was unnzeo in excess of the humps (Figure 5).

Fig. 5: A hump 1PK1"if thlt I, 100 10"-

Even better results were obla ined when using a low-Q resonant ci rcuit lor the demodulator
and pr o ... id ing an addilional crystal whose resonant Irequency is at the center 01 the demo du­
lation characteristic , t .e. at 9,0 MHz, 10.70 MHz or 21.40 MHz (in order to use the standa rd
center frequencies 01 availab le crystal fi lters), The ci rc uit gi...en in Figure 61 was extre mely
succes sful, It may even be necessary for th e Q to be reduced somewhat with the aid 01 a
cereuer resistor.

With a loose cou pling 01 the resonan t c ircui t and crystal , on tne o ther hand, such a shar p
reso nan ce o f the referen ce circ uit w ill resu lt . as can be seen in Figure 6 b, tha t the circ uit
can bre ak. into oscillatio n. In Ihis case, an unsatisfact ory demodulation cha rectensnc wi ll
resul t as shown in Figure 7.
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After st udyi ng the results 01 th is , a crystal was used in the circui t sho wn in Figure 6 b, whose
resonan t f requency was outside 01 the passband range 01 the l ilter. The resun was Ihe demo­
du lation ch arac teristic shown in Figure 8, The slighl curvature origi nates Irom the slo pe 01
the crys tal resonanl curve; Ih is causes a very sl ight erstc rnon 01 the demodulaled sig nal,
however, th is is hardly noticeab le lor voice communic ations.

A CB-crystal lor the 11 m band w ith a nomina llrequency 01 27.045 MHz was used lor the last
experiment. The l undamental I requency 01 Ih is crystal was 9 ,0 15 MHz. Th is means mat its
resonance was 15 kHz from Ihe center frequency, or approximal ely 7 kHz from Ihe co rner
frequency ot me fi ll er . No spu rious recept ion po int s o r other interference was ec ucee

UNII' i
: ;,

.... .... " ..",-

F", . • :
Ch.r.ef.ri.tle eu..... wh." Ul lng
• e ry.l.l r••on. tor treq u.nc:r
out.ide ollh. p,I.lb.nd ,.nge
01 the IUt.,

All descr ibed experiments were made in conj unc tion wi lh a crySlal h iler type XF-9 E in Ihe IF­
am p lif ier , using the prev iou sly mentioned IF-ampl il ier/ demod ulato r types . AU integr ated
c ircuits eKhibiled Ihe same behaviour in conj unc tion w ith the di Neren l referen ce crecuns.

When using a ci rcui t as sho wn in Figure 6 b , the sque lch o f the ULM -70 rece iver ope rated
correct ly even w ithout Ihe addit ional ci rcui l ry (5).

One will often see the c ircu it sho wn in Figure 9 . , where the pha se-sh ift is made w ilh the aid
01 a capac it or. II ones observes Ihe noise vollage by connectin g an oscilloscope 10 con­
nection 7, it w ill be seen tnattne center is asymmetric . When us ing a cho ke of apprOKimately
22 flH ins tead 01 Ihe capaci to r (Figure 9 b) this effect wi ll be avo ided, and the squelch will
ope rate corr ectly.

It has been said that the in tegrated circuits CA 3089 E and TDA 1200 break into osci ll ation
eas ily . For th is reason, a few ti ps are to be g iven here. The mai n teun is th at Ihe signal is
in jec ted at high imped anc e. The data sheets indicate, however , Ihat the input sho uld _see_
50 O . If this is taken into consideration, and the bypa ss capaci tors fo r connecti ons 3 and 11
are no t 100 far away l rom the IC (max. 5 mm), mese ci rcu,ts wi ll operate to 99 'Yo without
tendency to oscillat ion . In add ili on to Ihe info rmation given by the manufacturer it is also
possible 10 bypa ss connec lions 13 (S-meter) and 15 (AGC) to ground (connec tion 14) using
ce ram ic 1 nF capa citors. These connection s should be as sho rt as possib le, if possib le, direct

at th e IC.
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Experiments were made USIng the 'ol low lng Ie -types;

TBA 120 I ITT~ntermetallj

TBA 120-5 (various manulactu rers )
SO 41 P ISltKTMtflsj
CA 3089 E (RCA)
TOA 1200 ISignel lCS)
SN 76622 N (Te.as Inst ru men ts)

The follow ing measunng eqUIpment was avaIlable lor the measurem."ts :

OscillOsCOpe Hameg 312/ 5
Tw o-channel plug-in
Swepl IreQuency generator !rom DC 7 l E
Frequency cou nter
Var iab le anerluato r (2 to 90 dBI
IF-amphller wIth crystal II Iter XF·9 E

0 1 co urse, the described experim ent s wer e not able to cover all possI bili tIes. and lhe results
are not designed to indicale that all previously descr ibed circuits are inellici enl . The aut hor
hopes Ih at h is e.perimen ts will g ive _Iood lor thought.. so that lu rther experiments will be

mad e using this type 0 1 FM demodulator.

NEW I 1.2 m Parabo lic Dish. Available complete with radiator or as kit. Suitable lor use
between I GHz and 3 GHz. Construction to be desc ribed in the nexl ed ll ion 01 VHF COMMU­
NICAnONS . Kit to inc lude tools for construction 0 1 the dish ; w ith all parts cut 10 size and
necessary holes dril led _Price and fu rther details on request.

UKW·TECHNIK • Hans Oohlus oHG 0-8523 BAIERSOORF
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DESIGN OF CRYSTAL OSCILLATOR CIRCUITS
by B. Neublg. OK 1 AG

1. PRINCIPLE: CONS IDERATIONS

1.1. Cry st al O.c:melor. Using low-Frequ en cy Cry_le i,

All ' leKu ra, ex lensional and tece -seeae mod e vibr ato rs. whose resonanl frequency IS t)'p lcaUy
less than 1 MHz are to be designated here as IF..cryslals. This means thaI th ick ness-shear
vibrators will no t tall under th is def init IOn, Due 10 their sensitivi ty to mechanical shock . the ir

large frequency. to-Iemperatu re cneractensuc and "'e lr highe r pri ce due to the complicated
manu facture . the impo rta nce 01 this type 01 vibrator has droppecl all conside rably . The possi­

b i lity o f obtaining lo w trequencree w ith lhe aid 01 Integrated ICMOS) dividers in co nju nc tion
w ith thick ness-shear vib rators (AT-crystals) has also had Its effect.

Tab le 1 g ives a Iisl 01 the most com mon types 01 Vibrators in tms frequency ran ge. The

temperature response o f the resonant frequ ency is eit her straig hl or in the form 01 a sec ond
order pa rabola

" ,-- • - a ( T - Tiny)
I

(1)

w ith a coeff icient . of between 2 II 10"'d~' and 5 • 10" 'deg' r7! In ppm Q 10" ) accordi ng
10 type. The invers ion po int Tinv can be vari ed lor each vibrato r by cha ng ing the desi gn 01
the crystal.

Ta ble 1: UII oI lt1<t _II common non -ATcry.'a"
In lite rIInge < 1 MHI
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The resonance resistan ce A, is Ihe most im portant magnitude l or designi ng crystal cscma­
tors , Th is resistance at series resonance is in the order 0 1 about 1 M' l down to 1 kU . whi ch
means Ihat it varies according 10 the cu t and frequency range by a fact or of nearl y 1000 . Th is
means tha t it is not possi b le to prov ide a standard crystal oscillato r circui t l or the wh o le
range.

'" '0' 10~

'0 -,f------o
ft7

-
20 kHZ

~ BCm8

'." 4.7;" ~ =

T' 1'"I'"

.20V

Fig. t :
20 kHz cryll.' OKltlltor
with Imp. dlnel
trlnlfo rm.tlon

At large va lues of A.. it is necessary for the amphl ier stage to possess a high input Impe­
dan ce. Th is can be ach ieved. as shown in Figure 1. by using impedance transformation (1). If
th is is not the case. it is nece ssary lo r the vo llage-d ivide r loss (crys tal- R, : Input imped ance)
to be com pen sated for using a high loop gain . e.g by USing a rwc -stace amplifie r as sho wn
in Figure 2 (2). A AC· lowpa ss tilter is co nnected in the feedba ck link in series w ith the crystal.
The cut-oft frequency 0 1 ttns titter is somewh at high er than the crys tal freQuency. Thi s
ensures that no tendency lo r excuation 01 parasitic modes can take place, wh ich is very pre­
va lent wi th LF-cry stals.

."
'" ."m '» f--o~

27' 0.1.711
OL7.., Se1Da

BCm8
F'reQuE' ncy 10 Hz " C,

"'" " 5, "" " " < , ,," ,,"
I I , - 3 0.68n ""3 - 10 L,7 n

10 - 20 ~68"

0
m 20 - 50

I ', ]5,
....2: Two- I l8ge Hn.I.r.l4nlnc. Oll:lIIllOr lor 0.' 10 50 kHz

The Butler-circurt as shown in Figure 3 has proved itsell well lor frequenc ies in excess Of
apprnximatety 50 kHz. II the loop ga in is not sufficient, the co llector resetc r should be

rep laced by a choke or resonant c ircu it.
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fig. 3:
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lor 50 10 500 kHZ

The most popular crystal cut is the AT-cut. AT-crystals are thickness·shear v,b ,aIOfS, They

cover a fundamental frequency range from a pprolimalely 750 kHz to 20 MHz fand some ea­
captions Irom 500 kHz to 30 MHZ).

Table 2 g ives the frequency ranges of the vanecs dI ffe rent crystal shapes together w ith the ff

typ ica l eq uivalent data (1 IF • to°' pF) whi ch are necessary tor phySic al reaso ns . The tempe­
ra tu re respo nse is a third order parabo la whose form can be in fluenced by selection 01 the

cutting angle . It is given in ppm.

"I (2)

where the coefficients are :

a, .. -0.084 .. AlJ

a, .. to.....
The inversion temperature Tin is in the orde r 0122 to 33"C accord ,og to the range. .1..- '" q.
- CJ is th e angular d ltf et'ef'ICe (in minutes of arc) 10 the so-called ZItfO TC angle OJ. tat this cui
angle the lempefature coefficient will be zero a, the InversiOn potnt).

As wi ll be seen in Tab le 2, the typical resonance resistance R, wi ll be between 10 and 500 0
and decreases wi th inc reasi ng frequency.

T... 2: EquIY. ..... 0... of AT·

~fv~~"
-. .

c,

"- ~ F~ '.-.ge (Ml-trl lot _ T~ EQU_I DatIc.,.,.
HC-<lN HC-",U ~ C. c, o R.

B~. 0.7S·1 S - - 3- 1 pf ." > 100 0lllI l00 0 _ 500 U-_. 15 -3 V-S2 - 4 _ 7 pf "" > 1oo 00c < "' 0

.napa'. ,., 45 _10 S 10 - 13
5 _ 7 pf 20 If [10 If ] , .... 10 U _loo 0

"- 1 _ 20 (301 105 _ 20130 13 - 20 (30)

Th e mosl common type 01 cncu-t lor lund amental AT-c rystals are ape riOdic os c illators. that is
oscillato rs w ithout add it ional selecti\lily . The most impo rtan l lypes 01 parallel· resonant c scu­
lalor!! are Pieree. Colpitts and Clapp oscillators tha t can be oen'teCI l rom a circui t by \larying

the ground po int (Agure 4). The crystal operates at a po inl where It elthlbits the same
Characterist ic as a h igh 0 ind uc tance.
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A circuit equipped with a Darl ingt on stage is shown in Figur. 5 as an example 01 Iha suc­
cessful Co lpitts oscillator. Due to the high input impedance, il is possible fer lhe divider
capaci to rs C, and C, to possess large capacitance values. This means Ihal l he reaction 01 Ihe
transistor stage on the osc illator frequency is very low . The effective load capaci tance 01 Ihe
crystal is represented by the series connectio n 01 C, and Cr. In order 10 obtain suitable
standard values 01 approximately 30 pF (typical range 10 pF 10 SO pF). an addi tional capaci·
tance 01 t his orner should be pl aced in series with Ihe crystal in prlch ee in order 10 align Ihe
crystal frequency.

• 0

W o Owrf"~.r.. :;:::c, '-.:)< 110 9' .

to, •.n·· ,-.....
6 _~_ .

'S_ J)OO.. .

Rg.5:
CoIpItt. OK"'tor
wlttI Oarllngtall~
.."b~ torfund.,...."t.,CfyS"'1s

A disadvantage of aperiodic oscillator c irc ul ls is the lendencY 10 oscillate at the third or
h ig her overtone of the crys tal, or to a non -harmonic spurious resonance . In d lNicutt cases.
capacilance ~ stIould be replaced by a resonanl cncon , wh ich is detuned SO that it is capa­
ci tive at Ihe nom ina l frequency (principle of the 't ruer OSCillator) .

Generally speaking. the positi ve feedback Ih01Jld not be greater Ihan requ ired for start ing
and maintain ing stable oscillation. In the case 01 the Col pitts ci rc uit. the valuel 01C, and C2
can be taken from th e follow ing equationl:

.s. • j'be' (3)
C, "
C, • C, .'m (. )• bJol R·,
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where:

'be

'..'m
R,

is the (RFI impedance between base and emitter (01 tne Darlington )

is lhe Ae-output impedance (measu red at the common emItter)

is lhe transconduct8nce ( - -i:WIth an em ittet' lollo _ rl
,n

is ee resonant resislance of the crys tal translormed by the load capacitance
(see 4 .1.2.1.• equ. 11)

Flgur. 8 gives an example 01 a PI8t'Ce OSCillator lor 1 MHz equ ipped with a MOSFEl (4). A
TTL oo tp ut level is available i l the ootput of the crystal osc illator drives a Sch mitt -Trigger
(74131. Such an oscillator is sui table lor being usee as a Clock lor Irequency counters.

f--+-~---- "---.c).s.

Fig. I :
Cry.lal oKIll.1Ot
~ulpp.d wllh
a MOSFET

1.3. Cry atal OscUlators with O....rton. AT-Cry.t8I.

If a thic kness-shear vrbratcr IS exc ited at an overtone. th e crystal dIsk Will OSCillate in se...eral
subdisks in anti..phase (see illustration al Table 3). On ly odd overtones can be exc ited . The
lu l"ldamenlal frequency 01 an AT-crystal is inversety proportiona l 10 the thiCkness 01 the d isk.
For instance. a fundamenta l crys lal lor 30 MHz will have a thickness 01approximately 55 ...m.
II th is crys tal is now excited al the thI rd overtone. e.g . at 90 MHz. Ihe elecIncal errecwe sub­
d isk Ihickness wi ll be a th ird . whiCh amounts to appro • . 18 1i"'.

However , the overtone lrequency is not exactly a multiple 01 the fUndamen tal mode Ire­
Quency: but this so-called anharmony wil l become less .100 less wllh the h igher order o...ee­
tones. For this reason, it is re latively Simple to operate crys tal OSCIllators even up 10 frequen­
CIeS in t he order of 300 MHz. a lthough the usual uppe r Irequency li ml l is 200 MHz/ ninth over­
lone; one can operate the crys tal al the eleventh or th irteenth overtone. wh iCh is virtu.llly
exactly 1119 Of 1319 nmes the ninth overtone . Howe ver . a crys tal WIth the h ighest poSSib le
IUl"Idamen lal-frequency Shoul d be selected (20 MHz 10 30 MHz). so Ihat the overtone modes
are spa ced lar lrom another.

•
0-, Frequency 'An9" 4MI-tl) lor c....~J Typoea l f<lt.........1 011 1
Ion. HC-8/U W '_ I J .....·3 51HC" C, C, 0 n,, 18- 150400 20- 150 1901 27 _ 150 (901 2 1FI IlFI I>~ roO[ .a UI

• ).40 - 1151130 _ 11!1(1 50 50 - 115 I S _ 7 pF 6--08 IFIO4 'F ~~ -cc r SOU)
'[2 _ . pFI 1>..1.!...llt 1000[15001, 70- 150 70 _.150 70 - 175 , 3- 0 4IFJ02IFI, I lMl-tl1

"• 150 - 200 150 - 200 150 - 200 , 2 _ U 'F[O11Ft '~1oI [200 01
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The typical equivalent data are gi ven in Tabla 3 The motional capaCitance C. reduces as a
squa re o l l he overtone n:

c, typ -
1

"' (5)

The allainable a -vatue w ill also l all on in creasing Irequency. For Ih is reason . tee A, values
w ill increase, and will be in Ihe order of typically 20 10 200 U ,

On increasi ng lrequency , fhe static eaceenaoee Co will lorm an ever inc reasing bypass l or Ihe
crystal. The resu lts Ol lhis can be $88fl in Figure 7. Given il lhe locus o l l he comple. crys tal
Imped ance. In the vicinity 01 parallel and eenes resonance. it wi ll represent a Circle. wh ich
cuts Ih e real axis at ' s and 'p' The spaci ng 01 the center po inl 01 the ci rcle Irom Ihe real ..is
w ill become grealer, lhe lowe r the reactive resistan ce 01 Co. AI low values 01 XCo' tne phase
slope in Ihe vic ini ty Of series resonance Will be lowe r, and especi ally Ihe phase deviat ion will
be less in the induc tive d irection . Finally. u can happen thal lhe c ir cumlerence no longer culs
tne real a.is. wtl ich means th at no real resonant pomt is present, at wh ich the crystal is
purely ohmi c. For th is reason . the static capaci tance shou ld be compensated lo r usi ng a
pa rall el induclance:

Lp

in excess 0 1a certai n hrmt.

(5)

A ru te-c t- tnumc lor th is limit is :
Ca-eompenS8lion should be prov ided wh en Xc.:. < 5 • A" or generall y in e xcess 01 100 MHZ.

Fig . 7:
Loeu' 01 a c:ry,""
with and without
c.<ompan..l ioft

/'

f
I,

~ . -,--
--V d O'

-,
\

Ao II I

1
-{l-

The resu lt Of lhe compensa tion i, given in Fig ure 7 in Ihe lorm 0 ' a dashed line. Tile locus IS
symmetr ic 10 the real ax is, how ever. ther e e.ist two para llel resonances abo ve and be low 's
The att ain ab le tot er phase dev iation is IJP to ± 90".

A com pensating coi l hav ing a Iow a (Ap > 10 At) is su itable, and tne compensation co nd ition
(6) need not be exactly maintained . It IS suff icien t to use • standa rd inductance (or a corr es­
pondin g number of turns wound on a 10 kU resistor).
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Ape riodic osc i llators w ill not operate re liably with o....ert cne crystals. even when th is is stated
from ti me to t ime (5) . A reso nant circui t shou ld always be pro .... ided in order to avoid osci l­
lation at the fun damental freq uency.

Wilen us ing a Pierce ci rcui t as shown in Fig ure 4 b . it is possible for the COllecto r capaci to r
to be replaced by a capacitively detuned circuit . Sinc e overto ne crystals are usually ali gned in
series resonance , th is will resu lt in a residual load capac itance for th is c ircuit which means
tha t on ly customer- specified cry sta ls will ope rate satislacto rily.

In o rde r to pull the crystal lreque ncy tow ards a rower value . an induc tance is olten connected
in series with the crystal. However, it is possible for parasit ic osc illations to be excited across
th is induc tance L and the static capac itance of the crystal Co. wh ich could be d iffi cu lt to neu ­
tra lize (see sec tion 4).

'" ---o'lH
k

'"1-+ c

", "
"" ,

" l p. w.7 Co

~.~ -1-0- ,~
CtlpF] • • • ,
C~lp' l '" sc " sc

1~1"' ''J ~ " • •
,\- 1" 1 '" '"

,,.
'.'~

QLI" 1 '" ' 00 ". . 00

.~, O ~ 0" •• OM

Fig. • : Overtone cry_t.' o8<: lII. tor up to 200 MHI

It is the re fo re better to use a tru e series-res onant c ircuit as shown in Flgur. 8. The values of
C. and C, are selec ted so that a suff icient loop gain resu lts. This is reduced bo th by the
divider C1/C, and by the vol tage division ac ross the crys tal impedance and the input impe­
dance at the em itter (20).

When selecting a suitable tr ansisto r, a rule-o f-thumb is. tha t the transit frequen cy sho uld be

at least ten times that 0 1 the osc ill ato r fr eQuency . In add it ion to th is. tr ansisto rs are to be

recom men ded tha t neve a high OC-gain (hFE) at a lo w base resistance (rbb ') '

2. LOAD CAPACrrANCE; OSCILLATORS WITH PARA LLEL AND SERIES RESONANCE

The designations series and pa rallel resonance are etten combined in a confusing manner . In
the case o f series- resonance cry stal oscilla tors, the crystal wi ll oscillate together wi th its
pu ll in g el emen ts at the low -impedance resonance. Such a case is the example ot the Butler
oscillator g iven in Figure 3. However, th is does not mean that the oscillato r operates at th e
seri es-resonance freq uen cy of the crystal. The Buller remai ns a series-reso nan ce osci ll ato r,
even when the crys tal is pulled with the aid of a ser ies capacitor , or even when (at higher
rreccencree) the phase ang le of the trans ist o r ga in dev ia tes from 0" or 180".

On the o ther hand, another common ly used de lin ition is not adv isab le: This states th at a
series -resonance OSCillato r is de signated by the lact that the osci llato r wi lt also osc illa te when
the crys tal is rep laced by a resistor. II this were th e case, the Butler oscill ato r gi....en in
Figu re 3 wo uld no l be a series-resonance oscillato r ; however , would be , if the collector
resisto r of transistor 1 was rep laced by a resonant ci rcuit.
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A series load capacitance Cl will generate a new series resonance at

c, (7)

In the case 01 a par allel-resonance oscillator, the OSCillator will ope rate at a high·impedance
resonance togelher with its adjacent (pulli ng) elements . In the case 01 the Col pitts oscillato r
shown in Figure S. C, and C, are connected in series across the crystal. In the case 01 an
ideal amplil ier stage Ihey will lorm the load capa citance Cl and reduce the parallel resonan ce
frequency 01 the crys tal to fCl ' If this value 01 Cl is just as great as the series-Cl in the
upper case. the pull ed series-reso nance frequency will be the same as the pulled paralle l­
resonance in the last example. In both cases. the crystal will operate at a point at which it
behaves as a high-Q inductance. This is summarized in Figure 9 .

Crystals that are designated with a load capa­
ci tance are usually aligned by the manutac­
turer in conjunction with a series capaci tor.
However, since both measurements are equi­
valent, it is immaterial lor the cryst al speci fi ­
cation whether a para llel or series resonance
osci llator is to be used . It is sufficient l or a
load capacitance to be given. In this case it is
advisable . if possible. for standard values 0 1

Cl (e.g. 30 pF) to be used by varying the ot her
capacitances of the oscillator.

'#' \::" -1"1"~~

lili
: I i

, I I I

I I
.... 1

3. CRYSTAL DISSIPATION IN THE OSCILLATOR

3.1. Typical Value.

~ -lJ- ~,
I I,

"
,

/(

The crystal d issipa tion of crys tals will
circuits :

Tube oscillator:
TIL-osc iltator:
Transistor oscillato r:
CMOS osc illato r:

'" VHF COMMUNICATIONS 3/1979

exhib it the following values in the various oscillato r

1 to 10 mW. typical 2 mW
1 to 5 mW
10 ..W to 1 mW. typical 100 ..W
1 ..W to 100 !J.W

- 181 -



Since the crystal frequ ency and resonance impedance are somewhat depe ndent on the load .
a nominal load should be spec if ied espec ially 'or iow-torerance crystals , The foll owing limi ts
are advisable physicall y:

Crystal Drive Lllvel nol more th an 2 mW

Higher drive levels will de teriorate the slabili ty . the a and aging Characteris tics. In the case 0 '
LF-crystals, and very small AT-crystars (cases HC-45fU or HC-35fU I. 2 mW wi ll be too much .
Since react ive power . a K ettecuve power, a reactive power of 200 W will be period ically
present at the reactances of the crystal at a dr ive level 01 2 mW and a a 01 100 OOO !

Cry stal On ... . L.... . I not III " th an 1 IIW

Too Iow a drive level cou ld cause dillicu lt ies in commencing oscillation . since - physically
speaking - a certain minimum amount 01energy is required for co mmencing osci llation , This
varies. as a result of roevcrcebre fl uctuations in the Quality 01 the trans it ion crystalf electrode
(in the submicroscopic range), and other damping in fluences. This can cause problems with
certai n CMOS and other low-power osci lla tors .

3.2. Practlc.l DetermlnaUon ollhe Crystal On...e Level

Since the transistor parameters are only low-sign al magnitudes. they are only val id as long as
the transistor operates in class A. In the case of a sell -limi ting oscill ator, the transi sl or
operate s up Into the non-linear saturat ion range. Theretore. it is virtually impossib le to cal­
cu late the expected dr ive level of the crystal.

In order 10 determ ine the actua l dr ive level 01 the crystal in a measur ing setup. either the RF­
current to Ihe crys tal or the voltage differen ce across th e crystal is measured wrth the aid 01 a
thermistor , oscilloscope or RF-voltmeter . II the equ ivalent data o f the crystal (Co. C" R,l are
known. il is possible lor the phase ang le to be calculated from the oscillator frequency,
Fina lly , the actual power can be delermi ned Irom th is, This is olten very much lower than
would result w ithout considerati on of the phase.

4, PULLA81UTY AND MODULATION OF CRYSTAL OSCILLATORS

4.1. Pullability

The pullabili ty 01 the oscillator Ir equency is dependent both on the pulling reactances 01 the
circu it and the equivalent data of t he crystal.

4.1.1. PUlling Reactance.

The reacti ve impedance characteristic of a crystal is g iven in Figura tue . whose frequency is
pu lled using an inductance. or a series-resona nt ci rcu it in series with the crystal. Generally
speaking. the series resonance will be pulled to the 'o llow ing with the aid 01 a connected
react ive impedance XV :

IX - 18)
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A series capacitor Cv will increase the frequency to

rc ... fs( 1 + 2 (Co

C;
Cv) )

A series inductance l V will reduce the frequency to

(9)

IL, (101

If a series resonant ci rcu it is connected. it is possible lor the series-resonant frequency to be
tuned up allCl down:

(1 1)

These equations are vauc at suff icient accura cy lor the pull ing range up to 1000 ppm P O-s).

II an inductance is pro~ided as pulli ng element. an add iti onal series-resonance po int (fl . or
fl C.) will appea r. At th is position. the connected inductive reactive impedance will be in
reso nance with the capacitance Co 0 1 the crystal. Thi s frequency can. it is true. be re lah~ely

l ar I ro m the main resonance. however, it is possible lor the osci llator to jump to Ihis parasi tic
resonanc e.

The reactance characteristics 01 the circuit when pro~ ided with an addItional parallel co m­
pensation of Co. are given in Figur. 10 b . This will lead to two para lle l resonance posi tions at

,/C,'
tp, .• - fs (1 :t 2" " i; l ( 12)

(13)

wh ich are several hundred kHz below and above the main resonance frequency. The parallel
induc tance will increase the pull ing range and is usually designed so thai it is in resonance

with th e static crystal capa citance Co:
1

The pulling equations resu lt in the same manner as for equat ion s 8 to 11, however, Without
the term Co. In detail :

fs (1

A series capacitor Cv will increase the series resonance 10

C,
+ ~ )

however, an additional series-resonance po int fC. w ill appear be low Ip ,_

A series ind uctance l V will redu ce the mai n resonance to

I l , ... Is (1 - ~' "'s' LV )

whereby a lu rther ser ies-reso nance position fl. will appear in excess 01 'p, .

A VHF COMMUNICATIONS 3/1979
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Fig. 10••nd l Ob:
Cry. tl l. wlttl pulling r..mne..

When pull ing the Irequency using a series circ ui t LV. Cy . a new Irequency will resu lt as:

'LC, .. Is 11 C,: 1
- - (00 Ly - ....,.,. )]

2 vV
(16 )

wh iCh can be below or above the main resonance.

In thi s case. two furth er series resonances fL C, and ILC, appea r.

All additional resonance points are not crystalo(;()ntrolled . but are parasit ic resonances
be tween t he pu lling link and th e det uned circuit comprising Co and Lp. wh ich dtffers Irom the
main resonance in a capacitive or induct ive d irection.

In the case 01 oscillators with a large pu lling range. these add it iona l resonances can cause
considerab le problems in the form 01 a jump ing of the oscillator frequency. Since the para­
si l iC resonances are otten of lower imped ance than the pu lled main resonance. it is etten
d ifficult to avoid such jumpi ng of the freQuency.

Figure 11 provi des a quantitative evaluat ion o f the pulling behaviour of the d ifferent type s of
c ircu it. It is based on a fundamen tal -wave crys tal 01 10 MHz with Co • 6 pF and Ct '"' 20 IF
with and w ithout Co-compensation. A serie s capacitor is compared to a series-resonan t
c irc uit LV. CV. wh en used as pulli ng element . In this case. Cy was varied betwee n 10 pF and
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30 pF, and lV was selected so thai the series-resonant circui t was tuned 10 the cryslal Ire­
quen cy 'sat a mean tv '"' V 10 x 30 pF.' This resulted in a pull ing range tha t was approxi­

mately symmetri cally spread around ' s'

"
.~,,-
=
~

~ -+
~ I
~

n

~

n

~

~

,.
"'
n

n

.~

Fig. 11:
Pulli ng ch , t. cl. n, lk:
01 dlff.r,nt c lreult .
with c... • 10 ·30 pF.
p."m" . ,.; Fund. menl.1 mod.
AToeryll. I'II'1th
Co - I pF; C, · 20 IF.

, .
l v - 11>. 2 V iO pF.d opF"... .

These curves were extended by a com plex circuit analysis by which the crystal losses (Oq ­
39 800) and the co il losses (Olv - Olp = 100) were taken into consideration. The results 01
this are summarized in Table 4 .

c" c"

~~+n- ~ l"
lp lp

Pulhng A!cppm) 347 e 622 • 665 • 666'anoe I

A, uc P ) 51.2 n 40.6 0 29.6 U 30.9 0lmpeodance I,an . -
28.8 n 23.80lormationA,'(30 pF) 21.1 U 29.80

EffftCl,., a Q· ·39800 0 ' _ 30 800·2'- 400 O· - 27 000 - 37 700 O' • 26 000 · 27000

Crysta l.
Fundamen tal wave-AT. c.. - 6 pF; C, = 20 IF; R, - 20 U (OOu - 39 800 )

Pulling 1 1
elements: l V = 0102 V 10 pF . 30 pF'; l p - IDol • Co ; 0lv - a lp - 100

(at 10 MHz: LV • 14,6 !4H; lp - 42,2 !4H)

T.bl, 4 : Pu lling bel'I....lour 01v.nou. type. 01 pulling clrc;ulll lor Cy _ 10 to 30 pF
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4.1.2. Remartt. on th e Pulling Circuit s

4.1.2.1 . Crystll l without c,,·Compe ns. tlon

II only a pulling capacito r Cy is used , th is will result 10 the smallest pu ll ing range, and en tre­
quencies will be below the cry stal frequency. The overall a wi ll remain pra cl ically cc neteo t
over the whole range (same crystal a ), however . the series-resonance impedance will be
transfo rmed up 10 Ihe fo llow ing value:

R,' A, (1 (17)

At very lo w load capacitances, il is possib le for A,'to attain very high values (e,g. al 5 pF, R,'
,. 96.8 0 ). This can cause th e oscillator to cease operali on. or cause problems in commenc­
ing osc illation. Since lhe pu llabili ty increases considerably at such low capacitances (see
equ. 9). Ihis can cause inslabili ly, or non -reprod ucibili ly of the csctnetoe freq uency. This fau lt
is olten to be found in Ihe cata sneers of inlegrated cucuus. For instance, an euecuve load
capacitance of approx imately 6 pF (!) is give n in the origi nal dat a sheet of the well -known
mixer SO 42 P. Similar load values are given in coruuncnon with the I'P-cloCk cscmetc r ot tne
8080- syslem.

In a series c ircui t, Ihe pull ing range will be consi derably larger and can be set 10 be symme­
Irical 10 th e crystal series resonance. The Iransformed impedance is less Ihan in the first
case. The overall a will , however. deteriorate greatly due 10 the mouctence. As can be seen in
Figure 12. it is possible for Ihe pulli ng range to be greatly extended asymmelrically towardS
lower frequencies, if Lv is inc reased. however, Ihe overall a will quick ly disappear. II will be

seen in the lowe r curve of Figure 12 thaI the pul ling range is 1106 ll: 10.... howe ver. Ihe a is
redu ced 10 12500 I Th is is a general ru le for any pu lling ci rcui t equipped with inductances.

" .1.2.2. Cryslals wtl h c..-compensetlo n

The pulli ng range wilt be very large if only one pu lling capacito r is used in add ition 10 tne Co­
co mpensation , and the trans formed dissi pation resistance A, ' will be considerably more
favorab le than with Olher ci rc uits . The overall a also remains relat ively high. It is only o f di s­
advanla ge for certain applical ions tha i Ihe cscmatoe frequency will always be in excess 01 tne
crystal frequency .

When usi ng a senes-crrcurt in addi tio n 10 Ihe Co-eompensalion . th e pu ll ing range will nol be
larger Ih an in the previous exampie inspite 01 Ihe larger number o f compo nenls : however, it
will be symmel ric to Ihe crystal frequency. II is true thaI R,' is relat ively constant. however ,
Ihe overall a is very low due to the two inductan ces .

To sum marize, it should be noled Ihal larger pull ing ranges are possible with cs -ee mceo­
sal ion than wilhou t However. the eeect of the compensal ion is redu ced 10 a min imum when
pulling with a series -resonant circuit . In order 10 achieve a large pull ing rang e, it is usually
bes t to use a cncutt wilh Co·compensation and pulling capacito r (upper curve in Figure 11).
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As can be seen in equations (8) to (16), the pullab il ity will be better . the gr eate r the dynam ic
capaci tance C, 01 the crystal. This can be influence<! w ith in certain limits by the design of the
crystal, however, th is will cause an increase of the eteuc capaci tance Co of the crystal, as well
as an in crease of the intensity of unwanted , anhar mon ic modes. For this reason , the reali ­
zation 01 extreme pulling dema nds in pra ct ice sho uld be found in close coo peration with the
crystal ma nufa cturer.

The pu llabi lity 01 overtone crystals is redu ced by fact or 1/ n1 in the same manner as the
mo tio nal capaci tance C" Table 5 gives the values for the simpl est pull ing cir cuit using only a
pu ll ing capacito r without Co-eompensation . A crystal osc ill ator 01 an osc ill ato r chain whi ch is
to be pulled in freq uency should therefore be equipped with a crystal having a high funda­
menta l-w ave l requency (20 to 30 MHz), whe reas the lowest possibl e overtone should be used
in the case of overtone crystals.

~
Funda · '''' "" "" ~"

Cser_ - 10 - 30 pF ( me nIal , overtone , :overtone l ~"- ~ove rtone

Crystal da'- Co 6" S "
S p S c

S "
C. '0" ' " 07 IF 0,35 IF 0,25 IF

Pulling .:l.1 347 . 10-' 36 1 . 10-' 13,3 ' 10'" 6,7 · 10'" 4,7 · 10'"...... ,
Tabl . 5: Pull.blllt)' .. a function 01 o.... rt on.

'. ' ~._, •
~

~

~

~

••

~
" t •

~ ;:::I
<•

• ..
~

I

-+- ~

Fig . 12:
Pulling with .erle.·
reaonan c. c ircuit.
C... - 10 . 30 p F
Paremel.r:
c., - 15 pF
C, - 20 1F
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4.2. Mod ulation 01 Crystal Oscillators

The pu ll ing curves given in Flgur.s 11 and 12 are mo re or less non-l inear. When pu ll ing with
varactor d iodes, the non-linearity 01 the capaci tance-volt age characteristic will have an oppo­
site effect. whiCh means that t his will improve the modulat ion characteristic .

As an example, the modulation Characterist ic is given in Figur. 13 when using a varact or
d iode type BB 109 in conjunc t ion with the lour pu ll ing circuits g iven in sect ion 4.1.

Th e capacitance-vo ltage characteris tic of the d iode is g iven in Figure 13a ,

even the simplest pulling circu it resu lts in a pract ically straigh t modulat ion Charac ter is ti c in
this (spec ial) case . Even the c ircui t equipped w ith a seri es-ci rcui t will prov ide good linearity .
On the other hand, the Co-compensated pu ll ing circu it wi ll be inferio r to the appro pr iate
uncompensated circ ui t - especially at larger trequency -eeviaticn levels.

It is assumed during this calc ulation that the RF-voltage across the varactcr d iode is con­
siderab ly less than the DC-vol tage. whiCh is usua lly not the case . This is to be shown in
Flgure 14 as an example using the simpl est pu thng circu it. At resonance, the crystal will
possess an ind uc tive react ive imped ance tha t coi ncides with the reacti ve impedance 01 th e
load ca pacitance 01 the opposite sign. Co is not laken into co nsidera tion here. II the to tal
vo ltage Uo is present across the crystal and veractc r diode . the lollow ing vo ltage values w ill
be present acr oss the reactance 01 the crystal and the load capac itance . which is assumed to
be loss- less:

(18)

whe re Oq is the a of the crys tal. The vol tage Uo is present ac ross R, and will de term ine the
driv e level of the crys tal. At a drive level of Pq, a vo ltag e will be bu i lt up across the verector
mooe due to the resonance peak.

UCD Oq \ ' Pq ' R,'
1• u;;c;- (19)

Fig. 13:
Modul atIon behaviour
with ".ractor dlo6ea
BB 109
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Fig. 13_;
DIode eh.,.ett>riRtc
CD - f CUO)
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Fig. '4:
ReMln,nee peek
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ce pec llence
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Example: Pq - 2 mW, A, = 20 O. fo '" 10 MHz. CO " 10 pF

In th is realist ic case, an AC.vo llage will result across the verac tc r diod e of v ee • 15.9 V.
wh ich corr esponds 10 a peak-to -peak vol lage 01 45 V. which is superimposed on the De -vert­
age. In the case of the diode BB 109, a bias voltage of approx imately 13 V is necessary lor
Co - 10 pF. Even Ihen. the whole diode characteristic will be swept in l ime with the RF·vol t·
age ' Th is will be imp rove<! by the anli-phase (series) con nection 01 tw o di odes. bu t w ill
always be problemat ic 1
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EDITORIAL NOTES
AN 5S8 TRANSMITTER FOR THE 13 an BAND - by R. Galle , VK 5 OR
Edition 2/1979 , pages 76-84

A group 01 West-Australian amateurs are bu ilding several versions o l lhrs transm,tter tor 1296
MHz. HOWil'Yef, the ma in interest seems to be for t,an5m,neB lor Ihe htgher GHl bands. The
authOr has constructed a further two processors in or der to opera te on the 9 em bane!: One
dIVides by eight and the other by n'ne . The d,vtd&.f)y-nlne untl oper.!" USing two dlvide-by ­
three modules in se-es. The input 01 this processor has been designed lor 30 MHz. With

down-COMersion to 28 MHz. An experiment made to divide 21 MHz by 9 was nol successful
Since the converted frequencies _ .IISO close together that select'viry was very d iff ICult.

The lasl lIaractor tripter is also equ ipped w.th a veract oe YSE 66 P tMullard / Phlhpsj ana is

similar to Ihal described lor 2304 MHz. II o ilers approx imately 1 W outpu t .III 3456 MHz. A 2 m
diameter d ish produces a considerable SIgnal, but Ihe beamwidth is too narrow. The auth o r

recommen ds a 1 m dish. A Irapezoidal log. per iodiC antenna is use<! lor leedmg the dish, as

was described in the Rad io Communi cation Handbook . This allows the autho r 10 ope rate on
9 cm . 13 em . and 23 cm usi ng a sing le leed and cable. The co nve ners and vara ctor mu lt i­

pliers are sw itched to the antenna in the shack . The processor equ ipped With the d ivide-by­
eight modu le requ ires a qu adrup ler 01432 10 1728 MHz , and a doubler 10 3456 MHz.

AF-CIRCUITS OF THE FM RECEIVER - OK 1 OF 035
Edition 111979, pages 44-53

Two incorrect capacitance values are given lor the Iowpass titter : the two capacitors between
the 68 kO resistors must be 1 nF , and no t 10 nF.ln add illon to 1"lIs . the feed back capacitor of
the TOA 1037 should a lso be 1 nF in the co mponent locatlOfl plan g iven in Figure 9 .

SYN1liESIZER FOR THE 2 m BAND - DC 1 OW DOl
Ed ition 3/1978. pages 131)..144

If the two crystals a 1 and a 2 do not commence oscillatlOfl . the followII'IQ is recommended

Increa se the value of the emitter capaCito r of T 9 trom t 5 10 30 pF ; the pu l li ng capaci to rs
(22 pF) should then be tu lly insert ed , It will be possible to SWitch both crystals at a ce rtam
tunino 01 L 1.

AF·AMPLIFIER OF THE FM·TRANSMITI"ER - DK 1 OF 031
Edition 211979, pages 103-113

The value 01 C 13 is given co rre ctly in th e c irc uit diagram (Figure 17): 0 .1 I4F. The value given

in th e component location plan (Figure 18) is no t correc t.

Terminat ing ResIstors tor StrIplin. Appllcallon

Although nol new in prof ess ional c ircles. resistors for attenuators and terminations in stnp­
line technology are st ill no t well known to racllo amateurs, Such stflpllne resi stors can be

used up 10 several GHz. Res istors sui table for attenuators are prov ided Wllh two econecucos
(ty pe K, L. '-4) and va lues 01 SOor 100 0 (CTC). or between 100 and 250 0 (EMC) .
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Terminat ing resistors onl y have one stripli ne con nec tion (R. S. T) and a resistan ce value 01
50 Q. All types can be used l or DC up to at least 1 GHz, and specia l versions can be used up
to 2 GHz and even up to 4 GHz. 8 0th capsuled versions with or withou t bolts as well as chi ps
are availabl e.

0 1 course, on ly a lew types have been mentioned out 01 the wide range . and lurthe r details
can be obtained from the manulacturers.

MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 3/1979 of VHF COMMUNICATIONS

20 W POWER AMPLIFIER lor 2 mOJ a ll

PC-board
Sem icond uctors
Minikit

KK

OJ 8 1l 003
OJ 8 1l 003
OJ8 1l 003

DJ8 1L OO3

with tt nu -cc ntac te
1 pc. 8 GY 36,6 diodes
1 pl . toil t rimmer. 2 tanta lum ele ctro lyt ic.
13 ceram.caps.• 4 resistors, t heat Sink.
2 BNC conn. 105 cm RG-174/U

com plete with . bo ye p. rt l

Ed. 311979

OM 15.­
OM 183.-

OM 34.­
OM 230 .-

DC 3NT 1.2 m PARABOLIC DISH KIT Ed. 3/1979

Kit Parabolic dish comprisi ng 12 5e(Iment s and cenlre d isc.
A ll ho les drilled . Aluminium plate 1 mm th ick, Inc lud ing
mounting hardware lor rad iator. With out rivets and
rive ting mach ine .

Rear mount

Radiator Ready-to -operate with screws for mounting to parabo lic d ish
For 24 cm band
For METEOSAT (1693 MHz)
For 13 em band

Riveti ng mach ine lor use with hollow rivets uptc 5 mm dis.
also su itable for othe r applications

Hollow rivets 250 pes. alumin ium 3 x 5.5 mm

Complet e p.r.bollc . nte nn. tor above frequencies 1.2 m dia meter .
Assembled and ready-to-operale with rear mount

,k VHF COMMUNICATIONS 311979

OM 295.­

OM 60.-

OM 150.­
OM 135.­
OM 145.-

OM 75.­

OM 15.-

OM 725.-
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COMPLETE RECEIVE AND IMAGE PROCESSING SYSTEMS
FOR THE METEOSAT AND GOES SATELLITES

We are now able to offer a complete METEOSAT APT Recept ion System
for professional users. Th is compact. inexpensive system includes the
following modules:

• 1.2 m paraboli c dish complete with radiator
• SHF-Gonverter in weather-proof casing wit h noise figu re ~ 3 dB

• VHF-Receiver. espec ially designed for METEOSAT reception
• APT Image-processing system with either Polaroid camera system or

FAX-recording.

Details on METEOSAT reception were given in edit ion 3/78 , 4/78. and 3179
of VHF COMMUNICATIONS. The basic pri nciple of operation of the two
type s of image processing were also explained in these editions.

Further details and otfers on request.

U K W - T E C H N I K • Hans Dohlus oHG
0-8523 BAIERSOORF • JahnslraBe 14

Telephone (09133) - 855, 856 • Telex: 629887
Bank accounts : Postseheck Numbe rg 30 455 - 858
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Space and Astronomical Slides
Informative and Impressive
VHF COMMUNICATION S no w onars sets01 phan­
tesuc slides made dunng the Gemlnl,ApoIIo.Manner.
and Voyager ml$$lO!ls. as ......ell as shoes tram leading
observatontls, These are standard SIze 5 em _ 5 em
slides which a,e Iramed and annot ated
PrICeSplus OM 300 lor pos t and pac k,ng

Sets of 5 NASA-slides OM 8.50 per set
Se18100 Apolloll : EartttanclMoon
Sel Sl04 Apollo 11: Manofthe Moon
5al8105 Apol109 and 10: Moon Rehearsal
$e18 t06 F,omCahlornia toCap Canave,al
$e18107 Apol lo 12: Moon ReVlSlled
Se18108 Gemor'llEarth Views
Sel8t09 ApollO 15: Roving Hadley A llie
Set 8110 Apol lo 16 : 11'110 the Htghlands
SelS111 Apol lo 17: laslvoyagelo the moon
Set 811 2 APOllo 17: liIsl Moon Walks
Sel811 3 MafineftO: Ml!fcuryand Venus

set 8147 _Jupiter encounte red» 20 slides 01 VOYAGE R 1 & 2 OM 35.00
1 Jup1e<and3 ...1e1lo1es 2 r ..... ll'an!p!ane1 3 Jupoter , loandE~ ~ TheRe<lepol 5 TtleRlldspot ., ,,,,, aoI 6 The
sw""",:!clouds 7 loand __10, ,,,,.' /I Tt>e""'lll'\bOurflOOcl ot Il'>e Recl spot 9 ThenngsolJupolel 10 TheGalMeanWl..
lltS 11, Amalt""a 12 catllSl0 13. tmpact te aMe on Ca lhsto 14 Eruploon on to 15. 10 1\,.,he 16 Europa cIoM-up
17 Europa d'Slan l """" 18 Ganyme<l<l~up 19 AdlStant Ganymede <'0. The t"",an sY'lem

set 8100 ..Saturn enco unte red .., 20 VQYAGER-l sli des OM 35.00
1 Sllu ,nancl 601 .ISmoons 2 .Sa lumf,om 1I moom"ltS 3 5 a,um from8 moo_ 4 Sa lumfrom 1moom...., 5 5alumancl
lOngS f,om 9CXl 000 ""IeS 6 Sat urn's Aed spal 7 Cloud belts ,n (lela,1 8 Doona ag a ,ns t 5a lurn 9 DIone close ·up 10
A""a 11. C<at.... of R_ 12 Tolan 13 Tol.lIU pola ' hood 14 Huge cra te<onM,mas 15 0lt>etSfde olM ,ma s 16 Ap­
proacnong 'he""Oll 17 l.IMeIlt>e ""Oll 188elowlhenngs 19 . araded_ F nng 20 Iapetus

Set 8148 ..VOYAGER 2 at Saturn.., 20 VQYAGER·2 slides OM 35.00
1 VOY/l,GER 2~ 2 ClOuds" "ngs 3 Storms " sat~II'ea 4 Cyclones . spoIS &. JElt sI,eams 5. Convecl ,ve
,~ 6 Almoaplw'ocdtlolU/ban<:ft 7 Rongs" .."..-S 8 The . C. nng 9 AlngdelaJIS 10 T"" . A. nng 11 LooI"ng
back onSatum '2TtUln-~_ 1 3 T~an - al~oc bands 14l'!>1t.F_nng 15 HI'P"flO" <:Il;Iose-up 16'-,,,,,
'eveaioKl 17 E_aduS • •pIored 18 The Temys canyon 19 The · F_ nng stnJctute 20 . Wrthln ltlfo E"e~

Set8102 ..The Solar System.., 20 NASA·'JP L sli des OM 35.00
1 SoIarSysl.... 2 Forma_ oI lhe~s 3 T""s..n 4 Mercury 5 C<n<:er1lV""",s 6 ClOuds 01V"""" 7 Earth
8 F... Moon 9 Mors 10 Mars : Olympus Mane 11 Mall Grand Canyon 12 Ma,s Sonuous Ch.anr'olll 13 PtIl;lbos
14 J upolelw,ttl Moons 15 JuPlel ROId Spo! 16 salum 17 Sa lurn A.-.gs 18 UranusanclNeplune 19 Pluto 20 Come!
I k.~a ·Sej"

set 8149 ..The Sun in action.., 20 NASA ·JPL slides OM 35.00
1.s..n .. Hn logtot 2 TotaISoIe'edopse 3 OuIelCO'ona 4 Corona I'om SMMwl-"'!e 5Co1onaclo5&--uP 6 SoIarrnagr>e­
l<>gr am 7 Act,v. r89'O"s,n X·' ad>atoon 8 X ,'a~ COI"ona 8 ACO'ona11'lo4e 10 Sola, fta'. 11, Act,•• Sun 12. E,upl JV• ."o­
m.-.ao 13 Olfgantuan pronw>e<'I(:fI 14 Erupltve prom,1Wl<"OCe 15 Huge Sola ' ".pIos«.>n 16 p ,,,",,,,,,,,,,,, ,n act oon 17
Sun .. ec1JCWl 18 '-lagneloc hM;Iloopa 18 Pfomonence <:ltcIseo.up 20 C/vomospIlenc 5P'a~

Set 8144 ..Space shutt le .., 12 first-flight slides OM 24.00
I STSI "".OS"10" 2, V_I,om tfle low"" 3. Tow.., cle a, 4 Launch ."ollie 5 Pa 1k>ad ba y l>P"" 6 STS oon trol Hou­
sf(Wl 1 '" orboI , .lIf1tl ....... througI'I \he W'ndowS 8 Bob C,tppen ..mod~ 9 JaM Young 10 Approachong \OuCIldOwn
11 A"elSot 5no.n .. spaoeColumboa ' elumsto E..-Itl 12 .t4Ifonau! s C<tppen _ Young_g<ta!ler\he~ul"""'"

Set 8150 ~St a r 8 and Gala . les~ . 30 astro COlor slides, AAT 1977 - 1982, OM 46.00
, n .. ....-qo.A....U.'... 39 ....T~IAAT f2 .......TDome3 T~C<IroI.(IlConsoie . An~.ll""P,..... Focus5 51. ' T'&<1S
.. .... SW6~SI" T' _ 7 CAnl-..s A o.ac~'2118 T"'S!l"Mc;..-. ., o.<8J ,o.ac523li19 T""EIac..n..~ 10M~
Clu$l.. "' Sl..s~" A_ My-... NGC&J02'2 r"eT"""_ l>l2O lNGC651 4113 n..eon._ 1. 5 _ ..0­

os .rld '"GC22l>< ' 5 T"e _ . -.. o.acT293 Iii A WoII·Ra, ... SI.. .. o.ac2359 . 1 ... Sp.r., 0."" 1 NGC299T 16 -... 16
,NGC6f;111 19 T"e Or"", "1_ 2'0DuSl ..... o.s '" Sagon....,• ."IGC6!>l19·90 21 NGC8 164 S. T"e~ "'ound HO' 48931
22 0..11CICo.<l_ ()pen o..s... NGC6520 n ll>e SptMGoo• •, o.acl5J 2 t,l.S1· ~oaS Sl.. . lC2nO~ T1'oo ""'" 90 . NGC475S
2'li ~_G<oupG..... , o.acW22T e-"~oINGC~'2lI2l1T""' _ ~ c.ntoe29 T"" T._ ' ..... 3OT""Tnh<lSlaos

k lI.IW%'berichte Te'", 0 , B,nan ,Jannst<. 14 . PosHa'" 60 ,0-. 523 Bai.,sdorl
Tel. West Germany 9133·855 . For Representatives see cover page 2



~ 0\ CRYSTAL FILTERS OSCILLATOR CRY STALS

~ \~ SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY-

NEW STANDARD FILTERS

CW-FILTER XF·9NB see table

SWITCHABLE SSB FILTERS
for a fi xed carrier fr equency of 9.000 MH z

XF-9B 01 XF·9B 02
8998.5 kHz for l SB 9001.5 kHz for USB

See XF-98 for all other speci fication s
The carrier crystal XF 900 is provided

Filter Type I XF-9A I XF-9B XF-9C xe-so I XF·9E XF-9NB

Appbca\lOn 558 558 '" AM FM ew
Transm It

Number of crysters 5 8 8 8 8 8

3 dB bandwidth 2 ,4 kHz 2.3 kH.l 3 6 kHz 4.8 kHz 11.5 kHz 0.4 kHz

6 dB bandw,dth 2,5 kHz 2 ,4 kHz 3.75 kHz 5.0 kHz 12.0 kHz 0.5 kHz

Ripple < 1 ca < ZdB < eee < ace < 2 dB < 05d8

Insertion loss < 3dB < 3 5 dB < 35d8 < 3 5 d8 < 3 5 dB < 6.5 dB

Z 500 0 500 0 500 0 500 0 ' 200 0 500 0
Termination

C, 300' 3O,F 3O , F 300' 3O,F 300'
(650d8)1.7 (6 60d6) 18 (6 60 dB) 18 (6 6O(8) 18 re.eceen .e (660d8)2.2

Shape tac tor
(680 d6)2.2 (6 80 dB) 2.2 (6;80 d8) 4.0(6 80 d6) 2,2 (6 00d812.2

Ulltmale reiecnon > 45 d8 > 100 dB > IOO d8 > l00 d8 > 90d 8 > 90 d8

XF·9A lind XF-98 comple te w ith XF 901, XF 902
XF·9NB complete w ith XF 903

KRISTALLVERARBEITUNG NECKARBISCHDFSHEIM GMBH ~06924 Neckarbi.c:hol . heim • POtlt , c:h 7
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