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SYNTHESIZER FOR THE 2 m BAND IN C-MOS TECHNOLOGY

by G. H••" . , DC 1 OW

Pha se-locked circui ts _t. l lrltly conceived in 1932 by de Belleacize . In am.I8tH rad io

ci rcles, phase- locked loop ci rc uits have been used as long 8S the' . have been in legrated
ci rc u lls made especiall y l or th is applica tion ,

At hr al , PLL osc ill ato r. ollered very unfavorab le tec hnicalspecll ice tiona, Butler speci flca llona
and h igh reproduc ib il ity can now be ach ieved by use 01 mode rn components and consi dera·
lion 01 Ihe spec ial demands 01 ph ase con trol circui ts.

A 80 channel PlL aynthe&l zer II 10 be descr ibed Ihat . ..hlbl!S • high IPUnous algnal reJeCtion ,
&hart awi tChing times and very laVOrable po_r cooeumeuon . Aoy reqUired l requency sfutt
can be SWi tChed, and a l iKed -c hannel prog ramming can be prov ided The ci rCUit concept
allows vanDY! v_"alton. 10 thai II II posSIb le 10 use ttle syntheSizer In equipment having

d illereni intermediate frequenc ies.

1. OPERATION OF THE CIRCUIT

The operation of ph ase -locked loops and mul ti-channel osci lla tors were desc ribed In the pre

vious publicatIon s (1). (2) . (3) .

The ph ase-l ocked osci lla tor is now to be described in COnjUnction With the b lock diagram

g iven in Fig ur. 1.

The actual osci ll ato r is a vo ll age -controlled osc i llato r and buffer , The frequ ency range il
swilchable . Seperate. two-stage ampli f iers are prov ided for the tran amiller and the receiver.

Thi s means Ihat an RF-swlt chmg is nol neceseerr wh en chang ing ove r Ir om transm it 10
receive.
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Si nce the Irequency d ivider used in the control loop ia only able to precess IrequttnCllla up to
appro xima tely 2104Hz, a sWllc hable crystal-controlled osc illa tor With doubler as Willi as •
m ill er are provided in oroer to conver1 me generated VCO Irequency 10 a low ll ' I rvq uency
level. The required VCO Irequency rantJe and the UIOciated crystal cecmator are electron i
ca lly lIwi lChed so tha t they ere sui lable lo r Ihe transmIt and recewe mode. II a lr equency con
version I ys lem ill used in the lranlmlller, it w ill only be necessary l or one crystal cecuetor to
be provided . since th e same osci lla tor Irequ enc ies can be used lor transmiller and recei ve r.

The mixer stage feeds lhe IreQuency di ffe rence between the veo and the doubled cry stal
oscillator Irequency to • two-st age transistor ampli ller , Thll is lo ll owed by a limIting inte
graled amph lle r eQUIpped with I leid ellset tr ansil tor • . The ou tpu t 01 thIS stage is at C-MOS
level, wh ich is required lor dr iving Ihe l ublequen t prog rammable dIvide r.

The Irequency d ivision teeter 01 Ihe progr ammable divider is depe nden t on Ihe reqUired
ou lpu t freQuency 01 the veo. and also on the crystal OSCil lato r I reqoenCHta. al well al
possibly on a requi red IreQuency ahl" (repealer). An adding Circ uit ensures Ihat lhe ccnect
d ivision ratio is maintaIned .

The ph ase com para to r, in wh ich the reterence Irequency is com pared to the output frequency
01 Ihe programmable Irequency d iVider and a cont ro l vo lta9O il generated, II Ihen follow ed
by a ph ase reversal slage. Thi l is necessary in order to provide the control cnecu w.th •
signal 01 correc t polari ty , The centre! loo p is c losed via a liller lo r luppression 01 any rell
dual ph ase com paralor Irequency 01 25 kHz, and the ou lput voltage 01 the 1,1Ier is led as
control voltage to ineveo.

The reference Irequency used to malOla.n an e.act channel spacing is ob tained Irom an In ltl
g rated cryl lal osc illa tor using an 16 MHz cryatal.

2. CIRCUIT DESCRIPTION

The RF por1ion 01 the synthesizar is sho wn in Figure 2, and Figure 3 showl tha ci rCUit 01 the
dig.tal por1ion. The ind!vidu al slag" 01 lhe PLL OSClllalor are to be described In the loll ow mg
sec tion . Charac terilhcs Iha t lead to the selechon 01 special cirCUits are to be d lscul58d In
detai l.

It has alr eady been mentioned th at the overall concept can be varied, The lollow ing des
cri ption is 10 be based on a Iynthesizer l or a rece iver haVing an interme<hale Irequency 01
10.7 104Hz, and direct generalion 01 thetransm. t Irequency,

In tne case 01 an intermediate Irequency Of 10.7 MHz. It il necessary lor thlt veo to ~r.ta
in Ihe range 01 133.3 MHz to 135,5 MHz in lhe receIve mode, al well al tn lhe r.nge 01
144.0 MHz to 146.0 MHz in the Iransmil mode,

The no ise-character iltlCI 01 OSCi lla tors are mSlnly dapendan t on Ihe a 01 Ihe resonant
ci rcuits , and tran sistor noise (4). Field ellecltranlillors Oller conSIderable advan tllgltl here as
they prOVide a mo re 'avor able nOise behaviour 10 the RF-range than bipolar Iranl illors One
cause 01 this is the lack 01 Sho t -effec t nOise 01 lhe mInori ty currenll (5), An OSCill ator cncurt
u sing the FEr SF 245 e was selected lor Ihe VCO, ThIS tranl.slor has proved lisel l in the

osci lla to r desc ribed in (3).
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The frequency variation is made using two varactor diodes in a ci rcuit that avoidS unwanted
rechllcation etrecte. The co upli ng 01 the varactor d iodes 10 the reaonant CirCuit is variable
using a tr immer capa cito r, wh ich meana that the reqUIred tun ing slope can be ad,us ted Itllsily
wnen any ina voidable spreads 01 the componen ts must be compenute<l for.

A diode is used to switch in an addi tIonal capaci tance in the recetve mode 10 that lhe eecu
tator operates at a lo_ r frequency. corres pondi ng 10 the dl fterenea betwee n transmIt and
in termediate frequency. This pr elim inary Irequency alignment allows a retatlvely toose
co up ling 01 the varactcr d iodes and thu l playl Its part in the purtt y ot the osci lla to r spectrum.

2.2. Bufler und Amplifier

The veois 'ollowed by a bu ller aqui pped with a SF 245 C Iteld elleet Iranl istor . It is tru e that
fhe Voltage gain 01 such a source 'ollower is less than " however, it is possible together w ll h
Ihe small coupling capa cl for to decouple the oscilla to r and amphher slaoel well , and thuS
load th e osc illator resooenr c irCUli to a minim um.

The ampllher stages equ ipped With protected DG·MOSFETI do no l have any spec ial tealu res
and are bu ill up nearty identically, Besides providing an addlt lon at decoupli ng , they are pro
vided 10 amplify the oscilla tor signal 10 tha i sullicient power is available l or driving r ing
mixer s with their relatively high power reQuirements. The high output power level is etec
favorab le lor direc t drive of a transmit ampli l ier. II reQuired. II is pouible for the gain per
stage 01 lh e DG-MOSFET and thus lhe output power 10 be reduced by decreasing the voltage
divider resi stors between gale 2 and ground ,

The outpu t Signal 01 the OSCi llato r amp ltller chaIn can be coupled oul at high or low impe
dance accordIng to whe the r a short con neclton 10 a high -impedance consumer (e.g gate 01 a
DO-MOStEn or to whether a low· Impedance coa xial cable is 10 be co nnected. e,g l or
leed lng a ring mi xer.

2.3. Cryst al Oscillator and Frequency Doub l.r

The generafed crystal osci llator IrequenCles serve to Iranspose the frequency 01 Ihe VCO to 
get her With the mi xer stage into a frequency range Ihat can be proceaaed by the program m·
able frequency divide r. wh iCh operates in C· MCS·lechnolog y,

The selecllon o f the crystal Ir equ enctel is dependent on the frequency divider used Experi·
ments have shown that the frequency dIVider uled can procesa frequencies saltllac tory up to
3 4 MHz. II the 2,0 MHz requ ired to cover the 2 m amaleu r band il subtrac ted Irom thil
3 ,4 MHz. a safely range 01 1,4 MHz remainllor Irequency I hllts. Thil salety range il lphl up
SO that the same amoun t 01 reserve is provided above and below tne VCO Ir eQuency range.
e g 0,7 MHz. This meanl Ihat lhe osc il lator frequenciel will be 0,7 MHz under Ihe lowest VCO
nominal frequency of 133.3 MHz and t« O MHz. If crystal oscUlato r Irequencies 01 66,3 MHz
and 71.65 MHz are selected . output Irequencies 01 132 6 MHz are provid ed aller doubling in
the receive mode. and 143.3 MHz for tranlmll. Thil guaranteel th at Ihe VCO il able to
sec urel y ph ase-lock when Its freq uency il up to 0.7 MHz above or below Ihe nom, nal fre
quency due eIthe r to temperature. or ope rahng vollage lIuclualionl, Nor mall y. luch targe
osc illafo r Ir equency drills are nOI presenl In pract ice,
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Con yenliOnal bipol ar tranSistor s are used In the cryslal OSCl llalor and double r slages . The
oscill ato r operates in a common base CIrc uit with internal capaci l lye feedback. Clasl 11. 

ope ration was selected to obtain low d,slorllon and good frequency stabili ty . A Irequencv
sh' ll is pOSSible by p royidl ng a capac ,lance across the resona nt ci rcul I and , wllc hing me
crysla l . The selec led SIlicon p lanar d ied " e..hibl l a very good SWitChing beh aYlour, even al
h igher frequenc ies , The requ Ired crys lal is SWIlc hed on by connec llng Ihe operali ng yoi lige
10 Ih e dropper resislor of lhe d iode It is not necessary for I nega ll ye yollage to be used 10
bl ock Ih e Other ercoe.

The freQuency doub ter stage operates In a common emlller cirCUlI The resonan t CirCUit I I
thfo oul pu l provides IOII lcienl bandwidth. wh ich means Ihal no frequency SWllching IS
requir ed

2.4. Mln r

The m iller i' eqUiPped With a du al-gate MOSFET, type 40841 , wh ich anows a weU decoupl ed
milling al h igh conyerl ion ga in . The bial yollage lor gale 2 is genera ted as Ihe yoltage drop
acr oss lhe source resistor . The sou rce Jm d gate 2 are decouple<! USing a hi gh -impedance

resis te r.

2.5. AmpUller and limiter

SWItChin g l ransislo rs With sto rage times In lhe order 01 nano-seconds are used in the Iran 
siator amp li f ier. A Yoltage feedback coupling was uMd for temperature I fabili zalion. The low 
imped ance resislor th rough which the outpul ~ignat Is l aken Irom Ihe co llector cree seccnd
l ransistor , supp resses any interference due to rel lect ions. even when a long coalli al cable i l
used for in tercon nec l lon 10 the l ubsequent limller,

The task o f the IImi ler ampli fIer is 10 process the c um ut signal Irom the two-stage Iranl iator
amphfier 10 thai II ia IOl lable l or procening in the frequency div ider. Two co mplemenlary
I leid ellec l transisl or pall'! and an Inyerte r slage are integrated in I 1. TheV amplify Ihe inpul
signa l Ihal can be anywhere In th e frequency range, 10 a yalue 01 apprOlllmatelv 10 V (peak
lo -peak). wh ich corresponds 10 the required c..MOS leyel. AI low inpul freq uencies , e.g.
1 MHz, Ihe outpul vo llage II a cl ean equare wave, however, lhe slope oblained is aufllc lentlv
grealeyen et lhe highesl possible Inpul l requencies.

2.8. The Programmable DlYlder

The limile, provides Irequencies o f 0 ,7 MHz 10 2.7 MHZ both in Ihelranlrrlll and recelye mode
il Ihe VCO is varied OYer lis nominal Irequ encv range, and when the recommended cryslal
oscillalor frequencies are uMd lor mill ing A Irequency of 0.7 MHz corresponds to the low er
band urrut 01 144,0 MHz and 2.7 MHz co rrespond to lhe upper band limll 01 146.0 MHz. In Ihe
case 01 a 25 kHz spacing. the g iven Irequenc ies must be d ivided by the yalue 01 lhe ph ase
comparalor l requen cV 01 25 kHz .

Thi s resull , ,n:

- t34 -

0.7 MHz

0.025 MHz
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ThiS rep resents the lowest division teeter Ihat can be selected .

The larges t division teeter is :

2.7 MHz

0.025 MHz • 108 •

Since the programmable divider haslhree po sillons. it possesses three decades. Two 01 these
are provided in lhe integra ted circuit MC 14569 (I 4). whereas the lhird decade is accommo
da ted in the phase comparator MC 14568 (I 6). Bot h integrated circuit s are matched to
another and were especially designed lor use in Irequency synthes izers.

The programmable d ivider useu has several special leatures. It is in the form of a cascaded.
selectable do wnwards counter. 11'1 order to achieve the highesl possible Input I requency. a
special c ircuit was used lor the zero-slate, and a Johnson counter used in th e Unit decade ,
Although th is would be possible, the di vider is 1'101 used as binary co unter.

The prog rammable divider is prov ided wilh ill coded input inlormation and the division lactor
via a total 01 12 da ta Inputs, sin ce a 4-Blt code is necessary lor each decimal posmon and the
divider comprises a total 01 three decades. The data lines are designated as toucwe in the
ci rcui t diagram given in Figure 3:

Fir st decade:
Second decade :
Thi rd decade:

(unit, leasl signillcan l digit):
(tens) :
(hundreds. most signi licanl digit):

C 1 A toC1 D
C2Ato C 2D

DA to DO

It w il l be seen in the cirCUit diagram that three 01 the lour da ta inputs (DB . DC, DO) o f the
th ird decade (accommodated in I 6) are grounded , and are thu s continuously provided WIth
~ Iow. level. This is necessary since only the digi ts 0 (lor divi sion teeters up to 99) or 1 (lor
d ivision te eters Irom 100 upw ards) can be adju sted. using this decade,

2.7. Th e Adding Circuli

BCD-add ing circuits (13. 15) are provided in Iront 01 Ihe programmable div ider. They cuer
three advantages ove r other well -kn own circuits :

1. Only two codi ng switches are required. although the highest div ision teete r 01 108
possesses three d ig its.

2 . It is not necessary lo r the actual divi sion lact ors 01 28 to 108 to be selected on the cod ing
switches. but the required Channel number. This means Ihat the channel numbers Irom 00
to 80 (corresponding to 144,0 MHz to 146,0 MHz) can be di rectly selected.

3 . A Irequency shilt can be reali zed wilhout providing further crystals. For instance. a pro 
gram med frequency shi lt 01 600 kHZ is suitable for repeater operation , In addi tion to Ih is.
inve rte d operation 01 Iransmitter and receiver allo w the input I requency ollhe repeater to
be chec ked , or communication to be made with other stalions when no repea ler Is presenl
in th e area,

The task 01 the tw o BCD adders is to add a dlgil to the channel number selected on the
cod ing swi tch (between 00 and 80) so thaI the required divis ion ractor results as sum . In
normal operation, it is necessary lor a digit 01 28 to be added .

~ VHF COMMUNICATIONS 3/1978 - 135 -



II a lo wer digl l il added . Ihe Iynthesl zer will provide a correspondingly lower output fre
quency, Th is means Ihat a lreQuency I hil t can be realiZed In a very l imple manner. It il on ly
neceHAry lor lhe division l aclor 10 be de<:reaNd by 600 kHz + 25 kHz - 24 in lhe case 0 1 a
600 kHz shill. which means Ihat a dig it of 4 should be added 10 the .elecled channel number
when Operating with a lreQuency ah,1I instead 0 1a dlg ll of 28.

Flgur. 4 lhows how Ihe digils to be added are fed to the BCD adde r• .

The inputs of 13 and 15 are provided with ~pu lldown ~- resillors _ These ensure tha t a . Iow~

level is pre!l8Ot. as long aa no dig it . are to be added ,

As hal al ready been shown. the adders mull be prov ided WIth a d,glt of 28 or 4. acco rdmg to
w twot tH!r simplex or Ir eQuency sh,1I operation is required. II Ihe IreQuency ah," mode i.
req uir ed , the line designated with ~S~ will be at ~high ~ level. An Inverter slage in 12 ensures
that the li ne dflsignated ~N~ il al ~ Iow. level. Input 8 1 C Will receive ~ high. level via diode
D 3. which mean. Ihal the BCD-coded digit 4 will be fed to lhe unit a()der.

FOI normal opera lion wilhout IreQuency shill. the logic levels on lines ~N ~ and ~S~ are
r8ve~_ Since the ..N. Une il now at ~ high. level, a digit 01 28 will be realized in the BCD
COOing encun wllh Ihe aid of diode D 4 and D 5.

II dillerent frequencies than Ihose recommended lor the cryslal oscillators are 10 be uNd, or
ditleren l frequency shiftl are raqulred, a di llereni coding will be requ ired, The PC-board 10

bfI'd~ribfod allows such modifications, The BCD cod.. are given in table t .

....._......
II . '

,..

."

Dec imal Dua l
A 8 C D

o 0000
1 L 0 0 0
2 0 L 0 0
3 L L 0 0
4 0 0 l 0
5 l 0 l 0
6 0 L t, 0
7 L L l 0
8 0 0 0 L
9 L 0 0 L

.. , ~.=

. ..... 'I.. " ...... ~:::;-n .......'.. '1'-- • '1,1 •

- 136 - A VHF COMMUNICATIONS 3/1978



•

The requited channel number (00 10 80) il led 10 th. adder ci rculi as eeccec lerm 01 the lum
Thi s is also made in BCO-cod._Inputs A 1 A to 11. 20 are provided 'or (hiSpur poM

A'tet the digits '0 be lidded ere led to the addmg ci rcui ts . lhe sum will be pr....nl al the out
puts designllted with C 1 A to C 1 0 and C 2 A to C 2 0 01 the i n t~tated Cltc Ulls Me 14~

(I 3. I 5). wh ich lite directty connected 10 the progr amm able d'Yldet

The phllse-comparator Irequency 01 25 kHZ is derlyed Irom a 1.6 MHz oscillato r, A crystal
oscnre to r 01 1 MHz was not used since its ninth harmon ic would interfe re II a receiver usin~ II
9 MHz intermediate trequency were used The selected Irequency Is also laYorable emce no
' ur1her dividers are required In addItion to that cont amed in 16 (54 : I ).

In con trast to osciHll totS using TTL CirCUits, Ihe oscilla to r CIfCUlt used ....re .....un MOS mver
lers prOyides a low loadi ng 01 the c~tal , .....hich in lu rn plovldes a h igh long-Ierm I tdblhty
The line al ignment 01 the Irequency Is made wUh the aid 01a tnmmer.

The in tegrll ied Cil CUlt Me 14568 (16) co mprises, in IIddl tlo n 10 the preyiou sly mentio ned
dlyiders. an arrangem8rl1 01 Slope-triggered Ihpl lops and I palt 0 ' MOS IraM ll IOt ' .....UChtl'l
These combine to lorm II phase com paratot . An edetnal cepacnor IS s..... ,tched usmg the
SWitching transistors and resistors either 10 the ope ratmg Yoltage or to ground. according 10
th e phase ernerence . When the phase di llerence Is zero (zero Irequency dllleftUlce) . the tw o
input signals switch 011 bo th transistOtS 10 l hal the momenli.rily present ceoecuo r yol llll,lll Will
remain as long as no unwanted discha rge takes place.

The capacrtor lo tms a lag -lead I l lter together With the current lim ihng resistor. , .....hiCh sup
presses any Interfenng AC-yoltage co mponents 01 the co ntrol voltage Thl, Il lter
co n ligurllt ion .....as chosen in order to obtain a la'lOrable phase response.

As soon a. lhe 'IOltage drop actoss the 4.7 kU l eslStOt due to the capacitor cha rue cUlient II
greatet thlln 0.6 V, one oj the two IInli-pha se dIOdes Will conduc t. It is no ..... polSlble lor a
capacitor charge or discharge to be carr ied OUI rapid ly_ Tne tranSient 110101 01 the cun hol
cirCUit is dta,hcally shortened in this mann er. WhiCh IS yery l aYorable when SWitching
between tw o Irequencies thaI are la r apart,

When the in put signals are 01 equal phase , the comparalor Will provide a co ntrol signal. ThiS
is then led 10 a LED via a Itansistor 101 am plillcation 01 the out put current. Thl l InthclI l or
di od e is very useful during the alignment. Iince It Indicat es whethet a It equancy IS synchro
nized , or not.

2.10. The Pha.. Reverul Siage

The contro l 'IOllag. l rom the phase comparato r. Which II Itored 10 a cececrt cr. Ii tnen It,d as
input signal to the subseQu.nt phase iny.rtmg slage . An opera llonal amphller IS uWd here
that is SWltCt'led as a subtractor . The capaCltOt 'IOltage is subtrac ted l rom tne operating '1011
age . Thi S means that an increasing control yolt ag. Will be conyerted into a dacreasmg von 
age and vee versa
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Due to th e high-impedance inp ul ot the operational amplilier and the 1,8 MQ coupling
resistor , the previously ment ioned charge capaci tor will be only slighlly loaded .

On ly a posit ive Bupply vol lage is used lor me ope rational ampl it ler in stead ottne usual posi 
tive and negative supp ly voltages . This means Ihat lIs ou tput voltage could no t tall below
approxima tely 1.8 V, The a 01 varactor diodes that are driven Irom the generated con trol volt
age is l ar h igher in th e range above 1.8 V Ihan at lower vol1ages. The prev io us measures
assure tnet the veractoe diodes 01 Ihe veo always operate et high a. which has a very posi
tive ettec t on the overall a 01 the osci lla to r resonant crrcun .

2.11. The Outpu t FlIter

A di sad vantage 01 many 01 the pre sent synthesize r CircuilS is Ihe insutl lcienl suppression o f
ou tpu t fr equencies Ih at are spaced 10 the value o f the phase comparative IreQuency above
and bel ow the nominal freq uency. It is hard ly poaaible lor these interference Ir equencies 10
be supp ressed in the transmiller or receiver. II is tneretcre necessary to ensu re that such
spunous signals are not genera ted. They are caused by a residual phase comparator
trequen cy on the control voltage line, wh ich causes a Ir eQuency modutanon 01 the oscillator.

In the case of tne clrccu used here, a special phase comparato r is used. In comparison to
o ther co mparators tha t provide eqcarewave alternating volt age whi ch must be integra ted , it
provid es a pure oc-vcnece und er loc ked co nditions. In addi tio n to Ih is. a hlter lor the phase
co mparato r frequency is add ll ionally used In the contro l voltage line. In peecnce . II is possible
to obtain addi tional spurious volt age reject ions 01 up to 60 dB. The passive double T-network
used has a Irequency response thai is lav orable lor th e control CirCUit lIS phase and amp li 
tude response is given in Figure 5. The eQuatio ns are given so that the com ponents can be
calc ula ted for other applications cttbe Wter :

R •

, .
2 II n x t x C

2111111 1x R

Fig. 5:
Pha.e . nd treq~ney

r• •pon.e of Ihe flll. r
lor .uppr 1on
ollh. ph .
comparalor Iraqueney

1~
" Ii 1l , . , j .."

:1 ____

}c.::' , , ..
f • frequency to be at1enuated

In pract ice, one usuall y inse rts a SUitab le capaci tance value. and the resistors are calc ulated
The atte mpt is then made to reelize Ihe calcula ted values by combi nahon 01 various reSistors.

Such a do ub le-T-l ilI er should be fed trom a low-i mpedance source (eg . opera llonal ampli tler)
and should ne t be loaded at the output erce.

2.12. The Frequency Select or Circu it

In orde r to ensure that the ope ratIon 0' the synthetizer Is Simple. a pnnte<l CIrcui t board was
developed tor eccommocaucn 01 a dio de matri.. and several addi tiona l co mponents . The
matrix Is programmed by soldering diodes to the co rrec t posi tion so th et up to 15lreQuen
cies co ul d be selected using a rot ary SWitch.
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II a repeal er lrequency II to be programmed . II Win be neceuary 10 solder In ano lhe r d iode In

addi llon to Ihal l or the Channel selecl lon 01 the receive frequency. wh ich I' then able to
determine Ihe requ ired frequency sl'lI11 In the transmit mode .

Several NANOilates are used l or log ical proceases and allow. II reqUired. Inver1ed opera tio n
It is only necessary lor the co rresponding connectIon 10 be gr ounded A LEO II provi(led to
chec k whether a frequency . hllt occ ur• . whIch wi ll Ihen be In(lu:all!d

A codi ng swrtcn. With whiCh all 80 channel freque nCies on Ihe 2 m band can be eerecteo. II
also pr ovid ed.

Agur. II lhOwa Ihe IrequencY select or ClfCUlt A 1_ eump lea are gIven to mellcate how pre
gramm ing II earned cut . In order 10 achieve a logic . tllgh. level, a d l()(le I' connected to thlt
co rresponding posi tio n 01the matri• . A pou lble prog rammmg pilln ISglY1tn In tabl a 2

DC1QW 003 •
"

•
""'-C~......, .

Oil _
l 'O~

• !

TE NS U NITS
Shift A 8 C 0 A 8 C 0 Channel No. Designation Frequency MHz

L 0 L L 0 00 L 0 .. I • 1-45,600

L 0 L L 0 L 0 L 0 65 11 1-45,625

L 0 L L 0 o L L 0 66 12 1-45,650

L 0 L L 0 L L L 0 67 13 1-45,675

L 0 L L 0 000 L .. " 1-45,700

L 0 L L 0 L 0 0 L 6' " 1-45,725
L L L L 0 00 00 7. 16 1-45,7SO

L L L L 0 L 0 o 0 71 11 145,175
L L L L 0 o L o 0 72 18 145,800

L L L L 0 L L o 0 73
"

1-45,825
0 0 L L 0 0 0 0 0 60 ' 20 1-45,500

0 0 L L 0 L 0 0 0 61 ' 21 1-45,525
0 0 L L 0 o L 0 0 62 '22 '4!.1 ,5se
0 0 L L 0 L L 0 0 63 ' 23 145,575
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J . CONST RUCTION

Thr t16 PC-boa,d, heve been developed lor co nsirucho n 01 l he synl heslzer; DC I OW 00 1 10'
lh e analog porl.on IFlgur. 7). DC I OW 002 lor Ihe dlg ll al portion (Flgur. I) The boards are
doubl e-coaled In order 10 ensure a good decoupllng between Ihe indiv idua l componen ls .
Since tne lrequency aeleclor c ircul i DC I OW 003 only possesses oc-vcueaes. Ih.s cncuu .,
bUill up on a SIng le-coaled PC-boa rd as shown in Figur. 8

I ~

Fig. 1; PC·board DC I OW 001 (AF portion)

,.n
£-

,
•,

DC 1 QW 002

,,-
Fill· I , PC·board DC 1 OW 002 (d lg"a l portion)

"
.• ~, ,-• • • • • • • • • • • • • • •

~.~, ,'L] I..Ji Q~J la~
••

L ' •
[C

•". 1 ••...
I 11

•
. ~... •.'0. .-{ .. J1 •

'l!.' ,(~ f
-

140 •

Fig . I : PC·board DC 1 QW 003 11,.q ..ancW ..Iec la , )

~ VHF COMMUNICATIONS 3/1918



All electrical components should be IOldered into piece with the shorles l poulble lead.,
ho wever, allenl tOn shou ld be paid thai no shorls are made 10 lhe ground surlace n '1
advisable lor lOCket. to be used lor the Irllegraled ci rCUits. General inSlruChonl reg ltfd lng
working wllh e- MOS circul ls were given in (6). Flgur•• 10 10 12 . hoW photographs 01 Ihe
author's prot otypes.

......

Fig . 10 + l:r : Photograph. of~ IlIlhor ', prolotype of tM AF,por'I loft DC 1 OWOO1 jlbowl ).
dlglW' pol'tlon DC 1 OW 002 lel " l" " lnet "",lIl nc, ..'-elor DC 1 OW 003
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The double-eoated in termed iate panels from PC-board material are soldered into place
bef ore the components are mounted onto the ec-eceree. In the author's pr ototypes these
panels have a height of 15 mm , This is foll owed by soldering the components Into pl ace,
which is foll owed by soldering epproll imately 22 mm wide strips 01 single-coated PC-board
materi al around the edge of the boards . This result s in a very stable construction bot h
mec han ically and elec trically. Any required leedthrough capacitors are soldered inl o place
afte rwa rds . Threaded bol ls can be solde red 10 the corner$ 01 Ihe bolles which Ihen allow
cove rs 10 be ser_ed into place.

II Is nec essary lor the control vol tage to be led to the VCO using a screened cable. II Is also
necessary lor a screened cable 10 be used between the lim iter and ampli ller (888 block
diagram), The author used thin 50 Q ccexte! cable such as RG-174 U. II is not necessary tor
any nc-nnee 10 be screened.

3.1. Special Compo nent s

T " T 2:
T3, T5 -T8:
T 4, TI l :
T 9, T 10:
T 12, T 13:

2 N 709
40 841 (40 673) or Similar DG-MOSFET
BF 245 C
SF 199 or similar
BC 108 or Similar

01 :
0 2:
03:

01 - 0 5, as well as au matrill d iod es: 1 N 4148 or simila r silicon SWitching diode
0 6 - 0 9: SA 182 (special swit chi ng diode, Siemen s)
010,01 1: SA u r . BA 124, BA 125/45
0 12, 0 13: LEO (SO rnA)

11; MC 14007 (MolOrol a)
12, ra, 19 : MC 14011 (Molorola)
13, 15: MC 14560 (BCP) MOlorola
14: MV 14569 (Bep) Molorola
16: MC 14568 (BCP) Motorola
17: 741, TBA 221 B (Siemens)

L 1: to lu rns 010,7 mm dia , enamelled copper wire on 5 mm larmer , lenglh 10 mm
L 2: 5 1urns of 1 mm dia . silver-p lated copper wi re on 5 mm larmer, length 8 mm
L 3: 3,5 tur ns at 1 mm dia , Silve r-plated copper wire on 5 mm former, leng th 11 mm
L 4: 4 tur ns all mm dia silver·p lated copper wire on 5 mm form er, length 10 mm
L 5: 4 turns 01 1 mm dia . Silver-p lated copper wire on 5 mm termer . leng th 10 mm

RFC 1. RFC 2: Wideband chokes such as 6·hole temte cores

Capac itors in the filler:
2,5 % tolerance (e,g, styrollell )
Resisto rs in the filt er : 1 %

71.65 MHz, HC-25/U, series resona nce
66.30 MHz, HC-25/ U, series resonance

1.60 MHz, HC- 6/U , parallel resonanr " .load 30 pF

All trimmers ' plastic loil trimmers (Philips)
Cod ing switch: BCD-code , postnve logic
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4. ALIG NMENT

A frequ ency cou nter with a frequency range up to at least 150 MHz should be available for
the ali gnment. A voltm eter wit h AF·probe or a simp le AF-ind lcator are also requ ired.

After connecting the ind ividual modules together , the operating voltage of + 10 V to + 12 V
(it need not be stabili zed) is co nnec ted . The 1.6 MHz crystal oscilla tor in the digital port io n Is
now aligned to Its nominal frequency with the aid 0 1 the trimmer capacito r, Th is means that
th is module is completely aligned .

In the RF-portion , the transmit crystal oscillator ( + TX) is switched Into operation, The
collecto r resonant c ircuit is now aligned to the frequency of the crystal a 1 (71.65 MHz).
Finally , th e operating vollage is SWitched from + TX 10 RX. Thi s switches on crystal a 2
(66 ,3 MHz ), as well as an add it ion al ceoacucr in the resonant c irc uit. A value 0 1 4.7 pF is only
for orie ntation. but 15 usually sui table .

Aller co nl irming thai the cryst al osc illato rs are work ing correctly and can be switc hed, the
output resonant c ircuit Of the frequency doub ler stage is alig ned to a frequency th aI is appro
Kima te ly between the two doubled frequencie s (appr. 138 MHz), Th iS alig nment is uncr it ical.

For alignment of the veo. the varactcr di odes are fed with a variab le DC-voltage o f between
apprc xima tety 2.5 V and 8 V from a po tentio meter instead of th e co ntrol voltage line. Fir stly,
connection + RX is not connected and the trimmer (1.4 - 10 pF) switched by the diode is
aligned to its minimum capacitance value . The frequency counter is connec ted to the out put
o f one 0' the csc tnetcr amp li fiers. The veo I requency is adjusted by varyi ng the band
trimmer (1.2 - 6 pF) and the tr immer capacito r (2 - 22 pF) via which the verectc r diodes are
connected so that a frequency variation of apprOKimale ly 144 MHz to 146 MHz is Obtained
when th e varectcr di odes are provided wilh a voltage of 2.5 V to 8 V.

Finally. the connectio n + AX is connected to the operating vol tage, The trim mer (1.4 - 10 pF)
th at is now swi tched into circuit. is now aligned 50 thaI the Ir equency 01 the VCO amou nts to
133.3 MHz with a varectoediode vol tage 0 1 2,5 V.

A'ter completing this coarse alignment. th e varactor diodes are co nnected to the control
vo Uage line by co nnecting them to the hlter . The osci lla tor should now synchronize securely
at all tr ansmit and receive freQuencies when the coding channel switch is switched to any
digit betw een 00 and 80. Func tiona l checkS can be made by mon itoring the transmit signal in
a receiver, and Is also ind ica ted on the LED 0 t 2. II th is LED does not light up to tull b righ t·
ness, a une alignment should be made of the VCO. Att ent ion should be paid that the control
voltago does not exceed the lim it values of appr oll imately 2.5 V and 8 V.

Finally, the oscil lato r ampli fier s are aligned for maximum output power. The center frequen
cies are 145 MHz fo r the transmitt er and 134.3 MHz lor the receiver.

II the ou tput signals are no t to be fed 10 consumers having an impedance o f 50 ,t and when
a h igh er output voltage Is required . it Is possible 'or Ihe outpu l lap on L 5 or L 7 to be placed
further towards the hot end 01 tha output resonant circui t. It would also be possibla 'or an
inductive coupling to be used , Sullicient outpu t pow er Will be provided in au cases,

The syn thesizer can be modulated by leed ing an audio signal to Ihe control voltage connect
io n via a coupling capacitor. In order to achieve a Irequ ency devialion 01 :t 3 kHz. a mean
value o f 15 mV vol lage vanatron (peak· to- peak) is requ ired at the veraetc r diodes. The trans-
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mi ssion enerecrenencs are dependenl on me parame lers ol lhe coni ro l CIrcuI t and, 01 course,
on me mi cr ophOne and AF ampli fie r , How ever, this is nol l o be disCussed in de tail here

5. MEASURED RESULTS

The output spec trum 01 the syn lhesl zer was e~amlned In a Irequ ency ,ange of 100 kHz 10

1.5 0Hz. When uSing a good screentng Of Ihe modules, and good, low -impedance ground
connec llons, al well as carefull y blocked . upply voltage hoes, if wa. possib le 10 achIeve a
spu rious signal reJecl ion 01 75 dB Ihroughou t Ih ll Irequencv range , Even when conslruc tion
is mad e leas carelull y. a spu rious signal reject ion 0 1 65 dB can be e~pected , The loll ow lng
ha rmonic suppreasion valu es were measured . First harmonic : 32 dB . second harmonic :
50 dB. third harmon ic : 40 dB. all highe r-order harmon ici _re al leall 50 dB down. II is
especially favorable Ihat Ihe ph ase-com paralo r Irequen cy does nOI gene rate any si()e hnes.
tha t are nol suppressed by al lealt 75 dB Wllh respect to the requtred l ignal.

On channel eeiecnon. me cecure tc r musl fIrst ly jump to the new Irequency This trenerent
p rocess is eKtrll!'mely sho rt wh en ustng Ihe deSCribed cirCUIt A Iransient t ime 01 only 0.5 ms
was measured in pract ice ,

The ou tpul power ettne syntheSizer amounts 10 14 mW ThiS means Ihal an ou lput vollage 0 1

836 mV is avai lable at an imped ance 01 50 U. Corres po ndingly more vollage can be provid ed
Al higher impeda nces
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METEOSAT CONVERTER _ .1 de.crlb~ In Ih l l edition
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DIODE APPLICATIONS IN FREQUENCY MULTIPLIERS
FOR THE MICROWAVE RANGE

Freq uency multipliers are used at higher Irequencies when the reqUired frequency cann ot be
ge ne ra ted at the Imal freq uency With the reqUired power and Irequ ency atabihly Th, . '1
usually possible at onll 01 II. aubharmonicl. 1/ a cryslal-COnl rolied signal is requ ired In the
X-band (amateur radiO band 10.0 ·10.5 GHzl. this ca n be obla lned by Ireq uanc\, multlpll 
cali on and. II necessary, also ampli fica tio n. or me RF . ,gnat hom a crystal ceciue tcr.

In principia. any two-pOle Wllh non-linear char. e llUil he wi n generate harmonica 01 Ihe

orig inal cecmeten However, in the case 01non-linear r8Slslors, 11'118 energy Will be dlUlP<lt ed
SO thaI only a small panlon 01 the fundamental W8V8 power Will be converted mlO harmoOlCS

Under lavorable conditio ns, th e mulhphcallon 01 I 10 n II I , lhe etllclency ia '1 • l In' II ) ,

If ncn-hnear energy slo rage is used lor lfequency multiplicat ion . It IS polS8lble , In the Idaal
case. 10 do th iS al no loss . II Ihe power P at tne Irl'lQuency I is led to such an energy slo ragt! .
and on ly harmoni c power Pn Is t8ken al n II I , Pn - P mu sl be n lid due 10 lhe energy con
eervenon. since the pow er dl sl rlbution law accord ing to Manley-Row simpli lies the energ y
conservation when only one Irequency IS used tor eecueucn. PN ve-ac to r d iodes art)
especially suitable lor Irequency mulhphcallo n because lh eir construction IS Simple, and the
10s$8$ are very low r igh t up 10 the higher IrequenCI'"

The lollowing can be used as non-hnear energy storage :

1. The dnve-dependenl junchon cepecuence (junc tio n ~a r aclor)

2. The charge slorage in flow duectrcn (slorage varactor . ). or
3, Both ettects tog elh er (bi -mod e diode) .

Furthermore, It is po"lble to use PIN structures as "orage diodes, and SchoUky diodes as
junction verectc- e lor Irequency multipl ication app licatio ns, AU these types 01 energy slorage
With their spec ial applications are to be discu&8ed tog ether wllh eumples in the 101i0wlOg
sections.

1. FREQUENCY MULTIPLICATION USING JUNCTION VARA CTORS

The junCllon varact or can be repr esented in an eqUivale nl CirCUlI di agram as a senes Circuli
01non·hnear capac itance and co nduc to r resislance R, The capacllanc.-Yollage char..cteoeuc
and Ihe characleristlC curves 01 vtn ually any symmelncal PN-juncl lon IS shown In Flgur. 1
The conducto r resistance has a dnect ettect on the cut-e n Irequency 'e 01 the diode and

should be as low as po lSllble lor low -lOll applications. The cc ncemraucn curve 01 the
junc tion deterrmnes lhe number and amplilude 01 the generale d harmonics, The charac
teristic exponent y is importanl lor this together with Ihe relationship between the standard
iZed charge and voltage drive, Principally speaking, one d,lIerenhal tlS between two types 01
junc tion varactol'S:

1. The abrupt PN ,un Chon With y • 112and
2. The hnear PN ,unchon Wllh y • 113

~ VHF COMMUNICATIONS 311918 - 145 ·



I"Z·
- -
---- - '

u ~.. __

Ag. 2:
AbNpt PN .junc:llon
cy . 112; .. • q')

- ~),••
c

"'Ig_lb;
C. pec:ltl nc:a·otO/Ia" . ch" .alnslie
01. )111>("110 11u 'K'tOf ....."9

C.

flog. ,.;

'r_1rk:a'~ntT.t\ofl "u,....
at the PN·lunctton . tynctlorl wtcnh W.
dotla 'Of tOlM: entr. ticHI ND elOCl
aoc:.plo. t o _ t, , 1Ioft HI.

1.1. Abrupl PN.Junc;llon

F~ur. 2 shows the curve 01 Ih i, Junell on , The cceetcr and accep to r concentratio n is homo 
ge no us up to tha dose l imit. The result 01 Ihll il a aqua ' , relation ship between Ihe vo lt age

and tn e cha rge dr ive In the blocked range . Th iS maanllhe! 1111 only possi ble to double ulling
these varaclora! A basic ci rcui t is sho wn in Flgu', 3

fig. 3:
Princ l9la tl~ult dlagr.m oj •

I.equa ncy multlpl'-, "1 "lng In Idll' circuit
IOf an y harmonll: hlog"" tl'Iall " ,. 2

1/ h igh e r harmonics are to be generated . II I' necessary to p,ovide reecnve Circu li• . In Ihe
case of a tripier, Ihe reecuve cu rrenl il ge neraled in the Vl rlclor I I tne fr equ ency 01 Ihe
second hermonic , w hich Ihen mix" wil h me l undamenl ll wave 10 produ ce 3 I • 2 1 ... I. Two
reaclive ci rCUits are requ ired lor a quadrupler , 10 tner me tourtn harmon ic il obllined by
mi xing th e Ihlrd harmonic 10 the fundamen lal wave.

1.2. Lin• • , PN.Juncllon

In lhe cne of a linear juncllon . there i l • proporllonal concenl rallon eurve al Ihe dose limit
(Figure 4), The characleristic e xponent y is 1/3 wh ich results in q- .,elalionship bet ween
vo ltage and ch arge ,

The Fourier an.alyail shows thai power can be produced al hig her -order ha rmoniCS uSing
SUCh diodes dl rec lt y and wll houl reactive CirCUits. However , when uSing reacllve ClrcuIII, 11 il
possible lor the elhciency 10 be in creesed considerably due to Ihe Imp roved energy ulllizatlon .

Th IS il valid gene rall y lor all characterls ll c exponents 't- The efll ciency oj I req uency Irlplers
WIth linear and abrupt junc llon al a funclion o! Ihe ral lO of lu nd amenlal wave !req uency 10
cor-cu !r equency il given in Figure 5 The ab rupl varaClor il approxima tely 5 % beller lh an •
linear va raclor w llh the same cut·oll lreque ncy . (2) -
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1.3. Summary

Fl; . 5:
Eftlcll ncW 01 • I,eqUlnc:wmultiplie r
wllh I b, upl 0' lin.., PH-Junction
I I • lu nc l lon 01 ...lw e _
"' e • Cul' Oft I' equ l nc y o j Ihl d iode

In Ih e desire to obtain the hig hes t possible elliciency , Ihe foll ow ing desig n and selec tio n
cntare result:

1. Cui-oil frequ ency should be large in co mparison 10 the lundamenl al wave (Ie ~ 100 I)
2. Always provide react ive Circuits (at n t: 3)

3. Junct ion veractore are advantageous at low frequency murnpuc anon ral ios (n < 4) and at
hig h output frequencies (n It I i:: 10 GHl)

4. The input power should nol be much greale r Ihan 1 W. since Ihe efll ciency will lall whan
cvercnven.

5. The abrupt junct ion is advi sable since Ihe juncti on capaci tance can be kept low. The
cha ract eristic exponents can be fou nd in the deta iled data boo kl.

II hig her powers at h igh ell ic ienci es are to be multiplied up to a frequ ency of approlltmately
12 GHz, it is possible to use a diode that il driven int o the flow rang e: storage , step-recovery.
or snap-oil diode ,

2. STORAGE DIODES IN FREQUENCY MULTIPliER CIRCUITS

When one drives a PN juncti on from the bl ocked into the Ilow range . a IUrlher storage
mech anism is ellhibi ted in addition to the junc tio n capacita nce,

The d illus io n capacitance caused by the increase In concent ration 01 the minorit y carners In

the co nduc tive area 01 the N-seml conduct or allows a capacitive behaviour 01 Ihe di ode .
Whereas thi s is an undesirabl e ettect in me cese 01 swit ching diodes. this CharaCltt rl sltc is
desirabl e in the case 01 sto rage dlodet and il increased technologically USing an overlapping
co ncent ration that produces a dr ill ing field haVing an ettect on the mlnori ly Cll rriers The
stored charge carrie rs mUlt be removed on switching into the block ed range in or dar to
ensure that the diode block s. II the charge carriers are removed, Ih e diode curr ant wi ll Jum p
abr uptty to Its static , block ed curr ent Ir . This resullS in current pu lses haYing a hig h harmonic
co nten t suc h as can be seen in a FOUrier series expansscn, Flgu r. 6 showS the SWitc hing
behaviour 01 these di odes. One can dlfhtrential e between two characteristic times whi ch
determ ine the frequency range, The l irst is the storage time. which approarmates me ute 01
the m in ority camers and the second IS the SWitching time or snap-o il time . The dose pro file
of PSN sto rage diodes il gi ven in Flgur. 7. S design ates a small dose.
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Fig. 7:
Conc.ntr.l.on cu,....
of • PSN•• lfuerur.

Fig, . :
C. p.c". nc.·..o".g.
ch• ••cl.n . 11e 01 ••••1
IY . O.S.O.I I.nd.n 1d• • 1
rr • 0) .I o'.g. dlod.
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Fig. e : ' w ilCh lng beh....our with .In. -w.... o• • q... r. ·w.... d ri... 01 • "0' . 1. d iocl.
TS • Slor.". II", . .. Ill. IL
It - Snap-olf I I",.

The best sto rage dIodes can , however . be co nsl ruCled uSIng PIN-strucl ures Iince the iu ocncn
01 Ihese IS Ylrtually conduCllye. All dIOdes manulaclure<! today are PIN-<lIOd.., allhough one
has tradit ionally kepllhls deslgnatton lor d iodes Ihat are used e_clusl yely as sWllchlng diodes

or RF-resislot'S. The capacl tance' Yollage characlerls tlc c t tne sto rage dIode I' glyen in Fig . •
An Ideal slorage diode has I yoll age-independent capacil ance eueve, whereal the real stc r
age diod e e_tllblts cberactereuc exponents 01y _ 0,5· 0,1,

2.1. Frequency R.~e. Pow.r and En lclency

Sto rage diOdes prOYlde an harmon.cs of the lu ndamenta l wa..e whereby the Fou ner ceetu
clenls mean that tne higher-order harmoniCI are espec ially pr&5C'!nl. ThiS meanl they are
especiall y sUitable lor ClrCUll1 haYIng a hIgh IreQuency multl pllca1l0n reuc (n > 4 ). Whereas
on ly losses in Ihe conductor are present wllh the ideal d iodes. and no IImltallon In tee
trequen cv range is present. a real diode can on ly operate at high elliciency oyer a certai n
Irequen cy range. The recombin ation and SWltchmg losses IImll the appllcahon al range to
50 MHz 10 25 GHz.

The lo wer IreQuency lim it IS determ loed by the , torage time whiCh IS no t Infini te , The uppe r
Irequency limit 01 the indlyidual d iode is dete rmloed by l he SWItchi ng or , nap· oll hme , The
range il usually IIsled by Ihe manulaclurar. II IhlS II no t the case, 1\ can be eShma led as
lo tlows:

Lower IreQuency limi t:

Upper Irequency limit:
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The lollowlng table gIves lhe elliciency Ievels 01 MYeral I reQuency multipliers 01 lac lor eIght
and teeter mr ee havmg dillerent eeecuve cirCUli I requ enc leS (see (211· The consiruchon 01
slorage dIode mulhpilers is Ihe same as th at 01 Junc llon varaclorS, bot lhe operahng POln l
shou ld btl adJuslabl e.

"-.

2.2. Summary

m o O

17.3 %

" "0"

m_'
23.3 %

... "
" "

m o '

" "
(m • idler cirCUli harmonic)

sto rage diode
slorage d iode

abrupt PN varac to r

With IIlc • 10-'

Slorage d iodes are especiall y aUl table lor ci rCUIIS having a high Irequency mult lpli cahon
rati o , and high input power level (n > 4, P > I W). The elliciency can be improved ccosteee
ab ly when using a reacl lve ci rcui t. A larg e number 01 reecwe circuils should, how ever , be
avoided at high outpul frequenCies since the Imped ance at Ihe di ode could become too low,
and cause matching 10Sles.

2.3. Practic al R. a llzat lon 01 a Frequency Mulllpi ler Irom
1296 to t0368 MHz I- II using a Siorag. DIode

Gunn oscillators a..hiblt poor sho rt- term and long-te rm stabili ty. The moderate ebcrt -term
stabili ly is observed as a high FM·no ise level which will tead 10 low signal- to -noill8 ral ios 01
rece ive and transmit systems used in the amataur range 01 the x-benc . Thi s means th at
na rrow-band stalions operaling with crys tal contro l are 40 to 50 dB beller than the un stabil 
Ized Gunn oscill ator systems .

Narrow-band lrequency mulltplier CirCuits comprising several frequency mUlt ipliers one aller
another are, in pr inCiple. poulble. bu t are (lllhcult 10 con.truc t lor rad io amaleur• . The
reasons tor Ih iS are : Varactor di odes are two-po les th at reqUIre a low -rallacho n termInalion
lor correc t operation. If iso lators are not used between ci rCUits. il will nOI be possible to
saltsly this demand Withou t using a spectrum analyzer. aven when only two varacl Or fre
quency multiplier staoes are connecled togelher , Th iS WIll become WOrM and WOrM wllh the
number 01 frequen cy mulliplier slages Ihat are connec ted. All Impedances 01 a varact or are
oreally dependent on the drive level , Any incorrec t mat chino Win cause rell act ed powar whi ch
will radica lly alte r the impedance relationships or the previous slaoe, which usually cause.
completely unstable operation. Thi s leads to a non -perm iSSible noise level at the output, o r a
thermal destruction c r me power amplilier driven by lha varacto r Chai n .

Thi s means that such chainS 01 Irequency multipliers can only be construc ted uSlnO a..pen 
siva isolato rs, and when they can be aligned uSing a swept freQuancy gene ra tor and
spec trum analyzer.
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The same result can be achieved lar easier when the Characteris tics of sto rage diodes are
used where h igher-order harm on ics are accentua ted in the frequency multi pli cation process.
Such a cnccn is shown in Flgur. 9 using pr inted lines on a PTFE board. The low-frequency
po rt io n uses discrete c irc uit elements (Giga tr immer), whereas the h igh- frequency circuits are
in the form of strip lines Ihat provide selec tiVity and transfor mation . The reacti ve circuit is in
reso na nce for the six th harmoni c. The varectcr impedance is matched using a transforming
line onto wh iCh capacitan ces are provided at suitable position s. The theoretical ellic iency has
been calculated to be 24 %, whi ch means th at ettrclencte s o f 15 to 20% can be Obtained in
practi ce. II the same diode . e.g . DH 256 or OH 292 (Thom son-CSF) is used . hardly any align
ment dill icullies will be presented , The subsequent X-band waveguide represents a high -pas s
utter that will attenuate the lower trequency harmonics.

~ (Idler Circuit )
" m

I- - - -I

elements
\ (c

..Tuned

Diode / I

I
~--- -¥

I
I

( 1

l o.... - frequency circuit High- frequency circuit

3. TRAVELLING WAVE MULTIPLIER USING STEP-R ECOVERY DIODES

The travel ling wave multip lier (3) is a relatively unknown frequency mu ltiplier circuit th at is
especi a ll y suitab le lor high frequ ency multi pl ication ratios (1'1 > 10). The ci rc ui t d iagra m in
FIgure 10 shows the princ iple of operatio n.

The PIN diod e represents a SWitch which switches 0 11 the cu rrent flow ing via inductance L so
Ihat a h igh sell -induction voltage is generated al the di odll due to the Induc tance and the low
series impedances. The slope 01 these can be inll uenced by the selectio n o f L and C. A
mis-mat ched )./ 4 line Is now led with th is impulse. A damped sine-wave osci llation wilt be
generated across the load resistor having II frequency of 1 • n • 10• whi ch will reappear alter
a del ay o f 4 • )./4. (Figure 11) II a bandpas s nuer 01 Ireq uency I Is coupled 10 thi s line. one
\lill Obtain a selec tive carr ier signal. The advantage 01 th is circuit is that no Idler ci rcui ts are
requ ired . and it is thus SUitable for frequency multip li cation at high-order harmonics.

Figu ra 12 ahOWl the circ uit 01 a treq uen cv mu ltiplier from 144 MHz to 2304 MHz (x 16) wh ich
provide s a aeloct ive'y measured effic iency 01 5 %, and a sideband sup pression 01 22 dB .
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Fig . 10:
Prinelpl. cln:ult dl.gr.m
of • Ir . v. llI1\9••v.
fr.qu. ney multiplier.
C comp.n••I•• lor Ih. Indueltv.
Input Imp.d.~

Fig. 11:
Volt.II' ch.racl.rfetlc
.Ilh••nd 011"
Ir. v. tllnll •••• lin.

..
""".'

~.. ;

,J , .

, .~

•
Fig. 12:
Circul i dl.gr.m 01 •
fr.qu. ney multlpU.,
from 144 MHl lo 2304 MHI

4. SCHOTTKY ·DIODE MULTIPLIERS

A Schott ky diode ope rates si mi lar to a po int contact d iode and has a metal sermco nd uc tc r
junction th at posse sses the fo llowing advantages and d isadvan tages wil h respect 10 a PN
junc tion :

Advantages:

Only a N·conduct ive area : high cut -c tt trequency

Ekhibi ts considerable capac i tive -vol tage characteris tics w llh low capac itance values
y • 1/2 (abrupt)

Oa-As SCho l1ky di odes operate up to the mm wave range

Disadvantages:

Low breakdow n voltage: low po wer

No storage euect, only operation in the blocked range possi ble

Scho tt ky .diode mu llipliers are buill up in lhe same manner as PN-junclion varactc r circu its .

5. OVERAl l SUMMARY

The cri te ria for selection 01 me diodes In the most fllfo rable frequency mul tiplier ci rcui l are :
po wer, freQuency mu ltipl ication rat io . freQuency. bUI also lhe price. PN-jun ct ion verectcrs
Should be used et low freQuency mu ltip licalion rat iol (n < 4), med ium po wer (p < 1 WI. and
high frequency (I > to OH2).

Sto rage d iodes or PIN d iode s I ho uld be used lor high freQuency multiplicati on ral iOI (n > 4)

and h igh power (P > 1 W) in Ihe freQuen cy range of 50 MHz to 25 GHt.

Scho tt ky di odes are suitab le for low po wer level8 (P < 0.5 WI, high freQuencies and low
frequency muUipl icati on ratios (n < 4).
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5.1. Some . ul tab le Diede Typ••

5.1.1. BI-mede Died••

Those can be used as storage and junction verectcrs.

Type Dissipation Transit Made
Power Frequency by

BAY 96 lOW > 34 GHz Valvo
1 N 4885 'OW > 34 GHz Valvo
1 N 5 152 5 W > 55 GHz Valvo
1 N 5153 5 W > 55 GHz Valvo
1 N 5155 ' W > 100 GHz Valvo
1 N 5157 2.5 W > 180 GHz Valvo
BXY 27 4W 100 GHz Valvo
BXY 28 3.5 W 100 GHz Valvo
BXY 29 lW 120 GHz Valvo

VAB81 1EC lOW 100 GHz Varian

5.1.2. Storage dlod. s
'.bouf. clu r.r: Philips

•

Ih G

Type Dissipation Power Transit Switc hing Sto rage
(Heat resistance) Frequency Ie time tt tlmets

BXY 92 lW 150 GHz :Ii l SO ps 50 n.
BXY 35 Rth G :Ii 10 grd /W i: 25 GHz
BXY 36 Rth G - 20 grdlW 75 GHz :Ii 500 ce 150 ns
BXY 37 Rtll G • 20 grd/W 100 GHz :Ii 3SO ps 100 ns
BXY 38 Rtll G • 30 grd/W 120 GHz :Ii 300 ps 75 os
BXY 39 Rtll G • 40 grd/W I SO GHz :Ii 200 ps 50 n.
BXY 40 Rtll G • SO grd/W 180 GHz :Ii l SO ps 50 n.
BXY 41 R • SO grd/W 200 GHz :Ii 100 ps 25 ns

5.1.3. PIN Slorag. DIed••
Manufactur. r: Thom son -CSF

Type Pout Frequ .range I, I.

DH 294 0,5 W 0.2 ·2 GHz 400 ps 125 ns
DH 200 20 W 0.5 - 2 GHz 1000 ps 2SO ns
DH 270 15W 2 - 3 0 Hz 700 ps 160 ns
DH 110 9W 2 - 4 0 Hz 400 ps 100 ns
OH 293 6 W 3 ·6 0 Hz 250 ps 60 n.
OH 252 ' W 2 · 8GHz 200 p. 95 ns
OH 256 2 W 5 · 12 0Hz 120 ps 20n.
OH 292 0.6 W 8 · 16 0Hz 75 ps 10 ns
OH 267 0.2 W 10 ·250Hz 60 p. 6 ne
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INTERDIGITAL CONVERTERS lor the GHz AMATEUR BANDS

Interd lg ltal Filters Extended to Form Receive Converters

II I' JU81 8' importanf on the GHz ama teur bands 8S on the lowe r banda that the converters
do net only have sensitivity and gain bu t al80 selectivity. FiUer, suppress Inta rlerence caused
by unwanted signals. and increase the Mr'iSllI v,tv by luppreuing the no ise co mponent 01 the
image frequ ency Il l. Of cou rse . select ivi ty canno t be oblamed in the mlcrowlvB ,ange With

out me chanical co nstruc tion. Inlard'Ollal liiter , are Simple 10 construc !. are 01 tugh Quallly
electronically and are a_tremaly reproocceere. Such in tard lOllal 111181'1 have been descnbed
several l imes in VHF COMMUNICATIONS (2) . (3). II Is possible lo r them to be co nnected In

Ironl 01 an available wideband converte r cons truc ted in PC-board techno logy .

The o verall conslruction is very simple when using the inlerdlgl1al co n....rter deSCribed her e
Thi S is Virtually an inl erd lg ll al Illler which has been ed ended 10 lo rm a recelye co nverte r by
Inslaillng a mllung diode, This part o l l he arlicle is based on a pubucetrcn glyen In (4), When

equipped wllh a suilable local osc i lial or module. and a yery row-norse IF preampntrer.
complete converters result, which are 10 be described l or the G Hz amaleur bands et 23 cm.

13 em, and 9 em.

Fig . 1:
In' erdig ttal n ern con ..r1.r ,
...ttttout COY. '

The pho l og raph g iven in Fig ur. 1 shows th e principle oj operallon in conjunction wll h lhe
13 cm conyerter : The ant enna is connected to the hOI end 0 1 Ihe r ighI -hand relOnator _ this
linger does not conl ri bute 10 the seieeueuv. The second resonator l ram the r ight is umeo to
the Input freq uency. The mixer diode is connected 10 Ihe lhird (cenler) linger - whiCh means
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thai thi s Imger will ne t possess any noticeable resonance, The lell -hand li nger ill connected
to the local oscilla tor - also at l he hOi end . whi ch means thai no resonance II plesent either ,
Fin all y, the fourth resonalo r Ir om lhe righl il aligned 10 the oscillator Irequency. Although
YlrtuaUy only one resonato r is ellecllYe lor each 01 Ihe l wo IrequencleS. II Will be seen Ir om
the specilicallons thai a sullicieni Image IreQuency rejecllon rasull s.

The co nverters were, however, deSigned lor an Intermediate Irequency 01 144 to 146 MHz.

It ma y be 01 inlernl thai Ihe co nverters were nol developed according to inc reasing tre
quency, e.g. lI rsUy lor 23 em. then 13 cm etc. The IIrS! o f the converters to be made was Ihe
9 cm co nverter. The good spec ilicatlons of thi s conve rte r led 10 Ihe cons iructl on o f Ihe other
two converters USing me excenence gamed on 9 cm. This resulted In a system 01 three
Yil1ually idenlica!. selective co nverters l or l he three mi crowave bandS 01 23 cm. 13 em and
9 cm.

1. SPECIFICATIONS

Tab le 1 230m 13 cm • om

Input Irequency 1296·1 298 2304·2306 34!»-34S6
intermecrate Ireq uency (MHz) 144-146 144-146 144_146
Osc illalo r Irequency (MHz) 1152 2160 3312 (1104)
Noise ligu re (SSB) adB 6.5dB 11 dB
Overall gain 18 dB 18 dB 20 dB
3 dB bandwidth 35 MHz 7.5 MHz 21 8 MHz
Image freq uency supprll$Slon 26 dB 24 dB 24 dB
MIKer diode HP 5082·2817 HP 5082·2579 HP 5082·2579
MIKer di ode currenl 1 mA 1 mA 0 8 rnA
Multip l ier d iode HP 5082·2835
Osc illa to r power lmW l mW JOmW

(1104 MHz)
IF Ir an sisl or BF "'" BF "" BF""

2. CONSTRUCTION OF THE CONVERTER

The ccnsrrucneo 01 lhe inlerd lg ltal conve rte r il l imilar 10 thai desc tlbed in (4) where con
verters lor 23 em and 13 cm With intermediate IreQuencies 01 144 MHz and 28 MHz ware
descr ibed The co mpo nents used , however . were varied conaiderabl y Irom lhe Original so that
a co nverter resu lled wh ich co uld be real ized eUily in pract ice. Flg ...re 2 showi the principle
01 the ci rc ui l in lhe lorm 01a diagram. IIShowl how th e local oscillato r Ireq uency IS Ir lpled In

me ecnverter using diode 0 2. however. Ih il is only val id lor lhe 9 cm converter. In the ce..
01 the other two co rwertera the rocet oscill ato r Irequency IS gener ated e_temslly up 10 the
final frequency where il is l ed to the lirst resonator Irom the right via a connector (13 cm
co nverter). or via a low -capacl lan ce leedthrough (23 cm). The construc tion shown in figure 2
Is leN lavorable, since on ly on. resonal or provides selecllvlty. and the miK.r diode Will be
provided wllh spur iou s signall al too h igh a level. The.. could cause a nOticeable eetenor
etion 01 the noise 'igura,
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t fnpu re uency
lO-~ uencv

I c - - I
I..

I
d

r - • - T iI
: ~ I b
, I '-:"D1 a r- IL ___ J

I 01BNC con
Input

R1 100- "-A C1 >';4 61 R1

Resonator leng th 1 11n f 1n-j
Internal width

Length IF - pre- local

~Insert ion depth ampli f ier osci lla tor

DC 0 DA a- T

b •

c •

a •

d

The dimen ll ionsio Figure 2. Ihal vary tr om band 10 band , are giv.n in T8ble 2,

Dimenslon a (mm)

Wave length • b 0 • • Rec ommended Miller Diode

23cm 51 51 120 12.5 . 5 HP 5082-2565
13 em 25 32 120 •• .5 HP 5082 ·2565

'om " " 120 ' .5 ' 5 HP 5082 -2565

The spacing s between the individual resonato,.., their diamelers, .S _II a. Ihe tMlight 01 the

I il tera are ldert tlcal fo r en tnree versionl. These dimensions are gi ven in Flgur. ) , The aide
panels are made lrom brass plale 01 20 mm In width and 6 mm th ick . wh ich is reachly BVIi!·

able In hobby shops. Copper tu bing 01 to mm ou le r d iameter and 1 mm thick , 'I uNd for the
resonalor• .

The two aide panels are marked accordi ng to Figure 3. drilled. and provided w ith the required
threads. Arte r this, Ihey should be poilihed . and n poSSible. silve r-pil led The copper tu bes
are now cut to the required lengt h With Ihe aid 01 a U W, and bo th end. are l iled unhl they
are I traight. Thi. can be achieved by plac ing them In a bench drill (without denhng or
sc rl tc h ing them ) and po li.hing lhe end. with Ime Emery cloth al high speed He. tagonal
brass nuls WIth .. mm th read are soldered to one end . It has already been e.plalned in pre
vious arti cles thaI the nuts Ihould no l be placed dIrectly sl the end 01 lhe tube but sl ightly
ins ide so that I good con tact I' made on the ou ler edge on screwing into place_A completed
resonator for the 9 em converter is Ihown in lhe lower part 01 Flgur. " It 's also adviaable lo r
th ese parts to be polished, and . ubMquen ll y Sllver-p lal ed . it poaI'ble.
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The ease plale 01 the con verter elin be made from co pper-eoa ted PC-boa rd malerial . The
dimensions should be eelected 10 Ihal l ullicieni room il ava,labl e lor Ihe IF preamplil ler
beside s the converter The rocer oacmato r modu le II, on the other hand. accomm odated on
the rear panel. wh ich can be seen in the foll owing photographs. Thi s is followed by drilling
2 ~ 5 holes lor the 2 mm or 3 mm screwl in the base plale having a spacing 01 b + 6 mm .

The co nverter cover has dimen sions of (b + 12 mm) ~ c and is made Ir om bra ss or co pper
p lale 01 0,5 to 1 mm thi ckn ess. It IS prOVided With holes lor one BNC conneclor or two such
ecneec tcre for l he 13 cm v8f'Sion .

It is not necessary l or Ihe narrow sides 01 the converier to be sealed l ince 1'10 lields are
present here because Ihe resonatol'l ara virtually shari-ci rCUited with 50 U. It is possible to
SOlder the pin ct me BNC connecter to me inpul coupli ng through these apertures.

It shoul d now be descr ibed how lh e mi..r d iode and , in the cese o f the 9 cm converter, Ihe
mul ti plier di ode ara to be Installed, s'nce these are located in crl tlelil poSitio ns . These two
posI tions are shown in Figure" where the diodes, and especia ll y lh elr connechons are on ly
sketc hed roughly. The insulatll'lg piece designated _tellon bushll'lg_ in Figu re" may also be

made Ir om Nylon or Trovidur. The bypass capacito r l or the mixer diode (appro~ 10 pF) is
cons truc ted lrom a brass or co pper disk of appro~imalely 10 mm diameter and a disk 01
appro. imately 0.2 mm th ick PTFE-Io ll (Tellon). The scr ew on Ihe Inside Is cold With respect to
UHF, and only the IF Is lapped 011. The diode connec tio ns should be kept as sho rt as poSSible
to the bypass elipacilor (where it is clamped or SOldered carel ully) and to Ihe edge 01 the
center resonal or . A small screw 01 2 mm or 2,6 mm diameler can be used at Ih's pos ' tlo n.

The mounllng 01 the Irequency mu il lpiler diode In the 9 em co nverler can be made in the
same manner, however, there Is no bypass capaci to r, In th iS case, a reucn bushll'lg is also
used on Ihe inside lor insulatio n,

F"'ure 5 shows a photograph 01 the three ccovertee ve,slons in Ihe lr comple ted , ,eady-to
operate co ndi llon , Flgu'e e shows converterl lor 23 em and 9 em with the cover er ee Inte'·
d lg llal Illter removed .
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Fig. e: Conv.rt.,.. 10, 23 em .nd , em with 'h I eon " r.movM

Befor e commencing th e alignment. lurther detail s are to be give n regard ing the IF-preampl i
fier and th e local oscilla to r mcou te.

3. IF -PR EAM PLIFIER

The circu it diag ram 0 1 a well -pr oved IF-preamplil ler is shown in Flgur. 7 . This cucuu is
equi pped with a du al-gate MOSFET, type BF 900 , This tran sistor possesses lar better spec ifi
ca tions w ith respect to noise l igure and gai n than conventional dual-gale MOSFETs due 10 it s
mOdern techno log y of ion imp lantation . n ilr id passivation . and the use 01 a stripti ne case. It is
po ssible to achieve a no ise l igure 01 1.3 ca at 145 MHz and a gain o t approll imatel y 20 dB (in
front o f a converter having F • 2,6 dB : measured by DL 3 WR). The DC-operating po int 01 the
transisto r is stabi lized accordi ng to recommendations by OJ 4 BO

In the ap pl icat ion in Question , Ihe malchi ng between the mille r d iode and the input 01 the
BF 900 is the most critical po int. A PI-f ilt er is used to obtain the required impedance tra ns
formati on , The miller diode current can be measured as voltage drop across resis tor R 1 The
RF-voltage is isol ated Irom th is resistor using a low -loss 1../4 air-spaced cho ke. C 1 is the
home -made bypass capacit or in the converter,

The lollowing is valid lo r the two inductances in the IF-p reamplif ,er:

5 turns o f 1 mm dia meter silve r -pl ated coppe r wire wound on a 6 mm termer, sell-supporting
The )./4 choke is made Irom 50 cm enamelled copper wir e of apprOll imately 0.5 mm diameter,
using a termer 01 apprOllimalely 3 mm dia meter. The choke in Ihe supply l ine is a e-bcre
ferr ite cho ke manufactured by Ph ilips, The PC-board lor thiS preamplill er. which can also be
used for o ther appli cations. is gi ven in Figur. 8
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4. LOCAL OSCIl.LATOR MODUl.E

It IS not lhe Inlenllon 01 thl, arllel" 10 add another local OSCIllator module 10 the numerous

descriptions, or to add anything to them , Tabl a 3 II only to give a lilt 01 lha frequencies ,
freq uency multiplicatIon lIep. and Ihe semIconductor , lha' neve proved themselves in the
author's 8llperlmen ll.

Oscil ia l or for the 23 em band D le1ll 810r for the 9 em band

Crystal 96 MHz SF 113 Crysta l 92 MHz SF 173.. 288 MHz 2 N 5179 .. 276 MHz 2 N 5179

~
• 2 576 MHz BFW 92 .. 552 MHz 2 N 5179
• 2 1152 MHz BFW 92 ·, 552 MHz BFW92

• Oscilla to r lor tMI 13 e m ba nd ·, 552 MHz BFW 16 A

Crystal 90 MHz SF 173 • 2
1104 MHz 1 N 914.. 270 MHz 2 N 5179

.3 3312 MHz HP 2835

• 2
540 MHZ 2 N 5179

• 1
540 MHz BFW92

• 4
2160 MHz 1 N 914

The freq ue ncy plan lor the 23 em band is shown in Flg ur. 9 It will be seen that • •,-apaced
striplin., ara used a' the base and collector 01 the I••t frequency doubler. The output co upl 
ing is made approximately 1 cm Irom one end 01 Ihe 1152 MH l )J 2 CirCUlI ; a Ihln coaxial
cable II used to leed the output power throu gh lhe base plate 10 the interdigl tal hi ler ,

t
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A local oscillator module lor the 13 cm band was already described in (5) under the design"
anon DC 0 DA 003. As can be seen in the above table. a lower power version is used lo r our
application: the 540 MHz power amplilier equipped with a transis tor BFW 16 A has been
deleted , This power level is sullicient when using a receive co nverte r with only one miKer
d iode as tong as a good diode has been lound lor the trequency muUiplier, and when the
matchi ng has been optimized . Fu rther details as to the construc tion are given in Flgur. 10,
and the technology has been described in de tai l on a number 01occasions else where,

4.1. l oca l O.cmalor Module lor Ihe g cm Con verter

The last Ir equency multipl ication is carried out with in the interd igital converter . Since the
selec tiv i ty is not very high , il is necessary lor the 11Q.4 MHz signal to be as clea n as possible.
The author was able to exami ne several d ilferent local oscillator mod ules on a spectrum
analyzer. It was fou nd thaI when using th e simple, open construc tion , it was only poSSible to
ob tain a clean l 1Q.4 MHz sign al when doubling Irom 552 MHz. Due to the large Irequency
spacing from 552 MHz. m e spurious sig nals no longer caused any interfe rence dur ing the
subsequenl tripli ng process.

Figure 11 shows the enecn diagram 01 such a 1104 MHz local osci llato r modu le. The
principle 01 operatio n Is already known: bandpass hlters are used attha lower frequencies lor
selec tivity. and air-spaced stripli nes at the higher frequ encies, The matChing between transis
tor s T 5 and T 6 is made in a Pi-f ilt er, however , the plastic loil trimmar at the collector 01 T 5
Is not pre sent on the prototype that is shown in Flgur. 12. Transistor T 5 is soldered to the
co nductor side 01 the board, In order to ectneve the sho rtest possible connectio ns.
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fig. 12: Phologr.pIl of In. ~l OK lll. lor ,"oehll. for ll'ttI • ern con".".r

The reec nem ci rcui l al the ecnectc r of T 6 il a capaclltvely-shOl'1ened )J 4 Circuli haYing a
good rellOnance peak . The Ir equency mu il iplier diode worki inlo a )J2 cirCUli , wh iCh il allO
in Ihe ter m 01 an ai r-spa ced I l ripUne. ThiS t l Q4·MHI I l flphne is tuned al lh e center uSing a
ce ram ic tubular tr immer whi ch is placed through the PC-board. Tha lIange 01 th iSlrimm er is
mounted on the boa rd and Is so ldered around lis clrc umle rence to Ihe cc ocee coating . The
output sig na t is coup led out yla a 8 NC connector Irom the olhe r end 01 Ihe line to the diode.
When using the underlined semiconductor types In Ihe 'ollow ing components lilt. and when
the curren t Yalues giYen in the circuli diagram I re present, an oulpu t pow er o t 60 mW at
1104 MHz will result alter carel ul alignment. HoweYer, the tnpler in the convefl er usually only
req uirel about 30 mW , in orde r to prod uce a mb.er diode current 01 I rnA. ThiS means Ihal I
certa in emo unt 01 reserve local cecmator pow er il ayail able lor ~lIlperimenllng With ot her
types. This wilt probably be necessary In Ihe case 01 Ihe veract ce diode, since the 8A 149 Is
no longer manul ac tured .
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FIgure 13 finally shows a dr awin g 01 the I SO mm ~ 80 mm sc -bcere 01 the described local
oscill ato r module. The lower aide 01 the board ccssesees a continuous coppe r coali ng. This
board has been designated DC 0 DA 006.
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4.1.1. Componenl Delana lor DC 0 OA DOt

T1.
T 2. T 3:
T 4 :
T 5
T 6:

0 ,

BC 108. BC 109 or olher NPN·...F IranSll l or
2 N 5179
BFY 90. BFX 89. 2 N 5159
BFW 92. BFA 34 .... BFR 90. BFR 91
BFW 16 .... 2 N 3866 (.....'th cooling Iml )

B'" 149. SA 102. B8 105,88 141,1 N 91"

L6
L9

L6
L 7;

C 1:
C2:

RFC 1:
RFC 2,3,4.8 :
RFC6:
RFC 5, 7:

lnductances l 1, l 6. and l 8 are made trom sllver-plaled copper .....ir e 01 1 mm dla,

ll : 5 turns .....ound on a 5 mm dla co il lormer ..... Ith VHF-core
l 2, L3 : 1.5 lurns ound on a 5 mm lormer, sall -Iupport ing
L4, L 5: 0.5 lurns ound on a 6.5 mm lormer, mounted 10 mm

abo.... the ground surface
Coi l tap on L 5: 7 mm Irom Ihe hOI end
2 turns .....ound on a 4 mm l orm er , sell -Iupportlng
Melalstrip (sil ver- plaled copper or brill ), 5 mm ..... ide , 0.5 mm thick.
straight leng lh 27 mm mounted app ro• . 4 mm above th e ground surf ace,
ou lput cou pling tr immer appro. 12 mm Irom me col d and
2 tu rns .....ound on a 5 mm l ormer . self -IUpportlng
Metaillrip as L 7; Ilralght leng lh 6S mm, mounted appro . 4 mm above the
ground surface : tap lor the multiplier: 15 mm Irom th e cold end ,
tap lor the ou tpu t: 10 mm Irom the cold end

6·hole .....ideband lerrile choke (Ph ihpa)
3 tu rns 010.5 mm dia enamelled copper ..... Ire .....ound through a lerrile baad
2 turns. otherw ise as RFC 2
Al4 choke 01 0.5 mm di a enamelled copper ..... ire
.....ound on a 3 mm lormer. sell ·suppo rtl ng

ceramic tubular trimmer 0,2 • 1,3 pF (miniature version )
ceramic tub ular trimmer 1 - 4 pF (10..... prohle)

•

A networ k for the mat ching bet.....een modula DC 0 0 '" 006 and tha mu ll iplier diode in the 9 cm
interdl g ,tll l con verter is sho .....n in Figura '4 Tha induc tancaa and capacitances are aligned
lor mu imum voltage drop across raaisl or R 2. The module, .....hich can be uMd l or thi l appU,
ceucn also at other trequencie e Is give n In Figu re 5 on the righ t. The 10 1l0 .....lng values are
valid lor the requ ired bequencrea:

L 1: si lver-plated co pper or brass pIlle. 5 mm .....Ide, 25 mm long,
spaced apprO.lmalely 6 mm ftom the gro und surface

L 2: 1 turn 01 1 mm dla , sil ....r -pral ed coppe r .....'r., .....ound on a 5 mm l ormer
pu lled slightly from anolher

AI" choke fo r 1104 MHz l rom appro• . 7 cm 0.5 mm dla .....i re. .....ound on a 3 mm l ormer,
self -supportIng . pulled llighlty Irom anoth.r

C 1 • C 3: appro • . 1 - 4 pF caramiC spll1dre trimmer
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5. ALIGNMENT

An Incorrect alignmen t II prac hcally Impossible II the given dlmenllonl are kept It II advlI
able lor Ihe loCal oscillator module used for driving the miler, or multiplier to be carefully
cheCked ullng an absorption wavemeler

Befor e co mmenc mg alig nment , lhe two l un ing screwl I hould be rotaled fully Inti -cloc kwise ,
The reeonetor lor the cecmetc r Irequency is now Iligned for m"Imum OC-cu rrent via l he
mix er d iode by slowsly inserti ng the luning Icr_ The malimum diode current Ihould be in
tne orde r 010 8 and 1,5 mAo

The resonance peak is very sharp. which ind icates a high a ol lhe Interdlgltal resona to rs The
in serti on deplh of me M 5 - luning screwl given in tab le 2 can be Ul ed as app rollmate value,
The screw for the input frequency rMOnator is alway. Inserted al leatl two turnl less than the
oscillatot Irequency scr_ at an in lermedlate Irequency 01 145 MHz. However . an exact align
ment la on ly possible when I algnal 'a receIVed via Ihe anlenna

The IF-preamplifier is now alig ned lor maximum ove ren gain . Sublequently . It can be aligned
lor max imum signa Ho-nOlse rene when receiving a weak I lgnal.

8. NOTES

8.1. Diode MI. er

As il th e case WIth I ny converte r uSing. plsslve mixer (diode m,x.r). Ihe operallng ccnen
ions 01 Ih ia mixer diode are decisive lor th e sensitivity of the overall I ystem. A lew important
poin ts Ihould be remembered r~arding thi a. and tw o dia gram s I re to be gi ven lhal I re nol
readily accessible to redlO amateurs. The popular Schollky d iode type 2817 (8) ia to be used
as an e..ample. Flgure 15 Ihows the obtainable SSB noi.. I lgure II a func tio n 01 lila signal
frequency , Howevet , these values are only valid when Ihe condi tio ns given in the diagr am are
l ullifl ed 1 Thil means the mosl favorable impedance tranlformation 10 Ihe IF-preamplifi er ,
whi ch may not have an addit ional no ise figu re in e..ce.. of 1.5 dB, as well al In cecuretor
power 01 1 mW. Furthermor e, Ihe image frequency reJeCtion should be I t least 20 dB , II no
imaoe re/ect lon is provided, 3 dB mUlt be added imm edi alely. Also . rt tha noi se I,gur e of Ihe
IF-preamplif ier is worse than 1,5 dB . th ll mUlt l iso be added

It is also necessary lor Ihe DC-pith of the mixer diode current 10 be carefully observed :

As can be lean in Fig ura 18, il is not immalerial wheth er the diode eo rrent is mealured uling
a mete r having an impedance 01 1 kO. or whether the voltage d,op is measured on a 100 a
resistor , The lowest nOIM figure '1 achieved using a DC resistance 01 RL • 100 U. however,
one req uires at Ieasl 3 mW of oscilla tor po_' in order 10 be able 10 measure I n imp,ove
ment w il h respect 10 o the, load resistance values RL.

Another impo rtant magn itude is the IF load impedance llF 10 which Ihe IF-preampli fier mUl t
be matched in Ofder 10 provide l ila mos t favor able IF-impedance 10 lila mi..er d iode and I I
Ihe 18me ' Ime tlla most lavorable source impedance lor the IF Iran l isl o" The IF-,mpeda nce is
in l he order of 250 and 400 Q in the cue 01 diode type 2817, where. s higher valliSs result a'
low oscilla lo, power, I nd lower valuel al higher oscillato , pow er levere.
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In orde r 10 achieve Ihe most lavorable noiM ligure. it 'll necessary for all cri teria 10 be 11.11 
hlled simultaneously. or to be opti mized . Noise ligures 011_ Ihan 12 dB will not be , chieyed
when using a lOssy. printed hybrid ring wilh inellici . nl IF-mat ching and when USIng. non
stallt-of· lha·ar1IF transislo r, and especially not when no imaoe rejecl lon il provided.

The spec ificatio n. o f Iha inlardlgilal conver'er., espec ially tho •• lo r lhe 13 em and 9 em
bands were Classified as good by experte in ' requancy converter tachnol ogy , The selec tivity
of Ihe descr ibed converter 'll sufficiently good that no ext. roal I l lter is requ ired when 8 pr. ·
ampli fier is used al Ihe anlenna

Experiments _re made 10 consHuct the inle rdigi tal convene r With amalle r dimensions a and
b lor tne 6 em band. The relallon shlp between ktFlQth and dlame'.r 01 the resonators, and th.
spacing between them _ r., hOWilVer, very unlavor.ble II is neeeuary lor th e inlardigl tal
uner to be redesigned lOr thi s band , Both th••utnc r and the publi sher. would be very
in le rested to hear Irom • designer tha t achl. ....s thi s,
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It would probably be more layor able 10 shill the Inl ermed late frequency to 433 MHz In order
10 rmpreve the image rejection , However , it is necessary lor a stale·ol -lhe-art IF.pream pltf le r
10 be used whose noee" gure IS a maximum 0 1 2 .S dB . 110 that the adyan tage 01 Ihe h igher IF
is not 10Sl TranSIstor type BFT 66 could be used lor thiS application (Editorial note)
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Pola.lsatlons Switching

Unit 10. 2 m
Crossed Yagls

mall 1.2
100 W carrie r
0.1 10 0.3 dB

epprcx . 1"
216 . 132 II 80 mm

Ready -to -operate as descr ibed In
VHF COMMUNICAn ONS. Co mple te
in cabinet w ith three BNC co nnec
tors. Especially des igned lor use with
crossed yagis mounled as an _X_,
and fed wilh equal· length feeders.
Follow ing Sill po larisatlons can be
selected: Vert ical, ho r izontal, Cloc k
w ise cl rc ul a, . ,nticl ockw ise ci rc ular,
slant 45· and slant 135·,

VSWR :
Power:
Insertion loss :
Phase error:
Dimensions:
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RECEPTION OF THE METEOSAT WEATHER SATELLITE
by T. Bltt sn , OJ 0 BO I G 3 JVO

Weather satelli tes have been used lor many years 10 improve the accu racy 01 weather lor 
casting and as addi t ional mtc rmatton 10 the ground weather data conec uo n system. UpUi the
launch 01 satell ites like METEOSAT, weather satelli tes W9re usually on a polar orbi t at an
altitude 01 800 to 900 km . Suc h satelli tes 01 the NOAA (USA) and Mel eor (USSR) series tr ans
m il the ir da la in the VHF satelli te band betwee n 136 MHz and 138 MHz, Since these satell ites

were orb it ing relelively fast due to their low altit ude, u was necessary to have some meth od
o l l rac ki ng them , which was outside the scope 01 mosl ama teurs.

The IlfSI European weather satelli te METEOSAT was launched on November 23. 1977 and
commenced operati on mid December 1977 . The recept ion 01 this satelli te, which is one 01 a
se ries o l li ve arou nd me wor ld (see Figure 1) is more challeng ing due to the higher freq uency
used 01 1694.5 and 1691.0 MHz . as well as ilS g reater d istance trorn the earth 01 35,900 km .

Ho we....er , these satelli tes are In a geostahonary orbit abo ve the equator, In o ther words, they
are o rbiting the world at the same speed as the eart h's rotencn . Since the satellites seem to

be stationa ry in space , no antenna tr acking will be req uired .

01 co u rse, due to the higher pat h loss at the high er frequ enCittS and grea ter distanc e Irom

the ea rt h, higher gain antennas must be used than at 137 MHz.

polQt .....Iauten ... Sa II'lI,I....
Sal,lh lu ~ I ", pola-r-arb,ls

IUSSR)

iJ

1. CLOU D COVER SURVEY AND PROCESSING

The M ETEOSAT ..pho tograph s_ the c loud co ....er 01 the earth bo th In the .... Isual and inl rared
ran ge s. In the visua l range, the satelli te p rodu cttS one imag e e....ery 30 minutes. This image
comprises 5000 line s 01 5000 points each , co rrespond ing to a rescnrtlcn 01 2.5 km .

The infr ared pic tures are also mad e every th irt y minutes In the 1010 12.5 micr on band . Each
image co mprises 2500 fine s o t 2500 points each. co rresponding to a resolut ion 01 5 km.
Water ....epour pictures are also made in the 5.7 to 7.1 micr on band ettne same resolut ion , but
less Irequently,
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These anal og images are d ig italized and transmi lled 10 a cen tral g rou nd station in pu lse-code
modulat ion , Th is info rmation is then processed in a computer, divided inlO secto rs, and
ret ransmltled to the satelli te together wi th additiona l Info rmation such 8S date, time, type 0 1

image , sec to r of the origi nal image, as well as otner coded information , A transponder aboa rd
METE OSAT then co nverts the processed images to the two frequenCies 0 1 1691 MHz or

1694.5 MH z wh ich are retransmitt ed lor reception on th e eart h , It is especially the recept ion
of the se processed images lh at is of interest to us,

2, SPECIFICATIONS

2.1. Sat emt e Speci fic-lions

Carri er fr OQuenc ies:

Elfect ive radiated po wer:
Po lari zat ion :
Modulation mode:
FM ·su bcarr ier '
Mal(, frequency deviati on of eoocemer:
Mal(, transmission bandWid th :
Video bandwid th :

Channell : 1694 5 MHz
Channel 2: 1691,0 MHz

48 dBm
linear
FM. with the suocenter mod uteted AM
2,4 kHz
9 kHz
26 kHz
1,6 kHz

2,2. Specifications 01 a Typical Profe..lonal Receiv er Sys tem

12 dB
25 kHZ

'M

An tenna:

Pream plifier:

Receive converter:

VH F receiver:

3, AMATEUR RECEPTION

26 dBL linear po larizatio n

Gain 30 dB
NF 1.5 dB

1691 MHz / 137,5 MHz
Gain 20 dB
NF 6 dB

137 MHz

N'
Band Wid th
Demodulation

Of co urse, the abov e specifications for 8 pro fessio nal receiver system must allo w enough
reserve to provide high-quali ty images even under we -st-eese condItions . Amate ur syste ms
do not requ ire such reserves, and if so they can be also achieved , using an expensive
preampli fie r and i or large parabol ic d ish ,
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FIII,2

3.1. Bn lc Requirements

It is assumed that a 137 MHz FM receiver and APT-d isplay unit is available, Of course, it is
not absolut ely necessary to use 137 MHz, and 144 MHz would also be suitable. Required is
then a co nverter to transpose the Irequency 01 1691 MHz or 1694,5 MHz to the required Ire
qu ency Of 137 MHz (or 144 MHZ). This converter should be sensitive enough tha t reception is
possible without an expenswe preamplifier when using a managable parabolic dish 01 1 m to
1.5 m diameter.

Such a co nverter was ob tained using a similar const ruction to the conve rter described by
J. Dahm s, DCO OA, The METEOSAT converter possesses an inlerdigitat li lter with five
resonator s which provides the required selectivi ty. Figure 2 shows a photogra ph 01 e labora
tory pr otot ype , The screened osci llator module is on the other side . A block diagr am of the
co nverte r Is given in Figure 3.

The IIrst resonator Ir om the lett is the input coupling to the antenna, the second is tuned to
the requ ired Irequency at 1.7 GHz, and wi ll attenuate all other frequ encies such as the image
freq uency, The I lrst resonator Irom the right is the input co upling lor the local osci lla tor
sign al and the second will etten oete any unwanted spu rious signals , The center reson ator
couples out both the input and local osc illa tor signa ls and leeds them to the miller diode 0 t .
The inter mediate frequency of 137 MHz (144 MHz) is fed via a selective, low -noi se
pr eamplil ier to the FM receiver. The operation 01 the local oscilla tor module can be chec ked
by measur ing the diode mill er current across the 100 Q resistor . A vol tage 01 100 mV should
be pr esent (permissi ble tcrereoce e 50 %).

Figure 4 shows the METEOSAT co nverter in its ready-to-operate teem. This converter is avail 
able ready-to-operate in an alumi nium case from UKW-TECHNIK.
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METEOSATB I' ..~
<OtMRTE • •-... ,,,- ...

3.2. Sp-elflc.ltlou of th e UKW· TECHNIK METEOSAT Conv.r1.,

aeceive frequenc ies (swilchabte via DC-li nes) :

Intermed ia te frequency (144 MHz on requ esl )
NOlie figure (Single sideband):
Gain :

Mic rowave ban<1wldth:
IF-blindwidth :
Inpyt .nd output connectOB
Inpyt .nd outpyt Impedance

Oper.tlng YOltaOtt:
cYrr.,,1 dr'ln:

Remole feed ,ng VI' CC)lJlIal ca~ poMlble,
Accommodated in wealherproof call alummium 00_ .

1691,00 and 1694,50 MHz

131.5 MHZ
typo8 ea
typ , 18 dB
typ, 5 MHz

typ 5 MHZ

BNC (N on requesl)

501>
12 V l lab

< 100 rnA

3..3. Pr.c~1 Reception

e_penmenlS made uSing Ih 'l con..,."... log ether wllh a ~r.OOli c d llh 01 1 2 m d,ameler al
ground ...,.. showed thai ..11.factOt)' rec:ephon (vir1ualty ooo....,r..1 w.. poIIlble. II • grea''''

atgnal·lo·ooose ratIO II reqUlf.ct IOf prot....onal appllcatlOnl. Ih'l can be oblalned usmg 1

lo w -nol" preampll lier .nd/or lar~' d'ih.

Several l uc h conveners are In ope ration .1 observaloriel and prol . U lona t compan>es.
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(11 J . Dah ms: An ln lerdigl tat Conver1er fo r the GHz-A.nge
in this Edlhon of VHF COMMUNICATIO NS

(2) Programme METE05o'T. QI. ..m'nAI IOn M,lS/on Eur OpHn Spac. Agency
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CALCULATION OF THE ELEVATION AND AZIMUTH OF

THE ANTENNA FOR METEOSAT RECEPTION

by R. l entt. DL 3 WR

The METEOSAT weather seteune is in • geostationary orbl l over lhe zero d'"Ojree mer id ian . It
is loca ied in the I8me p lane as Ihe eq ..... lor app roximately 36 000 km Irom Ihe lurface 01 lhe
earth . The 8nl~na d irect ion can be calculated relatively . ,mply l or any geographicel locahon
01 longitude). and lati tude Ii uSing Ilmple gl:fOrnelric equations,

Since th e beamwldth 01 amaleur radIO anlen nas IOf th iS application Will hard ly be lelll Ihan
5", it is possib le lor the ca lc ulation 10 be Simpli fied co nsiderably For instance . Ihe ceicurenc n
01 Ihe etevereo was SImp lif ied by assumi ng that Ihe receive tcceucn was on Ihe zero deg ree
mendren . The lali lude 01 me rece ..... location IS only rough ly la ken InIO con'ldeullIon during
tile ca lc ulation 01 Ihe azImuth.

The lollowlng lerms are used In the ca lculahon :

• Rad iUS 01 the eart h . 6400 km
S • Dlslance Sale l lite - Gro und surface . 36 (J(X) km (and m • s -+ r]
). • l on gitude 01 the receiv e location
t' • latitude 01 the rece ive location
r • Antenna eleva tion
u • Antenna azimuth

A calculallon basod on the cI ty 01 Augsburg , West Germany. It' • 484" and ).. • 111 18 to be

used as an e.ample

FIgu re 1 shOWl lhe calculation c t tne elevation graphica lly _

" -
,. )6 0001""

_______ .. . H l.OO . ..

Dl 3 WR

...(H OSAI

---J

It is made In mree sleps rath er than In one large equation In order 10 SImplify the eercutencn.

c _y m'. ? _ 2 mr .cos l" III

II • arc COl
c'+ m' - r'

' m, 1'1
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Ellample lo r ~ .. 48.4"

c .. V 424()()S -+- 6400' - 2 II 42400 x 6400 x cos 484" . 38 450 km

384,so1 -+- 42400' - 6400'
It • arc cos 2 x 42400 x 38450

r - 90" - 48.4" - 7.15· • 34.45' .. 35"

• arccosO.9922 • 7.15'

Figure 2 shows the ca lcula tion ct tbe aZimu th angle gra phically , This diag ram views the earth

from ..abo ve.. from a point ov er the North Po le,

'" (11"0,IIElIdl
DL J WR

• sceen

• • • SOYl h, .. mO' "' EOSAT

The ca lc ulation 15 also mad e in three steps :

~
d • x r

90

g .sin). lld

(4 )

(5)

" . arc si n ..i
c

(6)

Example with ). • 11" and f\ . 48 ,4'

d • ~ II 6400 km • 0,54 II 6400 km • 3442 km
90

g • sin 11" II 3442 km • 0.1908 II 3442 km .. 657 km

(l • arc si n
657 km

50
• arc sin 0.0171 • 0.979" .. 1"

364 km

Th iS means Ihal the METEOSAT has an elevation 01 approximately 35' at Augsburg . and is
app rOll imately 1" west of geographica l South (181; .
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AN INEXPENSIVE POWER AMPLIFIER FOR 24 em

USING 2 C 39

b~ U. "h Uwltz . 01< 3 UC

The 'o llowing art icle is nOl 10 dncrlbe II n_ type 01 24 em power amphll 8f . bUI is 10
describe how an etf lcleol cavlly power ampllher can be manufactured using inellpenlive
ma terial and simple l oo ls. Thll power amphlter ia sUllable lor use wIlh tu be. 01 Ihe 2 C 39
l amily. In o rder to avoid lathmg in the manufacture 01 the e.'lIIy. II 200 '01 ca ll.. trn hav ing II
diameter 01 80 mm was used , Many l uch amplllfafs h....e been p rod uced . which ha...e been
n icknamed _coNee_l ln_PAs_,

F}gu r. 1 shows such • po wer amplif ier betcre solderIng the anod e reson ator 10 the bu.
p late. The luning d isk is to be seen to Ihe lel1 01 Ihe grid contact rin g, and to the right 01 th is
the oulput cou pling With PTFE-Insulation lor the compensating screw This can be seen on
the reson ator (right) on the lelt·hand Side 01 tne anod e co ntact nng . The connection lor th e
anod e vollage can be eeen to th e right 01 lhe ccntect r ing . The anode plate tog ether With the
encce contact rin g Is insulated Irom me resonato r pane l uSing II PTFE-dl sk ,
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1. SPECIFICATIONS

TUl'\olble r.nge.
M... ,mum output~. cont,nuou,
Large-, .gl'\ollga,n -
Low-.,gn.1 gam:

1120 10 1300 MHz
appro.., 35 W

appro.. "to 6 dB
. ppro... 6 10 9 e e

II hal beer! nol'ced lhal lhe o••n of 2 C 39 type lubes va,... Irom type 10 type . and " vel)'
much dependenl on lhe Qu....cent current. The oam Int r..... by . ppro• •m.tely 3 dB . 1
QulftC.", currents ber-, 6O. nd 120 mAo

An !denl'atl power am phl..- wa, .ISO con,' ructed uSing . large COli.. lin (100 mm doameterj
Th,. provided . rna.,mum of 2 dB more o.,n. but lhe~ . mphl...... ,,111 nol rUdy lor
pub"c.lIon Maybe some riNder. would h". 10 carl)' out . ..penmentl In If'll' d,recl lOn The
deKtl bed 80 rYnI d,.meier~ .mph".r hal .lso bHn eq u.pped Wllh IwO 2 C 39 lubes .nd

oper. 'ed Wlttl a vol tage 01 780 V. AI an ..node cu rren l 01 390 mA (' ) and wllh 20 W 01dnVil. • n
OUlpul power 01 85 W was .ch_.-d In contInuous oper. llOO

The desCrtbed power .mphller c.n .lto be used a. Ireq uency mull,pher Irom "32 MHz 10
1296 MHz or from 384 MHz to 1152 MHz , Furt her detatl . rega rdlnO .dJUl lme nl 01 the ope ta t
Ing po, nl and design o l lhe cernoo e Clrcuil.re to be fou nd in ( Il

II levera l I tages a re 10 be connac ied In 18nel . 'I II advlaabl e lo r e.ch , tage 10 be cons trUCIed
indIvIdually and tested belor. Ihey .re connec ted togel her u"nO , hort ca bl". In order to
. mphly Ihe output power 01. lor ,nll.nce. a transmIt conVilrte r deSlOned by OF 8 OK (2) to
35 W. two to three ItagH WIll be requ,r .-d When usinO • com pacl con. truchon auc h as Ihe
lour-".oe ampl llter deKrtbed by OJ 8 UT (3). ma tch .no IoueI w,1I oc:c:ur. • Iso the whole
.mpll"er WIll be ,noper.tlve " 0". .tage should I. d. n'll' meatl. thai tha i type 01 conalrucllon
" .... f.vorable .

2. TOOLS AND MATERIAL

The lo llow,ng tools ara advIsa ble In .ckhhon 10 the rn>rrnatly .v....bl. 1001. II ". se r_drlve,..
phe rs . vIce etc.:

80 W solder Ing iron
Ch.asi. punchers lor the 10Uowlng dlamele r, : 16 / 18 / 21 1 25/ 30 mm
OrUls for the lotlo...,modiame te r' : 1.9 / 3 0 /4 / 5 / 6 / 8 / 10 mm
Round III" 013 mm . nd 8 mm dl.meler
Flat Illes
Sandpaper
Meta l , hears

The lo llow,ng Iable gIves lhe r8qultld mech.nte::al and elec lrocal part, lor Ihe po wer .mplllter
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3. MANUFACTURE OF THE INDIVIDUAL PARTS. PREPARATIONS

A view Itom above of this part is shown in the uppe r lell-hand corner 01 Figure 2. and the
side vie w is shown below Ih is.

A hole o f 20 10 21 mm diameter shou ld be pun Ched inlo tbe bottom of th e ccttee lin . o r
drilled and filed to the correct dimension s. The oth er hole s shoul d be then drilled according
10 the drawi ng . and Ihe lin cui down to a height of 30 mm (measured trom th e fold ). All cuI
surfaces Shou ld be ceeureo. and cleaned .

The Iold ed edge in the inside o f the lin shou ld be SOldered care fully together. After this. Ihe
M 3 bras s screws (part 28) are placed through Ihe hole s Irom me inSide and provided with
nuts. II is Ihen possible for the heads 01 Ihe screws to be soldered inlo place on Ihe inside 01
the lin, aller wh ich tne nulS are removed, The M5 · screws are now p laced true the hole so
that they are cente red and are also SOldered into place on bo lh sides. This means tnet part 1

is comp letely prepared.

3.2. Anode Plale (Pert of), Anode Ring (Pert ' ). end Anode Con tact Ring (2)

The anode plate is show n in Ihe center of Figure 2, The 1 to 2 mm lhick diSk can be manu
tacturee from brass or tin plate , The insulaling d iSkS (part 30) shou ld be I itled Into the 6.5
mm dia. holes given in the diagram. The anode ring should be filled With th e anode co nlac t
r ing and can be made as sho wn in Figure of either trom a lube. or from a metal slri p, whi ch
has been bent into place and so ldered logether. The anode ring is soldered concentricall y to
tne 21 mm hole on tne anode plat e, Alter Ih is. Ihe anode contac t ring. Ihat is also shown in
Figure 4, should be pla ced into the anode rmg where it is SOldered at Ihe top , inside. Correct
co ntact pressure ex ists wh en an old lube can be inserte d w ith a slig ht p ressure
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L1KH
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FIg. 4: Anod. contact ri ng _nd _node ri ng : ttle I. n" will nol be nee ....ry wh.n the eo ntect m. le . I. II ,
of Ihe COffed he ight. Two methode lor m.ldntl the g rid tube . nd the g.1deont.ct rlnll.
The Inpullnduct.nc••nd It, co nttnoc:tlon.
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3.3. In lutating Ollk for Ihe Anode Plal e IPal1 5)

The pa rt (righl upper corner In Figu re 2) Inlutal8l l he anode plale .....th li S h lgh -len,ion von
age 01 up 10 1000 V Irom Ihe resonator pin . ....h,Ch II al ground po lentlal. Due 10 the heat
d iSSipated by the lube. PTFE material il neceasa~ The reqUired spring -loaded hole, Ire
made ....,lh I 6 mm dla , drill and cui around Ihe edge ....Ilh a pair ot shear• . An e.act III tmg II
made du ring the I inal construc tion , Atter l hl ' . the d l,k should not be removed l rom Ihe
reecnetcr .

Thil pa rt i' shown in lhe left 01 Figure 3. The d imenSion, can be selected so Ihal ,l is ,u llable
l or ins tallation in lhe cabinet. One M 6 nu l •• provided III each side 01 me 6 mm holes and
he ld ro tc ctece using a screw , The nu ll are Ihen subsequenll y soldered Inlo place, The nul
10f a BNC sockel l or Sing le hole mounllng il so ldered on one ,ide 01 the 9 2 mm hole. ThIS
side o l l he base plate .... ill then be the inside o f the cavil y resonat or.

All parts should Ihen be deburred and cleaned

Figure 3 shows thil Issembly ....hen Issembled The dllk .1 I lr ,lly made. deburred and
cleaned . wh ich is followed by !lling lhe head 01 lhe he. lagonal ,crew, Aller th i, . the disk is
so lde red 10 Ihe sere..... II il important that Ihe dISk is moun ted centricall y and is at r ight
angles 10 Ihe axis 01 the screw A 3 to 5 mm d_p Ilot i' ,awn into rne o ther end 01the screw
so Ihat it can be adjusted ....l lh Ihe aid 01 • ICrewdriver.
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These two parts al e ahown in Figure 4. The dimenSions are 21 or 25 mm dIS . heighl 20 mrn.

When u,lng a lube dlameler 01 21 mm, Ihe gr id ccmec t flng IS II1Ied l ightly InIGo place and
soldered In lhe case 01 a 25 mm lube, Ihe co ntaCI rmg shou ld be inserted Into Ihe inSIde and
soldered Into place, Finally. en part' should be debuned and the residual solder removed ,

Th. pan, lor the cathode and heater cuccu are given 10Ih. lower pan oj Figur e 2. A cress 01
10 mm in deplh I' cut Inlo pan 15 uSing an approximately 0 5 mm Ihlck saw blade . This IS
touowec by IIlIng cttire com ers to appr ox imalely 45· lor a lenglh 01 1.5 mm, tne corners 01
the e ther ftnd Ire I lso slightly removed Finally. Ihe diameter 01 Ihe slotted end shou ld be
brought 10 5,5 mm lor II lenglh 01 12 mm. Thi s can be achievlld using I lIal 1.le. If material ot
5.5 mm dlSmete r is av..lable, IhlS will no t be nacessary smce tne whole cc ntect pm can be
5.5 mm in diameler .

Aller ,.li ng down 10 appr Olllmalely 5.7 mm d.amtlltlr. tne cee tecr should be checked uSIng a
2 C 39 lube so Iha l a good III IS eeta.oee. Ontl shou ld be able 10 msen II approximately 9 mm
mto the tube IOCkel only usmg a slighl pressure II one only preues Ihe I IOlled end s
logelher and Insens Ihem 1010 Ih e tube . il could be poSSible tor Ihe lube 10 be dama ged

Pan 16 IS now manulaClured and Ilolllfd as shown In Figure 2 The ends I hould lhen be
pushed logelher slightly unh l thi S pan IllS l ightly 10 lh e cathode II IS nOI neceaaary 10 aller
tne lOner or oute r di ameter.

Pan 17 IS made /rom a psece 01 double-coated PC-board malerial lepollY glass l iber , and nol
Penlnall). The Ihree linea shown in Figu re 2 are where lhe co pper coating il removed by
el chlng . !llmg or a.aWl"O They are made on eern lides oj the board so lha l Sill Independenl
COnduchv. surfaces result . Atler drl illno the hole and removlOO Ihe copper surface on one
Side lor apprOll lmately 0,5 mm around lhe hole (ul ing an 8 mm drill). II 18 poillble lor pans
15.16. and 17 10 be mounted Into place .

All pari s should now be Cleaned and any grease removed , Any oll ydlZed surl ace Ihould be

cleaned wil h emery clotn . A 2 C 39 tube IS now placed on 11S heat SI nk, and I llled as tcncws:

tnsert pan 15 approximately 9 mm Into the healer co ntacl 01 the tube, Place part 16 wilh ilS
slolled end on lhe cathode contacl 01 Ihe lube. appr oxImately 10 mm long . and not over Ihe
I lf st atep on me calhode ccorec t. Place part 17 cot e Ihe end 01 pan 15 in l uch • manner that
the counl ersunk SIde 01 the 6 mm hole la ces the tube, The part s mu a' lit t lghlly. All er /til ing
them exacUy al righ l angl ea. pan 15 should be soldered 10 lhe large cond uchve surface on
pan 17.

The lube ia now IBId on lIS side wllh lhe prev iou sly menllOned part l and lhe end 01part 16 is
soldered to the Inner conduchve l urface on part 17. Part 15 should have no eemect 10 Ih lS
surface

The catnooe cirCUit .s thu s co mpleled II 88veral lu bes are av••lable, II IS poilible lor the
module 10 be Checked lor co rrect conlact The described mod ule can be uled wllh any tube
01 the 2 C 39lamlly ,
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3.8, Oulput Coupling (pa rta e, 7, 14, '.a and 23)

The inn er co nduc lo r 01 the BNC soc ket (part 23) should be sho rtened to 2 mm length , The
br ass tube (part 14) ShO\ild be shortened 10 19 mm in leng th and deburred, The 1.9 mm hole
in the bress disk (part 14. ) shou ld be cou nlersunk by .ppro xim.tely 0,5 mm on one side
using . 4 mm dr ill . Cul l he two PTFE parts .

For co nst ruchon, lhe BNC soc ket IS provided With Its nu l and With the Ihreadlng laCing up
wards, This is fo llowed by placing the insulating disk (part 6) and the br. ss di sk (part 14a)
into posil ion with the cou ntersunk side lacing upw. rds , and then soldering the disk with .
small amount 01 solder to the Inner ccocectce. The tube (part 14) is now placed onto l he disk
(part 14a) so that a small edge remains lor soldenng Use only a small amo unl 01 solde r eeo
leed th is Irom the inside 01 the lu be. Pay . Uentlon that the tube lits toge ther With the central
axis 01 the SOCket. Remove any residua l SOlder Irom this part .

Atter prepaflng part 7 tPTFE) wilh the" mm cut. shown in Figu r. 2, the strips should be
wound leng thwise arO\ind the" mm drlU II is then placed InlO the tube (part 14) so that
approx imately 5 mm prot rudeS, 01 which 4 mm .re the CUls. These are befi t 90" outwa rdS With
the l inger. Thl. is the guide 01 the compe nsating screw (pan 311 and insulates the output
coupli ng from me resonator. II a good tubular trim mer with I I lnal capaci tance of app rox i
mately .. pF Is a...ailable th. t is . b le to l it into part 14 .nd possesses the reqUired leng th. it is
possible l or pan 7 to be deleted , .nd 10f th. tr immer to be placed into part 14,

4. CONSTRUCTION OF THE POWER AMPLIFIER

The PTFE disk (part 5) is now pl.ced o....r Ihe lour M 3 screws 01 the r. sonator (part 1), Th.
cu ts lor th e fee<lthrough of th. tube . re d.pressed inw.rds With Ih. 81d 01 8 tube. The tetrcn
disk can be l ilt ed easily when the anode pl. t. (part 4) is placed Into posItion. Th. disk should
be clo se 10 the surface and lay lI . t WIthout lo lds. The l our Insula ting pieces (pan 30) should
now be I itl ed, Their ediJes shou ld only be as thick as the anode ptate, otherwise II Will be

necessary to liI e them. Alt er thi s. it is possibl e lor the washers. spring washers, and M 3 nu ts
to be screwed into p lace Allenllon should be paid that . ....ryth lng I its co rrec tly when ligh 
tening The fltt mg 01 lhese P41rts shou ld be checked using one or several lubes.

A lu be should remain inserted lor the lollow lng co nSl ruCllon. The gnd contac t descrIbed in
section 3,6. is plu gged onto Ihe grid contac t 01 Ihe tube and the IIl1lng chec ked by ro tallng
the tube In the contact. The base pl ate (pan 9) is now placed onto the grid tube unll l 11
touches the resonator. The grid tube should now prot rude by approximat.ly 3 mm. It Is poss 
Ible by ro tating the resonator unil to chec k whether all parts are cen tered (coaxial). Alt er the
required co rrec tions, the grid tube is soldered 10 lhe base plat. on the ou tsld., Ahe, th iS. the
reson. tor incl ud ing the l ube should be remo...ed.

The l un ing p in descr ibed In eecucn 3.5. II now screwed Into place on tne bese plate using
nu ts . The output coupling II alsO screwed Into place using the . ssoclated nuts . nd II is
loc ked in lo place al 8 depth 01 . pprOllimat.ly 18 mm Into the reson.lo r c....lty The compo
nen ls are now as anown In Figure 1, bu t wllhou l compenl8hng screw

The resonator un il is I inally plugged onto Ihe base pl. te IIn1t and adjuslad so Ih .t the
co mpensating screw is Inserted cenl rlcally into the output coupling lube. Alter checking once
more. i l II posaib le l or the r. sonator to be soldered to Ihe base plate,
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The compensahno screw IS now remoyed once again . IS prOVided with the SPring (~n 12).
and screwed back inlo posi lion unll l Ihe screw is depressed 10 apprOlumately 10 mm In
lengl h. The COtm ler nu l of the BNC socke t IS alae released ancl the output coup ling InMrled
Into the resooalor un til me PTFE louch.. ThiS completes me conSl ruCl lon 01 Ihe reeonet or.

A l ube is relnllened 'or Ihe ccnstrueucn 01 Ihe eemcce cucvu . The tube should hi IIghlly.
The cathode ci rcui l desc ribed in &eChon 3.7. is now 1iIled and the four Side panels shown in
Flvur. !i (parts 19 and 20) are made Before soldering tnese pariS cote the base plale , the
cethcce ci rcul i should be rol aled so Ihe l it I ll s as shown in Flgur. 15 Pan 17 can now be
soldered on lhe upper side to the panels ol lhe inpul couphng chamber.

The second lIJ)rlng is now 1iI1ed 10 l he l uning pin and deprttssed USing e nut. Thil nul is
secured USing e Str iP 01 lin plale (pa ri 13). which II SOldered 10 the cathode case. Th,s
ensures Ihe importan t contact pr,",ure belween the l uning pm and Ihe nut soloered 10 Ihe

• reeonetcr. The tuning pin shou ld be adjustable at relal lyely low pressure usmg a screwdflver
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f ig . ' : Th. c omplet. d c a lhod . Circ uli 01 • po • • , a mpUlI• • to ld .....Ion 01 pa ri 131

5. ALIGNMENT

A prel lm inalY ali gnmenl i, made IIrilly l ince lhe reson ance poi nl is very n.rro.... and II could
endanger tbe lube ....hen looking lor re80nanca ....l l h Ihe ()pera llOg vol l.ge connected , The

prelim ina ry alignmen l is made In conjunc tion With a t 296 MHz receiver. a liable Signal al
1296 MHz (ha rmonic lrom • 2 m or 70 em Iransrmller. o r a beacon Ir.nami llari . • s .....all as a

BNC T-prece.

A tube I hould be inser1ed and Ihe lesl l ignal led vialhe 'r-pece 10 the receiver . The T-p iece
Is now co nnected to Ihe in pul 01 the po....er ampli l ler and tne inpul circul I aligned Wllh Ihe

aid 0 1 Ihe trimmer. At resonance. the receIVe , ign. 1w ill be redu c&ct In slrengl h ....hich will be
ind icaled as a dip on the S-meler. This process il Ihen repealed at Ihe oul put socket In con

Junction w il h lhe anod e resona lor, The teal l ignal should no l be sl ronge r Ih an appro _imalel y
20 to 30 dB, The S-me ter reading will drop by app ro _imalely S 10 20 dB under reson an ce
cond i tions . A atrong , ignal 01 60 dB or mor e is nOI lavorable ,ince Ihe relona nce d ip .... ill

hard ly be no ticea ble .

Aller the preli minary .hgnment . it i, possible lo r Ih e linear amph her 10 be brou ght InlO
cperancn, It i, flrslly oper.led al low drIVe .nd optimized in ,Iepa increasing l he drive , The

lal esl meaSlJrements mad e u' ing new lubes 01 the YO-series With su lflcient cooling produced
• conti nuous oulput power 01 65 W r The .node voltage amounlad 10 780 V al 305 mA pl.le
curren t and. drive power 01 12,8 W.
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FIg. 1: Sult.ble 00fl1-et ring. fof . nod••net " rid ••••n
Impomnt p,.,.-qul.n. 10. correct ~'.l lon

6. NOTES

It is always necessa ry lor the lube to be cooled . even when only the heat ing is connectec

Funher data 00 this was given In the desc rIption 01 a 70 cm po wer ampll tler by A. r au tnm.
Fu ndamentally spea king the mo.e cooling that can be prov ided the berter . The best way o t

concent rating the cooling air onto the cooling Ims 01 the tu be IS to use some lorm 01 tube
that l it s onto the blower to be Ul ed . It is also poss ib le to construct air ducts lor two -tubes.

Regard ing pa n 13: An un sui tabl e type and mounting 01 this part can be seen In Figure 6. 11
the co ntac t between mou nting piece. nu l and cathode case is too great. the I pring prellu re
will no t be prMerlt.

Regarding L 1; The inpu t circ uit il design ed 10 that only a very low reson ance pea k is

present. This ensu res that no tendency to sell -oscUlalion is presen!. and varioul e~cilefl and
leng ths 01 cables can be used wilhout reali gnment being necessary ,
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A FREQUENCY CONTROL LOOP FOR A 433 MHz VCO

by T. Kri eg . OK 8 GY

1. REQUIREMENTS

The requirement was lor a mobile 70 em transmitter wh ich would be able 10 transmit a 20 kHz
wide frequency multjple ~ signal In the FM mod e. The accura cy 01 the output frequency
should be better Ihan 10-°,

A conventio nal crystal OSCillator circuil and lrequancy multi pli cation could nol be used
because, l irs ll y, il wou ld hardly be possible to achieve the large frequency deviation . and
there wa s, secondly . a danger Ihal the freq uen cy mult iplex signal wou ld be d isto rted in th e
Irequency mu lt iplicat ion process.

This meant that the solution cou ld only be lound when using II self-eJ(cited OSCi ll ato r lo r
433 MHz wil h a frequ ency contro l loop.

.'
2. PRI NCIPl.E

y
-@J -{...!.~..<J ~- ..",••,.........

,...,.•l<..l'j
""'

Ox I (iy

Fig. I:
BIoe" diagram
01the frequ ency
control loop

The co ncept shown in Figure 1 is based on expe rime nts made by Dl. 9 FX (1).

The VCO frequency (output Irequency 0 1 lhe lransmitter) is mi_ed do wn 10 a lowe r IF f re·
qv encv In c9nJunc tio n w ith a cryslal conl ro lled Irequency, The IF signal is then co n...erted to
a DC·...oltage Ureg in a trequ eocy-voltage con...erte r. whi ch is led, att er amp lif ication. directly
10 th e ...erector d iode of the VCO. It lhe VCO frequency increases. Ureg will be redu ced and
the cepect tanca of lhe verector will increase. lhus reduc ing me frequency 01 the veo,

3. FREQUENCY·VOl.TAGE-CONVERTER

Since th is is the meet Important part 01 Ihe ccmrot loop. ...arious circu its ha...e been sl udied '

3.1. SChmln·Trigger

A SChmilH rlgge r w ill con...ert a sul l ic iently high input o lt age inlo square wa...e pulses wh ich
can be led to an inleg rating RC-l ink where II is co n erted 10 a frequency-dependent DC·
vcnece.
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A conventional circui l using lrans i slo~ elll.h lbi led a considerable depend ence 01 the ou tp ut
vo lt age on tne amp litude o l lhe 'npul signel , and Ihu s nOI only on ilslrequ8ncy .

Anolher ci rCUIt using the intllQraled Schmi tt- tr ,gger SN 1413N was also lound 10 be untavcr
ab le due to lIs low Slope , I e, the dependeoca 0 1 lhe oUlput DC-vo ltage on Ihe lrequency 01

the inpu t AC-voUage. Furthermor e. the shape 0 1 Ihe SQuare wave pulses wa' dependent on
the input amplit ude. whi ch meao ' thaI Uo was also dependenl 00 Ihe amplitud e at the input

U'n'

3.2. Monollop

A conveniional transistor CIrCUlI elll.hlbiled l uch a low slope Ihal II was com plelely unu sabl e,

The inlegra ted monoucp SN 74121 N posselled a consla nt Ilope 01 1.02 mVfkH z In lhe raoge
01500 kHz to 1500 kHz . The ci rcui t is given in Flgu,e 2,

However . th ll Ilope is I tlll nOI auttrcien t tcr a COf'It ro l ci rCUlI. althoug h Ihe large linear range
would be very lavora b le , 11 should be poSSible 10 connec t II subsequenl co ni ro i amphhe',

' 1g.21;
M-'Iop circuit

DK8GY
"
" 1
" ,-+-+...

1 ~-
C~ e GY

0. •

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

F~ 2b; OlKrtmllWlto' ch.,acten.llc ol lh8' Monofl op

3.3. FM Demodulator Modu l. TCA. 420 A.

The TCA 420 A is an iOlllQraled IF ampli ll a' wll h co inc idence demodulalor and ccmror vollage
output. A DC-voltaga is preHnl at Ihe two AF output connec l lon. Ihal i' dapendent on Ihe
input frequency . The connection CIrcul i II g iven In Flgur. 3 Thia vo ltage " uaed as contro l
voltage. Flgu,.. 4 ahows the cha racteristic CUr'\tfl 10' two dillerent values 0 1 l he dampi ng
r&Sillor A.

1l~.l.U l n . 12V
l H

I "'"• H
" '"• ,
" " " ",

H A 420 A, U,

R
OK 8 GY

'1t,3 :
, .. Demodulator TCA .20 A
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01 thl TeA 120 /Ii II • fu nc1lon
0111'1. In,.,ml'dl,l. I,equ.~"
with d.mplng ,..,1, 10' •• par.m.l.,

... OPERATION

A pract ical Circuit bUi lt-up using Ihll CircUit sho.....ed lhal the veo was contro lled bu t no l

Quickly enoygn. It was lound tha i il wa, pouible 10 C8UlMt frequ ency oevi. llons 01 aevlr,l
ten s of kHz by p lacing one', hand in the vici nity 01 Ihe osci lla to r wIthout the co ntrol voll_g.
chang ing suffi c iently 10 bring the VCO back 10 the nom inal frequency, This means thai l he
control slope is still too low, 0 1 course, an mcreese 01 Ihe slope wil l mean that the tock-jn
and hol d ran~ will be consi derably limi ted , The aolullon 01 Ihis problem was found in a
co ntro l c ircuit which will be dl' cussed lale r,

The co nt rol slope WI ' inc reased using the following measures '

a) Firm coupling 01 the Vl racto r d iode to the oscill ato r encou. II can be seen in Figur. 5:

b) In l tallalion 01 a co ntro l amph'ler having a gain 01 5· tln'!8S, The zener dIode il used to sh ll t
the pot en ital to a la vorab le input lignal lor the trenl lstor (Figur. 'I.

C) Aemoval 01 the damping resistor (A in Figur e 3) 01 the d ll Crimlnator circ ui t (phall-shi ll
ci rCUli) o f the TCA 420 A.

•.12V

Ureg.
Pm 6
TCA 420
" .8V)

... Ureg.1 4-11V1

1 OK B GY
'1g,5:
A_ a nc e ci rculi olt".
W MH, oKlllator

- tea •

'Ig. s:
Conl .oI ampllll• • and -.;.""1111 OKllIalor
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Aller carry ing out these modll icat lon l , th. VCO very I8ldom loc ked on to th. nomln.t Ir . 
Quency o f 04334 MHz all.r I Wltc hing on , and when It did . It could .asily be unlocked by
mechanical shOCk, Instead 01 thi l . II oac ill ated nearly always at a IreQuency In the ... Icinl ty 01
the crys tal oscIllato r freQuen cy or at any fr.Quency up to 438 MHz . In thil can. the OC·...en
age at the output of the TCA 420 A sunk to a minimum .... Iu. and . doe to the Inv.rtl ng
proces s. the contro l vo ttage at th. collec to r of the control amphfler Incr.ased to a mallimum
val ue of apprOll 10,6 V.

Thll was used then to I Wltch on a scanning OSCillator that drives the VCO With I sawlOOth
voltage. an d I weep s the freQuency range Irom the lower end ol tha band The contro l ci rCUit
wil l lock In as soon as the nominal freQuency of 433.4 MHz IS reacbec . The I canning osc il 
lato r is shown in Flgur. e

Capaci to r C il charged via R. AI soon as the I WltChlng voltage adlusted by R il reached . the
E-B , path will conducl and d ischarge C; Ihi l Will cause the po lent la l present al the co llecto r
o f the ecntrcr ampli lt er to drop immedIately due 10 the high resistance 01 the co llecto r
resi ltor. Th is meanl tha i the SWllchlng vo ltage thr eSho ld Wilt be e.ceeded 10 th at the
unijuncncn tran sistor blOCkl ag ain , The cap"cl tor wi ll then I lowl y Chlrge i11811 up to th e
collec to r voltage. fInd the co nl rol voltage wilt slo wly mcreese. AI seen as the nominal
freQuency is achieved (Ureg • appro. , 6 V), the con trol loop wIUlock In , The tim e constan t 01
the sawtoolh vol tage is in Ihe order 01 mil li seconds, wh ich means lhal the control process
does no t cause any noticeable Interference.

A freq uency stab il ity 01 10·' wal achieved Ul ing lhese measurel , It wal found tha t the
scan ning OSCillator only made one scan on I WllChlng on the uOll , and the nomInal trequenev
locked in virtually immediately , The I Wltc hi ng voltage was set 10 apprOJ; , 7 V. The tri mmer in
the osci lla to r circuit was tuned 10 thai tha nomlnal fraQuen cy II present at U,eg • 6 V. A nn e
lun ing o f the frequency is po SSib le under locked cond itions uSing lhe core o f the di l Crlmi
nator induc tance (TCA 420 A),

S. CONTROL CHARACTf:AI STICS

Tt'Ie control loop between the contro l amphher and the VCO was d iscon nected l or mellure
men t o f the control cu rve The co ntrol voltage Ureg was lhen measured as I tenet -on of lhe
oscillator freQuency. Durtng th ll measurement, It'Ie OSClllalor WI S operated With an ell ternal
vo ltage Of 0 ·11 V which wal led to the vara ctor eeoe (Flgur. 7)

The control range Is between 433.3 and 433.5 MHz. Below 433.3 MHz and In ellcess o f
435.1 MHz. Ureg Is so grea l thai the scanning osc ill alor w ill be brought Into ope ration. Th iS II
also true at lhe osc ill ator fraQuency 01 43446 MHz where the in lermedlate freQuency i, O.

The VCO wil l immediately jump to Ihe cryslal oscillator freQuency. when It II in the vic inity 01
il.

NO l Iable operation can be made In the range between 433,5 and 434.1 MHz. lince the curve
increases here and the VCO freQuency Will no l be able 10 loc k In. In the range from
434 .5 MH z to 435 MHz. the cu rve drl)pa. and It wou ld . theorel lcall y, be posllble for the VCO
to lock in , However, il was found that th iS dId not take place , The frequency always lumped.
as prev iously men tioned. 10 valu .. It wh ich the control vol tage aChieved a ma. imum value
and SWitc hed on the scannIng OSCi ll ator.
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Fig. 7;
Control 'Ioll l V" .. I
lunctlon oll~ _lIIltor
IreqU8nc, wltll .,...
control loop ~n

S. POSSIBLE IMPROVEMENTS
••

f -l-.- .

..

.... ....•_ .....'''--1 -.

better lh.n 0.8 !IV / 20 dB (5 + N)/N
var i.ble. beller Ih.n 0,8 !IV
8 kHz - 8 dB. 18 kHz _ 60 dB
10 - 15 channels/Me.
Bu ilt - in NC-cell i . rech.rge. ble Wllh supplied 220 V charger
Height 133 mm. width 70 mm. depth 31 mm
Telncope anlenna. wire . nl., earphone. 220 V charger. Clse,

Hln, Dohlus oHG . J.hn.tr•••• 14 . 0-8523 BAIER SDORF

The ci rc uli has. up 10 now. been operaled exper imen la ll,. • nd provided ..l lsl acl ory resu lts,
However . • lew points thOu ld be noted ' 0 Ihal Ihey un be l aken rmo considerallon on
developing Ihis ci rcui l l urther :

a) The VCO should be buut up in Sl r,phne lec hnology in order 10 Improve Ihe mechanical
stabili ty.

b) Incr ease the IF 01 850 kHz. using a dillereni crysl.llrequency . 10 , lor insl. nce, 10,7 MHz.
SO Ihallhe crys lal O&<:llIalor Irequency I' l urther . w.y 'r om Ihe req Uired frequency.

c) A h lgh -O resone nt IF CirCuli should be provided al or atter Ihe mixer. ThiS means Ihal tne
TeA 420 A will receive too low . n inpu l vol tage et great devial ion s from the inlermedlale
lrequency. which will mean thai tb e inpul vOllage is 100 low and lhe result ing maximum
control voltage will cau.. the scannmg osc ili alo r 10 swll ch on earlier

7. RF CIRCUrr

The VCO. amphl ler. mixer, power amph 'ler were eenvenncoer ClrCUll s using BFY 90 and
BFW 18 A (power ampli lier • 50 mW).

a. REFERENCES

G. Hollsch ild The AFC Loop
VHF COMMUNICATIONS 9. Edi lion 3/ 1977. p.ges 184· 188

NEW DIGITAL 10 CHANNE L FM-SCANNERS FOR SINGLE AND TWO·BAND OPERATION

V.rious models .vail.ble lor me Frequency ranges: 70 - 90 MHz. 140 · 170 MHz. and 400 ·
470 MHz. All cryst.l-controlied double -Iupe rhets

Common Specification.:
SensitiVIty :
Squelch eensllivity:
Selec tivity:
Scann ing speed :
Power supply :
Dimension, :
Acces sori..:

UKW ·TECHNIK
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NOTES AND MODIFICATIONS

1. ATV TRANSMl nER OJ 4lH 001-006

Gu nter Saltier, OJ4LB, has been ab le 10 improve Ihe linearity and inlermodula llon rati o 01
hiS .lTV Iranemrtter in l ime-con suming experiments In cooJl,lnChOn With a spec trum analyzer,
Ttle fo llow ing small mod ll icallons allow Ihe miermod uialion rene al Ihe output 01 module
OJ .. LB 007 10 be greater th an 50 dB. at a muimum output level 01- 3 earn .

1.1. Modif ication . to Modu le OJ " La 001 Ie)

A Iransistor type SF 199 sho uld be used l or T 105 instead 01 SF 224, and r..ialor R 115
shoul d be changed to be 470 U (instead 01 680 U) . Smcetbe output Impedance al P1103 only
amounts to 45 U• • reslsl Or 01 5 Q (lor 50 U cables) should be connec ted In lerlel With the
ou tpu t co up ling eepecrtcr C t 13 (1 nF). Both measur.. improve the linea rity wh ich il
especially noticeabl e at Ihe modulat ion pea ks.

2.2. Modiliullon. 10 Modul. OJ 4 LB 007

The Ir ansislor type BF 199 I hou ld be used in the RF·staoes instead 01 the origmal SF 224, In
th e output cou plmo slaoe T 3. tranSistor type SF 223 • BF 311 will be more sUIlable due 10
the higher eurrent (15 mAl. The em iller resillor 01 T 3 shoul d be reduced Irom S60 U 10 330 U

Since the outpu t Impedance 01 Ihll stage (PI 705) only amou nts to 22 10 25 U. II il neceasarv
lor 25 to 39U to be connected tn eene s in order 10 match It ell&ctly to Ihe lubaequent side
band htt er . Transiltor T 2 wh iCh il used lor remote leyel adjus tment will caulle noticeable
moouteno n diston lon s and tntermcd utatrc n producls II the control ,s more than 1/3 open.
Thi s can be aVOided uSing th e lollowing measures: Reduce Ihe yalue 0 1 the couplinO
capaci tor between Ihe interconnection 01 10 U/ 680 U at T21rom 0.1 J.lF 10 l SO pF. A FEr.
type 8F 246 C should be used ins tead c t tne SF 224 lor Iranl illor T 2. The connec tion s are as
touows: dra in lor co llec to r, ga le lor emi tter (oround) and lOurce lor base, The lOurce il
cc noeetee yia a dropper resillor 01 10 kU 10 pe tenuometer P 1, weese yalue should be

inc reased Irom 220 0 10 10 kO. Diode 0 1 II br idged Irom the po lentlometer to • 12 V With
8 2 kU in l lead 01 Ihe pnlVloul 5.6 kU ,

S C A N NE R M OD E L S

UKW 101 A 10 Chann.' Mlnlalur. VHF Scann., OM 375.
• FreQuency range: 70 MHz - 90 MHz . RF·bandw idth : 10 MHz . No, 01 Paas-channel. : 3 •

UKW 101 B 10 Chann.1 Mln lalur. VHF Sunn.r OM 375.
• Frequency range: 140 - 170 MHz . RF·bandwidt h: 10 MHz . Otherwise as UKW 10 1 A •

UKW 102 A 10 Channal Mln latur. Two -B and VHF Sc. nn. r OM 3t1.-
• FreQuency ranges: 70 - 90 MHZ and 140 - 170 MHz • AF-bandwidlh : each 10 MHz •
• Channel selec tion : As reQuired . any numbe r 01 the 10 ch. nnels in the upper or lower Ir e
Quency range . • Ayailable In Oc lo ber 1978 •

UKW _TECHNIK • Han. Dohlu. oHG · J. hn . tr .... 14 ,0·1523 BA I ER SDOR F
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MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 3/1978 01 VHF COMMUNICATIONS

24,
34,

129.

29 -

OM
OM
OM

OM

DC 0 DA 006 9 em LOCAL OSCILLATOR MODUL E Ed. 3/ 1978

DC 0 DA 006 (double-coated. wilhOUl l hru·contacls. w/plan) OM 24.-
DC 0 DA 006 (6 transistors , 2 diodes) OM 52.-
DC 0 DA 006 (10 ton, 2 ce ramic mmmers, 1 ch ip, 10 cerermc -

caps. , tantatum-etect rclync. 1 couroener
w/ core, 1 s -nore fern ie ec -es re-nt e beads)

Crystal 92,lXX) MHz HC·25/U
Kit DC 0 DA006 with . bo... . pa rt,

Miller diodes lor Ihe above converter or ctneretcr 70 em 10 9 em. each

PC·board
semico nductors
Min ik it

850
350

27.-

OM
OM
OM

DC ODA 007

DC 0 DA 007

145 MHz (IF) PREAMPLIfiER Ed. 311978

DC 0 DA 007 (double-coated. wunourmec-ccntects. w/ plan ) OM 12.-
SF 900 (each) OM 4,SO
DC 0 OA 007 (1 ter nte cho ke, 3 tcrftnmmera.

8 ceramic capa citors)
(6 reSis to rs , 1 m lli lverplated copper wire)

wllh abo ve parts

DC 0 DA 007

PC-board
Transist or
Minikit 1

Mmikit 2

Kit

Kit
M inikit 3

Crystal
Crys tal
Crys tal

DC 1 OW 001-oo:J BO-CHANNEL SYNTHESIZER for 2 m

PC-board DC 1 OW 001 (dou ble-coated. wrtbout tb ru -contacts.wzpten)
PC-board DC 1 OW 002 (as DC 1 OW 001)
PC-board DC 1 OW 003 (sing le-coated. with plan)
Semi conductors DC 1 OW 001·3 (13 transisto rs. 36 d iodes. 2 LED)
Sem iconductors 2 DC 1 OW 00 1·3 (8 C-MOS ICs. t Op .amp)
Mmikil 1 DC 1 OW 001·3 (2 chokes, 12loiltrimmers)
Mmikit 2 DC 1 OW 001·3 (36 ceramic capacncre, 20 teedttnu-caps..

4 tantalu m electroly tic.)
DC 1 OW 001-3 (Filt er) (6 1% resistors, 4 2.5% caps ,)

DC 1 OW 001-3 with lbove pI'"

71.650 MHz HC-25/U
66.300 MHz HC-25/U

1.600 MHz HC· 6/U

Ed. 311978

OM 16.
OM 16.
OM 1t .
OM 78.
OM 49.
OM t 4.-

OM 42.
OM 7.

DM 230.

OM 26.
OM 26.
OM 35.-

Pric e reduction DJ 7 VY LOW·N OISE PREAMPLIFIER, 50 - 570 MHz

PC-board OJ7 VV 001 (sing le-coated wi th plan)
M inikit OJ 7 VV 001 (2 terrnecc ree. 2 ferrile chokes. z temte

beads , 4 dISC ceps.. 1 tantalum etectrc 
lyt ic, 2 trimmer potentlomelel'$)

Semiconductors OJ 7 VY 001 (2 transisto rs)

Ktt OJ 7 VY 00 1 with I bo ve pI".

il ulQu ir ed 4 5c hOltky diodes

METEOSAT·Con vl " er , •• de. cr lbed, ,..dy-Io ·oper.t.
Converter 135/28 to conv.rt ebo ve 10 28 MHz IF

OM 8.-

OM 15.50
OM 19.-

OM 42,-

OM 30.-

OM g85.
OM 120.-
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ANTENNA ROTATING SYSTEMS
..

,,
NEW I MXX

KR 2000 1000
.,

• • .'
"',
0 ,

I

SPECIFICATIONS

1 1 kpm A '" Nm

T,pe 01 Aota... " ... " ... " """ 1II11l 1000 AA T 1000

L_ "" ... .. ,.. '''''' "~d,ng lo rque .. ,.. ,.. '"'' '"'' ~m "
B,aka torque "" ... ,.. ''''' ,... lim ' J
Rot l hon lo,QUI' '" '" "" "" '''' ~m ' J
MU ' d ' l me,-, " ." " ." 43 · ea 38 · 82 41 · 7. mm
SpNd(l ,.... , '" '" '" '" '" •
Rotal lon ""0" ,,.. ,,.. ,,.. ,,.. ".Con trol e-ble , , , , • "'''"o.n-..on. 270. 11!lO III 270 .11lO ~ :M!o. m 0 .~. 2O!l 0 460 . :JOO .' mm
Weogl'lt " .. '" '" "" "Mo!of 'iOl'~ .. .. .. " "

,
l ,", V(l 1I~ m V /50 Hl mv /5O ..... 22OV f50 HI 22OV f50 ~l noV /50 .....

'" " ' 00 '''' "" ".
Vel1lu l Rotor KR 500
Espec iall y designed lor verhcal IlIlIng
01anle nna, lor EME, OSCAR etc.

T, po
l oad
Brake tor que
Ro tation to rque
HafiZ. lu be enem.
Mast di ameter
Speed (1 rev .)
ROlallon angle
Con trOl cable
Line voltage
Weig ht

KR 500
ca 250 kg
197 Nm oJ
<40 Nm 0)

32· "3mm
38 ·63mm

",
ISO' (+ 51

6 WI,H

220 VlSO Hz 30 VA
.. S kg

U K W • TEe H N I K, Hans Oohlus oHG 0 -8523 BAIERSOORF



~ CRY STAL FILTER S O SC I LLATOR CRYSTALS

amlO SYNONYMOUS FOR QUALITY
\i<lb)J' AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FILTER XE·9NB see tabl e

SWITCHABLE SSB FILTERS
for a fixed carrier frequency of 9.000 MHz

XF-9B 01 XF·9B 02
8998.5 kHz for LSB 9001 .5 kHz for USB

See XF·98 for all other spec ifications
The carr ier crystal XF 900 is provided

Filler Type XF09A XF'" XF-9C XF-90 XF-9E XF-9NB

Appllcetlo n SS8 SS8 AM AM FM OW
Tra namll

Number 01 crya tall 5 8 • • • •
3 dB bar'ldwidth 2.4 kHz 2.3 kHz 3.6 kHz 48kHz 1' .5 kHz 0.4 kHz

8 dB bandwid th 2 5 kHz 2,. kHz 3,75 kHz 5.0 kHz 12.0 kHz 0.5 kHz
Ripple < ldB < 2 08 < 2 <18 < ZdO < Z oO < O.5 d8

InaertlOn 10'" < 3 0B < 3.5 <18 < 3 5 0B < 35 d8 < 3,5 08 < 8 5 d8

Z 500 0 500 0 500 0 500 0 12000 500 0
Termination

C "'of so, F "'of "' of "'of "' of
(8,50 d8) ' .1 (6;6008) 1.8 (6 60 d8) 1 8 (8 60 dB) 1,8 (66008) 1.8 (8 :8008) 22

Shape tector
(680 d8)2.2 (8 80 d8) 2 2 (8:80d8)4.0(88008) 2.2 (8 80 d8) 2.2

Utl imet a refeCtion > 45 d8 > IOO d8 > IOOd8 > 100<18 > 9008 > 90 d8

Xf·9A Ind Xf ·9B co mplete With Xf 90 1, XF 902
XF·9NB comple te With XF 903

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH ~o 692" NlIck.rbl,cl'lof,h,im . Po.tl.c:h 7
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