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Ulf-D1etmar Ernst. DK 9 KR 

Dicu · d: T 8 
oh r nt m1nunicati n hn 

Coh rent commun cat ons Is a v ry ntere-
tlng form of commun cations wh re th 

transm ti r and receiver are ph se and fre
quency locked to anoth r u Ing optlm zed 
filters. This technology has been u d for 
som time with advent ge for space, satel
lite, and mill! ry commun cation It Is 
om what surprls ng lhat this mod ha 

not had any effect on am I ur r dlo com
munications until now 

The author wishes to m nllon f w fund • 
m ntals of coherent communication■ to 
r der of VHF COMMUNICATIONS, which 
he hop a wlll er ate an lntere t In exp ri
m nllng with thl mod . 

S1nco thero r various m lhods of coherent 
communlc lions. It ls I It that these '.lhould be 
dlscu sod, so that ono can d tormino tho best 
mothod for amateur 11ppllca1ions 

Th values glvon In d1floren1 rllclos lor tho Im• 
prov ment of th sign I 10-no1s ,11110 ot 1 o to 
20 dB ar httl m1slead1ng I hrst However 
th e 1mprovem nts c n ro lly b obtained 
and compris two dill rent components The 
m In lmprov m nt of th 1gn 1-to-no1s r 110 

2 

1 Ob ained by corr tly 
band otn po I I lor th 
net. 

The req 

low I 

catton I 1 
magn,tu 
1ransm1 r 
lhe Clo 
utilized y 
and phas lw n Iran ,. 
and w1tho I lh 
bandwidth o uc11on 111• 
ter that d not ring 1 
using opt1m1zod comput r•c w• 
band filter only allow u to u red 
bandwidth for th 1rnnsm1 . 1 al 

The use of tho coh rent tr 1nsm1ss1on t chno• 
logy on !Is own only Improve th s1on I to 
no1s0 ratio by a low dB (In tho ord r of 3 to 6 
dB) Howovor, th8r MP Consider, blod1llor n 
cos, which moans that It Is Important to or ct 
the most favour, blo coh r nl transmission 
method We differ nll, I b two n 



VHF C •AUNlCATIONS 1 e, 

Non-coh ront. 
orthogon I 

Coherent 
or1hogonal 

O1llorcnhal coherent 
an11podal 

Coh r nt 
antipodal 

Errorp r 1000 

Tebla 1 

In the case of a d19Ital , binary signal such as 
ATTY. this means that 

In tho orthogonal modo, mark and -space, 
ro transmitted on two different froquencIes, 

which must not appear , t tho c;nmo 1Im . This 
Is lh prmcIplo ot the onhogon I mod , which 
Is guaranteed m the ATTY mod due lo the 
code used 

With antipodal RTTY•s19nals, on th other 
hand, "mark .. and .. space .. signals are at the 
same frequency but exh1bll a phaso drfforence 
or ,ao 
The limo dependent .. mmk .. and space, on
ly dilfor In their sign [sin x sin (If i 180 ')) 
and re thus opposite Thoy aro lherolore de• 
s lcinatcd nntIpodal, 

Instead ol transmrltmg the actu t .. mark " and 
.. p ca.. ,gnats, 11 would be pos 1blo to only 
transmit th difference, 1n other words the 
switchover between thes two stutes Assum
Ing th I the las! state wa " Bpacou the SO· 
quonc "mark-mark-space mnrk.. would be 
transmitted as "mark-space-spaco mark .. . 
This method will Incroaso tho reliability of Iha 
tr nsmlsc:i1on. 

Tho table gives gain and orror•r to values for 
tho v rIous modes , after ensuring that all mea-
ures hav b n carried out to improve the SI· 

G In of Signal-to- Error Prob b1Hty 
no1sorat10 Rato per 1000 signs 

OdB 0dB 100 

2dB 3dB 30 

dB 3dB 10 

SdB 6dB 3 

10 100 

gnaHo-norse ratio by llm1t1ng tho b ndw1dth 
( 1) It will bo soon that a cohoront anupodal 
transmission offers the highest gain over a 
convont1onal 1ransmIssIon 

Also wo con so that the advantages of tho co• 
heront principle are greater when the signal 
path Is poor (high error rate) Sinco the trans• 
m1ssIon paths ore usually poor for amateur 
applications 1nd a certain roadab1hty should 
strll bo prosent at the limits, this clearly hows 
tho advent go or coherence 

This mo ns that a coherent antipodal Iron -
mission tochnology provides the best mothod 
of Improving tho rohablilty of amalour rudI0 
1ransm1ssIons The phase transmission mode 
P 1 Is r quired for binary trensm1ssIons 
(ATTY) . II Is necessary for the receiver to know 
tho exact phase and frequency of th transmit· 
ter o that its computer-controlled filters c11n 111• 
ter out th tr nsmItted signals and roconstruct 
them 

REFERENCE 

(1) V1torbl· 
Principles or Coherent Commun,cahon 
McGraw-HIii, New York. 1966 

3 
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Charles Woodson, W 6 NEY 

Coh r nt T I graphy Tran m1 
. 
10n 

Part 1 The Cone pt 

This two-part article Is published with the 
kind permission of the ARAL and is based 
on an article In the May and June 1981 edi
tions of QST. 

Would you think II Is possible for you to de• 
crease your output power by a factor of ten 
and Increase readability by the same 
amount - simultaneously ? It 's really pos
slble. 

The more we know about something we seek, 
the easier rt 1s lo find. Thrs principle applied to 
Morse CW communicattons is called coherent 
CW or CCW On-the·alr trials of this technique 
have shown II wlll provide an improvement of 
more than 20 dB in communications effective
ness over ordinary CW methods. This same 
principle can be used with ATTY, ASCII and 
FSK signals, but this discussion will locus on 
CW keying 

CW signals may be analyzed as a series of di· 
g1tal units, all of which have (at leasl approxi
mately) a unit of time In common. For conve
nience. I'll call this time unit a ,.frame, Each 
frame contains either a .. mark~ (key down) or 
a uspace« (key up) . Figure 1 illustrates this 
concept. 

Ordinary CW do s, dashes and spaces begin 
at somewhat arbitrary limes. depending on 
when the operator happens to press the key 
Thus, the frame length varies to a considerable 
degree. and you can ·1 predict when each 
frame starts and ends With CCW, all dots, 

4 

dashes and spaces are exact multiples of the 
basic time unit and occur within predictable 
time frames This Includes any pauses during 
transmission . When received, CCW signals 
sound like any other CW signal except that 
they are being sent very precIsley, as with a 
perfect »ftstu This characteristic Is utllIzed to 
permit the use of very narrow bandwidth filters 

CW FILTERS 

In general, receiver filters with bandwidths 
much wider than that of the desired signal are 
less effective because they allow rocept,on of 
add itlonal no,se and undesired signals Al 12 
wpm a CW signal occupies about 10 Hz of the 
spectrum, yet 500- or 2300-Hz-wlde filters are 
frequently used for CW reception . With a 500· 
Hz filler, one hears the 10-Hz-w,de desired si
gnal and 490 Hz of noise and ORM I By analo
gy, an SSB operator using a similar approach 
would listen to 100 kHz of the band at one 
time I 

High-O analog CW fitters are not useful at the 
narrow bandwidths approaching the band
width of a 12-wpm CW signal. Such filters, with 
bandwidths loss than 500 Hz, tend to »ring« or 
produce an output alter the signal ceases. The 
human ear is confused by such ringing Also, 
the receiver stability and resetablllty required 
In conjunction with the filter, on the order ot a 
few hertz. Is difficult to ach ieve 
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Enable 

Two -Channel DC Level Difference 

Two Channel Integrator Difference 
I 

Two-Channel Hold Di fference 

Reconstructed Modulation 
I - lOOms 

The elements of CCW commun1cat1on Frames, 1n O 1 •second units, are shown on the 
horizontal axis The enable (top waveform) shows the closure of a manual key by the 
operator When referenced to the precise frame times, It can be seen that the dots, 
dashes and spaces of the enable are not accurate in length Note that with the CCW• 
keyer waveform a mark or space Is begun only at the beginning of the frame penod 
and continues for tho full perlod(s) 

As received, the signal 1s mixed with ORM and ORN The d1llerence between the DC 
voltages from the switching mixers of the two channels (third waveform) Is a function 
ot the desired, but weak signal An Integrator sums th power (voltage) received over 
the frame period. This sum Is sampled at the end of tho period and held until the begin• 
nlng of the next period The recovorod modulation Is used to l<ey an audio signal for 
detection by ear 

Fig. 1: El ments of II CCW-transmlsslon 

5 
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n,es ci1arg the capac11.0f !or par1 oi the timo 
!ram , but dtschargo 11 for omer par1s of I e 
sum penod Co 1scqucnUy, Sl[lnals otf 110• 
qu ncy do not hav as great nn ol!OCI on \ o 
lntogratOf output as do signals e~acuy on tho 
dOSlfod frequency Thal IS how tho ccw hllor 
acn1av 111 se!ecl1v1ty 

As nn e,a1mplo, conskJer an ln1er1enng carrier 
wh1cil I 1 O Hz above or below the des,roo s19• 
na1. Following th swuch1ng m1:1:.er, 1h1s ORM 
appears s a 10•Hz AC voltage If Iha l1l1or ts 
se1 to 1ho ccw standard Imme lenglh 01 0 
socond then the 1 0-Hz inlorloring s1g 1111 goos 
th,ough one complete cycle during !he in 1ogr n, 
I1ng por1oa Al the end ol tho 1Ime lrame, the 
O.AMproaucad voltage al 1he 1ntGgra1or out• 
put Is zero Thus, Iha CCW lllter has a null JlJs1 
10 Hz above and below its center trequency, 
Thoro mo ri lso s1m11ar nulls al other 1 O•H1 mul • 
Uplas 

Sample-and-Hold and Integrator Resel : 
A1 lho end ol oach time lramo, a sampl ~ si
gnal from Iha 11m11,g and con!lol c11cun 1rans• 
tors th voll3QC a1 Iha m!egra1or output lo lhe 
sampl -and•hO!d circuit Th I C!ICUII "'°mcm• 
bc1s• 1ha\ voltage for lhe fol1owu,g 1n!c 

mpl and-hold has cqu red 
1pu1 volt • a dump sign 11 

1rol cirawy shorts out 
• It do his b , means 
tch . oss 

t nte to !rut 
ov volt at! an of Iha 
n xi 

Re !ling lhe integrator al the end 01 each 11m 
Ir me let tho CCW liller avoid th ringing (Or 
1ntorsymbot 1ntorfmancr.J common to on1or 
narrow· bimdwldlh 111\ers Noto that 1hls Is pos
slbla only because lho CCW Hllor •k:nows .. 
when onch Irmo !rame bog1ns and or1ds II 1s 
/iero 111m lho ltma dlsclpllne o! the transmitted 
signal 1'9 wmd 10 advan\aqa 1n lho detc,cllon 
proco«s, 

Output M'h( r ! fhJS last block. Ol lho hUer th 0111 
r1r,ch II c th 1npu1 m1xo1 11 functions as an 

amp!!lud modula10,, using !ho sampl -and• 
hold ootput vouag 10 control th ampb!OCI ol 

Sid lone Trm purposo ol ttus m1xc1 IS to con· 
8 

VKF'CC:!AM.JNIC~llOtlS I :> 

stn.,c1 e s1do1ono ior tn numan operaroi to 
!"!oar 

WHY TWO CHANNELS ? 

I! Iha incoming signal Is 1n phase w1lh lhfJ cen• 
rer relercnc,) tllen tho m,xer ou1pu1 s a ways 
pos!111/0 Tho IOl(?gr alor which IOI lows will see a 
Pos1I1ve DC vollag II tho s tmal 1s ouI ol pha• 
so w11h the roleronco than the miler output 1s 
always nogo1ivc T c 1ntogra1or will see a ne• 
gative DC VOii :)go Tne p0s,11vo or nag.iuve DC 
volwgo charges tho 1n1ogra1or capac11or, 1ho 
sample•artd•hold "romombors .. lhat charge 
during 1no ned limo lrama and lhe outpul m1• 
leer genern1es a s1dotono whose amplitude 1s 
proporl1onal lo tho vol,[.igc· on I he sample-and 
hold capacitor But tr 1l1e !.lgnal 1s 90 out of 
phase w11h tno ,otaronce lrames. then Iha mI• 
or output will at 11rnm11 b pos11iva and al olhor 

11mes be negative durmg a grven input cycle 
This OUIPUI WIii b ave1 agod lo zero by 1he In! • 
gr:1101 The , su11 1s no filter output r,om lh1s 
ch nn I 

I 01 each ch nnel be· 
1 m1xcr 1sopeIa1cd by 

Oi.1:!0fph s :hlh B 
Thus. ii s gna1 s 90 out 

! ttwin nemphaS 
u, Bchann I Al U 

phas d, n Inc rwo chann Is, 
th p,odu nnols IS always Iha 
a slrod the p ase re!al on hlp 
botwocn Inc co 1oquoncy iereronco and 
Iha 1nc:om1ng s1rI,n111 

B • ChO,n Co!Toonen! 
Flg,3 
Requ1rltd 1lgn1I u • voctor 
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II the desired signal 1s graph d as a phasor (as 
In Figure 3) one might say lhal th B chann I 
picks up lhe X component ot lhat ph sor. and 
the A channel picks up the Y compon n1 of the 
phasor The two-channel output mixers ar 
also driven wilh signals 90 oul of phase. Thal 
way, lhe output tones combine veclorIally The 
result Is that the combined outpul is a tone 
whose amplltude reflects he amplitude ol the 
desired signal. regardless of the lgn I phase 
The phase of the output tone lso reflects th 
phase of the desired signal 

The theoretical response curve or lhe filter 
may be developed We won·t go into lho ma• 
thomat,cal detatls except 10 say that th a mph· 
tude response Is a sin >c curv • llko lhal in 
Flgur 4 For a O 1-second lram I ngth, th 
nulls in the filter response occur every 1 O Hz 
either side o! the cenler lrequency Th 3-dB 
points on this curve are 9 Hz apar1 lho 6•dB 
points are 12 Hz apart 

Figure 5 compare lhe CCW lilt r {0 1 socond 
frames) with an ordinary 500-Hz CW tin r nd 
a 2700-Hz SSB filter On lhls c lo It IS lmprac• 
ttcal to show the numerous nulls in the CCW
l/l1er response; shown Instead Is the envelope 
of Iha primary responso 

HOW MUCH IMPROVEMENT ? 

One way ol comparing CCW wIlh th ordinary 
CW method is to cons1d r tho hlter noIs band• 
width This Is the bandw1dlh of an ideal steep• 
sided filler which would pass th same amount 
of random noise as the Hiter boln considered 
For O 1-second frame I ngth CCW, th filter 
noise bandwidth 1s 1 O Hz This equates to an 
approximate superiority of 1 7 dB over a 500· 
Hz CW filter and about 24 dB over a 2300 Hz 
filter. 

t -17dB at 
-20 Hz 

Bandwidth 
9Hz 

-17d8 at 
+20 Hz 

A 

-20 Hz 

Fig 4, 

- 10 Hz 

W 6 NEY 

Center 
frequency 

Amplllud reapon ol a 10 Hz bandw dlh CCW 1111 r 

+20 Hz + 10 Hz 
f-•---

9 
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W6NEY t-10 -
A_ 20 

-30 

-40 

-50 
dB 

Typical 
SSB -Filter 
B=2300Hz 

CCW-Fitter 
10 Baud 
B= 10 Hz 

-60 --------------------- 500 Hz 0 +500 Hz 

Fig. 5: Comparison ol thr o llltor& 

Outer curve: Typical 2300 Hz SSB-lllter 
Center curve· Typical 500 Hz CW-lllter 

f - ---

Inner curve: A CCW-fllt r for 10 Baud. bandwidth Is 10 Hz 

Such estimates should be reasonably accura
te with respect to no,se, but when ORM Is pre
sent, the CCW filter probably does even better 
Using a CCW system of O 1-second frames 
with ground wave In the presence of natural 
noise. and adjusting power for matching read• 
ability, I have measured an approximate 16-dB 
Improvement over a 470-Hz crystal filter ; this is 
close to the theoretically expected value 

Narrowing the CCW bandwidth by using Ion• 
ger frame times provides an addltIonaI signal• 
to-noise advantage at the price of slower lnfor
malton transmission rat s A 0.1-second lnte
gratton period gives about 24 dB improvement 
over a 2300-Hz crystal filter a 1-second Inte 
gralion period (1 2 wpm) 34 dB a 10-second 
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period, (0 12 wpm), about 44 dB These 
speeds are slow, but the improvement in effec 
tIve communIcatIon with lower power Is quite 
fascinating 

The Improvement gained by long-frame CCW 
IS limited by phase modulation introduced by 
the propagation path For 14 -MHz signals, mo 
lion In the F layer typically produces 2 or 3 Hz 
of phase (or frequency) modulation for a JA to 
W6 path (We have also observed what ap• 
pears to bo propagation lime delays under 
poor band conditions ) When the filler pass
band becomes so narrow that this modulation 
exceeds the filter bandwidth. further improve
ment In signal to-noise ratio cannot be obtain 
ed by narrowing the filter passband. 
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In evalu111,ng lillor oltecuv n • noi , 
WIOlh does nol I II lh whol tory : Ill r r 
psychological con 1dor tion too Th hum n 
e r 1s frequency son 111v , and the hum n 
brain can locus on par11culnr CW lf!Oal Ire• 
quonc1es amid the no1 e ind ORM. Sk11tlu1 CW 
operators use lh1s capi1b1llty well My obs rva• 
lions have led me to concludo that tilts kill 1s 
worth at least a ti-dB margin when us1m a 
2300•Hz fil ter ORM how v 1, 1 often a con• 
fusion fac1or and therefore cau o moro do
gradat1on of copy thnn an qu1v;il nt mount 
of random no,so Th p ycholo ,c. I fa 10, 
ar d1fflcul1toquant1fy, bulprob t,ty, due ti 

dvantAge ol CCW ov r ord111ary CW 

Figure 6 shows graphic lly th r ult or on• 
the-air compan ons belween CW and CCW 
made 1n 1975 Transm1 10n w , m d on 
14.049,000 Hz from JR 1 ZZR t pow r I v I 
of 1 O Wtllts 1 wall arid O 1 w, II u inc CCW nd 
a verttcal groundplan anl nna on lour- tory 
butld1ng A threC' elomc nt benrn wa usod for 
reception at W 6 BB Th C:CW slgnnls wor 
roce,vod s1mult,inoou!31y " CW .md CCW si
gnals, and were record cl on pilmt chan
nels of a stereo cass It r cord r W otoc• 
tod sample p r1ods from tho c ss tt r cor• 
ding and played back lh 1gnal to lour mod • 
rately expononced CW op rator Th vor
age proportion of copy hown on th r phs 1s 
based upon words con 1dorod copied Th 
copy content was taken from r d10 1ourn Is 
Extrapolahon or theso d ta 1nd1c I an e ttma• 
ted 25-W CW signal .t equ1vat nt to a O 1 •W 
CCW signal 1n commun,c t1on 
or a 24-dB sup riorlly 101 CCW 

CONCLUDING REMARKS 

The CCW techniqu a s 1 
mrsing espoc,ally wh ,g oak 
compared to th no1 e h 
, bsorpt1on And ORN cor1d1llon x-
poricnc d on 80 and 160 m tc o-
nal sol c11v1ty or CCW would w 
don t have data on lhat y t ho 

>. 

~ 0 so D 

~ 
lil 
0:: 

W6NEY 

0 ,....._ __ __. ______ _ 

,ow lW OIW 
- --Transmit power 

Flg . 6: 
Averag read blllly ol almull neoutly trans
mitted CW nd CCW tran1mlt1lon1 when 
received by four different oper tor■ 

Three different output pow r I vela w re used 

CCW might b II od lor EMC: communication, 
but the problAm Is complicated because of lu
nar-motion Dopp I r ff cts One might ncod a 
computer to calcu lat tho froquoncy at which 
lhf.' 5,1gnal 1s. expoctod to r tum. Also achie
ving the necessary Ir quoncy stability of 1 or 2 
Hz 1s moro d1fl1cult al th higher Ir Quencies 
used tor EME 

Some ol th s1mpl t rigs are the easi sl to 
convert lor CCW op ration. To obtain the lull 

dvanlag of tho CCW mode, however, recei
ver quahly should b tu h In Part 2. I will des
cribe the qu,pm nt nd methods used for 
commun1c, ting by CCW 
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letter 75 ·7 Note: Back copies of volumes of 
the Coherent CW Newsletter (CCWN) are 
available from CCWN, 2301 Oak St.,Berkeley, 
CA 94708: 1975, 5, 1976 .. 5: 1977, 10: 
, 978, $1 o Volumes 75 and 76 are well sum
marized In the Weiss article In CO. Most of 
volumes 77 and 78 are summarized In this ar
ticle. Further volumes of the CCWN are not 
planned, but a book on CCW Is being assem
bled by Petit. This article has benefited from 
suggestions by· Jrm Maynard, K 7 KK: Ray 
Petit, W 7 GHM: Keltaro Sekine, JA 1 BLV; 
and Ed Johnson, W 2 ZWNJA 1 YVW. 

Colour A TV-Transmissions are no problem 
for our new ATV-7011 
The ATV-7011 Is e professional quality ATV trans
mitter lor tho 70 cm band . It Is only necessary to 
connect a camera (monochrome or colour) , antenna 
and microphone. Can be operated from 220 V AC or 
12 V DC. The standard unll operales ccordlng lo 
CCIR, but other standards ara available on request. 

The ATV-7011 Is a further d velopment of our rell 
able ATV-7010 with bolter speclflca11ons. n wer de• 
sign. and smaller dimensions. II uses a new system 
of 11,deo-sound combination end modulation It Is 

lso suitable for mobi le operation from 12 V DC or 
ror IIKed operation on 220 V AC 
Price ................................................ OM 2750.00 

The A TV-7011 Is also a11eliable tor broadcasting uso 
botween 470 MHz and 500 MHz, and numtier ot 
such units are In oont,nuous operation In Afrlc:a . 

k IIJ:;(M,1/technik T•HY D. e,uan 
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Speclllcetlona: 
Frequencies, crystal-controlled 
Video 434 25 MHz, Sound 439 75 MHz 
IM-products (3rd order) better then 30 dB 
Suppression or osc.freq and Image· 
bener then 55 dB 
Power-outpul , unmodulated: typ. 10 W 
Delivery· e><. stock to 8 w eks {standard model) 

Jahnstr. 14 Postfach 80 0-8523 Baiersdorf 
Tel. 0 9133/8 55 (Tag und Nacht) 
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Michael Martin, DJ 7 VY 

id 
Short 

·ind rr 
ave B·1nd 

r f r th 

The follow ng article 11 to dHtrlbe a driver 
ampllfler lor the shortwave band■ , Wh ch Is 
dn gned 10 match the HF-VHF tran1vener 
des er bed by DK 1 OF In ( 1) Thia low-Inter• 
modulallon ■mpllfler proll'id I an output 
power of 4 W PEP betw n 1 and JO Hz, 
and can either be uJ.ed for qrp-commun c•· 
Uons, or tor dr v ng a tube a111pllfl r equip
ped with two6J86 or61 6 lypes. Two such 
amplltler■ will also allow low-re clive two
lone signals to be gen rated ror lhl moatu
rem nt ol Intercept point valu s of • 40 
dBm. 

1. 
TECHNICAL SPECIFICATIONS 
OF THE AMPLIFIER 

Input IIT'lpedanc Z • 50 D 
L 1rnpec1anco· • 50 

lues 50 u, I ency r spo 
termodulat'On II be dill r nt) 

01se frgure. NF • 3 dB 130 MHz 
Out ut pawer. 
P • 4WPEP ~ 2 30aBm.40V mto50U 

Pl 1 o-~ -----------v1-11-H..,.l1_ -
DJ 7VY 

00~ 

RI 
! lo, I 

Fig, 1 

8dB 20dB 

hortwava, wld b•nd ampllf ■r with U dB G•ln 
~Nn 1 1nd 30 H11 P.., • • WP P 

16 dB 
100 

C2 
S 6111 

ll'Y, 19 
lN5XJg 

'l'i':\ •o c 

BNC 
PIii 

VN 'V"-

~ 
00 
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ni,. 2. 
IM •u1111eu0n al lull d.rlve, 
me■1ur•d at 3.8 MHz 
wtth U0 • 30 V; 
Hor,: 20 kHz div , 
V rl .: IOdBdh', 

F1gJ : 
ConditlOfl b for F19.1, 
b!J!U., • 15Y I 

Fig. 4 
Fr quency r 1ponn lrorn 
0I060MH7; 
Hor.: 5 MHzdlY, 
Ven. 10 dB div, 
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VHF COMMUNICAflONS 1'112 

Gain 
0 1 • 44 dB O 3 dB, 1 to 30 MHz 

lnpul signal 101 lull drive 
P.,, • 2 14 dBm Q 2 x 44 mV 
Harmonic suppression a1 P ""' 30 dBm • 1 W 
(me sured at 9 MHz) 2 r, 22 dB, 
31, 36 dB 41, 56 dB, 511 76 dB 

Third ordor intercept point 
IP.,,• 4 dBm IP out• 48 dBm 

lnterm0dulat1on re1oc11on at lull drive 
IM • 36 dB (42 dB ref PEP) 
(no 7th, 9th and 11th order product with b1• 
pol r power transistors) 

ln1ermodulallon values for oth r output power 
I vels can be calculated according to the fol • 
lowing equation : 

IM 

.g. 36 • 2 (48 

Power r qu1rement· 

2 (IP ,I 

30) 

15 V / 80 mA, 30 V / 250 mA 
D1mens1ons· 72 mm x 11 O mm 15 mm 
(Including heat Sink) 

2. 
CIRCUIT DESCRIPTION 

A c n bes n 1n Flgur 1, the input signal is 
cap c111vely coupled to the high-current FET 
T 1 (P 8002), which posses es an input impe
dance of 50 u 1n the common-gal c1rcu1t 
u ed Th ubsequent stage T 2 qu1pp d with 
tr ns1stor 2 N 5109 1n a I db ck conhgur • 
lion lso possesses an input imp d nc of 50 
u which Is transformed up In tr nsform r Tr 1 
to provide an output load of 450 ,2 for the hrst 
stag Inductance L 1 and c pac1to1 C 1 ar 
prov1d d for compensating tho frequency re• 
ponse at 30 MHz. This 1s don by extending 

tho gate-drain capacitance ol T 1 to form a ., . 
fink Inductances L 2 and L 3 ar provided for 
1mprov1ng the frequency respon e t th upp r 
frequency limit. The second st g I t rmina• 
t .d with 56 u, which ensur s good neutr 11 • 

za11on of tho V•MOS FET output stage even in 

the case of complex toad impedances 

V MOS FETs ro tr ns1stors in which tho cur 
rent doos not !low horizontally (as usual) but 
vertically within th chip geometry They oxh1 
bit a very high cut off lrequency. good rellablh 
ty. and the bs nc of secondary break 
throughs. How v r lhoy are somewhat sens1• 
live to ovorvoft gos, which means lhat th 
operating voltage must always be less than 
hall of the m x1mum voltage given in the data 
sheet. 

A 90 V 2 A Ir ns1stor type VN 89 was selected 
tor T 3, which possesses a power dissipation 
ol 12 W Th tronststor operates In class A. 
and diode D 1 ensures that the gate bias volta 
ge ts 1ncre s d correspondingly with a slight 
delay so that ev n gr ate, output pow rs than 
4 W can bo achieved, ol course, with a h1ghe1 
current drain The output capac1tanc ol T 3 1 
compensat d tor with the aid of L 4 and C 2. 

At an output impedance ol 50 U the amphll r 
provides 1ntermodul lion values that ar far 1n 
excess of those of bipolar transistor driv rs 
Figure 2 shows the Intermodulation r j c11on 
at lull drive, wl1 r the power ol a single tone I 
30 dBm 1 W corresponding to 4 W PEP 
Th IM roj lion IS - 36 dB With respect lo a 
single ton , or 42 dB when referred to PEP 
This corr pond to a thtrd order intercept 
point IP°"' of 48 dBm With a gain ol 44 dB this 
amounts 10 an input IP,value of 4 dBm 

Flg.S 
A tube amptlll r In II grounded cathode circuit 
cen be driven via a wld b nd tranalormer· 
Tr 3 (aa Tr 1) 
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Figure 3 shows the amphfler with lhe om 1n
pu1 1gnal afterthe op rating vol! of T 3 has 
b n r duced to 15 V Th dnv r hould lh n 
only b driven up to approx1m I ly 2 W PEP. 

Flgur 4 shows the frequency r ponso of the 
mpliflor between O and 50 MHz 

The current drain can be switched to zero 1n 
the standby mode during VOX•oper uon. 

Figure 5 shows a wideband transformer (50 U 
450 U) for driving a tube power amplifier. The 

input capacitance C of th tube must be com
pon t d for with L., 

( Le • -,-!,_ ) 
111 C,n 

A volt g of 120 V (peak to p ak) present 
cros 450 u 1s more th n uff1c1 nt for all po

pul r pow r amphlier tubes Sine th re O· 
nant circuit comprising and th tub , and 
conn ct1on capac1tanc s 1s d mp n d with 
450 U, 11 will not be nee sary to carry out ny 
tuning of th driver w1th1n any b nd Any poss1• 
bl grid curr nt will not cause ny limning as 

ncount red with high 1mpedanco tub dr1-
v r such as lhe 12 BY 7 

2.1. 
Components 

TI : 

T2. 

T3: 

01 

Tr1 

Tr2• 
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P 8000 or P 8002 (Tl) With 
heat-sink, see t xt 
2 N 5109or8FW16(S1 m ns) 
with large cooling fins 
VN 88orVN 89 (S11iconlx) with 
m1cad1sk 

1 N 4148 or 1 N 4151 

Toroid core R 1 0•N 30 (Siemens) 
with 3 x 8 turns of 0 5 mm d1a 
enamelled copper wire 
Toroid core R 1 0•N 30 with 
2x9turn of0 Smmdta. 
enamelled copper wire 

VHF COMMUNICATIONS 1 82 

All core and chokes Fixed inductances for 
12 5 mm sp c1n9 

L 1· 4 711H S·L 7: 8,2JIH 
L2 0 6811H , X 2211H 
L3 0 3311H 1 x 120 pH 
L4 04711H 

2 x 6-hole ferrite core chokes (Phillps) for fill r• 
,ng the operating voltage 

C 1. 6 8 pF cer m1c disk capacitor, 
spac1ng5mm 

C 2 68 pF styroflex capacitor, 
pacing 12.5mm 

Capacitors up to 470 nF ceramic disk, tubular, 
or multilayer cap c1tors for 5 mm spacing , also 
7 5 mm spacing for the larger values ; 

1 tantalum oloctrolytIc 10 pF 

3 leedlhrough c p c1 tors of approx 2 nF tor 
solder mounting 

1 trimmer po1en11ometer, 100 kU, honzont 
mounting, p c,ng 10 5 mm 

1 relay RH-12 V (Nataonal) 

2 BNC-conn ctor for s1ngl hole mounung 
with double sold r tags 

1 metal cas with h .I sink 

3. 
CONSTRUCTION 

The ampltft r can b con tructed using tho 70 
mm x 90 mm double coated PC-board 
DJ 7 VY 005 ( ee Figure 6). and can be en• 
closed ,n a metal ca o of 72 >C 11 0 x 30 mm 
complet with h at ink Figure 7 shows th 
author's prototyp built up on a 2 5 mm V ro 
board Construction do snot present any pro• 
blems due to the 50 Q Interstage technology. 

Transistor T 1 Is screwed to the cover of the 
metal case below the through-contacts atter 
Increasing the length ol lls connections to al• 
low them to be placed through the board The 
cooling tag of T 3 ls bent by 90 , placed through 
the cover and screwed to the heat sink Th 
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0: 

Ftg. 6: The double,.coaled PC•boerd la only 90 mm x 70 mm end 
c n be mounted In e su teblo mot I ease 

DJ 7 VY 
005 

' 

Fig. 7: In the authof'• pfototyp u Ing n Vero board, T 1 (lett) w s cool d 
with two h • goner spacere; T 3 IS b low th board 

1112 
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IIIICA dish lot In ulaling 1he dram should b( 
provided with heat,conducllve paste or w1Ih 
two drops of oil 

The pos,tion ol lh connectors c n be s , n ,n 
F1qure 7: howovur. the input and output cm1 
lso be on nnoth r 100 or the case II th y are 

lob mountod b Side each other . 111s rocom• 
mended that an RF •tight screening of tho input 
connector ,~ provided • nd that a choke should 
bo used for ,;uppressrng any shoalh•clfltonl on 
010 outsIch.i ol lho c 1ble between connoctoI 
and PC-board (ground the outer conduclor 11 
bolh sides or th cablo 1l RF-current on tho 
outside or th cabl can be suppr ed IJy 
placing sovoral turn ol the coax,· I cnblc 
mrough a A 10 N 30 toroid core 

Allor w1nd1no lh£ transformer, 11 will now bo 
possible lor lh compononls 10 be mounlncJ on 
tho board Tho vt1ILI!' of R 1 Is detonrnn d hy 
measuring tho dr. 111 current al variou vEtluo 
ol R Alter pas mg th connection lo,rds ol 
r t and T 3 through th through-contacts. lh 
board IS lusHy 11~ d In lho caso by SOid ring al 
several points around the odgo Th,s I follow• 
ed by mounting th connectors , tho oporatIng 
voltage lood•throughs, and T 1 and T 3 The 
orowtrng voltaqo Is connected Alter placing 
potontlomoter P 1 to zero 

4. 
CONNECTION AND ALIGNMENT 

A s,Hnal gonm,110, with, variable output voll 
ago of maximum 100 mV Is suff1c1ent lo, dr1v 
ing lho amplilior : two 100 i1 t 2 W carbon rosIs
Iors can b connoctod together as output load 

Murphy's Law as xperlenced by DL 6 WU 

VHFCOMMUNl(:ATIONS I 82 

PotenI1om t r P 1 Is i:thgnod lor a quiescent 
current ot 250 mA via r 3, afto1 switching on 
lhe amplillor vI1I Pt 1 
CAUTION· It Is necessary for lho I 5 V oporat• 
mg voltage to b stabilized, srnce any slight 
voltag llucIua11ons will cause largo v, rla1ions 
of the quiescent currenI r 

An outpul voltage of 40 V (pe k•1o•poak) 
should bo measured with an HF-probo con• 
neclod to tho outnut when tuning tho signal go• 
nerator bctwoon 1 nnd 30 MH,. If a swoop•Jrc• 
quency moasurmg system ,s ivr1llnble, 11 1s 
possible 101 tho frequency respons lo be dis• 
played a given ,n Figure 4 The .imphl1cr has 
been con tructCd over al limos ev n using d1f• 
ferenl typ s 01 construchon, and tms worked 
1mmed1alcly under all cond1lion . 

When us111g the amplrllor as ORP-transmrttor , 
a m1niaturt> matchbo~ c;hould bo used 111 order 
lo ensure a ood SO u term,nat,or, which then 
also prov,dos n further harmonic uppre sIon 

II lho gain Is still nol high enoug , further 
P 8002 proa111phfler CM be provided w1Ih n 2 · 1 
transform r In th drain cIrcuIt to provide a furl• 
her gain 01 6 dB, or 8 dB, ,ta 3 1 transformer Is 
used In lhls case, frequency responso com
pensation i:;1m1l.ir to L 1 and C 1 must be round 
expe11mentnlly 

REFERENCES 

( 1) J Kestlor, DK 1 OF 
A Un1Vers<1I Converter for Hr: md VHF 
VHF COMMUNICATIONS 8, 
Ed1t1on 3 1976 pages 159•174 

"The more often on measures lhe gain of an antenna, the smaller It become ... 
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Led Asbrmk, SM 5 BSZ 

Th Optimun1 6 I n,cnt Yagi-Antenna 

In an article In the IEEE Transactions on 
Antennas and Propagation (Vol AP 23, 
1975, page 8 ff ,), two authors C.A .Chen and 
D K.Cheng described a method of deslg• 
ning optimized Yagi antennas using com
puter calculations. The article also Inclu
ded a numerical example for an optimum 6· 
element Yagi antenna. In this case, opli 
mum means the highest possible gain, In
dependent of boom length and bandwidth. 

This art1clo 1s now to give the dat, lor construe• 
t111g n 70 cm and 2 m ve>r 10n of th1., mto111m 
howovo,, 1t I not meant to ho a fool µrool me
thod or con trucllng .mt nnas. but rs to descri 
be a mclt1od of construct1n9 an antcnn, that 
reolly work . 

THE CHEN CHENG ANTENNA 

Over tho years, rnany rnd10 amateurs l1c1ve 
In d to construct an antenna according to the 
thoorotrcal calcu lllt1ons of Ct1 011 Ctmnq Tllo 
results were usually un"'at1slnctory Such an 
antenna has been described 1n H m Radio 
Magazine 

The roRson that this antenna do s not usually 
operate correctly 1s partly due to th !act lhat rt 
is very cnllcal, and partly due to tho calcut• 
Elllon molhod It 1s noc13ssary tor the 11ntcr111a to 
bo measurod und opllm1zod after construct1on 

A signal gonorator nnd reco1vor are required 
for lhrs meosurcmonl 1t1a1 c, n be tuned ov r 
Ir quency 1111190 of 5% of th roqll1r d con 
tor lroquoncy Furthermore a SIi must be 

found 11d bo propa1ed where tho radia tion 
pattern can be measured 1n tt11s frequency 
rnngo The angulm r solution should be 1r1 tho 
order ol O 5 For ttio level moasuremon1s. 
e11t1e1 a prec1s1on attenuator wtll be mqu1red, 
or the receiver must be hno.:ir (AGC off maxi
mum Ar- gain, CW or SSB mode and de
crease the RF•ga111 as required) so ttial lhe le• 
vol can be measured al AF level using a nor• 
mal AF-voltmeter 

The rad1a11011 pft ttorn c,in be measured by 
ro1a11119 tho antenna 1n nn flXIS ttiat runs p,lra l 
I I to the> elements A su1tnblu arr angement Is 
stiown 1r1 Figure 1 It 1 ,ilso possible to moa 
sure between lh roofs of two houses having a 
su1tabl spnc1ng from another The most 1m 
porlanl point 1s that ono avoids ground roflec· 
lions and ny olhor rollecllons lrom neigh• 
bour1ng 0bJ0Cts , 

II tho rno,1sur1119 path 1s satisfactory the radla• 
lion dlagmm rs now 11 101:1surod at various lre
quoncres and tho lroquoncy 1s solected at 
which lhe pattorn corresponds as close ftS 
pos51blo to tho lhoor llcal values given in 
Table 1 

Thrs 1s followed by calculati ng how far th is fro• 
quency 1s lrom the design center frequoncy 1n 
per cont and by rh.mg1ng tho lengths of tho 
olomont: by tw,co 1h1s percen tage The pos, 
t1ons of the olemonts romain unchanged 

It lho r, d1c1llon patterns ;1re now moasurod 
again at varrous froquenc1cs, 1t will bo found 
that a pattern will bo proscnt which 1s much 
more similar to tho tabular values and far nea
r or 10 tt10 design froquoncy thfln before 
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SM 5 BSZ 

Boom ••Umd,d by O 5 ~ 
!rorr r11I IP,tor 

RX 

Fig , , An 1ntenn1 m Hurlng set•up 1h11 avoids ground reflaclionl 

Angle 
(deg) 

0 
19 
25.5 
30 
38.5 
53 
71 S 
83 
96 

108 
120 
138 
156 
180 

Lov I 
(dB) 

0 
3 
6 
9 

20 
11 
30 

17 5 
30 

- 18 S 
- 28 
- 13 
- 25 
- 10 

Note 

Mam beam 

First dip 
First s1delobo 
Second dip 
Second sidelobo 
Th1rddlp 
Third stdelobe 
Fourth dip 
Fourth s,dolobe 
Ftflh d,p 
Back lobe 

Tabl 1 The rnellallon pall rn 
v■luH of the Chen Cheng nlanna 

After carrying out on or two further correc• 
lions 11ccordIng lo th given example, one will 

20 

obtain the hnal ( = 111 orot,cal) radIa1ton pattern 
at the design fr quency. Tho gain will then 
amount to 11.5 dB over a dIpot , which Is ap 
proximately 1 dB mor them cAn be obtain
ed with other antennas having a comparable 
length 

ANTENNA MEASUREMENTS MADE 
AT ANNABODA1SWEDEN 

An antenna optimized according lo the des• 
cnbed procedure part,c,pated al the Anna
boda antenna measurement contest In 1980. 
The gain measured was 11 8 dB however, 11 
seems that the 70 cm m asuroments tnd1ca1-
ed ga,n values lhal are 100 high by 2 to 3 tenths 
of a dB A drroct ,n1egratIon of the radIa1Ion pat• 
tern wtll give a gain of 11 6 dB Chon and 
Ch ng give a theoreucal gain value of 11 .25 
dB which Is prob bly lncorr ct for some un• 
known reasons 
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However, the exact gain value down to a tonth 
of a dB Is only of theoretical Interest; I1Is more 
important that this antenna Is able to provide 
not1coably more gain than any other antenna 
of similar length. The measured values at 
Annaboda, which are very accurate for the 2 m 
antennas, can be used for comparison These 
were published In the Swedish Amateur Radio 
Magazine QTC. The results for 144 MHz were 
given In edition 4181. and the 432 MHz results 
In edition 5181 

PROVED CONSTRUCTIONS 

For thoso readers that do not wish to optimize 
the antennas according lo the described mea • 
surlng and optimizing procedure, a description 
Is now to be made of an optimized Chen/ 
Cheng antenna for the 144 MHz and 432 MHz 
band. 

The 432 MHz antenna Is constructed using a 
tubu lar PVC boom of 19 mm outer diameter 
and 1.5 mm wall thickness. All elements are 
constructed from 5.0 mm diameter solid 
aluminium rods. They are pressed Into holes In 
the boom 

The dimensions are given In Table 2 

Element length 
(mm) 

324 5 
308,5 
297.0 
293 0 
296 0 
293 0 

Spacing from 
reflector (mm) 

0 
173 5 
374 5 
656.0 
880.5 

1173 5 

Table 2: Dimensions ol the 70 cm nlenna 

The 144 MHz antenna Is designed for a center 
frequency of 144.4 MHz The boom is con
structed from aluminium tubing with an outer 
diameter of 25 mm All elements are construc
ted from aluminium tubing with en outer d1a-

boom using special element clamps which will 
possibly have an effect on tho resonant length 
of the elements. The element clamps can be 
obtained from SM 5 ERW, Pl 8820, S-64300 
VINGAKER!Swedon 

If the elements are to be mounted onto the 
boom in a different manner, or when the boom 
diameter is changed considerably, 11 will be ne
cessary for the antenna to be measured and 
realigned . When using the dimensions given In 
Table 3 the antenna wi ll operate sat1sfactorlly 
between 144 O and 144.6 MHz. 

Element length 
(mm) 

1004 
954 
922 
907 
917 
907 

Spacing from 
reflector (mm) 

0 
519 

1120 
1963 
2634 
3511 

Tablo 3: Dlmonalons ol 1ho 144 MHz antenna 

DESIGN OF A SUITABLE 
GAMMA MATCH 

Although the »gamma match " should be part 
of the fundamental knowledge of any person 
Interested in antennas, a hIgh-quahty version 
of such a match Is to be briefly described The 
main feature Is that the capacitor Is made In a 
coaxial manner using a PTFE tube as dielec
tric. This construction ensures that 11 Is Impos
s1ble for water to run to a posIt1on where strong 
electrical fields are present As can be seen In 
Figure 2, the PTFE-tube also protrudes by ap• 
proximately 1 o mm on both sides of the capa• 
cltor, which means that the path Is very long for 
leakage currents when the antenna is dirty and 
wet or course, the surfaces of the two copper 
parts, and tho end of the coaxial cable must be 
protected against corrosion The result Is a 
gamma match that is suitable for the high effl-
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STACKING DISTANCES 

Du 10 lh very h gh ga n of t d cnbod 
nt nn , 11 1s not poss,bl for norm ! rul -of

th •thumb m lhOds to u od lor hm ling 
th I ckmg d,stances Acco1dlng to exp rl • 

nc , pacing ol 1 8 i. should b maintmn d 
whon averal of these anlennn aro to be 
stacked. 

APPENDIX 

DL 6 WU and SM 5 BSZ In lhlS 

Standing Wave Ratio 

o ti)' I SM5LE and $ Z 
earned rate, on 
patto found l nv 

nl n SSC•SS(lCI n f!IC 
SWR reas 1 
mum reni f 
Typ1 e I mat 
MHz, mg ,nw. 
o! tho O in•bAnd 
usually 1 to 2 ue low , lhan the maximum gain 

Based on this e11:pcrroncn. lho Annabods gain 
m a9ur I made at SO u matcn• 

nlenna 1mpedanc , and 
tong as th alto u 110n 
n. 0,e add1honal lo s 

can b easily caIcu1 ted 
B tor pubhshlng this articl • DL 3 WRc rrt II tgh, 11 can bo ehm nat d 
out n extensive corr pond nc h ust vfc1n11y ot 1he ntenn 
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The author hop s that radio ,1mal urs wrll for
get " th r on nt trequcncy ol n ntenna .. , 
smcc uch a concept 1s conlusmg I The only 
thing that rs 1n resonance 1s th m tch, and any 
antenna can b matched imped, nce-wrsc at 
any fr quency. - even when the fr quency ol 
optimum gain ts far away. Radio amateurs 
should und rstand hat 

Antenn g In Good r dlatlon p ttern I 

Is a single dB Important ? 

Good. normal Yagi antennas uch as the 
Tonna 9·el ment HyGatn a-element. Cush 
Craft 1 , •elem nt. W1s1 1 0•elem nt, or Jay
beam 1 0•element are all on a str 1ght line In a 
d1agr m g1v1ng the gam as a function of boom 
length (such diagrams hould be drawn 1n a Ir· 
near seal • and not 1n dB) This line crosses a 
gain value of 11 5 dB at a boom length that 1s 
25% gro tar than that or the Ch n.'Cheng an• 
tenna Furthermore, normal Yagi antennas re-
qulr 11 150 "o mor elements 

This me ns that the de crib d antenna 1s thu 
25% bottc, th n convent,onel Y gr antennas 
- corr ponding to 0.97 dB The ga,n d1fferen• 
ces botw n conventional Yag,s of equal 
length and th Chen Cheng antenn amounts 
to approximately 1 dB 

Portable Antennas 

Normally, 11 rs assum d that a signal d11tor nco 
ol 1 dB wrll not b ud1bl . Thr 1 , how
ov r, only (approxrmaloly) true when th 
fgn I 1s well out of tho noise. Thrs I ISO 

vnhd tor a very weak continuous cam r How• 
v r. 111s not commonly known thRt tho pro• 

b, bthty of det c11on" Mars signals 1s affect d 
by small dlff ranee of the s1gnal-1o•no1se 
r.1t10 

Exp r,m nts have shown that a gOOd t I ra• 
ph1st can usually copy Mor e 1gnals al a c r· 
tarn peed without error, however, th rror 
will increase considerably wh n the signal p 
pro, chos the not a level If lhe s1gnal•to•no1 
ratio 1s selected o th t 85% of the I ll r c 11 
b copied correctly, detenoratron of th 

1g11al-to•no1 e ratto by only dB writ de• 
crease the numb r ol oorr fly cop,ed I tor 
to60% 

ror tho e radro amat urs that wrsh to carry out 
commumcahon al the t chnotog,cal hmlls (e g 
EME), thrs repres nts a considerable d1fl ren • 
ce The pr1ce of th1 1 dB more antenna gain 1 

roduc d bandwidth hownver, such low• I• 

gnal commumcahon 1s always made 
w1th1n the first 500 kH1 of the amateur band . 

operating according to log-periodic principles 
LP 212 m LP 3/2 m LP 512 m 
Two, three. and five element portable 
antennas for 144 MHz 
Gain 4 2 dBd 7 dBd and 8 dBd re ·pectivety. 
Prices : LP 2,2 m: OM 29.80 

LP 3 2 m: OM 49.00 
LP 5 2 m: OM 79.00 

LP 3 70 cm and LP 6 170 cm 
Throe nd five elem nl portable antenna 
for70cm 
Garn 4 5 dBd and 8 d8d r 
Prices: LP 3 70 cm : 

LPS 70 cm: 

p ctrvely 
OM 39.00 
OM 49.00 

k~--'--~-•....;tech;.;;;;_;:;;.;;...;.;:.;n:..:.;ik:....: Terry 0 , Bltlan • Jahnstr. 14 Posllach 80 0-8523 Ba,ersdorl 
Tel . 0 9133/855 (Tag und Nachl) 
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Part 2: h L cal 

Part 1 of this rtlclo (VHF COMMUNICA· 
TIONS 4 1981) d scribed tho Int rdlgltal fll• 
ter•mlxer modulo with IF-preampllfler. P rt 
2 Is to desdrlbe the matching loc I oscllla• 
tor module 

METEOSAT transmits WEFAX (APT) tr ns
mlsslons on two Ir quencies : 1691 .0 nd 
1694.5 MHz. These two frequencle ar to 
be converted to a fir t lntermedlat fre• 
quency of 137.5 MHz. This lnterm dlalo fre
qu ncy Is also used In professional 1ys
tems. It may eem reasonable to u a a first 
Intermediate frequency In th 144 MHz 
band, however, this I• not advls ble sine 
there are no am teur receiver th t po • 
9 9S a sultabl bandwidth at IF nd udlo 
I vol for the utom tic picture Iran ml -
slon (APT). Furthermore, there Is mor 
danger of breakthrough of strong 2 m sta
tions. Thi means th t a special receiver Is 
r quired and this can be at the standard 
first IF, which Is also covered by th DC3NT 
r celver. A furth r advantage Is that on or 
the orbiting we ther atellltes (NOAA 6) 
also operates on this frequency. 

For thos r d rs outside of Europ , 
Middle Ea t and Africa, It should b not d 
that the GOES and GMS-serles of satelllle 
only transmit on single WEFAX fr qu n
cy of 1691.0 MHz. 
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illator Modul 

CIRCUIT DESCRIPTION 

In lhe ca e ol METEOSAT, two local oscillator 
lrequencie re required· 1557 0 and 1553 5 
MHz These Ir qu ncios are derived lrom cry
stals ,nth 97 MH1 range, which are multiplt d 
by 16 Th circuit diagram of the local osci llator 
module Is 91vo11 In Figure 1 

Each cryslal ts prov,d d with 11s own osc111ator 
circuit and ub quent buffer slag Freqency 
selection I m de u 1ng a small relay by r mo• 
tely sw11ch1ng the 8.5 V stab1hzed opor llng 
voltage This rather extensive circuitry has th 
advantc1go th,1t each crystal can be ad1us1ed to 
the required rroqu ncy. 

The two bullor stage d11ve a common 97 MHz 
resonant circuit which comp11ses inductance 
L 5 and th two capacitors of 18 pF and 27 pF 
resp c11vely. Th l1r I of two transistor doubler 
stages 1s conn cted to lhts capac111v tap The 
resulting froquonc1 s are given in tho c1rcu1t 
diagram This 1s followed by s1rn1ghl through 
amplifier for 389 MHz and a var, ctor multiplier 
with a , ? circuit at the output 

At the low r Ir qu nc1es, the coupling lrom 
stage,to• I g I mad with tho atd ol band• 
p ss !titer 1n ord r to mainly uppress p c• 
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tral hnes that are in the vIcinIty of the output Ire 
quency, (1557 97 MHz) lnterlenng lines 
spaced further from lhe frequency are sup
pressed In the interdigItal filler of lhe mixer mo 
dule 

COMPONENTS 

T1 , T3 

T2,T4 : 

TS : 

T6, T7 . 

TB 

D1 . 
D2: 

LI , L3, 

2N 918, 2N 2222 
or BFX 89, BFY 90 

BF 199, BF 224 
BC 108. BC 182 or similar silicon 
NPN-trans1stor 
BFX 89 or BFY 90 or 2N 5179 

BFW 92 or BFR 34 A 

Zener diode 9 1 V 

Silicon switching diode 1 N 914 
1 N4148, or 1 N 4151 or similar 

4,5 tuins of0 8 mmdla silver
plated copper wIro wound on a 
6 mm ripped coil former with 
VHF-core 

L 2, L 4 ' 20 turns of enamelled copper wire 
of approx. 0. 5 mm dfa., wound on a 
3 mm former, self-supporting. 
soldered to the conductor side 
of the board. 

L 5, 5 5 turns, otherwise as L 1 

L 6, L 7: 2 75 turns of 0.8 mm dIa silver
plated copper wire, wound on a 
6 mm former, pulled out to a spac
ing wire diameter , and soldered 
1 nto place with 3 mm spacing to 
the board 

L 8, L 9: U-shaped bracket made lrom 0.8 
mm dia silver plated copper wire 
bent around a 6 mm former, and 
soldered into place so that the top 
Is 1 0 mm over tho board 

L 1 0 40 mm long piece of 1 S mm dla 
silver plated copper wire one end 
bent 7 mm and the othor 3 mm at 
righ t angles: solder short ond to 
chip capaci tor 
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L 11 : 56 mm piece or 2 mm dla silver 
plated copper wire bent at right 
angles at 3 mm from each end and 
soldered to tho board with a spac• 
Ing ol 3 mm at bolh ends Trimmer 
C 8 rs at the center Coil tap for D 2 
Is 8 mm from the bent , lap for the 
output Is 6 mm from the other bont 

RFC 1 Ferrite bead with 3.5 turns of ma~ 
O 4 mm d1a onc1melled copper wire 

RFC 2: 15 turns of approx. 0.5 mm dIa 
enamelled copper wire wound on 
a 3 mm former, soll•supportiny 

C 1, C 2. 22 pF plastic foil trimmer 7 5 mm 
dla (Ph1!Ips green) 

C3 C4 · 12pFplast1cfoIltrimmer, 7 5mm 
d1a (Philips yellow) 

C 5 • C 7: 6 pF plastic foll trimmer , 7 5 mm 
dla (Phillps grey) 

CB: 3pFceramIctubular trimmer, 
miniature type for single hole 
mounting ( Phillps type 801) 

C 9 : Approx 4 70 pF ceramic disk 
capacitor without connecuo,, loads 

C 1 0: Approx 2 2 11F tantalum eloctro-
lytIcs, drop type 

2 pieces ceramic feedthrough capacitors for 
solder mounting, value approx, 1 nF 

Alf other capacitors ceramic disk capacitors 
for a spacing of 5 mm 

All resistors, Carbon resistors for a spacing of 
10mm 

Relay RH-12V or RS 12V (National) 

Crystals In A welded metal case HC·47iU. fifth 
overtone, for higher demands on the tempera 
lure response: type XS 2106 (KVG) . 
otherwise ' type XS 2101 (KVG) 

a 1 97 3125 MHz 
Q 2 97 09375 MHz 

1 piece sheet-metal case with the Innor dImon
sIons 145x70x28mm 



VHI COMMUNICATIONS I !12 

,
"' 

DJ 1 JZ 001. 

6) 

n 
"O> 

:::: 

0 
N 

Fig. 2: lnductenc e L 2 and L 4, nd rrenslstor T 8 
are mounted on th conductor aid of the board 
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Fig. 3. The author's prototyp w • photographed without screening pan Is 
so that the components can b seen more easily 

CONSTRUCTION 

The circuit given in Figure 1 can bo construct• 
od using the PC board shown in Figure 2 The 
dimensions of this board are 145 mm x 70 mm 
Tho PC·board Is double-coated, but only 
etched on one side, The ground surface is con· 
tinuous on the component side and Is only re
moved with Iha aid of a 3 mm drill at those posI• 
tIons where the component connections are 
passed through tho board All ground connec• 
lions are made on the component side Only 
three components are mounted on the con• 
ductor side th two inductances for compen
sating the crystal holder capacitance (L 2 and 
L 3), and transistor T 8 
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The mounting position of most components Is 
given by the holes In tho board 11Is only neces• 
sary to note the positions of the components of 
the varactor mulllpher 

The 1 5 pF capacitor from L 1 O to diode O 2 
keeps one connection lead of approximately 
25 mm In length. Whereas its other connection 
(approx . 3 mm long) Is connected to L 10 (ap
proximately 5 mm from trimmer C 7), an lnsula
ttng tube Is passed over the long connection 
and the end Is soldered to diode D 2 and the 
4 7 kU resistor These two components are sol 
dared into place normally with very short con
nection leads Tho wire provided with lnsulat 
,ng tube Is depressed onto the board In Its full 
length so that 11 forms a typ of strlp lIne . Tho 
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descnbed construction un bo s on 1n th pro• 
totype shown in Figure 3 

The two lecdthrough capacitors are soldered 
into the case in the v1c1mty of the appropriate 
connection points Pt 1 and Pt 2 Either a co• 
axial socket (Rs shown In Figure 2) or a 1h1n 
coaxial cable (PTFE cable or semi-rigid cablo) 
can be soldered to th output tap on L 11 

The case 1s soldered all around the edge of the 
PC-bOard so that tho conauctor side is spaced 
approximately 3 to 5 mm Jrom the tower cover 

Several dashed lines aro shown m the compo• 
nents location plan and 1nd1cate the pos1t1on 
where screening panel!i should bo soldered 
These prevent a capacitive breakthrough ol 
the lower lroqu nci s to the output, which 
means tha tho sp ctrum 1s cleaner This 
measur should alwayc be made when using 
the oscillator modul in con1unction with a 
wideband mucer In our case, lhe 1nterd19,1al 
filter of lh mnc r modu e provides sulltc1on1 
sefechv1ty. 

ALIGNMENT 

The following equipment 1s required · 
A h1gh-1mpedance DC vo!lmeter a frequency 
counter for up 10 500 MHz (e.g DK 1 OF 044 
045 DJ 6 Pl 005). a vavemeter up to /\P• 
prox 2000 MHz (VHF COMMUNICATIONS 21 
1975 p 90-92) , as well as a power meter (VHF 
COMMUNICATIONS 411981), or at least an 
indicator. 

Firstly chock tho st£1bllr1ed voltage at tho omit 
ter of T 5 nd the opor l ion of the relay switch 
Ing, as woll as lh DC-vollages at tho mlttor 
resistors of osctllator and buffer stages 

The power meter and frequency counter r 
now connoct d to L 5 and the selected crystal 
frequency should be 1nd1cated. The oscillator 
should cease operation abovo and below tho 
crystal frequency when rotating the core of L 1 
(L 3} . If this 1s not th cas lhis will md1c te that 

the compensating mductanc L 2 or L 4 1s in
correct In this case, the o c1llator should b 

witch d off and the r son nt frequency of 
these coils should be measured together with 
the associated crystal using a d1pm ter The 
number of lurns 1s then varied until the reso
n nt frequency corresponds to that or the crys
tal 

This problem should not b encount red with 
th given crystals, and 11 1s usually only neces• 
ary for L 1 (L 3) to be hgned for maximum 

power (with a goOd commencement of osc1lla
t1on) and to ahgn C 1 CC 2) for 1'1 exact fre
quency, Due to tho 1n1ernchon, this should be 
r pealed several limos until Ir quoncy power, 
and osc1llalton behaviour re s required 

The ltequoncy doubler stages equipped with 
T 6 and T 7 can be aligned for maximum collec• 
tor current: the final value m 11.surod 1n con• 
1unct1on with the prolotype, ro given 1n the c11 • 
cu1t diagram, 

II 1s very possible that Iha actual values differ 
from those of the prototyp • and this 1s not 1m• 
portent as long ns a suffic1on1 output power is 
provided al the oulpul frequency (minimum : 1 
mW) Th frequencies sho1Jld be checked at 

ch stage, 1n order to ensure that an unwant· 
cd tripling does not take pl co 

The 389 MHz ampllf1er equ1pp d with transis
tor T 8 hould be aligned 1n con1unct1on with A 

pow r meter coupled to tho tr,phn circuit 
L 10 The frequency of this stngo should also 
b checked If no power mot r ,s va1lable, one 
can disconnect tno 4 7 kU res1'-t0r of the vamc 
tor qundrupler from ground, .,1nd bypess the 
froo e,,d with 220 pr It 1s lhon poss1blo for the 
DC-current to be measured This a1 least al 
lows a preliminary t1l1gnm nl 10 b made, oven 
wh n C 7 must bo altgnod afterwards. 

The varactor quadruple, mu I l1nafly b align• 
od for maximum power at the output frequen• 
cl s Tho rnterd1g11al m1xor can then be used as 
sotocllve indicator by monsur1ng the mixer 
d1odo current 
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Fig 4 
Only 389 MHz and harmonlCI ot 1h11 rt pr 1tnl 
In th 1pec1rum of Iha uIhor • proI0Iype, now 
equlpp d with ,ere nlng p nel Th11e spurious 
lln I rt vlrlu lly ellmln I d In Iha lnl rdlgll I 
tilter of the mix r modul 

Tt, folio 
author r· 

u 12V 
I 82mA 
p OmW 

In the pro1otyp , a □FR 34 Aw s u d !or T 8 
;'lnrl an 1N •1148 w, u d for D 2 Figure 4 
shows tho pectrum I tho output with ,cro -n 
ing panels prov1d('d but w1lhoul passing 
through the ml rdlg1t I filtc>t 

Which Volumes of VHF COMMUNICATIONS are mt 

VH 
VH 
VHF 
\/HF 
VHF COM 
VH COMMU ICA 
VHF COMMUNICAT 
VHF COMMUNICAT 
VHF COMMUNICATIO 
VHF COMMUNICATIONS 
V~I COMMUNICATIONS 
VHF COMMUNICATIONS 
VHF COMMUNICATIONS 
PIA!lllc bind r tor 3 volumr, 

D 
D 
D 
D 
D 
D 
D 
D 
D 
OM 

Ch D 00 
OM 3800 
OM ,1000 

. OM -1200 
........... OM \.100 

OM 40.00 
... .. .. OM 5000 

... OM 700 

berichte T rry O. 811tan Jahnslr . 14 Post! ch 80 • D-8523 Ba1ersdorl 
T I 0913318 55 fl'. g und Nachl) 
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IF.MODULES 
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or s nlF-Modul fortheSHFBand 

2mBANO 

Low•N0ts VHF-0 c1llator with Diode Tuning, 
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Clos -In DF Rece1v r for the 144 MHz 8 nd 
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NOl!l8 Pr ampllll r, Schottlly Ring Mixer, nd 
Clean Tr nam11 Sign I 
A Ver58Ut IF,Modulo Su,tablelor2 m R ce1v rs , 
or as n IF·Modu1 rorihe SHF Bands 
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MISCELLANEOUS 

TheOu1pu1 Power of a Tmnsc Iver can be Reduced J.M Noed1ng , LA 8 AK 4181 251 · 252 
Aulomatically on Sw11ch1nQ on the PowN Ampllher 

New lnterdigital Bandpass Filters 
4-etege, sealed bandpa11 fllters for 
1152 MHz, 1255 MHz, 1288 MHz or 1297 MHz 
centre frequenclH. 

3 dB bnndw1dlh ......... , , .. , 12 MHz 
Passband 1nsert1on loss ............ .. 1.5 dB 
Allenuallon el I 24 MHz 40 dB 
Allenua11on at 33 MHz 60 dB 
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Rolf Heidemann. DC 3 OS 

A Gunn Oscillator for th 24 GHz Band 

A simple, reliable Gunn oscillator for the 24 
GHz amateur band Is to be described to 
help achieve Increased activity on this 
band. During the design, special attention 
has been paid to obtain a wideband , good 
Impedance matching of the Gunn diode to 
the load In order to ensure that the sensi
tive semiconductor will not be brought Into 
a cri tical, osclllatlon range. 

For this reason, the height of the waveguide Is 
reduced In the resonance range, although this 
reduces the Q of the rtc;onator and the noise 
behaviour of the oscillator However stability 
has prronty, especially when high performan-

ca. and thus expensive diodes aro to be used 
Figure 1 shows the cross-section of the Gunn 
oscillator; the body of the choke is shown se
parately 1n Figure 1 a The photographs given 
in Figures 2 and 3 show an author's prototype 
which was milled out of two pieces of alum1• 
n1um 

An alternative type of construction can be 
made by using a standard waveguide material 
A 220 (WG 20) together with a wedge which 
can then be soldered into place This wedge 
must be made from copper 1n order to ensure a 
good heat d1ss1pat1on Such a construction 1s 
shown in Figure 4 

c po•y Doara tor o~press,ng 
th• ChOkO 

31 

DC 3 O.S 
Fig. 1: Cross s ctlon of tho power-Gunn osc ll letor 

tor the 24 GHz band 

Fig. 1a: The choke ol the 
oecllletor 11 lathed 
from brass 
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Flg . 2. 
Edltfl'MII v - Of tha 
Gunn Oltllll1~ 

Fig 3 
Two-p •c• con1tn1c1lon 
and chok.1 coo11ruelld 
-■ 1hown In Fig. I ■ 

Fig 4: 
Copp1r wedg1 lor c:on• 
1truetlng. lhl OIClllator 
1ttown In Fig. 1 In con• 
1unclion w1lh IR 220 
w111eguld1 
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_........- · - . .....__ Flot anode 
/ , connection 

Fig, 5: 

Cathode 
connection 
outer thread 
3 l.8UNC 2A 

2.6mm · 
d1a 

Fill cavity 
and thread 

with conduct1ve 
silver 

The Gunn diode can 
be mounted In th is manner 
Into e 2.6 mm thread, 
which provides a 
favorable solution 

2 6mm threaded hole 

Mount onto 
Gunn 
osc1llotor 

ZD4V3 
eg 
1N 
4731 

• 

As was mentioned provmusly, special atten 
tton has been paid to a good cooling of the 
Gunn diode In the case ol 100 mW diodes, the 
cathode connection to be cooled is provided 
wIIh a thread which Is designated 3-48 UNC-
2A Since such threads can usually not be cul 
in Europe, the aulhor has used the method 
shown in Figure 5 with success. In this case, a 
M 2.6 thread Is cut after which the thread and 
all cavItIes up to the cathode connection are 
filled with a fluid conductive silver that will 
harden 

In order to Improve the frequency stability of 
the oscil lator, the temperature Is slabillzed 
using the cIrcu1t shown In Figure 6 With the 

Flg.6 
Circuit for temperature• 
stablllzoUon of the oscillator 

aid of trimmer potentIometer P tho tempera
ture Is brought to a valu above the highest 
ambient temperature lo be expected plus the 
temperature increase due to the power dIssI 
pation of the Gunn d1odo Due to the thermally 
favourable installation of the diode shown In 
Figure 5, a 100 mW Gunn oscillator has been 
operating al the auth.or's location for a long pa 
nod w1thou1 problems both as an oscillator of a 
transceiver, and as a pump oscillator lor a 
parametric proamphfier for the 5.7 GHz band . 

K band diodes of all typos can be used In lhe 
described cavity oscillator The author has 
tried types TEO 132 (Plessey) and GC-5610 
(Frequency Sources·GHz Division) 

37 



VH COMMU IC.t.TI ' I 2 

Michael Ulbucht, DB 2 GM 

G n rat r f r H 'llld H 

II is very interesting to know how enslt1ve 
one home-made converter, preamplifier 
or receiver really Is. In order to m a ure 
lhf • one requires a noise generator Av rv 
u eful, nd reproducible nol■o sourc I to 
bed scrlb d In this article. 

Thor me various methods ol gen raHng a 
no1 c volt g The most well•known 1s to uso a 

Iur 1110n diode, A hIgh•vacuum diode w11h a 
tung ton CAlhodo g norat not pow r 
lhal I dlr cUy proport1ornil to th died CUI• 

rent Thi r ulls in an asy cahbra11on Such a 
d crlbed in (4) 

ca ccord• 
Im bonorm • 

I U11hz th 

~,. -
T1 T2 

0 0 0 ~~ 
~ 

~N~ 
f9 8 

l 

_ t 

3 
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1rectly proport10• 
nal 10 I ur SI Or IS sub 
10 van m I gonora1e 

clly d d 11O1s power. howevor, 
noise levels aro very low 

A s1mpl und cheap n1t1tt1orl or generating 1 

noise power wlth I semIconduc1or 
was shown 1n ( 1) ho dIsadvanIag 
that the noise po reproduc1blo, 
which I ust b C th 
brated a nts. How• 

ver, ( dv pl con 
struc11on. In many I rcqu r 

n e s 1oca1ry 
out t r to pr • 
VlOus construc11on ctor 

Ct R 
h -.--c::>--

1 
·. ~RJ RS 

DB 2 GM 002 

8 

Flg . 1: 
The mlller•baa dlod 
ot a UHF-1ranal1tor 11 the 
actual nols dlod • which 
11 I d lrom a con1tanl• 
curr nl source equlppod 
WllhT 1, 
Below: Holes 1n the ca 
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Fig, 2. Tho photograph shows thal this noise soure Is a real woekend project 

CIRCUIT DESCRIPTION 

The base omItter d1odo of an RF-transrstor 
( r 2) m Figure 1 Is ope rilled 1n I1s blockod dI
rocflon The transIsto1 r, provided with I1s oper
;11ing current vra A constant-current sourco. in 
order to ensure that the noise power remains 
constant This current i.ource Is conslructod In 
a convontronal manner usI11g a field oflocl tran
sistor (T 1) The const,1111 current Is adjusted 
With the Aid of A t , and diode D 1 Is used for 
tempernture compons1tion 

Resistor A 1 has cJ valuo of '2 2 kS I m tho case 
of the author's prototype The 110,so power did 
not mcroaso at lowor valllns, and !ho noiso po 
war was correspondrngly less at greater va 
luos. Since a DC voltage of approximately 4.8 
V Is present at the noise diode T 2, A chIpcapn
cItor C 1 was provtdod for OC Isolnt1on 

A1tenu1:1tor (R 3, A 4, A 5) 1s provrdod alter tho 
tormInntIng resistor A 2 Thi:; allows tho noise 
power to be roduced However, the main pur
pose of this attenuator Is lo improve tho match 
Ing, sInco tho return loss Is Improved by 1110 at 
tonuatron factor of this attenuator Of course 
an attenuator In a PC· board construction has 
Its llrmts The return loss dotenor,1tes at hIqher 
froquencIes. which means that tho matching 
also deteriorates For this reason the author 's 
prototype (see Figure 2) 1:, only provrdod with 
a 6 dB attenuator using metal layer resistors , 
Information given m (2) can be used for calcu• 
fating other attenuation values Any further c1t• 
tenuatIon can be made usmg a good oxterm1I 
attenuator 

An Improvement of tho return loss resulted 
using a thin brass or copper plAte pressed 
around tho molal layer resistors of tho atte
nuator It is possIbk for this to bo soldered to 
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Return IOH belw n 150 MH.i (I ft edge) and 1.3 GHz m 
the 6 dB allenualor. Velue between 18 and 1 dB 

Fig. 4· Th ENR•v lu• maHUr d balw n 50 nd pproxlmately 1300 MHz 
d crees a by pprox,lmat ly 3 dB over thla frequency range 
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ground on both side Th mounting of th 
pl lo cnn be seon in lh photograph 

A return loss of 15 dB w obtained using thI 
construc11on and 6 dB itllenuator (A 3 , A 4, 
A 5) t 1 3 GHz. Th m tch1ng Is beller at 145 
MHz and 432 MHz, and lor those read rs only 
requmng a norso gen r tor In this lrequ ncy 
range, the plate can b d I led 

Figure 3 shows th re turn loss at the output of 
tho noise generator Th noIso spectrum a a 
funwon of frequ ncy 1s 9Iv n In Flgur 4 

CONSTRUCTION 

Figura 5 show ,;m II PC-board tor con
struction of the noise g nerator It I d lgnal• 
d DB 2 GM 002 and IIs dimensions ar 72 

mm x 35 mm It c n bo mount d In a 30 mm 
high metal Cll Th fr par1 of the board 
should be cu1 out for ccommodat1ng th 9 V 
ballery, and for the protruding par1 of th BNC . 
connector. 

The components c1r d11 ctly soldered to th 
conductor s1do of th board as shown In Fig. 6 
There are no hole In lh board, and the con 
n ctor leads of the components are d1r ctly 
oldered to th conductor lanes The outside 

panel of the cas I provided with two holes for 
the BNC-conn ctor nd switch as shown In 
Figure 1 

Fig 5 PC-board DB 2 OM 002 11 1lngle-co led end lh component, 
are mount d on the conductor aid 

9V Ball 

Fig 6 Compon nl toe t1on1 1howlng po1Hlon1 of th 1wltch, 
BNC-connector, nd ball ry In the c • 

OB 2GM 
002 
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Tho BNC•connoc:tor Is now plac d in on hall 
ol lho ca o nd solCI red Into PosJ on Th PC
bo rd can now be l1Ueo lnlO th ii OI !tie 

se SO 'Iha! 'lh . ecnnecuon pin o lh . 8 ' C· 
com r I so erod onto th rd n th 
v1ciMy of 1ho et nuator A er 111'\is, 1he odg of 
!ll PC•boa,d IS SOldllred 'lo tho molal ens 
The cov rs ol tho case can bo II I d lightly, 

·hlCh moans lhal they need nol b, sold r 0 
1n10 plaoc TntS IS followed by lhe I SI ol I O 
wlrmg A 9 V banory 1s usod as voll go supoty 

COMPONENTS 

T1 BF245C 
T2; BFR14A 
RI . so I )!;l 
~ 2 5012 or o\her lmpeda nco 

Motal-layor res1s1ors lor the al\onu tor · 
308 R3, R5 ' 29-Bl R.J 17,5!.l 
6 dB R 3, R 5 150 tl R I 37 5 U 

10d8 R3, RS 71 ~J RI• 960{~ 

C 1 1 nF ch p capaolOr 
(value uncnuca!J 

Shee •motnl e 
Cover d,menstons 37 11. 74 30 mm 

BNC connoelor 

OPERATION 

Tho no1so generator can now bo connected lo 
t1 roco1ver. nnd hould operalo 1mmod1t1!oly, ii 
wIrod corroclly The reqwed nolso power can 
bo solecled with tho aid of fDSISIOr R 1 II 1$ 

possible, or cour e, t'or the nols source to b 
calibralod by comparing 11 to ,a proli1s!l1onal 
noise generator. 

MEASURING THE NOISE FIGURE 

Th nois pow P culalod s fo 

P,, • T • B 
where k Is I Bo tzma n ons1Lmt :.. 

• 1 38 ll l 0-¥.1 Ws K, 
l lh abSolut cmperaturc in Kelvin 
and 
B th bandwidth ol th system 

ThO notsn qen,arator proouces 1 00Is0 power 
of P lENR · 1)xk11.T,cB ENAl!llhe E C 9-

SIYO NOl!it' Aa11o, In Olhor words tho factor lh!-11 
must be dotormlnad for lhe noise generator 
during 1hf' c 11ibra11on p1ocos11 

A s1mp!o m asuring y ,lem lor noise m,>a• 
suremenrs 1s shown in Figure 1 

The modulo 10 bo ma !>urCd 11> provided with 
an aUenuator al the output A rece•ver Is used 
as 1nd1ca1or nd 1s connected to the output or 
the attenunIor Al hrst, the noise generelor re• 
ma,ns SNIIC Cd on Tho unenuato, ls now ao-
1ustod lor a c rtaIn 1noa110n on !he S· meter of 
lhe r Iv Tile no s g n , 'Of IS 
sv. tctmd on which II 001Jas th Inoica110n 
on 1ne roco et . Using . a11anua1:,r, 1he inoi
cated 11alu s roouood 10 u,e sarre value as 
was 1nd1cat bolero switching on the 001 

source The d,llorenc n ltenuaMn lhal can 
be road oil ori too at onUlltor alloY. s !he nO!Se 
I gur ol l modulo 10 b C lcul led In h Ol· 
lowng mann r 

NF Ef-JR 
(r,011; liguroj or 

T ( ENA - 1 ) x 2EIO K 
8 - 1 

{noise lemperaluml 
where •a' Is !he auenua11on lac1or. 

No1S11 
1,1,neralor 

Test 
Ob Jet! 

Sw,lchable 
ottenuotor Rec11,v1r l-0 

Fig 7: Muwring ayal -m lor no1,..rigur11 mNJsurement1 
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This must bo plc1ced as faclor 1n10 th equnt1on 
nd not In dB This can b c lculAted a 

10 10 

An example 1s now to b given to c1ar1ly th 
m asurement and calcul t,on 

With tne no,se generator sw1tchod oil , a read• 
able indIcat1on is obtained on the roco1ver with 
an a11enuat1on value of 4 dB Alt r sw1tcll1ng on 
the noise generator, one will roqu1r , lurthet 

ttonuatron of 8 dB 1n order to obtain tho same 
1nd1ca11on Th is means that the attonu lion dlf 
far once Is a 8 dB 4 dB 4 dB This corra• 
sponds to an attonualion !actor a 1 a~ '0 • 

2.51 II the noise generator possesses an ENR 
ol 1 O lhe noise figure of the module under test 
can be calculated as· 

NF 
10 

251 - 1 
6 6 ~ 8 2d8 

Ev n 11 lhe ENR•varue of th not onorator 1 
unknown, 11 will shll be po 1bl to mak com• 
part ons and to estabh h wh 1h01 a mod1llca• 
lion to the module result 10 an 1mprovem nt or 
not 

A New Generation 
of Transverters 
for 1296 MHz 

The larger the difference 1n ·11tenuat1on to 
nch1eve lhe same ind1ca11on, tho lower w,11 bo 
the noise figure of the modul . 

A v ry good descr pt1on or all term rn 001 
tecllnology 1s to be found in (31. 
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ST 1296 144 A: 
ST1296 144 B: 
ST 1296 28. 

2 m IF, output 1 W 
2 m IF, output 3 W 
10 m IF, output 1 W 

OM 699.-
0M 775.-
0M 855.-

We would like to introduce our cond gener 1100 of 23 cm transverter for op r lion 1n con• 
Junchon with either 10 m or 2 m transce1v rs 

• Oouble-convers1on both on transmit and r ce1ve with the 10 m ver ion lo obtain th 
extremely high image and spurious re, ct1on and clean spectrum . 

• Overall noise figure of the r ce1ve converter typically 3 9 dB 

• Transverters are ava1table 1n th lollow1ng v rs1ons . 

k Ill, •. technik Terry D Bltlan • Jahnstr 14 Postfach 80 Q 8523 B 1orsdorl 
Tai o 91 33/8 55 fT a und Nachtl 
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D. Holmes, G 4 FZZ 
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Som Pitfall in Noi e Figur 
Mca ur m nt 

In 1981 , G 3 YGF examined virtually all 144 
MHz preampllflers available on the UK
market with respect to noise figure, gain, 
selectlvlty, large-signal capablllties and 
matching. These measurements were 
made with the aid of professional measur
ing equipment. The results of these mea
surements were published In RADIO COM
MUNICATION (November and December 
1981) as 11The Effects of Preampllflers on 
Receiver Performance, and a Review of 
Some Currently Available 144 MHz Pream
pllflers«. Enquiries and discussions follo
wing this article led the authors to write 
down th experience gained on making 
these noise-figure measurements, which 
are now to be discussed ln VHF COMMUNI
CATIONS. 

Unfortunately, using expensive measuring 
equipment does not always mean that one 
will automatically receive correct measu
ring results ; there are many pltfalls. Users 
of home-made noise generators must pay 
even more attention to the sources of mea
suring errors. This article therefore Is of 

N • ....... 

great assistance to VHF COMMUNICA· 
TIONS readers, since a home-made not e 
measuring system Is to be described In a 
later edition of this magazine. 

1. 
MEASURING SYSTEM 

The noise figures of preampl1fiers or conver 
ters are usually measured in an automatic 
nolse-llgure measuring system in con1unc11on 
with a calibrated wideband noise source The 
leading manufacturers of such equipment are 
HP and AIL. The latter called Its system .. pre 
clslon Automatic Noise Figure Indicator« 
(PANFI), and this designation is to be used in 
this article Older versions of the PANFI only 
have a single input frequency of 30 MHz 
which means that one or more converters 
must be used to carry out no1se-l1gure mea
surements, Such a measuring system 1s 
shown 1n Figure 1 

Fig. 1: Most measuring set-ups contain several mpiltlers nd mhcera In front of the PANFI 
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2. 
SOURCES OF ERROR 

Non-, producible, unclear or ,ncorrect mea• 
sured values can b caused by the following 

2.1. 

Tho source imped nee (VSWRJ or lhe no1so 
source can change botwoen that present 
when switch d on and switched oH This 
means that the output noise powor or the am
pllfler to be measured will also change, inde• 
pendently or the noise level from the noise 
source 

Thi& source of rror c n bo avoided by using 
an ottenuator b tween noise source and test 
ob1ecl A value ol 10 to 15 dB should be sull1• 
01 nt 01 course. the noise l1gure value obtain
ed must be corrected tor by deducting the 
value of tho attenuation. For this reason. ,t is 
necessary to know the value ol the attenuation 
very ccurately and ror the attenuator to pos
sess a VSWR ot b lier than 1 05 • 1 II d1llenng 
resul1s ar obtain d when measuring with and 
without the ti nuator, this will indicate that the 
VSWR or tho noise sou1ce IS changing The 
measured values obtained with the attenuator 
should thoreforo bo more accurate 

2.2 

Tho ENR-valu of oven professional noise 
sources can possess quite largo toloranco In 
Its spoc1l1cat1ons a typical value Is O 1 to 0.5 
dB This orror hm1ts tho overall measuring ac· 
curacy of tho syst m and 1s unavoidable If an 
attenuator s used on tho noise source as men
tioned above. th tolerance of tho attenuation 
value must be ddod to th tolerance of the 
ENA-value 

2.3. 

Tho no1s comJ)Onents of th second and any 
subs quont stag s must also bo taken into 
considorallon . To do this. the system noise 
!lguro at the input or the second stage. and the 

gain of the ltrst stag must be known . This 
noise figure should bo fairly low - maybe 3 to 5 
dB - and the input matching must be good so 
that no ,nstab1hty 1s pre ent or induced wnhin 
th test ob1ect . II may be necessary 10 provide 
at1enuators w1lh values of botween 3 and 10 
d81n om case in order 10 neutralize them 11 
should be noted lhat the no1s figure of these
cond stage may b considerably higher than 
tho value measured In a 50 u system it the out• 
pul 1mpodancf' of the first stage 1s not 50 !2 
ros1stlvo. 

2.4. 

Any of the preampllliers or convorters may be 
unstable. or osc1Ua11ng ot a frequency outside 
of the lrequ ncy band of operation GaAs• 
FETs and bipolar transistors 1n VHF, UHF c,r
cu11s can cause o c1llat1ons I ever al GHz If a 
sp ctrum analyter or at least a detector 1s not 
available for chocking lh1s over a very wide Ire• 
quency range, (botwc n DC and light !) hyste• 
ros1s effects. nuctu ttons of th DC-currents or 
ot th no1s ltgure are sure s,gns of problems 
These unw nted cHecls can bo provoked by 
touching various parts of lhe circuit . 

2.5. 

The overall gain of the measunng system may 
be high enough to cause one or moro stages at 
the end of the chain o be driven into their non 
linear rang , or satur lion In particular, when 
one Is oporaung with bandwidths or maybe 1 o 
MHz or more, the wideband noise power can 
very soon ro ch consider ble values 

Since tow-signal mplll1ors become non-linear 
even at an input power lovel or - 20 or - 30 
dBm, and sine the therm I noise al a band• 
width ol 1 MHz is 1n tho order of - 11 0 dBm, 
this result tn a rolauvoly small gain range in 

which the measu11ng system can operate cor• 
reclly. The overall gain should bo hrgh enough 
so that th noise level with the noise source 
sw11ched oft 1s approximately 20 dB over tho 
thr shold at which th automatic ga,n control 
of the noise moasunng system begins to op • 
rate In lh caso of the PANFI , 1h15 IS at 70 
dBm, which me ns thal lh gain between the 
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tnput of th lest obJCCI an ot the 
PANFI m an o nt to ap 
1Ed1tonal note. Evon th 
~ so ~ 

ot th ul 
the 10 

ox 
va 

Any tn IS bettor reduced by r moving 
m by using au nua1or I 
dv a a larg numb r of m 
nd 1s 1ogether and hop tor lh 

2.6. 

Tho noIs0 figure 1ndIca1od on t110 PANf I ct1n 
bt> i1ffoctod by strong local lri1nsmI1,~1ono:; on 
any ot tho IntermedIate frequoncIes u od, as 
well s on their image trequcncI0 and spu• 
flOU r spon cs Since the PANFI po 

bandwidth ot 5 10 1 0 MHz. most 
conv rt ndw1Clths 
10 015 

ne 
oro 

rum a 
nor 
u 
ex 

rry h 
w , sine nd 
u rutor 

The m a uung system ts pocI lly n 11111 
to Int rloronc at th input Ir qu ncy of th 
test ob1 ct. mce the s1gm1I 1e110IIs 1n lho v1c1m-
1y of the thermal noise I vol Any unwanted 
Ign I must bo approximately 20 dB b low lhIs 

le11ol ,n ardor lo ensure thul lho moaqur mont 
Is no1 l11lslflod Unlortunatoly ono Ir; abl to ro• 
colvc a o;urpr1s1ngly large number of loc I sIg• 
nals on mosl rece,vors, even wllh no mlonna 
connecl d By comparing two moasurom nts 
mAdo I lightly d1tleren1 lroqu ncI w1lh1n 
lh bandwrdlh Of tho sys I m ' II I po iblo for 
uch prob! m to bo een by md1c 11n un x

poctod d1 I , nc smtt m a urom nt 
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2.7. 

If rnsulf·c1 nt ed, the mI r c 
som, gn 

osctllator Th c 
tho harmon, I 
qu llCI of lh 
us as int r s 

Thee cell nl c net or ring mi re 
often not ob1a, bo th y are n I• 
nated with re II connoctJ d 
lor all frequ nc in A correct In• 

t1on 1s only 10 bo found In v ry few casos 

In practice, one actually llnds converters w,th 
very strange spuriou responses For instan
ce there Is a 432 MHz lo 144 MHz converter 
with a '>PUflOU':1 respon·,o lh,1t IS only 13 dB 
down on thP roqulrod frequency I This rs cau• 
sed by the local o i.;Illator frequency ot 288 
MHz, whoso second hmmon1c also mums It• 
self with tho Igna1· 432 - 288 • 144; 576 
432 144 

2.8. 

Tho rnd1v 
t sted 
rmage I 
qu ncy 
wideba 
th t IS 

band 
dlng tot 
use oft 
required 
sy fem 

2.9. 

Mosl conv rt01s produce consIdorablo .;pu• 
rrous sign.i i levels al th Input and output con• 
nectors (In tho ardor ot 20 dBm), usually 
lrom the local oscIII tor . II ono ol those signal 
al the output ol lh convert r fall w,th1n th 
bandwidth ol an IF,proamphftor, 11 mayl cau 
ovo,toad fl I nd r duo t ga,n for th 
no1s s1 nal 
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II the input or the output of a converter 1s con• 
mictod to a wideband mixer, one or moro ol 
these spurious outputs can compete with tho 
true local oscillator ,ind result. In a largo num• 
bar ol spurious recopuon products and effect!! 

3. 
DISCUSSION 

The main reason for these dIfflcult1es ls tho lac! 
lhal tho signal levels and lrequenclos are ralu 
Uvely unknown. especially when a measuring 
system 1s to be built up lor a special reason 
such as a VHF1UHF convention where lh 
components are noi known and are being 
opera tad In an unknown AF-enwonman! Tho 
bnhaviour of 1110 lost objoc1s with rospoc1 to 
stability, gain, lrequoncy response. spurious 
reception points, ,ind 1ntorlerence lines also 
cause a number of unknown variables 

Prooloms can be voided by using som addl• 
t1onal measunng oqu1pmont 

3.1 . 

Wllh the aid or a speclrum analyzer, one can 
mcamlno the signal levels ol lhe lrequenc1os In 
quosl!on at Iha various s1ages in the chain and 
d1scovo, any presenc of instability or RF· 
b1oakthrough At least ono should have soma 
form or wideband detector in order to discover 
the presence o1 intorleronce frequencies 

3.2, 

Gain values and frequency responses can be 
measured wllh tho aid of a network analy1or or 
a signal generator and power meter 

3.3. 

fllechve llllonng Is absolutely essential 111 

order to avoid problem!. caused by ovorloac! 
and spurious racoptIon points An effer.!lve 
bandpass lilter ts necessary betwocn overy 
mixer and tho subsequenl (preJamphller, tind 
u fur1her hltor at the input or the mixer to atte• 
nuate the image frequency 

3.4. 

Fluctua1lng measllmd values on lho PANFI In 
dlcate RF-breakthrough or lnstabIlltles Somo
llmes. these fluctuations are dependent on tho 
movement of persons or equipment varymg 
the RF•breaklhtough Such effects c n only b. 
Avoided by 1horo1.1ghly screening all oquIp• 
ment, o, by sw,tchrng o!l 1he Interfering s,gnal 
sources 

3.5. 

An overload condition o! amplrhers is shown by 
a large Increaso of lhn measured noise- 1Iguro, 
for instance, whM a preamphl1er Is c:onnoctnd 
In lront or a convortor, or further proamplilio1 
placed in front of the ox1st1ng systom 

-B 
,,, 

Fig 2: Noise-figure m a urlng set-up for lh 23 cm b11nd Including th n ces1 ry Mering, 
wllh lyplc t gnln valu sand pr•ctlc I pow r levels 
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Fig. 3: No1H •Hgur measuring IGl•up for the 2 m band; 
Iha lndlceted power level■ er velld for an IF bandwidlh ol I MHz 

3.6. 
lnter1erlng signals In lhe required lrequcmcy 
range are lndicatod whon the measured noise 
!lgu re considerably varies when one vanes 1 ho 
frequency ot a local oscillator or the mlerme 
dIate lrequency ol lhe PANFI High-order OS· 
clllator harmomcs c n run all over the whole 
IF-bandwidth when tho lundamentat signal Is 
only vaned by a rew hundred kHz. If everytnmg 
is operating correctly, the noise-figure valuas 
should not vary noticeably over the bandwidth 
of the IF, even when this Is several MHz 

4. 
FINAL CONCLUSIONS 

11 Is recommended to use a special convet1or 
designed tor each required frequency band In 
order to avoid problems encountered with 
wideband mixers Even then, sutliclent selec11 
v11y should still be provided before and aflor 
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ach mrxer, this can bo blJilt In , or added in Iha 
form of external filters . Suitable set-ups ere 
shown in Fig. 2 for measurements on 1296 
MHz. and In Flguro 3 lor 144 MHz. 

It was previously mentioned that the PANFI re• 
quires an 1npu1 level of a1 least - 70 dBm, 
(AGC ac1uat1on) and a maiumum input tevel or 
approximately O dBm. The mphl1er'convertor 
chain should provide a noise tevel Iha! Is nol 
much more than 10 to 20 dB in excess of this 
AGC-lhresl1old when lhe noise source Is 
switched off . This means I hat a maximum 
range of 50 to 60 dB romalns for the ENA value 
(approx1mat&ly 5-15 dB according lo lhe atte
nuator value used). and lhe peak values of the 
noise power 

Nolse-l1gure values can onty be trusted when 
the previously mentioned checl\s have been 
successful and when the measuring system 
provides constant, reprodL1clblo results with a 
number of dlHerent preamplHlers. Any unusual 
or unexpected behaviour shou ld make ono 
suspIclous and load to n careful , systemallc
eicam1nat1on 
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Leif Asbrmk. SM 5 BSZ 

Dynami Range f 2 m Tran c 1v r 

Part 1: Intr duction 

The satisfaction of DX communications on 
the 144 MHz band Is often spoiled now• 
adays due to Interference from neigh• 
bouring stations. Th c use Is usually n 
Inadequate dynamic range of transmitters 
and receivers I The gre test problems with 
modern equipment ar caused by the noise 
sidebands of the local oscillators. Th y de
crease the dynamic rang In both receivers 
and transmitters; often to very great ex
tent. These problems were discussed In n 
article publlshed by OJ 7 VY (1 ), which also 
Included a description of a good, clean 
VFO. 

The followlng rtlcle repr sents an Intro• 
ductlon Into a series of article In which 

Output Antenna Distance 
power (ElemenV (km) 

simple modlflc lions are to b described 
for popular 144 MHz transceivers av Hable 
on the market. These modlf cations will re
sult In a considerable lmprovem nt of their 
dyn mlc range. 

Basic Considerations 

Table 1 gives three typical situations to Indi
cate how high the dynamic range. and how low 
the noise sidebands must be It 2 stations are to 
operate s1muflaneously. The wor t cas Is as
sumed where the two antennas re pointing 
directly to another 

-
Dynamic Noise side-

range band suppres-
(W) gain) (BW 3kHz) slon (dB/Hz) 

300 40/17,5dB0 2 149dB - 184 
50 10/11 dBo 5 120d8 -1 55 
10 Ha101 1 dBo 5 89d8 -124 

Tabla 1: 
Required dynamic reno• and nolH aldeband auppraHlon• for thrH typlcal altuatlon, 
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Th values given In Tablo 1 how us 1ha1 a very 
larg dynamic rang Is vory useful. and the 
characteristics of the equipment should be op
tIm1Lod as much as possible w11hin reasonable 
cost limits The situation with modern equip
ment Is usually opposl t end the dynamic 
range Is usually llmIled by lack of care during 
ho design of tho circuit 

tn this article. and tho following descnphons. 
tho dynamic range will always b reterred 10 a 
SSB bandwidth of approximately 3 kHz. 1 e 
the values in Table t , four1h column, can be 
directly compared to the diagrams The im
portance of Iha numor1cal v lues can b easily 
understood ln the cas of the transmit spec
trum ; however, In th cos of Iha r ceIvers we 
dl floren tiata between th two-tone dynamic 
range, and the three tone dynamic range 

The two-tone dyn mIc rang Is measured as 
tho level ol an Interlermg 1gnal that reduces 
the sIgnaHo-no1s0 rauo of a required weak 
signal by 3 dB. In this ca tho ,nterterence 
signal level Is me sur d In dB over the noIs 
lloor (at a bandwidth of 3 kHz) In modem re 
ceivers. the two-tone dynamic range Is usually 
limited by the noise s1d b nds of the local os
cillator It can , however, b determined by the 
overload charactorlstIcs ol any amplifier or 
mixer, and will , In this cas , be In the vIcInI ty of 
the 1 dB compression point {In dB over the 
noIso floor) 

The three -tone dyn mIc range - or Intermo• 
dul t1on-lree dynamic range - Is related 10 the 
thIrd•order intercept point , and Is measured as 
th level (in dB above the noIs floor) of ono of 
two equally strong signals th t produce Inter 
modulatIon products of th samo level as the 
noise floor 

In th above dIscusston. all lgnals are assum-
d to be within th 144 MHz band . Image-Ire• 

quency response , second-ord r mtormodula
lfon (o g. 48 MHz TV-signals plus 96 MHz FM 
carriers) , and other probl ms c used by out
ol-band signals, ar nol to be discussed here. 
Inc they can b e ily uppressed using 
Ultable hltors 
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The 1wo•tono dynamic range may b very low 
at certain frequencies due 10 spurious recep
tion points, however this Is a minor problem 
that Is not usually present in mod rn 144 MHz 
transceivers, nd Is therefore not to b dis
cussed hero. 

Finally, tho three-tone dynamic r ngo ls not to 
be discussed In detail here, !or the lollowlng 
reason In practice the lnterlorenc caused 
by Intermodulat1on Is not so sovere sine at 
leas1 two. very strong signals must be present 
s1munan ously; the mterterenc caused In this 
manner only appears a1 a lrm1ted number ot 
lrequ nc,os, which means that skill d opera • 
tor can avoid them 

A rec Iver having a good two-tone b havlour, 
will automatically possess a good three-tone 
range, whereas the opposite may not bo true 
due to th noise sidebands 

The intercept point and lls importance has al
ready been discussed ,n de1aII m amateur 
radio publIcabons 

Request sp clficatlon regarding the 
dynamic range before purchasing 
your next transceiver I 

The aim of this series of an1ctes is to improve 
th vary unsatisfactory situation This tnlorma• 
lion ha be n par1Iy publlshod In Iha Swedish 
Magaz,n .. Radio och Telev1s1on The author 
wish s to make radio amateurs aw re of the 
fact that there are very great dill ranees in the 
dynamic r nge between differ nt tr n c Ivers 
If mor omatours request dynamic rang po• 
clflcatlons, tho manufacturers will b fore d to 
pul more llort into these problorns if their 
equipment ts lo remain popular on tho market 
The m nufacturer that 1s able to quote trans• 
m1t ignal purity of - 100 dB In 25 kHz p cing, 
and - 110 dB in 100 kHz spacing (b ndwIdth 
3 kHz) , and to quote the s me num rical 
valu s lor tho two-tone dynamic range of the 
r c Ivor, would have a consIdorabl dvonl• 

gc over other manufacturers on the market. 
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Measured values lndicale the present 
standard of transceivers 

The costs involved In achieving the previously 
mentioned dynamic range are negligible This 
wUI be proved In the following articles of this 
senes In order to illus1rate tho present sltua
Uon, the author would like to show the results 
of measurements that were mainly made al 
the VHF-meeting heid In Annaboda 111 1981 . 
The illustrallons show the signal purity of 
transmitters in Iha CW-mode, 

Figures 1 to 4 show lypIcal measured values 
for lypes FT .225 AD, FT 221 , IC 2111245, and 
TS 700 In that order both in their ongInaI con
dI1ton (upper curve), and aller modil1ca11on 
(lower curve) , The mod1licat1ons win bo des
cribed In subsequent ar1Icles of this series. 

In the case ol lransceIvers IC 260 E!IC 251 E. 
the measured values spread considerably 
from model to model, Figure 5 shows lour or 
I hose The reason for this spread has not been 
ekamined Furthermore, no ekporImenls were 
made, to improve this typo ol 1ranscelvor The 
run of lhe Iwo upper curves already Indicates a 
poor filtering In the phase-locked loop 

Fig, 1: 
Vertical scala power dlfforenca 
lo the main carrl r: 
Horizontal scale lrequency 
difference lo the carrier. 
Noise sldebanda from th FT 225 
before (above) and all r 
(below) modification 

Fig . 2: 
As In Flg .1 In this case 
for lhe FT 221 
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Flg.3 • 
A• In Fig 1 - now !or 1h11 
IC 211 IC 2•5 

Flg.4 ; 
At In, Flg.1 lhl1 l1 !or 
lh9 "TS 700 fu. pal1 2 
011hl1 nr~•I 

Fig . 5' 
A• 1n, F t - m 111r.«t 
.... tu•• ol 4 dill 
IC 260 E IC 251 E 
exhlbll I 1prHdlng 
ol up 1020 dB 
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Figure 6 hows the measured v lues lor 1wo 
differ nt 1ransc ,ver type FT 480 R In th 
case or th c two transce,vers. the no1s s 
caused by too low a s,gnal level al lh output of 
I CfY tal 1111 r. In pooopte. this should 
easy 10 mod1I • but due to the compact con• 

true on, this may be d1 f1C\Jlt ,n pr ct c 

Figure 7 ho measured values ot t d1lf • 
rent TR 2400. Th, transceiver 1s cl arty poorly 
designed nd con tructed, and th m nufac
lurer I well adv, cd to improve th, un11 a 
soon as pos 1ble. 

Typical mea · ured curves are given ,n Figure 8 
for Iran co1vers type IC 202 and IC 2 E A large 
numbor of these transceivers war measured, 

end all show d valu v ry near to these 
curves F,gur 8 also nclud values for trans-

tver iype IC 22, how v r. only one uni I was 
available for the m a uremonl 

Flgur s 9, 10, and 11 re also only based on 
one transce1v r per ty h is n relore un-
nown to whal ext n1 1 m asured values 
pread from uml to un,t 

All measurem nts wer carnod out with a 
home-made transc 1ver hav1nq a v ry large 
dynamic rang . Flgur 12 shows the perfor
mance of the measuring systom that 1s obtain-

d using a IC 202 followed by a 144 MHz crys
tal filter 

Flg. 8: 
Aa In Fig. I 
two dill r nt Irenic Iv rs 
lyp FT 480 R In th Ir 
orlglnal 11111 

Fig, 7: 
Al In Fig 1 
two dltl r nt tr1n1celv ti 
type TR 2400 In their 
original 11111 
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Flg . 8: 
The noise aldebanda ot many 
lndlvldual lranscelv1r1 
ol typea I end 3 exhibit 
always the ume charac11rl1tlea 

Flg. 9: 
The noise sidebands ol 
3 lunher lypes 

Fig, 10: 
Noise sidebands ol 
3 well-known 
BRAUN-transceivers 
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In goncral. the two-tone dynamic r ng of the 
rec 1v r Is similar 10 the measured valu for 
the purity of th transmit signal Howev r. 
measuremont were only mad on c r1aIn 
lyp S 

AddItIonal Interference may be produced 
when th 1ransmIttors are modulat d Sovor I 
models produce very strong key clicks, and 
othors produce a strong w1deb nd spla !ler In 
tho SSB-modo Generally, such probl ms can 
be cured easily and suitable modlf1c lions will 
bo d scribed for cer1 in transceivers 

Finally, the importance of clean transmit 
sign I, nd good receiver should b under• 
ltned by studying column 4 or Tabt 1 Th 
number of radio amateurs will mo t cert inly 

.... 

Fig, 11 : 
Th• nol lid bends 
ol lyP41 I ■re 

r mark bly h gh 

Fig , 12: 
An IC 202 with I 
144 MHz crylllll 
!Iller conn cted 
lo th• output wu 
used as the be I· 
lrequ ncv 01clll1tor 

increas - although t s11ua1ton In the dense
ly populated aroas 1s b d nough today, which 
t understand bl wh n one compares th 
values given ,n Table 1 wnh 1he measured 
values of mOdorn 1ransceIv rs, as g,ven In th 
diagrams ol this ar1Iclo. 
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Leif Asbrmk. SM 5 BSZ 

Dynamic Rang of 2 m Tran ce1v r 

Part 2: M dificati n · t th T 700 

The nols sldeb nds that ccompany the 
tr nsm t algn I of the TS 700 ar relatively 
strong at a sp clng of 100 kHz or less. 
Th y origin t In the DC-converter of the 
power supply circuit. The converter pro• 
duces 600 Hz squ re-wav sign I. Th 
ste p lop r suits In spikes that cause an 
amplltud modulation of the transmitter, 
which In turn Increases the slgnal band• 
width to 100 kHz 

The mod1flca11ons d scnb d in this article en
sure !hat the 600 Hz signal cannot reach th 
tr nsmI11 r, thus ehmInatIng the amphtud 
modul 1I0n nd th interference sidebands. 
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Figure 1 hows the noise sidebands of om 
TS 700 tran c ivers before modIhcat1on (con• 
tInuous lines). nd after modihcation (dash d 
hn ), 

The curv s designated with ,A .. aro from n 
old r unit, which was defocllvo during the llr t 
mo surem nt (A 1) Tho cause for this w r 
loose nuts used for mounting the board In th 
power upply Alter tightening tho four nuts 
th tr n celver exhibited normal. typical 
values (A 2). After publishing this article In 

Radio och T 1 v1sIon•, the aulhor receiv d 
numb r of I tiers that indicated that many such 
transceivers have this problem. 

Fig 1 
In tht TS 700 tht nol11 aid b nda 
art caused by 600 Hz pulaea from 
lht DC convtr1tr. Ma11lve llnea 
4 dill rent tranacelvtra In their 
original IIIIIH; broken llnH 
alter modllicallon 
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1, The hrs1 step In 1mprov1n9 th 1n1erlerence 
s1d bands ol lhe TS 700 Is 111US 1mplA Tigh• 
ten these nuts so that lhe power supply has a 
good ground connection. 

Curves B and C are from 1rar,sco1v rs or moro 
modern construction, Transceiver D was only 
measured alter modification, It Is nol known 
whether It Is an older or newer mod I. 

Very high currents of the 600 Hz spIk.0s flow 
w1th1n the power supply Tho selection of the 
ground poinls 1s lhoroloro very cnlical. The 
ground po1nls ol the 9 V st11b1hzer have not 
been caroful1y selected, and for lh1s reason, 
tho second and third st ps of the modllIca11ons 
are 1n 1mprovmg the ground connect1ons ol the 

Fig. 2: Th• ore th modlllc1tlona: 
A: Tlghlen all 4 b<llla 

9 V s1ab1hzer circuit These are carried out as 
follows· 

2. The ground pin of 1ho lntogratod stabilizer 
(0 11, pin 1) 1s connected 10 one ol lh pre• 
v1ously mentioned nu1s by connec:llng a cop
per wlro or at least 2 5 mm diameter lrom the 
upper side ol the IC to lhe nut. and soldering 11 
Into place That nut st,cutd b usod that Is 
nearest to the 144 MHz power amplil1cr 

3. The ground end of R 28 ls now connected 
lo pin 1 ol O 11 Th uppnr end ol R 28 1s now 
cut and a new , k!.! resistor connected from 
the loose end of A 27 lo pin 1 ol O , 1 (lrom 
above) 

B: Solder a heavy wire lrom lhe boll In th upper lef1-hand corner 10 pin 1 or Q 11 
C: Cut 1he old real11or 
C: Put In lhe n w 1 kU tHII IOr 
E: Thia Is wh re lhe 220 ,F alacrrolyllc capacllor !Inda Ila ptac 
F: The toroid-core choke 
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TS 700 
SM 5 BSZ 

N r h r - • 
1fon Al v roduc 
AC-vol pt?cially al r 
lreque Is still no; 
enough.and l'l 1s no<:essary to c.arry 0u1 step ,4. 

0 1he 9V la• 
b a nsen an AF· 

lie reacllt)' avad• 
a I 4 C 6 VIOlel) 
swere 23 14 7, 

wdh 301urns of namellcd 
8 mm di~ m r The choke 

nouct, nc of 50 1H or more, 
o tray lield Tho toroid cores 
s led w11 ho !11!10 plastic 1apo and 
clompod 11110 pm;ltron be1we 11 an Plec1rolyl1c 
cnpncltor nnd 1h1· cover or th power supply 

Oldor TS 700 tr inscoivors alao roqu!ro two 
hrrlhot niodlllcotlons. Slnco It is dllllcult lo 
Judge wholhor 1hoy ,m.: necossary or not II Is 
rocommondnd !ha1 lhny bo made rn aH cases . 

5. Solder n el ctrolytic c p, CIIOr of 220 1F 
or more lrom th 6 V connectron ol lh 
pow r upply to 1ho nu\ tha11s !ready used a 
ground point ror O 11 c1oscrI0 d 1n .step 2 
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·C I 
T 220µ 

VIIF'CO!.IMUNIC.-itlO: I 82 

Fig 3: 
Pan ol lhe ctrcuI1 
diagram wh•r• the 
modllica1lon1 htve 
10 be carrf d out 

rolyu citor Of l 000 11 r-
s F n I c 20 V lln 
nt I I nter o lh re r 

Figure 2 nows tho mod1lrca1tons I 10 5. nd 
Figure 3 ho lh _ ppropnat pan ot I 
i;,rct.•1 

As can bo n, t TS 700 ls v ry e sy 10 
modify In ord r to carry out s!eps l 10 5, It ls 
only necessary 10 remov lhO cov , ol I 
power supply ( 4 sere vs). Th r~u,rOCI compo 
n nts ar 1 r 15101 , 2 capacitors, 1 10,01d 

coro, and a I ngth ol onarn lled copper rr 

Aftl)r ~rrying out 111esi moclihcaltons, lho 
residual noise sldobands ongIna1t h1,m lho 
wh110 no1s of Iha .:impr111er chain In ,1 lat r 

rt1cle ol 11,1, sonos 11 wdl bo shown how tho 
narrow-band nolso s1dobnnds can b roducnd 
!or severe! lrenscorvor typos. All lranscolvorfl 
will only havo whi1e•nol!,e sidebands fl!lm 
modillcat1on 

Many of th tr nsce,vors h ve lwo•tono dyn • 
m1c r ngo of appro,umutely 1 t 5 dB For 1hr 
ronson, lh author hop s 10 show 1n a lat , 
arhclo how lh whrto noise cur1 b reduced be· 
low !his valuo, which sooms posslblo for 
number 01 typ 



VHF COMMUNICATIONS 1,8<' 

Ferdi Schmehr, DCB EC 

Stabilizing th Op r'1ting Point of 
Prcamplifi r and Linear Amplifier · 
for 'ln Output P wer up to appro . 1 W 

The described circuit maintains the collec
tor current of an RF-transistor virtually 
constant In a wide temperature range from 

SO C to + 100 C. 

The advantages ol this circuit are : 

• No thermal contact Is required to the 
RF-transistor 

• Collector current and voltage are vari-
able separately In a wide range. 

The RF-transistor Is shown In the circuit dia
gram without resonant circuits and transfor
mation hnks For safety, the connections of 
base and collector voltage are bypassed with 
the aid of capacitors C 1 and C 2 whose value 
is dependent on the frequency range of Iha 

•Ueo-- - - ---- --, 
<Uce 2mox 

10).1 • 10n 

stage to be stabi lized This ensures that no 
RF-noise voltages can be lnJected from the 
control stage into the RF stage 

A PNP •audio transistor type 1s used as stabili
zer transistor T 1 The recommended type 2 N 
2905 A (TO-5-caseJ allows the operating point 
stab1hzatlon of RF-ampli fiers up to 1 W output 
Attention must be paid, however to ensure 
that the ra ting of resistor A 3 Is sufficient The 
power dissipation across A 3 Is calculated as 
follows 

DC 8EC 

Ort/RFC 1 

C1 

(UE< Uct )2 

R3• + A .. , 

II 

I 
I 
I 
I HF/RF · Trons1stor 

I 
I l c2 
I 
I 

T2 

Fig. 1 Op rating point steblllzatlon ol n RF-st ge botw en 50 and + 100 C 
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The collector emitter voltage or the RF-transis
tor can bo adjusted wllh the aid ol trimmer re• 
sis tor R 2, and the collector current with tho aid 
of R3 

To calculate all lour resistance values approxi
mately, the lollowrng values are required : 

• Operating voltage Ua ") 

• Required collector voltage or the RF-tran
sistor UcL 

• Required collector current of the RF-tran
sistor le 

• Current gain of control and RF-transistor· 
B1 and B2 

• Base-emitter voltage of both transistors 
for the collector current Uer, and UaE 

") With some limitation , the following rs valid 
for the operating voltage : It should not be 
higher than the maximum permissible collec
tor-emI1ter voltage of the RF-transistor 

{Uct ""'' of T 2) 

It Is then possible o use the four following 
equatmns : 

R 1 

A2 

R4 

60 

(Uci:. Uedl x B1 x B2 
C -

110 x le. 

(UcE Uec) X B, x 82 
121 x·lc 

u~l x s, 
10 x le 

VHF COMMUNICATIONS 1 8~ 

The values for a transistor HXTR-6101 (HP) 
are to be given as an example. This transistor 
is to be used as a low-noise preamplifier In a 
receiver for the 13 cm band. 

The calculatlon Is made from the following 
values obtained from the data sheet or estim
ated . 

U8 15V, UcL 10V, le 4mA. 

B 100, B2 150 Uar 0.7 V. 

This results In the following resistor values · 

R 1 194 kt2 R 2 287 kQ 
A 3 1 2 kt2 A 4 2 6 kt2 
and PR3 22 mW 

Finally, attention must be paid , since the RF
transistor T 2 can be destroyed when discon
necting its base line I 

11· Is, of course, clear that each RF-transistor re• 
quires Its own stab1lIzer circuit 

REFERENCES 

(,) Hewlett-Packard Applicahon Nole 967 

(2) D.E Schmitzer, DJ 4 BG: 
Stabilizing the Operating Point of Tran
sistors with Directly Grounded Emitter 
VHF COMMUNICATIONS 9, 
Edition 2/1977, pages 100-103 



MATERIAL PRICE LIST OF EQUIPMENT 
described In Edition 1/1982 of VHF COMMUNICATIONS 

Art.No. OJ 7 VY005 Wideband Ampllfler with 44 dB Gain Ed. 1/1982 
between 1 and 30 MHz 

6702 PC-board DJ7VY005 Double-coated and etched. undrlllod DM 29-
6719 Semiconductors DJ7VY005 1 x P 8002, 1 x BFW 16or2 N 5109, 

1 x VN 88, 1 Diode OM 37,50 
6720 Parts for OJ7VY005 3 x toroid core A 1 0-N30 with wire, 

11 different chokes, 17 different capa-
cl tors, 3 feedthrough caps, 1 trimmer 
pot .. 1 rela1s, 2 BNC sockets, 1 casing 
with heat sink, 1 coohng fin forT 2 DM 79,50 

6721 Kit DJ7VY005 complete with above parts OM 142.-

DJ 1 JZ004 METEOSAT-GOES-Converter - Ed. 1/1 982 
Local Oscillator Module 

6710 PC-board OJ1JZ004 Double coaled and etched. 
silver coated DM 29 

6711 Parts OJ1JZ004 8 transistors, 2 diodes, 3 coll formers 
with slug. 5 different wires, 1 ferrite 
bead, 7 foil caps, t ceramic trimmer, 
2 feedthrough caps, 1 chip cap ., 
1 tantalum- and 28 ceramic caps, 
22 resistors, 1 rela1s, 30 cm PTFE-
coax cable, 1 pc. of Insulating tubing, 
1 casing DM 93 

6712 Crystal 97.3125MHz KVG· XS2101 OM 34. 
6713 Crystal 97.09375 MHz KVG XS2101 DM 34 
6714 Kit OJ1JZ004 complete with the above parts OM 185.-

6715 Kit METEOSAT converter consisting of DJ1 JZ 003 and 004 -
packet-price: OM 360.-

6565 Low-noise preamplifier OJ6PI 010, as described In Ed. 1/1980, 
13 cm band version, aligned for 1700 MHz - special price : OM 225.-

Semi-rigid cable SR-3 
N-connector, socket 
N-connector, plug 
N-connector, plug 

so r2, VF 0.695; diam. 3 58 mm 
50S2 

percm OM -.50 

50 t2 for cable type RG-213 
50 n for cable type RG-58 

OM 680 
OM 6.90 
DM 6.90 

Parabolic antenna 1. 1 ri diam. 12 segments prepared for riveting or screwing 
as described by DC 3 NT In Edition 311979 
Set of 12 segments, already drilled OM 180.-
Aiveting machine and rivets OM 93.-

1.7 GHz Tubular radiator for above antenna : 
Tube, lid, N-connector, radiator, screws 
Ready-to-operate 

Set of drawings for the OC3NT FAX-machine, d scribed In Edition 1 1981 
of VHF COMMUNICATIONS 

OM 90.
DM 150 

OM 8.-
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N W COAXIAL SPECIALITIES 

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

Sol cllv High-Power M tlh u Ampllhc,s rn Water• 
prool c11sl-alum1n1um c with m,1 I breckels Bu1II• 
In r lay for lransmlt-r Ill WIIChmg PTT via CO• 

1t1 I c bin using supplied AF JDC• phtl r. 
• Nois l1gures· SVM 144 0 9 dB, typ 

SVM ,132 1 dB. t ·µ 
e Ov r II gain. SMV 114 15/20 dB tiWIIChable 

SVM -132 15 dB 
• In ert1on loss, transmit lyp O 3 dB 

• Maximum lransmlt powor 
SVM 14<1 800 W SSB, 400 CW/FM 
SVM 432 500 W SSB, 250 CW/FM 

• Oporat1ng, voltage 1 rl V vii coa~ 1JI cable 

' co,,,t~ .. .., "'I• ,-,.;,.,..,.,. °' ..... ,.1 
p,a,1""11 ~ - •111•-.IJ -• JIOll•"''• ~I••'" I~ ttl', YM, afld UK ••-

• IM •-,w "'""•l'O"I 011,ulol ..... ,. ("9 11 
~ Ill ' 3 or I l/lolUI l'O {lnl-l 10 1 0..1 
~· !MIii 1'-<1 50 U °'<Conr«IOl1o l.o,o.fON 
•IIIQ<IOCIQ'OIISI-• 

• 

• Ya,,Hle ............ r,..,. ,i 
0.10 d& :lll 50 U °'<011M<•a•• 

• Wkl•b•"" IHI • o,p1, r, 11 
Ja, ,_.ep!-P .. JL;ttnCy Qnd 11 1,1,1...,,_ •!"l· 
ly:a, ~u r lff"!"IM:l..ti a, w111:tl ,i;, C th~r 
1p1>11; ,.hon■ , , Dll'I.Wna , •noe uplo 
lJOO MH< a■,n ol lll'XI ~1'1z 2• an 

• PrK I NOii do 11<:IOli 

tnii~c N or ll"'(: w,noc, o•• ou1 ""' 1 OCI e .. c 
• Coo,,111 •••■. idu"ll l•M lo,m ■,. 

IIIO,. ~t o,phtt,,11) l,:M 2 o, I ""Ion,... 
A,■,16bll lo, ,., Ml'lr ~» 1,1•<.r •"'3 
12!HI l,<Mt 50 11 N -co,, r ,,c1,:,, • 

• Connec!lons 
N Connoc1or 

• Dununston~. 
125 11 80 >c 28 mm 
(WIH\OUI bnickels) 

ru,11, r details on ,equ 1 k UKWtechnik Terry Bitt n Juhnstr 14 Po tlach 80 0-8523 Ba1orsdorr 
Tel. 09133 855 
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T1mu• b•11.1 1 

11.ecu<i>t~ 

Fruqu.,I,cy dr1I\ 
RPnlJ<:ru1 

f'o;, '" "~ pply 
O<mo11. >l~'l Im rn l 
Wt1,g1LI 

Price 

FtO'll(J ncy,1.,11 
R11.,dou1 
Powm~u11rly 
:Dln10n1l0 "• ( n,m 1 
WNIQhl 
Price: 

TOMH,crv lclO'I/Nl 
Qlo I O.h 10 , Wlol5C 
0111..-1 • 10' 1Clo ,\OC 

0 1 • ,0•1monU1 

0 r~ddl!llls 
It ,~ V 1:xi ,~Ato•100mA 

21h85•2l0 
600g 
OM 825.-

cl &1954 MH1 TCXO 
01o. 1, 1o•n1 -2010 .. JS-C 
010 • 3~ 10 ,11 1010 40 C 

o 1 ~ 1~ .monlh 
BrnddIgi11 
~ V• 14 V lJC 100,nNn,OinA 
130x ,10 I 1~0 
JOOg 
OM 425-

AccO'HOrl■t · 

1.2 GHz Frequency 
Counter D 612 
t.f •· .., . 

flanO 1 Band 2 
50 tll 10 '\O M-V 30 "4Hz 10 1 2' GHl 

10 SOmV 

I llttl; IOOH !OH.: 

50U.'25pF 

Tel~ cop, 1 noo DM :J3-

Acc11t tor!eti 

512 MHz Frequency 
Counter D 500 -

F !W,00,, 
eana1 aana2 
50Hzl050MHJ 30MHuos,2 Mri, 
$afwtMr.; IOIOM>nrV 
~,,tio., 
!Otll I +u 100 t,i io l'<.J 

lnpul ln'4MICl.lt1t 
1 M0!.10 pF 5() U. '25 pF 

Tr1<>,r.1>r,,, mI T !XIII DM l3-

· technik Torry D B1ttan Jahnslr 14 Posl1ach 80 · D-8523 Balersdorl 
T~I D 91 3318 55 (Tag und Naclll) 
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er satellite recepti( ysten1s 
nees) not 

In.expensive, complete 
receive nd lmage
proct11lng syst mt 
lor geoatallonary and 
or:blllng weather 
1■temtu. 

We olf r complete system 
or 1nexp ns1ve modules for 
pro1es9ional opphcallons, 
Th are of spoctal inter SI 

···c ........ 
~ . -i::.,.c ____ _ 

lor moteorolog1cal olltco:; 111 
smallor airports, harbours 
ano to, s1m1lar appllc 11ons 
such ns !or inslruc11on 1 
universities and sc1enlilic 
institutes A numucr of 
dill rent image proc ors 
are available 101 ph01ogra
ph1c, racs1m11e, and video 
processing Sultablo 
S•Band and VHF•Aec Ivor 
are available lor th appll• 
cauon ,n question Equip• 
mont 1s avail bla or under 
development 101 lh lollow• 
ing ~a 1011,tes 

e METEOSAT, GOES. nd 
GMS 1n gcoslat1onnrv 
orbit. or 

• NOAA, TIAOS, and 
METEOR 1allltcs in 

pola1 orbits 

k _____ ,_tech_. nik_ Teiry D B11tan Jahnstr 14 Posit ch so • D-8523 Ba1orsdorl 
Toi 0913318 55 (Tag und Nachl) 
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Space and Astronomical Slides 
Informative and Impressive 
VHf COMMUNIGATION5 now oUir·, 015 o! pnan• 
la~IIL1 lid ,5 mMu (lll!lrllJ lh Gom,111 Apollo M,mnor, 
met Voy,1qn1 mIss,on~ , s well A shdo Iron, load111g 

oh ll•Va!or,e~ 

The a ire st,mctmd s110 5 cm ~ S cm slid s wh,cl1 ,ire 
lranioc1 Hml ,1nnot.ilI)d 
Prier plu DM 1 00 lo, po t r l packmg 

Sets of 3 slides each OM 5.95 per set 
MN01 1 
MN01 4 
MN01l7 
MN02 1 
MN02/•1 
MN02'7 
MN031 
ST01 1 
sr 01,4 
ST 0117 
ST02 1 

Forsl Men on tho Moon Apollo 11 
F1rsl Mon on the Moon Apollo 11 
F1rsI Men on tho Moon Apollo 11 
Men on th Moon Apollo 12 
Mon on the Moon Apollo 12 
Men on tho Moon Apollo 12 
The Moon 
Manin Space 
Manin Space 
ManmSpace 
Earth lrom Spac America 

Sets of 5 NASA-slides 
Sell S 
S0I2.s 
Sel4·5 
S015 5 
Sel6 5 
Se17'5 

Apollo 11 Earth and Moon 
Apollo 1 t Man on the Moon 
Apollo 9 and 10 Moon Aehoarsal 
From Cahforn1a 10 Cap Canaveral 
Apollo 12· Moon Revisited 
Gorn1nI Earth Views 

Sets of 9 slides each 
MN01 Man on Ihe Moon Apollo t 1 
MN02 Man on the Moon Apollo 12 
MN03 The Moon 
MN04 M non the Moon - Apollo 14 

ST01 Manin Space 
ST02 Earth lrom Space America 
ST03 Earth from Space ArrIca 
ST04 Earth tram Spaco Asia 
ST05 Mars· M rlner 6 and 7 
Sl 06 Mars Mariner 9 
S107 Earth lrom Space Europe 

Set 915 
Set 1015 
Set 11 ,s 
Sol 12,5 
S0I14,S 

MN05 
MN06 
MN07 

ST08 
ST09 
ST10 
ST 11 
ST12 
ST13 

OM 8.50 per set 
Apollo 15 ' Roving Hadley Rllle 
Apollo 16 · Into tho Highlands 
Apollo 17 Last voyago to the moon 
Apollo 17. Last Moon Walks 
Mariner 10 

OM 18.00 per set 
Man on tho Moon Apollo 15 
Man on the Moon Apollo 16 
Man on the Moon Apollo 17 

Enrth from Space Europe 
Skylab 
Mercury and Venus JMannar 10) 
Mars (Viking 1 and 2 
Mare (Viking 1 and 2 
Jupiter and Satellilos (Voyager 1 J 

Set 1/20: ,, Saturn Encounteredu OM 35.00 per set 
1 Saturn and 6 moons • 2 Saturn from 11 mI11Ion miles • 3 Saturn from 8 million miles • 4 Saturn from 
one million miles • 5 Saturn and Rings tram 900 000 miles • B Saturn's Rod Spot • 7 Cloud Bolls in 
detail • 9, DIono close up • to Rhea • 11 Crators of Rhea • 1? Titan • 13 Tltnn 's Polar Hood • 
14 Hugo crater on MImas • 15 Other side of Ml mas • 16 Approaching the Rings • 17 Under Rings 
(400 000 miles) • 18 Below Rings • 19 •Braided" ,,F .. ring • 20 lapoius. 

Set 2/20: 1,From here to the Galaxies ,c OM 35.00 per set 
20 slides from American Observatories sl10wIng planets, spiral gal ~las, nebula 

Set 3/20: nThe Solar System cc DM 35.00 per set 
1 Solar System • 2 Form 110n or the Planets ea Tho Sun • 4 Mercury • 5 Crescent Venus • 
6 Clouds of Venus • 7 Earth • 8 rull Moon • 9 Mars • 10 Mars Olympus Mons Vol • 11 Mars 
Grand Canyon • 12 Mars Sinuous Channel • 13 Phobos • 14 Jup,ter with Moons • 15, Jupiter Red 
Spot • 16 Salurn • 1 7 Saturn Rings • 18 Uranus and Neptune • 19 Pluto • 20 Comet. lkaya-Sek, 

lfv berichte Terry D. Bittan Jahnstr. 14 Postfach 80 D-8523 Ba1ersdorf 
Tel 09133/855 (Tag und Nacht) 



OUR GREATEST now with reduced dlmen ions! 

f:::J I 

~ 

M .<FM 

j II SD1 

Case· 15 14 13 17 

DISCRETE MONOLITHIC EOUIVALENT 
Appl! 

CRYSTAL cation 
with Impedance lranslormatlon wIlhoul Impedance transtormatlon 

FILTER Type Termination Case Type Termination 

XF-9A SSB I 1 500 U , 30 pF 15 r I 8 kil 3 pF 
XF-9B SSB , M,9B 500 tJ 30 pF 75 OM-9S0:, 1 8 k{l 3 pf 
XF-9C AM XFM-9C 500 U 30 pt 15 IM 9S0<l 2 7 kU 2 pF 
XF-9O AM XFM-9D 500 ~J 30 pF 15 XFM-!1501 3.3 k~l , 2 pF 
XF·9E FM XFM-9E 12kU I 30 pF 15 8 2 k~J 0 pF 
XF-9 801 LSB XFM,900 500 ~1 130 pF 15 1 8 ldl 3 pF 
XF-9802 USB XFM•9B0, 500 £1 30 pF 15 I 8 kli 3 pr 

SSB 1 8 k~J 3 pF 

' New: 10-Pole SSB-lllter, ahape factor 60 dB : 6 dB 1.S 

XF-91 0: Bandwidth t 5 kHz , Rr 6 k~l Case 17 Dual (monollth1c twopole) 

Matched dual pair (tour pole) X F-920: Bandwidth 15 kHz , Rr 6 k1.J, C~ so 2 x 17 

DISCRIMINATOR DUALS (see VHF COMMUNICATIONS 1/ 7979, page 45) 
for NBFM XF,909 Penk s parallon 28 kH1 
for FSK/RTTY XF-919 Peak separation 2 kHz. 

CW-FIiters - still In discrete technology 

Type 6 dB Bandwidth Crystals Shape-Factor Termination Caso 

XF-9M 500 Hz 4 60d66dB44 500 'l 30 pF 2 
XF-9 NB 500 Hz 8 60dB 5d82 .2 500 tJ I 30 pF 

I 

· New I 

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM OMBH 
0-6924 Neckerblschofshelm · Posllach 61 · Tel. 07263 /6301 
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