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A SYSTEM FOR RECEPTION AND DISPLAY
OF METEOSAT IMAGES

Parl 2
by R. h lle rt, DC J NT

The whole sY5lem WII5 discussed 11'1 pan 1 01 Ih ll article whiCh was published ,1'1 eornee 3/79
01 VHF CO MMUNICATIONS ThtS cescncnce ,ncluded da la,lalof t onl lruChon 01tho parabohc
dl!'>h The la l low lng ' r1icle II to deSCribe lhe I 1 GHI converter and the VHF receiver Part 3 II

10 ceecnbe II match Ing (KanOlllgJ OSCillator lo r me recewer. 8S well i1S lhe erecuome vrcee
processmg ClfCU,ls ,

s.oce Ihe who le system WIIS discussed In gemtrll m par' 1. uie mdlvldual modules lire now to

be dosc"tHtd In delail ,

2. THE M ETEOSAT CONVERTER

The 'o llowmg descript ion III on ly 10 give , d Ud S lo r construction ola con vt/rler , tho cscrnatcr
chain is 1'101 to be discussed In de tail. emce the DC 0 DA local OSCillator lor 13 em conver ters
oeecnceo in (t ), can eaSily be modil led lor tme application Crys la ls haVing a IreQuency 01
86,306 and 66.500 MHz can be used and these Ireq uen Cles subsequt'fllly mu lllpll&d by • 3,
• 2. • 3. FrequenCies 01 Just over 500 MHz are Dresen l In lhe stage btI lo 'e rest. which can slill
be Indlcaled on amal eu r I req uency COltnle rl The IInal trip ling can be made WIlt'l Ihe aid 01 a

d iod e ty pe 1 N 4148 . 0' Scho ttky diode The Ima l II eq uenCI6$ 01155350 dnd 155700 MHI can
be mealu,ed With the aid 01a Ireq uency me ier as describe<! In (2)

Or~t

"'0

OC 3NT
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2.1. Clrcult .nd Conltruc tlon

The cn cuu diagram 01 Ihe convel1er IS given In Flgur . 11 II wilt be seen Ihalll compnles .
tw o-sl age preampliher (T 1, T 2), an ecnve mixer (T 3) , and two IF_amplll,e ' l (T 4 and 11)

Two pr eamplil ler I lages were chosen in order to ensure Ihal ml.e, nO'M was negligible The
I lr sl preamphller Slage IS equi pped Wllh Ihe lillcon trene.etor BFA 14 B (S,emenl). Thll Iran 
sis te r is ral ed to have a noise Ilgure 01 2 to 2.5 dB at 2 GHz. The an tenna cable IS connected
d lrectty to Ihe base , which means Ihal the tranl lsior il preaenled wll h II source impedance 01
50 Q . ThiS type 01 rnpUI coupling resulted 10 .I lower nOI58 Ilgure than when uSing the ere
vious ly p lanned matching wll h a 'i.. /2 input eneun. EYen II Ih,s doel not repre!>&fll Ihe mOlt
'avor able melhod With respect 10 Ihe n0118 " gure, Ihe I!lelected lOpul coupli ng Will ensur e a
reliab le neu lrallzatlon 0 ' Ihls crlilcal hrsl Itage

A transistor BFA 34 A (Slemenl) or even type BFT 65 (Siemen s) have l ufl, c lenlly tow -norse
charac teril tlcs lor use In tne second I lage. A muer stage lollowlng these Iw O preamplllier
traneretors Will no longe, be very cri lical. and a BFT 65 will ope rate salls 'acIOrlly.

The Sia bi liza tion 01 Ihe operallOg pomt With respecl 10 opera llOg vollage and lemperature
uuctuanc ns is neglecled in many publications uSing common-emilie' ClrCUIIs II II . however ,
very easy to obla,n an exceuent Itabllity. As can be seen In Figur e 11. three rellslorl and a
rener dIode are all Ihal IS req UIred lor each ct tne IwO preamplil,er IIages A CirCUIt uSing IWO
cheap AF translslors walll developed lor the ml .er slage. which malches Ihe operaltng p0101
automa tically to Ihe eecuretcr level.

All ope rati ng vol lag es are Itabltized .1112 V (12); Ihe converter is led wllh a vol lage 01 15 V or
more via Ihe IF leeder cable . Spll lling 1,llerl 'or DC and 137.5 MHz can be provIded at both
ends using, 'or mstence. a 22IJH cho ke and a 2.2 nF cececncr.

A low-noise DG·MOSFET type BF 900 II used In the ',rsl IF stage, and II mal ched 10 me
mtxer tranl illor With the aid 01 a PI-ne twork , A Ihree-Ilage wldeband ampliller IS used al
second IF-ampll 'le r, whIch ampll l,el the required SIgnal by 23 dB (OM 335 : PhIlipS). Thl '
sl age (I 1) Will on'y be necessary wnen reqUired 10 compensate 10' lhe high lOIS 01 a long ,
ttun ca ble be tween cc rwertee and VHF receiver . The outpul vollage 01 Ih.. slage Will amounl
10 appro.,mately 1 mV du ring METEOSAT recepllon uSing tee deSCribed antenna

DC 3NT
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2.2. Mech. nlnl Co nstruc tion

The mechanica l arrangement 01 the converter II given In lhe lorm 01 a dra wing In Fig ure 12
The drawi ng IS10 scale , wh ich means thaI Ih e variOus len gths in l he dfil wmg nea<:! onl y 10 be

compared 10 the length 01 the )./2 resonators which are 01 10 mm In length The d,menl lOnl
01 an IndiVidua l Chamber are gi ven In Flgur. 13 The co nverte r com pnses l ive Iden t,cal cbem
bers ecnstructec from sil ver-p laled bl au and II 140 mm long by 10 mm Wide. Th iS cces nol
inc lude the oscilialor wh ich IS bu ill up separalely .

ll ·---
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3. THE VHF RECEIVER

The VHF receiver to touow lhe desc"bed conve rter does nOI realty need an espeCIally high
Input sensmvuv However . smce the VHF recei ver IS also 10 be used lor dllect rececnen 01
eeteuues Iransmlll ing to tne eereuue band 01 136 10 t 38 MHZ. lw o row-norse pleampll f,er
slages eQuIpped With me tranSlstOl BF 900 were used These Ir anSlstors requtre no nau tra'"
eat-e n. and very few allern al co mponents. s,nee source end gela 1 are grounded and Ihe
b ias voltage tor gale 2 01 all live amp h".r I lag as 01 lh ,s type ISgeneraled commonl y
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The c,rcul I diag ram 01 the VHF/ IF portion o l thi$ receiver ISgIven In Figur. 14 The two band
pass IiIters lor the mpot Ireq uenq (L 2 to l 51. whose coupling IS given by l helr locations on
the PC-b oard . can be w oeo so Ihat tne whole VHF satellJle band can be received The high
preamputrcatmn. and lhe ecnve ml~er are only eeveecre when, as," the case 01 the planned
app lication . large-signal problems are no l to be expec ted The in teg raled mix er type SO 42 P
(Siemens) allows a mulllpilcalive ccn ve-sron USlflg very lew com ponents and low oscilla tor
power.

The OSCill ato r freq uency should be 10 7 MHz belo w the inpu t Ir equency. and ils output
voltage sho uld be apprOJomalely 50 mV

The venous method s that can be used as csc meror were descfl bed in part l. It was also
mentioned there that a filled, crystal csc urato r was nOI adVisable The oscillator module to be
described in part 3 uses a voltage-contro lled cecuta tc r (VCO), whose tong-term stabilit y will.
01 co urse , no t be sutnc -em when used In a Simple cirCUi t For lh ls reason . tne oecrnatc r 15

swept when the squelch is closed, which means thaI the receiver Will scan a frequency range
01 approx imate ly 500 kHz when no Inpu t signal IS pre sent . When a signal is -ecewec . the
squelch win open and the OSCilla tor Will be SWitched Irom tne search to AFC mode II win
then tune automaticall y to tne cente r 01 the diSCriminato r cnarec tenenc . The only cc ncruon
when uSing ttus concept is thaI no other Signals are present In the Ireq uency range 01
interes t

AI the fir st mtermediate frequency of 10,7 MHz. onl y a crys tal hlt er haVing a bandWidth 01
30 kHz. and two resonant ClrcullS lor malchlng are used, This is tcucwec by a second, crystal
cont ro lled mixer. The subsequent th ree 455 kHz ampli fIer stages are also eqUipped with the
previously meenonec DG-MOSFET BF 900, and use resonan t circUits hilvl ng a bandw idth 01
approximately 40 kHz. No react ive probl em s are present. wldeband norse IS avoided, and
limiting under overload concmons IS made very symrnetnceuv

The lo llow ing PLL -FM dem odulator equrppec with Ifllegr ated CirCUit type 4046 (1 3) IS to be
discu ssed in more deta il , since thi S tech nology seems 10 be hardly known m amateur appti
cencns. The advantage 01 th is type 01 C.,c ui t is br ielly that a higher AF sig nal- to-noise reuc
will be achieved at low RF Sign al-to- nOlSe rallos than when usin g ccovenuoner coi nci dence
dem odulators or rati O detector s This advantage Inc reases together wll h tn e modulall on
index . In the case o f nar row -band FM communications 1M • 11, a PLL-dem odulator Will nOI
br ing any grea t advanlages, however, the gam In the case 01 APT-tra nsmission s Ir om satelli
tes (M • 3,75) is consi derable. For thi S reason , the auth or was able to measur e a AF signal
to -noi se rati o of 30 dB in conj unc tion With tne described receiver when lhe IF sign al· to-noise
rene was only 11 dB For th is reeecn , PLl-demodulators Should otter great advanl ages lor
FM com munications on the GHz bands For example, mod ulation indexes o f M 10 to M •
15 are used at present on the 10 GHz band and rep resent Ideal conditions for using a Pll
demodulat or ,

In order to explain how th iS Signal- to-nOise gam is obtained, let us assum e an extre me
example : a VHF-camer is modulated With a I kHz Signal and a r-ec ceocv deviation 01 I MHz,
ThiS mea ns that a bandWIdth 01 appr oximately 1 MHz is requ ired and that a noi se power wl l h
a bandwidth 01 1 MHz is pre sent at the mpu t 01 the con ventional FM cemoc ureicr tog eth er
With the required signa l (Flgu r. lSI 01 co urse. II is possible to suppress the resull ing AF
noise vcuaqe in a low-pass IIIter , but not co mpletely ThIS ISenll rely eureeeru In the case 01 a
Pll demodulator , whose block diagram i$ given In Flg ur. 16
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Without IF-signal, the v co frequency will be at the center 01 the IF-passband curve. the low
pass filler ecnnectee to the phase d'lctlmmalor w,1I hm,t Ihe nOise-bandwidth to approx i '
mat ely twree the cu toll frequency 01 Ihe low-pan 1,lter. II a frequ ency modu lated IF-Signal
appear• . it w ill approach the veo Irequency. ener wh ich the conteor loop will lock in and Ihe
VCO· frequency will renew the IF·,ig nal. Thi. means t net the modulat ion Irequene)' Ihua
appear. ' s a control vcllage, Due to tne automatic lollow,ng. 11 " poSSIble lor the cutc tt Ir . 
Quency 01 the low-pass fille r to be les, than Itle IF-bandwid lh (Me Flgut. 17). ThiS is the
advanl age o f the PLL CltCUlt and It can be seen hOw the advantages With respect 10 conven
I,onal f M demodulator. Will increase Ihe hig her Ihe moclula hon mdell

In the deSctlbed METEOSAT-VHf recewer, an Intel;lra ted MOS-Clrcull (1 3) it used as PLL·
demodula to r. The VCO Irequency can be adjulled apprOlllmli tely Irom 400 to 500 kHz wll h
Ihe aid 01 po lenllomeler P 1. The low-pass hlter II connected bel wl!1tn connectlonl 2 and 9
The Ou tpu t (connecllon 10) " con nected via a buller 10 the dlScr lmmator meter , The elec trica l
cen ter-poi nt can be adjusted wll h the aid 01 P 2,

Now to the s -meter The Ileid Ilrengih 01 METEOSAT IransmlSSlonl wil l be In a rel atively
narrow range, Insplte 01 the di llereni antennas and con verter. For IhlS reason . a conven
tional S-meter With an Indi cati on range 01 80 10 100 dB win no longer be SUitable The very
low dillerences in tne ,nd lcahon would nOI be very helplul ,n adlus llng tne vario us PIHl l 01
the syl lem. f ot thll reason . an S-melet Wll h a hnear ecete II to be used Two tangel a,e
availa ble : In the case 01 a high preamph hcalton. It lhould be connected 10 PI 4. " me gain II
low or II h igh cable louel are presen t between the converter and VHF-receiver, the S-mel et
shou ld be connecled 10 PI S,

Flgut. 18 shows lhe ci rCUit d iagr am 01 the AF-moclule. The mOil Impo rlanl part IS a AF-I llI er
th aI is l ormed by uSing a low-pass filler haVing a eotctr Ireq uency 01 apptOlllmalely 700 Hz.
and a high-pass !Iller Wll h a culo ll ftequency 01 app rOlllmalely 4 kHz. The APT-I lgnal il
p resen l on a subcamer 01 2 4 kHz. Wll h a mallimum frequency devlahon 01 9 kHz , The Ire
qvencv deviallon oetermmes Ihe grey value : white - 9 kHz deviatio n: black epprc x. 1,8 kHz
devia tio n. Since the highest modulahOn frequ ency 01 the eubcamer amountl to 1680 Hz, II II
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necessary lor a AF-Ir equEtncy band 0 ' 720 10 4080 Hz 10 be passed linearly subsequent 10 th e
FM-dem odulalor . The 2 4kHz earne r togelher wllh Its SidebandS are present {wi th approxi
ma tely 1 V at 9 kHz deviation ) at con nectio n PI S, wh ich IS connected to the AM-demodu ialor
in the video processing uni t Th is completes the taskS01Ihe receiver .

PIn•PI 100- 0 O·

"'O~ ..
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A cheap in legrated AF-ampliller (14) IS provided lor momtOfln.., th e modu lation of the Input
signal. Virtually no external co mponents are reqUlfed In order to suppress the noise under
no-sIgnal conditions (squelch ). a weU-prO\led ci rcu it USing two IranSislors (T 9, T l Olls used
II is possible. lor mstence. 10 SWitCh me video pro cessor on and oil with Ihe aid 01
connec tio n Pt 13, An LED (0 6) will light d imly when the squelch IS closed. and will become
bright when a signa l is present

3.1. Const ructIon

A PC-b oard was devel oped 'or th e VHF receiver , ThiS board comnnses componen ts Ol\len In
Figures 14 and 18. Flgur. 19 shows me componenttocenons and me conduc to r lanes a t thi s
single-coated board 01 140 mm II 100 mm . The deSignation IS DC 3 NT 003.

Flgur. 20 shows a photograph 01 the au thor' s prot otype In order to Simpli fy cc netrocncn.
ready -w ound types were used lor the 11 IiIter induc tances , II is necessary to connec t the tw o
2.7 kU damping resist or s on the conduc to r side 01 tne board below two ot tne se Indu ct ances
(L 2 and L 4). Since the rema ining ground surteces are ralhe, small . II is impor1ant th at tn e
Ih ree gr ound bridges gl\len In me component loca tion plan are nOI forgon en. Furthermor e. it
IS impor tan t to adhere exac tly to Ihe co mponents Inlorma/ion gl\l en II"l the l ollow lng secnco.
and possibly use a soc kel lor 13

'" VHF COM MUNICATIONS 411979 - t99 -
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3.2. Speclsl Compone nts fa' DC 3 NT 003

T 1 - T 5:
T 6 - T 8:
T 9, T 10:

D 1, D 2:
D3 - D 5:
D6 :

11. I 2:
13 :
14
15:

AFC:

L t - L 5:
L 6. L 7:
L 8 - L 11:

SF 900 (Texas Instruments)
BC 415. BC 308 or Similar PNp·AF tranSis tors
BC 413, BC 238 or similar NPN-AF tranSistors

AA 119 or sim ila r germanium crooe
1 N4148 , 1 N41S1 or simila r silicon dIode

Any LEO

SO 42 P (Siemens)
CO 4046 B (ACA) MC 14046 BCP (Motorola)
LM 380 N (Nat,onal $emlcond ,)
7812 or TOA 1412 or similar t 2 V stabinzer

Miniatu re choke, value uncnncet

Pre-ahgned. screened I l lter inductances (NEOSIO 005118 sl!ver)
as L1 . wit h tap and coupling link (NEOSIO 005138 blue , red. while)
as L1 . l or 0,1 - 3 MHz (NEOSIO 005960 black . red. red)

Crys tal/itter: Center Irequency 107 MHz: bandwid th : 30 kHz
Crys tal 10.245 MHz. HC-18fU , parallel resonance 30 pF

P 1. P 2. Trim mer po tentiometer. horizontal mounting, spactng 1015 mm
P 3, P 4 Potentio meters on the front panel

All I lxed resistors: carbon resistors. for 10 mm spactng
All capacitors belo w 100 pF: ceramic dISk types With low re-value. spaCing 5 mm .
All capaci tor, trom 470 pF to 1500 pF: Slyrotlex . spactng 7.5 or 10 mm
Capac itors between T 6 and T 9: Plashc lOll capacitors. spacing 7,5 mm
Bypa ss and coupling eeoec uors between 2,2 nF and tOO nF: ceramic, spacing 5 mm ,

Tant alum elec trolytlcs, drop-type. 1 x 1 IIF. 2 x 10 IIF
Alumin ium -electro lytics, round , spacing 5 mm ' 1 x 47 fiF, 2 x 100 fiF (16 V)

3.3. Alignment 01the VHF-Receiver

The IF-chain is aligned fir stly. Thi s is achieved by feedmg In a 10.7 MHz SIgnal to the coupling
link o f L 6 in the vici ni ty o t the cry stal utter . II the cali bration 01 the signal gene rator is not
exac t enough , II sho uld be used In conjunction With a Irequency counter since the mlected
frequency should be exact to wll hin ± 1 kHz. A tube voltmeTer or OSCilloscope prOVided With
a 10 : 1 probe can be used for monitonng the signal. The probe IS fir stly connected 10 gate 1
01 transistor T 3 and L 7 and L 8 tuned for maximum reading , The IndicaTed VOltage should
not exceed approximately 1 V (peak- Io-peak value) Aeduce the outpu t voltage Irom the
signal generator on achieving ThiS value,

A 5 kU po tentio meter IS now solde red temporarily in parallel 10 AG2 (5,6 ktl) ThiS allows the
gai n 01 th e live AF-tranSistors to be reduced. The probe is connected to gate 1 01 T 4, and
induct ance L 9 ahgned lor maximum reading II the indicated vottage is greater than 3 V
(pea k- to-peak] . il is necessary l or the gatn to be reduced With the aid o f the potentiometer

Inductan ces L l0 (probe to G 1 01 T 5) and L ll (probe to pin 14 01 13) are now aligned one
aller another In the same manner lo r maximum reading The CIrCUITS have a very Wide reeo-
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oance , It IS not mtencec lor Inem 10 provrce adfacent selectlvlly Howll'I/er , attenllon must ee
paid du ring allgnmenl 10 achieve a flal lop Qj course. Ih,s allgnmenl I' Simplified greatly

uSing a swepl-lrequency generalor, and sucn an alignment IS cafrled OUI In the same manner
The ou tput coupling IS then made via app rO.,malely 1 kU. and Ihe Ilignmenl made 10 oblal"
a I ial lop 0 1 the paasband curve

Thl' " 'ollowed by aligning Ihe PLL·demodulalor For Ih'S . a .,gna' of e.aclly 107 MHz IS
In,ected. and a hlgh'lmpedance DC-voltmeter connecle<l 10 pin 2 of I 3 The veo frequency I'
now aligned w llh the aid 0 1 PlIo lhe I'e<:!uenty 01 Ihe 'Ignal generator Hall lhe ope1allng
voltage (6 V) Will appear al p,n 2 when bolh freqlHmCles COincide Finally tee read,ng 01 Ihe
d,scr,m,nalor meter should be adJuSled 10 prowtOe a cenler re.cllng wllh lhe lid 01 P 2

The VHF·,lages can now be aligned after connechng I local OSCIIIIIOr 10 PI 2 and ground
The 'Ignal oeneralor " altgned 10 137 S MHz and connected belween PI I and g.ound It IS
only necessary 10 altgn InductanCei L I 10 L 6 lor ma.,mum reading on lhe S-meler A swept·

frequency alignment Will only Ihen be reQUI.ed when lhe receiver " 10 be used Over the
wh o le sa lelltte band from 136 to 138 MHz

REFERENCES TO PART "

( I) J. Danms A Converter for the 13 cm Band

Part 2: The Loc al Osc illato r Modu le
VHF COMMUNICATIONS 10, Ed,l ,on 1/ 1978, pages 18·22

121 K, Hu pfer An SHF Wavemeler

VHF COMMUNICATIONS 7, Edl hon 2/197S. pages 90 ·92

(3) R Bell Theone und Anwendung des PLL
AT-Verlag Siungart

NEW GENERATION OF 23 em TRANSVERTERS

OM 585.00
OM 685.00
OM 895.00

OM 138.00

' 44 MHz IF. 1 W output
144 MHz IF. 3 w oufput
28 MHz IF. 1 W output

3 W Itnear amp li fIer lor Sf 1296/ 144 A or ST t296 /28

About two yea~ ago ..... brou ghl ou l l he Itrst generahon of 1296 MHz Irantverlers on 10 l he
market ThiS IS now 10 be replaCed by a Meond gooerallon 0 1 e<:!ulpment 0 1 supenor Quality.
and more modem lechno logy

F••lur.s:

• Double conY&f$ion In both th. tranS'nll and receive mode In o rder 10 oblam e;o:cellenlly
hig h val ues 0 1 Image and spunou. re,echon, and a Virtually clean speclrum

• averall noIse fIgu re ol lhe receive converter mod u le beller Ihan .. dB
• Transverter avaIl able Wllh an IF 0 1 el lher t4 4 or 28 MHz
• Ava il ab le WIth ou lpul power level' 0 1el lher 1 W or 3 W

Avanabl. Moders :

ST 129&/144 A:
ST 129&/144 B:
ST 129&/28:

SP 129&:

Available from ou r rep resenlallvea or trom Ihe publl ,hers

UK W-TECHNIK 1 UK W-BEAICHTE . H. na DOHLUS oHG . 0 -8523 B A I E R 5 0 0 R F .
Posttach 80 . Jahnslr. 14 . Tel.lon (09133) ass + aS6 IAnrufb..nlworl.r) . T. le . : 629817
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BIG WHEEL
An Omnidirectional Antenna lor the 23 cm Band

by Th . Mortinek , DO 0 OT

A BIG WHEEL anlenna lor lhe 23 em band was men tioned In a previous article deahng w ,l h
repeal er ala llons on Ihe 23 em band II I The large number 01 lelia" reques llng furthe, Inlor·
mallon on thl' Inlanne ,hO We<! thai there wall gr.a' Inle'M' In thtl specIal type 01 In lenna.

Un10l1unal.,y. omnldlrechonal anlenna, lor horizontal pol.fllallon are more d, ll,c ull 10
ach ieve tne n Irnm vertical cou n terparts . and they are used l. f Ie, . (5). Canted d ipo les. ha lo• .

meneee crosses . double hellca ls (2). slolted an len nas t31. and groups 01 antennas (4), 81 well
8S the B ig Wheel are aU known conSlructlOns, Many 01 these anlenna' ._h,bl l a poor cmsu
crrecnoner crerectenenc. eeve a negative ~ga l n•. or are very dlll, cull 10 ccestruc t. as IS Ihe
case wllh me dOuble hell. or slolle<! anlenna

The B ig Wheel has prO'le<l useu as • good com promise on Ihe 23 cm band Since II can be
ccnstructec easily w ll h • soldering iron. wire. and a pair 0 1 phers II II also poSSible lor tne
IndiVidual anlen na 10 be extended 10 lorm a compact slac ke<! array

The designafion ~8 1g wneer- co mes Ir om Ih e shape 01 tne anlen na In princ iple. Ihe anlen na
co mprises Ihree lu U-wave loo ps met are eoooec tec In paraUel al Ihe leedpoini The ou ter
cucumterence 01 Ihe wheel co mprises uvee ).,/2 radlal ors. and Ihe -ecceee- 01 Ihe wheel are
Ihe ).,/ 4 feeders to Ihe central leed po lnt ollhe antenna Actually. the anlenna IS net round but
II more In lhe lorm 01 a three-leal c lover

Each erme loops il coenectee In parallel. Wll h one end 01 Ihe loop ccneectec 10 Ihe cen le r
co nducto r and Ihe curer end grounde<! 10 the cuter ccncuctcr. Thil can be seen easily In Ihe
draWing given In Figure 1, Il ls then matched 10 50 U using a stub

CONSTRUCTION

All the au thor's prototype anlen nas have been COnslruc ted In conJunCl lon With a BNC-con
nec tor lor lingle-hole mo unling . (UG-1094. UG-625), 0 1 COUrM, It il ,ult as easy to use a
simi lar TNC-type (Iimi lar to BNC but wllh a scre w htllng ins laad 01 a bayonet) : Ih is connector
is some whal more slabla due 10 Iha screw I llhng. Larger eceeeetcrs such as N. C. 35/95 or
6/16 would probably require the anlenna 10 be re<! lmansioned, Iince II has bean l ound that
the connector has a conllderable etrect on Ihe leed pOlnl Impedance 01 the antanna The
101l0wing dlmenlions are lhe relore only valid lot conslruc tlo n when ullng a BNC or TNC
cconectc r.

Flrstfy , a nut and the supphed spring washer ar. screwed tlg hl on to the connecter. and can
be used later lor mounting . A second nut is screwed onto the thread 10 thaI only the PTFE
part protrudes (see Figure 2). Attent ion should be pa id thaI on ly connectors wl lh PTFE insu
lat ion ar e used. Since other Insulall ng materials may not be able 10 I tand Ihe heal alleclI
dUring soldering The seco nd nul il then soldere<! aro und the e<lge 01 th e thread wll h
l u lliclen t solOllr so Ihal II lorms a type 01 Ilange, on to which Ihe grou nd endl 01 the Ihree
loops ca n be SOldered
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DD ~ QT

PTFE insulation

Solder

Fig. 1: ... BIg WhM I I nt,nn, 101 th, 23 1;'" bi nd ....,n " o m .boYI . Ind'Yldu. t . I.m.nl. 10 K"'. Th,
ground , nd••r, -.old,r.d 10 th, lI.ng. (nuIJ; th t hoI .nd. I., . o ld, t . d Inlo pl.c••1 th , .'d. 01 th ,
Inn" conductor

The ac tual I.-loops are constructed nom l!i mm d,amete. S,lv81 -pldlad coppe, W il e , which
can be easl'Y bent mro lhe required shape However , Ih" 15 only vahd 101 anlennas lhat are 10

be bUill up Inside some form 01 weather-p roofing A Big Wheel coostructed ,n suCh. manner
was u sed at the repea ler stahon DB 0 't'M unprOlected The anlenna wat only able 10 stand
thIS treatment tor one week . alter Ih ll , ra'n. alorm and bir ds (II had comple tely dMlroyed Ih l'
copper-wife an lenna ThiS meana tha i II the an tenna 1$ no t 10 be PIOlec ied 10 lome lorm 01
cresuc covermg . It Will be neceuary lor It to be cc nstructed trorn a stronger ma torlal

Each 01 the i.-elemen ls is made trom a leng.h 01 222 em, Anempts made With 23 5 em. 230
em and 22.5 em showad that tne leng.h mUI. be eceu-ete .0 Within a mm I It was only
posSIble to ob tain reson ance In the 23 cm band etter shononlng me elemenlS Irom 225 to
222 em

FIrstly. th e th ree straight w,res are scree.eo 10 .he Uange (nutl at an angle 01 t20 to ano the r

• The w ires shoold nol pomt directly to the Inner conductor . bUI slightly 10 the SIde Only
then wil l It be possible to obtain the eooecr spacing 01 the i./ 4 leeders (spokes) 01 2 to 3
mm rsee Fig 1),

• The wIres should be placed r ight up to Ihe tellon portion and soldtHed Into place on Itle
nut lIange Ttl is IS Important With lespee l to the length
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Alun IhIS. lhe stralgh l wires Should be bent 10 the requited ,hllpe according 10 me drawings
The . 1'10 1. ends are nOI Simply soldered to the mner conductol . but ale led paraUel and allha
same heigl'll as the groond and 01 the nelghbourmg lOOp up to tee concuetor and bent up
Just eetcre tne Ilange. Th l' construcllOn w ill be seen mOle clearly rn Figur a 2 After plaCing
the three hot ends mtc place at the side 01 Ihe Inner ccocuctcr . they can be SOldflred In lO
position . The antenna shou ld now be appro.,mately AS Shown In Figure 1.

rt us description has b~n made rllther e.tenSlvely lli nc. It hilS been found Ihal mos t o f the
queries have been made ebcut Ihis, or thi s IS where mOSI o f the laults have been made

~o (Ont act l

Nul soldl'r,d
OS florlg.

DD ¢OT

FIg,2:
Slda vlaw 01 '''' conneclor:
showing Iha hOIand 0 1
an alamal'll and tha stub

ALIGNMENT

In order 10 malch the lhree pereuer-connected loops to an ImpedAnce 01 50 U at lhe conoec

te e. a stub is connected be tween the Innar cenouctcr lind ground lIange (nul) In the case ot
SUCh an an tenna for 144 MHz, IhlS part 15 made from e u-enecee SIIlP E.pflrlments made
111'111'1 SUCh minIa ture stubs were not success!ul at 23 em ccr-ect malchmg WIS not obtamed
unt i l a Silver-p lated copper w il e 01 1 mm diameter was connected Just like a short Circu it
be tween mner and ou ter conecctce as can be seen In FigurA 2

A somewhat longer ple<:e 01 wire Islll$lIy bent slightly lind IOIde' ed Into place ees.oe ona 01

the th ree groon(l ends 01 the loop on the Ilange The wlfa IS tMn placed ever the . hol~ end
o f Ihe same loop doreclly adJacent to the Inner conducto' 01 the BNC·connect or and soldered
In to pl ace The protruding ends can then be removed

Th iS sho uld resu lt In an euecuve . free space . length 01 25 to 3 mm lunclltlcal) ThIS . 51'10 ' 1

Circ ui t. stub was not readily accepted by a number 0 1 conSl ruc tors, but has been proved In

pr actice Since by the large number 0 1cons tructec an tennas

The antenn a IS completed alter mounting the &Iub In the descflbed manner The ,nonance
Will be ,n the order 0 1 1270 M Hz. which mean, tha t It 1& In lhe center er the band A large
nu mber of conslrucllons made wllhout measutlng means h.llye &hown that both Ihe ,esonant
frequency and slandlng wave ,ahO are reprod UCible (Flgu r. 3)
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A line alig nment can now be made tn comcoc ucn wllh the requi red measur ing equrpment by
bending tne loops towards. or away Irom ano ther, The lo llowing relat ionsh ips result

• Bending together; In ttus case. the ),J4-piec&S (spokes) remain paralle l up 10 the end, The
r&Sonanllrequency wi ll lal l. and me antenna will become narrow- band (seve -at MHz).

• Pulling 0 1.11: In this case. Ihe loops are br oughl from their tflangu lar shape more lowards a
round ci rc le; thiS inc reases the bandwidlh 01 resonance, and Ihe Irequency will rocrease !

It was not poss ible lor the author 10 measure tne enects thiS had on tne cmmeuecncner
charac ter istic. When USing Ihis anlenna at 1296 MHz. the autho r recomm end s Ihal a wire
length 01 22.0 cm to be used and lor tne loops to be bent ecm ewnet l ogelher. For c tnee

applications such as ATV, and repealer communical lons . the shape and sizes gil/en In the
diag ram and ph otograph shou ld be tevcrebre .

NOTES

Unfortunately. measurements 01 lhe omnid irectiona l cnerecteosuc and gain 01 the antenna
could nOI be cemec out, A stacked array 01 two Big-Wheel anten nas exhibited approx imately
the same gain as a HB 9 CV anlenna. The gains g iven in (2) 01 3 or 5.7 ca respec tively are
most certain ly 100 high ,

At present. a slacked array is be ing teetec wh ose BNG-connectors lace another . The slacki ng
distance amounts 10 14,5 em. The author used two BNG-connector s lo r connect ion 01 the
somewha t thicker cable RG-59rU (75 U ) whi ch are Ihen mounted with the aid 01 a bracket as
shown in Flgur. 4 The cable belween the IwO plug s IS used as matching Iran slorm er uSing
the 75 U cable RG·59fU , The ove rall length IS an etec tneer 1,5 I. (l/eloc ll)' teeter 0 66), An
impeda nce 01 50 U is present at the cent er, i.e. al 3/4 ),. where It can be connec ted 10 a SO U
teeo er .

-
\

B,g.n
mount

Sold'"

0000 T

FIiI·4:
SId. vi..... 01 • '''tk,d "r.~

01 two Big Whee"

Spec ial ettentcn must be paid that the two an tenna s are ell c iled al Ihe same pha se whe n
viewed Irom eccve or below, This means tnetthe loops musl be in the same direction hom
ground to inner conductor. In the case 0 1 the construc tion shown In Figur e 4. il is necessary
for Ihe two antennas to be ccnstrcc teo in an cppostte manner. so that Ih e loops have lhe
same phase. even though the connec tors are opposite. The malchm g 01 such an array was
suc h that the reflected power at 1270 MHz was onl y one thousandlh 01 the forward power

Of course . it is also po ssible lor other mounhng s to be made tnat are able to uti lize the two
add i tional nuts on the eerc-eceoectc-e.
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A protective case should always be used when The antenna tS 10 be mounted outdoors In Its
Stmplest form,lhtS can compnee a preenc bag , however , this Will nOllaSI very tong An Indtvt _
dual Bi g Wheel anlanna can easily be mounted m deep- Ireeze boxes. and l he Slacked array
in a pl astIC bucket (bo th should be mounted wtth Ihe cove r belo w), However, the rmg a tha,
are pro vided on the bollom 01 such contamers lor stablllly Shou ld be removed so that no
water , snow etc . IS cap tured An antenna protec ted In such a mann&!" was mounted by the
autnoe in an aggressive atmosphere at the Sldlll 01 chi mneys and venttiattOn shalls The
an lanna was as gOOd as new alter betng removed Irom the -ooceet- . ThiS also ensures Ihal
the BIg Wheel ISno l Inoperattvl" for seve,., monlhs durtng Ihe WinTer due to ICing

The eu ect s 01 dtllerent material th icknesses. as well as me charaClertSltCS 01 a very Inter·
estl ng antenna comprtSlng four stacked antennas were nOl examined

A very lOter&sll ng construcllon was made by a number 01 Bochcrn radro amaTeurs who held a
rally to Increase actlvlly on the 23 cm repeater In the case 01 Ihellfl mobtle antennas, Ih ll
- secsee- were no t placed beside each other but above each other In the cu e Ollhls type 01
co ns tructIon, both ends 01 the loop can dtreclly lace the central ccmt . I e the lOner
co nductor, and not 10 the Side 01 It However , the spactng between each 01 the 1.14 p,ocn
was also matn tamed at 2.5 10 3 mm

The author leels thaI thiSarttcle can lorm the basis ol lurther experiments In thls l tetd

The author WOUld like to Ihank DC 3 as lor assistance dUring measurements and expellmenls
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A TRANSCEIVER FOR THE 10 GHz BAND
by J . Rellhol er, DL 6 MH

An incr easing aetll/lty will be not ed on the GHz-bands suc h as 23 em Bnd 13 em. especially
during SHF con tests. A quesnonatre eentrc the readers 01 UKW-BERICHTE sho wed that th ere
wa s a great mteeest In the SHF· bands. The mc rease in Inlerest In the 10 GHZ-band (3 em) .
rose co nsid erably alter It was int roduced mtc Germany by Dr. Dam Evans. G 3 RPE at the
Mu nich VHF/UHF convention ,n 1976. At the lo llow lng VHF/UHF ccnvenucn in 1978. G 3 RPE
sno wec an e.tremely Simple , but reliable transceiver 10f the 3 em band . whose concept was
the result 01 years 01 experience and numerous 8Kpeflmenls , Th.s lranscewer is now 10 be

described in a manner that can be construc ted practica lly by any radiO amateur that 15 abl e to
usa sim ple too ls It is only necessary lor him to pu rchase the waveguide prolile. mUter d iode
and Gunn element. AU olher pa rts can be made In the shac k This 15 the reason why the 3 cm
band can be classed as a real - amateur band _.

Ol6 MH

...".. J..

o ~

Fig, 1:
A 10 GHI II . nK . IYer
101 ... ldeb.nd FM

Fig ure 1 sho ws me overall Simple lr anscelver In the lo rm 01 a block diagram , and Figu re 2
shows the pho tograph 01 the au thOr's protolype . A Iree-runnlng. mechanically-tuned Gunn
OSCilla tor is In operation both in Ihe transmit and receive modes A receive rmxer IS screwed
on . whiCh consumes a po rtion 01 the osc illator po wer . The resl is l ransmltt ed wtlh the aid 01
an ant enna The antenna is also opera tive In the rece ive mode

A PC-board accommodates the Circui ts lor the voltage supply, and modufetrcn 01 the Gu nn
osc ill ato r. An IntegraTe<:! vo ltage-stabi li zer IS use<:! whose OUTput voltage ISadlustab le. and l he
mcc uteucn vol lage is led to us cont rol elec trode, Modulahon can be made ell her trom a
micro phone. or do l -generato r. The se dots are pulses having a duration 01 apprO~lmatel y 150
ms at a IreQuency 01 500 Hz, They are used lor I lIl d lng the Irequency and duection 01 th e
distant stenoo. One will hear one's own dot s whe n a earner IS rece ived In the 3 cm band ,
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This means Iha t It IS possible 10 hnd e...en ...ery weak Signals II Ihe par1ner Iialion possesses
an idenltcal I ranscel...er. one w ill hor one', own dols when lhe par tntlr lIallon is luned 10 Ihe
correct IreQuency When the do ts are audible at bolh ends 01 Ihe , yslem. lhe tranemrt fre·
quenCles w ill be spaced Irom .nOlher .1 Ihe ....Iue ollhe Intermediate Irequency used . sod 11
wil l Ihen be pou.ble 10 SWitCh 10 lhe ...o.ce mode and carry out dupl•• communlcahoos

An IF·ampll"er lor Improvement 0 1 1M HnSltl"'lly 0 1 tne subsequenl ree......r , as well as ao
FM ·rece.....r. complel. lhe 3 cm sialion Now 10 the Int.nned.ale IreQueocy Teehol Cally
speaklOg , the two In lermedlale frequencies used .1 presenl 01 30 MHz and 100 MHz are
equally gOOd (10 orde r 10 ob lalo a ",!lIClenl 1m89& reJeChon. II would be necessary 10 use a
lar higher Intermedlale Irequency) A 100 MHz IF can be reahzed eas ily ' Ince any ceee VHF·
FM br oadcasl rece....er can be uHd A cheap car radio IS espeCially SUItable Since II' melal
case fo rms ao eeecn...e screening .nd allow, 10 GHz OperallOn 10 be made even In lhe ",'Clnlty
01 VHF-FM broadcasl lr,olmlller,

When uSing equlpmenl Similar 10 Ihe con cept descTlbed here In conjunction wllh con...enllonal
I ranSlsl Orl zed rad ios. tne eumcr and many other rad io amateu" h....e earned commomceuona
on a number of occasions o...er d islances 01 up 10 250 km Irom mountain 10 mountain

Howe...er. It the partner s tetrcn IS eqUipped wllh a commerciall y a...atlable 10 GHz n eesce rve r
(so-called Gunnple.er), It is recommended Ihal an IF of 30 MHz is also used ' Inee these uni ts
are only designed tor Ih is intermed iate treq uan ey. and can not be tu ned over a Wider rang e.

If a wldeband IF.preamplif ler is used Iha t II able to work on 30 MHz and 100 MHz. It w ill be
po s!lIble to connec t a rece l...er lor bo th IrequenCles

The eonstruellon of the 10 GHl ,r. oscel...e, IS now to be d@S.Crl b<!d For clanly, II IS 10 be sphl
In lO Ihe ...arlous mod ules mlcr ow ave mOdule. po wer supply and modulator. • ncI IF-pre·
ampli fier

Fig , 2: P"'Ologrlptl ot Ihe .ulhor', protofypa
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Fig. 3:
Th. mlclo .... y. portIOn:
Gunn olcllli lo r .nd mI• • ,

..

1. MICROWAVE MOOUlE

Flgu'. 3 shows tne photograph 01 the authors pro totype. and Flgur. 4 glyel the poll tlona cr
the InlJlyrdUli1 parts dnd the main d,menSlOns. The ."dividual par t' - wIthout standard parts
such as SClewS and nu ts - a'e glw"n In Flgur. ~ . th" acrews , nu ts and waveguide (A 100 I
WG 16 I WR 901are made Irom brass The only escepuon to this I' the tuning SClew (part L),
wh ich IS made Irom PTFE In addition to tnu. tour oresuc screws and IwO pieces 0 1 mica or
PTFE-l o l l are reqUired The tetter IS no w e tten used by plumbers lor sealing the scre w
cconecncoe between p lf.18S
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The gl-ven d,mensions must be ma lntamed dUfing eonetrucncn. The frequency ·determlnlng
cavity 01 the Gunn oscill ato r is between the Gunn element and the IriS (part C). The m s
co-vers a certem portIon 01 the resonator : . large aperture re5ulll ln. high er output power , .
small aperture will Oller a higher frequency slablhty_A d,ameter 01 7 mm represents a good
comproml se_

The ca-vlly behInd the Gunn elemenl IS sealed WIth a varIable plunger made Ir om a brass
block (pa rt El- After ahgnll\g lOr max Imum oUlput power. thIS part IS clamped 1010 po"lIon
WIth the aId 01 Ihe tw o M 3 screws al Ihe SIde These plun gers Sho uld III as tlgh l as polllble
In the waveguIde, For thiS reeeon . II anould be worn down wllh emery clo th on a lIal surl ace
atter Culling WIth a meta l saw 10 that II ' Its euctly Into the wavegu Ide.

The Gunn-eteneot is pla ced In an aXial, 5 mm deep hole 01 1,7 mm d,ameter between Ihe tw o
threaded bolts I and K, The two bolls mu st be exactly In the same ..is so thet Ihe Gunn
element IS nol mechanically loaded end destroyed when Inserted into place, ThiS IS made by
llrstly dr illing a 2 .5 mm hole 10 a SIngle process through bo th walls 01 Ihe wavegUIde. and
exlendlng lhe hole for part I to a dIamet er 01 35 mm ThIS I' fo llowed by CUllI ng a M 3, or
M .. Ihread respecl lvely_The nul lo' Ihe M .. bol l IS soldertt<\ Inl o place on the outsIde 01 Ihe
wavegu ide. Do nol lorget 10 screw the nut Ilghlly mto place befo re soldering The M 3 nul
ShOuld now be solde red into pla ce on Iha email brass plata . 0 _.

This part is insulated Irom Ihe waveguide wllh tha aid 01 a mica diSk or PTFE·lo il , and
mounted in lO place using two pla shc screws (M 3 or M 41, The capacl lo r lormed In Ih ls way
bypasses the Gunn osc illalor for lhe hig hest frequ ency _In ordar 10 avoid excIta tIon II lower
f' &quenCln , and also 10 prol ect agalnsl any voltage peaks, a AC·hnk 01 100 nF and 100 U IS
connecled between Ih ls plale and ground (waveguide) . Finally. II Ilhould be menh oned thaI
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the pl<lSIIC scr_s should nOI prOlrude InIO the waveg uIde , bUI should be shortened SO tha t
Ihev are 8 level With lhe Inner su rlace 0 1 Ihe wavegUIde A eoroer lag sho uld be IOldered to
Itle bras' plate 10 leed in Ihe op."ahng voltage 0 1 the Gunn-elemenl

Th" Gunn OSCillator IS tuned wll h a PTFE M 4 or M 5 bolt Thl' par t . L. III placed ,n a gUide
w hIch III provldtid by a s~"table nut soldered 10 the outsld" 01 Ihe waveg uide 8$ sho wn In

Figu re 4 A lurther nu l at lhe "oe 01 the Ilange wlll imp fove lhe gUide It I' th" n possible lor a
large knob 10 be prOVided , or , II prelerred, a sIow-mOllon dflve can be used In the case 0 1

the aUlhor s prototype, a M 5 PTFE scre w prOVided a Ireq uenc y range 01 10 2 to 105 GHI

The screwing 01 lhe wa'ftIQulde I lange (part GI to Ihe Irlll III only shown brltllly In Figura 4

otherwise hOb been deleled lor cta"ty Normal soli -soldering " comple tely sulllc,ent lor
mounllng the 118ng.e 10 the w" v8g ul08 The rec tang ular crOM-sectlon 01 the I lange should be

kep I all small 8$ possIble 10 thaI ,t Itl. t ightl y onto Ihe wavegUIde Thl' 'Imph".. SOldefing
Inlo the correct posllion

The IfOnl , Itl tt ·hand part 01 the wavegUide module I' the ml .er lhl' module ml.es the Ire
Quencv 01 Ihe Gunn OSCIllator With Ihe rec llive Ireq uency Irom the an lenna

tne pas:iIVe mlMtf operaltls wun pomt-ccntact d iod es 01 the well ·k nown senee I N 23 C - F
The higher IhO Is :.1 lett er il In th e alphabet, the lower Will be the nOly -llgure 01 the diode

1he spacing 0 1 me ins to the cl:lnhlr hne 0 1 the diode amoun ls 10 27 mm It can be seen Irom
me illustr at ion:. tnet one end 0 1 the c.cee (cap) IS placed In a brd SS block (part F) and "
grounded (wdvegUlde) lhe o ther end (pin) IS placed In I threadud boi l tcert HI , wh ich

possesses a hole 01 2.5 mm dlameler In an ak la l direc tion n il ' thr eHded bo ll IS held m a M 4.
nul Ih at IS soldered onto a small brass panel (part B ) A seco nd nut II u:.ed lo r counte ri ng

Part . B.. IS Insulaled Irom the wavegUIde In a Simila r manner to pa rt . 0. 0 1 the Gunn eecu
latOl uSing a mica disk or PTFE·lo ll , and Ih " also prOVIdes Ihe bypass lo r SHF Two plasllC

&Crew. 1M 3 or M 41 are also used here lor mounllng Ihe me lal pla le 10 the wa...egulde, and
th... should al!oO no t be allowed to pro trude Into tne wl llil'Qulde Sul lable th readed holes

shOuld be provided In the waveg uide lo r Ihem

"' ,.. ·ue '2·',1/ ' iJGunn
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Three M 3 sc rews ara pr OVided In 'n8 brllSS block (pll rt Al belween tne ml lllll d'odll find tne
antenna lIange. wtucn are used 101 ophml,,"O 'he match ing 01 th ft ml ~m diode AI can be

seen in Figure 3. It IS pollSlbla lor theae sCl ews 10 bfI sprln g·loaded so Iha' Ihe adJ"slml'nl 'S

not eneree by shock o r by vlbra' ion

A De-current 01 1 10 2 rnA should "ow Ih rough Ihe ml~e r mooe. which can be allgn~ Wit"
Ihe aid 01 Ihe matching screws Alter opll ml Zlng me rece ive S'!ns' tlv, l y a few mW 01OIc lll ll lo r
pOwer Will be consumed by tha millal d iode. which means Ihal apprO. lmalely , 10 6 mW

remam lo r Iranlmltl lng according 10 ' he Gun n eleme nt use<! Ona mlly th ink that th iS IS too

lOW. bu I experience has Shown. Bnd co nfllmed by Cll lc ulall on (1) Ihal even l he l urlhasl lin,,·
o l -sight communication can be made when 8nlennas With 8 gain 0 1 up to 30 d fl IIr. u~d

Finally. It should be mentioned that Gunn elements wl lh a higher POWN Ih"n aflprO.I",alel y
15 mW are not sUitable l or use in thlslr8nscelvRI conc ept FurthermOfR. Ihls un I' IS also wu
able l o r emeteor televiSion communicatio ns ener a lew mod lf ica' ions and add_tlons The

author ha l alre8dy transmitted CCIR-Slandald COlour ,e levlslon trfln'lmlS'llonS uSlnQ IhlS

system

2. POWER SUPPLY AND MODULATOR

The Simpia CtrCUII Of thiS module IS given In Figu r. 6 The dot -ge neratol opera 'ps ulmg an
In teg ra led lour-gale cirCUit in C· MOS tachnolog y (11). lhe tw o upper gatps In tha CirCUlI
d iagram are used 10 generate the slow pulse sequence and Ihe tw o lower onal lor Iha last

mod e Bolh ara added and ted via the Jevel potenncmetee PI to the voltage stab,hzer 13.
WhiCh il -rmsusec- hara as mo du lato r , A cheep opelalional amphller type 741 (12) II used lor

amphlymg 'he NF·sign al trc m tee microphone A IreQuency·depend en' IMdback II adjustable
w llh Iha aid 01 P 2. A prctecnce agalnsl mccrrect polaflty IS pl OVlded et the '010 11 1108 stabil ize r

and the most favora ble operating voll8ge fo r the Gunn erement used can be 51"t With 'he aid

01 P 3 Figure 7 Show!! a small singla-coa ted pc-board With the deSignat ion DL 6 MH 003

wh ich il designed lor accommodation 01 Ihese Cir CUits
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3. IF· P REAMPL.IFIER

Fig . • :
An '~'.Odlc 'F-pr.,mplilie,

Fie. 10:
On. 01 . , ...If.l polliblllll ..
10 (:o n l ll "cl ll'li 10 G HI
IIlnKI••• '

Since the NflSlllVlty and gain 01 most VHF· I'M radios. and 30 MHz amplll l8r , II 100 low. a
preampliher is prov ided betwee n the miller d iode and Ihe IF·recelve, . Since th is preamplill.'
I' mounted dlre<:lly adjacent to the rrn..er d iode. the adverw elleelS 01 Ii'll co•• ,.1 cable to
the subseq uen t receive, are avo ided Flg ur•• , hOW' the CirCUlI dIagr am 01 a very I lmple .
rwc -etaae, untuned amp llfl.r Ihal can be used lor all intermediate frequenCies The OC·
cu rren t l or the n u..er diode /low s via the choke a' the input : II " poulble tor thiS curre nt to
be me asured at the ground·end alter th is has been disconnected and bypassed , A small pc.
boa rd sui lable lor Iccommooating thiS preamplifier is I ho wn in Flgu r. t

Ed ,lor ial Note: The amph' ler eQuipped With a FEr Iranlillor lype E 300 described In (2) 18 also
\lery su i table lo r use as IF·preampl if ,er fo r 100 MHz, A rower-norse. wldeband amplifier is the
tw o-Ilage preamphller l!lCluipped With tr,nSlslor Iypes BFT 66 and BFR 34 A deSCribed in (31
How e\ler, i l the low er limit freQuen cy II to be reduced to leu 'han 30 MHz. lhe Induc ta nce
\I,lues o f the chokes should be Increased to apprOK 3.3 lI-H or more . as well as the capaCI'
tance \lalu81 01 the coupli ng and bypall capacI tor. 1100 pF or 10 nFl , and furthermor e the
number 01 turns on the lemte transformers shOUld be doubled (I rom m • 3. n • 5. R • I 10
m • 6. n • 10. A • 2).
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4. FINAL NOTES

The PC-b oard. sWitches and connec tors can be accom modated in a meta l ease (f ill uf. 10) or
grouped around Ihe wa~egu ide (Flgur. 11) A 5 mm th ick meta l ptate can be provided With a
thread sUitable lor a came ra tripod 0'1 10 wh iCh tne Ir lln SCP,ve' Clln 00 mounted For rad io
amateurs n_ to Ih ls tech nol ogy , II II ,ecomm.-ndl"d Ihal II horn -Iadia lor as descr ,bfo(l ,n (4 )

be used Th iS can be made Ir om l ,n plate. or Irom Single -coa ll"d PC-board maler,al It ther.. IS
sulllClent interest . the cc nsteccuce 0 1 a h,gh IV·ell,clent perebone "nl.mna wdl ~ de'lc " bed
later.

5. REFERENCES

(1) 0 VoUha,dt The 10 GHz Amateur Band 
Co nsiderallOflS 01 Pre5@nt and Fut ure Tech nologv
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VHF COMMUNICATIONS 9. Ed il ion 4/1 978 . pages 247 - 255
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VHF COMMUN ICATIONS 10. Edillon 1/1 978 . paget 30 - 36
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SINGLE-STAGE 15 W LINEAR AMPLIFIER tor the 2 m BAND
By M. Ulbr ich t, OB 2 OM

Th ere e re a large number 01 small portable and mobile transmi tte rs having an output po wer
012103 W, Since there IS a requir ement to Inc rease th is to a higher output po wer lor certain
app l icat ions, the auth o r designed a sma ll linear ampli fie r hav,ng an output po we r of eporoo

malely 15 W at an ope rating 'Io llag8 01 12 to 14 V, ThiS amptrtrer is SUitable lor all operating
modes and can be used un iversall y due to Its buill - in RF·VO X CirCUit and an tenna change

over re lays. Since the linea r ampli fier was mainly to be used In the SSB mode . special
atteoncn ha s been paid to ob lal n good Iineaflly The deSCription IS to be given rn more deta,l
than w ould be absolutely necessary lor expenencec VHF amateurs. so that even newcomers

w ill be able to construct tbrs amphlier Without problems

1. CIRCUIT DESCRIPTION

AS will be seen in Figure 1, a pori Ion 01 the drive po wer is fed via the coupling ceoecuor C 1
10 a vo llage doubler CirCUlI. The po sitive DC.vollage al the base of T 1 allo ws l ranslstors T I

and T 2 10 conduct and ene rgizes lhe tnree miniature relay s Rei 1 10 Ael3 Thi s connects the
Inp ut and output connectors to the po wer amp li fier equipped wnn lr ansistor T 3, and the

base vo ltage d ivider of th is transi stor will receive the ope rating vcnece via relay ReI 2.
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It IS now possible lo r the ma in co mponent 0 1 the dri ve power to be fed VIB Ret 1 and the mpu t
matc hi ng network (e 10, C l1/C 14, L 1)10 the power transistor T 3 The nelwork comprlsmg
L 2, C 12. C 13, al the collecto r matches tne ou tpu l Impedance 0 1 T 3 to the an tenna tso U) ,
The ope rati ng vollage Of the transis tor is fed via choke RFC 1. and all frequencie s thai can
occur on the vol tage line are bypassed uSin g capacitors C 7 to C 9

The power transis tor requ ires a base bias voueqe 0 1 apprO~lmately 0.7 V in order to operate
in the linear mode, This Voltage must be very stable. If uie input signal IS to be amplified at

low disto rtion , For th is reason , a low-impedance voltage divider comprising the dropper
resisto r R 4 and diode 04 allow a relatively high pass cur rent 01 300 mA 10 flow This mean s
that the fluc tuating base current caused by the voice modulation will only cause a small
vari ation Of the bias vol tage,

The pass cu rrent l o r the base bias Voltage is SWitched 011 by relay Ael 2 in the pau ses
be tween transmission (receive mode). It is assumed thai the pr ovision of an ext ra relay IS

more favorable unde r bettery-enven ccerancn than to have a ccoueuoue powe r consumption
o f 4 W, In addition to this , resistor A 4 will have a Chance to cool ,

II the po wer ampli fier is only to be used in the FM or CW mode, it would nol be necessary lo r
It to be linear, and class C operation can be aligned , This can be achieved easily by deletmg
relay Rei 2 SO Ihat the base is no longer biased. The tranSistor will then op erate In class C
with a th resho ld voltage c r 0 ,7 V due to lIS bese-emnter diode

2. COMPONENTS

T1.
T 2:
T3

01 · 03:
04:

Rei 1 • Rei 3:

BC 413 or Similar NPN·AF trenerstcr
BC 415 or similar PNP-AF transisto r
B 25-12 (CTC)

1 N 4148,1 N 914 or 1 N 4151
1 N 4007

RH-12 V or RS- 12 V

C 1: appro x. 3,3 pF ceramic disk capacitor (see t e~ t )

C 2: 4,7 "F 1 16 V tantalum
C 6, C 7; 1 nF dISk capac ito rs
C 9: 47 I,F 1 16 V elec trOlytic capac ito r
C 10, C 11; Plastic ron trimmer, green, 7.5 mm d,a 1,8 · 22 pF
C 12. C 13: Tronser air-sp aced tnm mer 30 pF

3 leedth rou gh capaci tors o f approx. 1 nF
All o ther capaci to rs: ceramic dis k types

L 1: 2 tu rns o f 1.5 mm era . silver-plafed copper wire, inner dlam .. 7 mm .
o pu lled out to th e length between the holes In the PC-board
L 2: 3 turns, otherwise as L 1

RFC 1; 5 turns of 0 ,5 mm dia enamelled copper Wife , inner e.e. 4 mm , 5 mm long
RFC 2: s-nore temte co re (Phi lips)

R4 : 47 t l 14W

Case bent from tin plate : 145 mm ~ 70 mm ~ 27 mm
2 BNC connectors; 1 heat sink 01 app rox . 120 mm Il 100 mm Il 25 mm
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FIg . 2: Componenilocilloni 011111 Ilngll"colled PC ·boe.d De a OM 001

3. CONSTRUCTION

The PC..boa.d DB 2 GM 001 ensurllS utet the linear amphller can be cons tructed easily The
di mensions c t uue board are 145 mm JI 70 mm The component ic cancee lind me co~duCIO'

lanes 0 1 Ihls Single-coated board are gIven In FI<o!ur. 2

The reqUired holes lire made In the board alter which II IS crcvroec wi th two IIpprOJl 1.5 mm
wide ercte tor me two ceramic dIs k cececnore C 6 and C 7 so tnet they ht tlg hlly to tne board
Further alo ll mUl l be made lor Ihe Iwo trcnaer Iflmmera C 12 and C 13 Tha ho les lor Induc
tances L I and L 2 are dri lled 01.11 10 I 5 mm dlameler , and to 1 3 mm lor the connection pins
A lu rt her hOle shou ld be dfilled at lhe POSIIIOn ctuerwetcr T 3 It 15now poSlllble lo r all com 
ponenll wllh lhe excecnon 01 T 3 10 be mounled core Ihe boa rd

The IndIvIdual parts 0 1 the case can now be prOVided with the .eqUlled hOles accordmg 10

Fig ur. 3 The screening panel.s manulactured Irom tmn lin pla te and prOVided With meholes
l or the Iwo lee<tltlrough capaClto.s. and a cutout lo r the coa Jl lal cable Interconnecllng PI2
and Pt 3.

II is now poss ible lor the PC-board 10 be Ilolde .ed 10 the two Side panels 01 lha case ThIS IS
IlrsUy made al certam polnls and lhen soldered all around tne board 10 the ground sur lace
The base and lop covers mus l have a I,ghl lit to Ihe case Itt e lop cove. IS removed aga,n
and th e PC-boa rd. base cover. and heat SlOk bored at the position 0 1 T 3 (Figur. 41 Th.s IS

made With lhe same drill as was used p.evlously 10 drill the hole In tne PC-board "Iter lhls.
the base panel and heal SInk (bul nOI the board) ar. drilled 01,11 to 4 mm diameter so thai the
moun llng 10_ 0 1 T 3 can be paS&eCl through them
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Thi s is fo ll owed by placing T 3 onto IhD lower "de 01 the board and soldered ,nlo place

Atten t io n should be ~wlld Ihal I1 II1I well thtough lhe hole, w i thout mechanIcal lenSlon

This mUSI be tned out In pract ice , II IS adVIsable lo r the emurer strips of the tranSistor 10 be
hrsl ly SOldered temporarlty . so tha i II can be Shil led shghlly II reQUIred

The PC -board is sc rewed 10 the heal link at the three po ,nl s mar ked m me component

locat ion plan. M 3 th reads should be cuI 1010 Ihe heal Sink lor lh.S, SpaCing b ushi ng s 01 6!)
mm In length mu sl be provided between the PC-board and the base cover These Clln be
made Irom two M • nuls Of Irom ac tual bushi ngs (see diagram m Figura 3) II II now possible

lo t m e connecto rs and leedthrough ceoecnors to be screwed Into place The sc reeni ng panel
is no w moun led in to p lace as shown in Figure 2, At leniion should be pilid met Ihe BNC
co nnecto rs are well g rounded 10 Ihe ceee. It '5 pre farable to solder them to tne ceee euer
mounllng
It is no w poSSible lor lhe wifing 01 lhe po wer ampll ller to be completoo. A thlll coa Klal cebre.
e .g . RG ·174, can be U!>8d tor the mteeconeecnoo 01 tne path I rom PI 2 10 Pt 3, Atten tion

shoul d be pa id when soldeflng this cable that the loldering process II ca rned ou t very
QUickly si nce the d ielectriC 01 the cable II Uable 10 mel t and cause a Ihort-cl rcull bet ween
in ne r and outer con duc to r .
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aetc re fmal aswmbly. tho base o t transis tor T 3, bolll e.ces 01 the tOW!!1 cover. and the hea t
Sink are p rovided with heat-ccnducuve paste so tha t a good heat orss.panoo from T 3 IS

gua ran teed .

The ph Olograph g iven In Figu re 5 sho ws Ihe author's p roto type wh ose specurceucns were
measured in tho laborator y 01 VHF COMMUNICATIONS

flljl . 5: PhOI09•• ph ol lh••ulho", prototype

4. ALIGNMENT

The follOWing equipment IS requt rec lor allg nmen l 01 th e power arnpntrer Ampllremetel (3 AJ.
pow er supply (13.5 V /3 A). a 2 m transmittel , VSWR·meter, and a termmatlng resisto r. o r
we ll -ma tched antenna These are Intercon nected as sho wn m Figure 6 II eveuebre. II is
advrsabte to connec t a 2 m bandpass utte r (1) between the power ampli lle' and VSWR-m eler

f ig. I :
Ma..ur lng • • I-up
10' , lIgnm. nl

On ly applOlllmalllly 1 mA current should 1I0w when the ope rahng voltage IS connec ted to the
po wer amphllor, II pOSSible, the po wer amplifier should IIrsll y be driven With a lower drive
pow er (0.5 W) The RF-VOX should no w energlle the three rela ys_ ThiS Will be seen as an
Increase o f the curren t drain to the po wer amph l,e. , which can be up to apprOllimatel y 1 A.
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according 10 the poSIlIon 0 1 me trlmmflrs II th is 15 not Ihe c.SEI, It IS n8'CllIs.. ry lor the RF·

VOX to be chec ked In lh l' case. lhe possible cause IS coupling capaci to r C I , whose value
may be 10 0 low so thaI Ihe VHF vol lage II not lull,c,e nl 10 SWitc h T t In lhlS ceee. the value
01 C 1 should be Inc reased unti l l he RF-VOX ewncnee reliably In tne case 0' the two author's

p ro lolypes. C 1 hAd a value 01 3 3 pF

It 15 no w poSSible lo r lhe power amplltler 10 be aligned ThiS II co mmenced by adJu5llng the
c utou t t "mmers C 12. C 13 Alter these have been aligned lor rnaxrrnum power. the l ame

ali gnm ent is made uSing the Inpul matching C 10. C 11 A c l" al m8ll.lmum I hould be fo und

lo r au trtmmers Aller comp leting thiS pre liminary all gnmf>nl. It 15 po ss'ble lor lhe power
amph ller 10 be driven With lhe l ull ,"pul po wer The lou l t!lmmel S al e now aligned alternalely

several lime, lor ma~lmum on the pow",r melllr. amce tbere IS a cer1llon amount o f Inler.
acuon The receive pa lh can be checked by I Wltch lng all lhe opll ratmg vcnaqe to lh", lineal

amphher The powe r meter enooro now Indi Cate apprO~lmal"ly tbe drive power Irom the
e~clle r . since th'l IS now SWllched thr ou gh vIa the receIVe pllth II thl' level II nol ind icated ,

lhe fault Will PIObilbly be ,n tne coaoet cable ThiS comp lt"lps Ihe allg nmt"nt 0 1 the po wer
amplllier II 15 now poSSible lor the delay lime 0 1 the RF-VOX CirCUit to be adlusted as reo

qunec by all enng the value 01 C 2 The larger the caoec .taoce vetue. lhe l8I ge r w,1t also be

the delay

The linear amph ller 15 now l eady l or pra ct ica l operatro n

Anenno n should be paId tnat tne po wer amphtler " not ovenmven USing 100 much enve
po we r No prob lems were Iou nd when uSing lhls amphl tlll In conjunc tion With an Ie 202 It 15

tevoeeere. II me dnve po wer can be adlusted to obtain me most tavcreore dnve level

lW

- 15

'b•

1
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1

I
DB2GM001

Ub: 12V ~n---
Ub=13 5V ----

~
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lOWI, - - - -r--r- ,--,-- - -r--r- ,-- -,- .,....--r-,25A
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Fig . 7: Output P'O"".r .nd cu".nt dl.ln ••• lun cllon 01 drive pow.r
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5. MEA SURED VALUE S

The values given In Figu re 7 were measured al ope ra tmg vonages 01 12 V and 13 5 Von the
au lho r's second prot Olype The AF-VOX was sWllc hed Independen l 01 Ihe ope ra ting voltage
at a c nve power 01 60 mW The 1 dB bandwld lh amounted to 21 MHz; and the 3 dB band ·
WIdth 10 3 ,8 MHz.

6. MODIFICATIONS

II the power ampll li er IS onl y 10 be used In the FM or CW mode wh ere no IInear lly IS req Uired .
II is po SSible lor Rei 2. D 4 and A 4 10 be deleted. R 5 is Increased 10 20 {1 .nd grounded .

For lower output po wers (1 W ) II IS poSSible lor .. CTC tranSI. lor type e 12-12 10 be used lor
T 3. wh ich IS lhen able to prOVIde an Output po wer 01 1010 12 W, ThiS tranSo5tor can also be

well ma tc hed using the glva n network S However , Ih lS Ir8nSlstor is not recommended lor
SSB , since It possesses a lowe r cnve range. Furthermore. u is not able to handle the higher
qu.eeceot cu rren t. During e_perlmenlal opera t.on , the po wer dropped rapidly al ter appro _o
rnately 10 s. and the tran Sollor became too 1'101,

The nex t larger traeerstcr In th iS lamlly. Ihe B 40· 12, Should erec be SUi table, bUI was no t
lested e_penmentally ,

7. REFERENCES

(1) H, J, Dahms A Simple Bandpass Filler lor the 2 m Band
VHF COMMUNICATIONS 7. Edlhon 4/1 975. pagel 244 - 249

Programmable Rotator Control
II II pon lble Wllh our progrlmmlble roll lO' conl'OI to p.nel I total o. 12
d,recllons One 01 theM is 1I'l the Iorm o' I compa.. scIII on Ii'll ' .ont panll
Th,s p.og.amme. can be uMd In conlunchon WIth Iny .ol;ltor hlv,ng ;I polan-
horneter 10. poII t,on .eporllflg One can obtaIn th,. cent.ollfi e,the. .. I k,l.
0. a. a r.'dy·to-ope.,II un,t m I cab,nel
Kit o«1 Of 033 complele w,'h mlgazlne OM 1It,oo
Magazme desc.,plion on.y OM 4.00

Programm er
ready-to..aperate In cabinet
Oimenlloni 152 mm . I I I mm. t62 mm
W,lh compas.s leal • . potentlom.,., Ind 12
presel bullenl IS can De _n ,n the pholO
g.aph Prlc. OM 318,00

UKW ·TEC HNtK J UKW·BER ICHTE . H.ns DOHLUS oHG . 0 ·' 523 B A' E R S OD R F '
POll1ach 80 . Jahn slr. 14 • T. I"on (09133) 855 + 8S6 (Anrulb••nl wort • •) • r e lea : 6298a7
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DESIGN OF CRYSTAL OSCILLATOR CIRCUITS
Concluding Part 2

by B. Neublg . OK 1 AG

5. FREOUENCY STABIL.ITY OF CRYSTAL OSCILLAT ORS

The long -Ierm slabl il ty IS dependent on the aging cha rac tefls llCS 01 the e~ lernal co mponent• .
especia lly on the 0 o f me resonan l clfcuils and the damping ettect 01 the IranSlslors on the a
01 the crySIS!. II is also dep.lndenl, 01 course, on l he aging 01 the crys 'al , which dIller.
according to the type 01 crystal and ," drlve ItNet In the osclllalor, and Will amount 10 •

typI cal value 01 1 10 3 ~ 10""Y8a, during the ' ,rS! ye.r, Since lhe 110'"0 is reduced loganthml 
ca ll y 85 a teeter 01 hme. II is POIIIslbia to reduce th" by prev iously aging the cryst al. ,I
pos si bl e et the manu1act urer,at a temperature 01be tween 85"C and 125 C,

The d rive level 01 the crystal Should be as lo w aa pou,ble lo r an olK:illator tnet .s to have a

good lo ng -term . tablhty ( 1 to 20 I4W), Due to their beller lem per al ur a charac terist ics. AT·
c rys tals are preferable. Whan very Slable crys lal oscillators are req Uired , relatively low-I re·

quency overton e AT-crysl als should be used due to l helr higher a and higher L,IC, reno In
th iS case. c rys lals operating at their third or liIth overtone 01 5 or 10 MHz are ulfld

5.2. Shoft·term Slablllly

The short- term slablli ty 01crystal OlK:lllalorl was only 01 in leres l in Ihe pas t lor h lgh-preCll lon

oscillalor. l uch as secondary Ireq uency and time lIandards . In recent limes. however. Ihll

has become more and mo re Important dua to the WIdesp read use of synlheSlZers in HF. and
especially in VHF and UHF rece ivers. as well as lor osc IUalo r chains lo r Iha microw ave tre

quencrea

The norse-con tent at the output 01 I crystal osc lilalor

U III • (Uo " f Ill) lin (lI'ot .. 'I (I)) (20)

Win have a mean emputuoe Uo, w hich w ill lIary in Iha order 01 I n011le component I Ill. Ind an
overall phase Wllh the center frequency '"0. which has a nOIse component 'I (I) Sin ce a phase

var laho n~ as a tuncuon c t nme II co r relaled Wll h a Ireq uency. th iS mean, tha l

f (I) • ~
d t

(2 1)

The oscilla to r Signal Will thus be mod ulated by the phlse nOise, and Will possess noise Ilde
bands. which wIn be VISIble on a seoeuwe. eerecnve spectrum analyzer

In tne rec eive mi xer, the input signals are mixed With Ihe cscmercr Ilgnal and ItS norse Side
bands Thi s means lh at a noise-lignal wi ll be present In Ihe passbands in addlhon to Ihe
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selected mput SIgnal. ThtS nOise-component can be SO targe tha t II •• able to block the
rece iver (6) , (7) ,

Methods Of measuring phase nOise With amateur means were descrIbed In (8) and (9), Further
details were gIven In (10 ). The measuring and evalua llon method described b~ the IEC In I tt )
has lound International reCogni tiOn,

Details regarding the noise-behaviour o f crystals are glveo in (t2) and (t3). The lo llow lng
aspects shou ld be conSidered durmg the deSign 01 socrt -term, stab le cryl tal oscillators

In con trast 10 eld remely long -term , stable crys tal oscilla tors, the drive level to the crys tal
should be relatively high (100 to 500 ~Wl lo r thIS application

The a 01 me crystal wi ll be dampened In any osc il lato r, In the ca. of I ing le-siage, sell
limiting oscillators, the ellechve a Will amount to on ly 15 '" to 20 '" of the a 01 the cryslal.
Usua lly, series-resonance OSCillators are more favorab le than parallel-resonance OSCIllato r.

In the case o f b ipolar tranSistors , the nOIse Will be mainly dependent on the base-emitt er
path . tn this case, the nOise 01 PNP-tran'lstors will be lower than a complemen lary NPN
Iransisto r. MOSFETs ha.... a very high nOI" level. where til -noise domInates at low lrequen
c ies, and lhermal nOise 01 the drain-source path at hIgher frequenCies Junchon-FET.
possess lower noise levels in comparison 10 bipolar tran lillors and MOSFETs. For thiS
reason , a high-cu rrenl power FET such as type CP 643, or P 8000 (14) ia reco mmended lor
low -noise crys lal osci lla tors.

II bipolar I ranl llllor s are to be used . then on-e should selec l types With Ihe highest poUlble
OC"9 am (hFE)' bYI wlIh very low base reSistance (rbb ') ' In other words, lyplC81 VHF trlnS1S
tors . wh ich should the n be used at the low est collec to r current

How ever, Ihe short-te rm stabllity can be Imp roved more uSing the follOWing means than by
the above methods (even Including espec ially deSigned crystal):

Single-stage crystal OSCIllato rs should be avotded They possess" very high phase nOIse
since the transiSlo r is driven mto limI ting In this case, the collec tor base -voUage Will be

Virtua lly lero during parts 01 the cyc le, and the base-em Iller threshold voltage (Slhcon 06 VI
Will be exceeded The tran sisto r Im pedance that IS -eee n- by the crys tal, Will ucctue te in lime
WIth the RF·signal, wh ich Will generate IIrong norse Sidebands on the cec iuerc r Signal.

Th is me ans that the hmltlng funct ion o f an ampltller stage connec ted to a crystal osc lli atOI
must be avoided However, an amplitude contro l loop IS un favorable , since Ihis could
generate add i tional phase norse

The best means 01 imprOVing the short- term liabili ty is 10 use a sltong RF-Ieedback A well 
proved c irCUit was in troduced 10 t 972 by M, M Oll scoll (l S). whi ch usel a third overtone
5 MHz crySlal. SInce lhen, severa' Clrcuots based on thIS have been pubh llhed that passeu
very good shOrt- term coerectenencs up to tOO MHz (t6) 10 (t9) The baSIC CorCUlt tS gi ven In
Flgur. 15 It comprise s a two -slage, mree-pore OSCill ato r With the resonant c,rCU11 Lt JC, A

cascade Circu it II used as amplifier (tow Internal feed back I), in wh ich the IirSl transistor IS
provided With leedback in the ermuer CllCUlt by the crystal (compensated With lo), TranSISlor
TI ope rales slably In class A no • 5 rnA). Tran l lStor Tr II isolated Irom the crys tal. and oper 
ates at a qUIescent cu rrent 01 only 0.8 rnA ThiS means lhat thiS ' tage IS hrstl y nmueo and Will
de te rmi ne Ihe osc ill ation amplitude. The higher the eenee-rescnance resill lance RI (fo r a
g iven a I) 01 the crystal , the better WIll be the short-te rm stablltty, since thiS w ill Inc rease the
nega tiv e l eedback 01 TI.
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The crystal diSSipation amo u nts to 85 IlW In Ih ,s oecnre tcr. the RF output level will be 10 Ihe

order 01 4 dBm. and Ihe e" ec tlve 0 will amount 10 spprOlum alely 50 % 01 me crys tal a
Flgur. 16 shows the results 01 measurements 01 phase nOIM'!. thai were g iven by U L. Rohde
in (21) .
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. ~, .,.,, .,~,

.,~ ,

I
. 1l1o/I • .. ",

I V"~l • • O~
. 170

FIg . , ••;
Sideband nol.. 01",nou•
.\Gn,lg,n,•• tor.
In comporlun 10ttle
5 MHI o.clll'lol
.hown in Fig . 15
.eeo,dln g to (21)

." ~. '" ~~ -.
The ampli tude IImltmg can also be achle"ed when b lllSlld SCho tt ky diod es are connected 'n
an ti-phase allha output ot T, (due to the low 1/1·nolse et tnese di odes)

A low-noise OSCillator w hiCh has been deSIgned lor UM With II 96 MHz c ryslal accordi ng 10

thil p rinciple is given In Flgur. 1& b Power-FETs type P 8000 are used and ad ju sted lo r

I table class A (A t . A 2. A 3). The circuit IS prov 'ded wllh a low leedback wllh the aId 01 C 1
by selechng a relat,vely hIgh ca paCitance value The valu e 01 lp IS calcula ted accordmg to
equation 13. w ll h Co . 5 pF, Inductan ce l1 should have appro~lmalely O:?5 I' H. and d,od lt 0
used lo r amplitude limiting Is a SChOltky dIode such as HP 2800
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For alignment, lhe IImlllllQ dIode should be disconnected and the crystal shorl-Clrculted With
the aid 01 the trimmer, the sfl lf- v_Clled 1'&queflCY I' aligned to app ro • •marely 96 MHz, Allol
co nnec tin g the crys tal. compensa tion COl' Lp I' aligned 10 96 MHz with tne aid 01 a drpper
w ith Ih e oscillato, SWitched 0 11 The OSCilla tor musl commence crvster-connonec oscilla tion
Imme<ha l ely on connechng th e operati ng VOl tage The AF-ampil i ude Will drop 10 apprOJI 
ma lety hal/ the value 01 the sell -hm" ,ng 05c,lla to, on connecltng tne eooe (U"m.')

II is also poSSible 10 use tne li ml,mg cne rec tensucs 01 a subsequent d ,lI erent 's l amp" Ioer
ins tead O' i his (19) _

Stab le sho rt- term crystal oscilla tors up to 100 MHz can be conSTructed according to thiS cas "
ceee prinCiple With the crys tal I" the emllTe, CirCUit A turtnee reduCIIO" 01 rne "Oose e.oe
ba"ds is obtalf18d by plac ing a Simple crys tal I llle' aller the cryslal OSCilla to r, as IS sho wn In

FIgure 17 . Lt IS wound billi ar 0" a tcrcrc co re and aligned 10 the ceote r trequencv Wll h the
aid 01 Ct - The capaCitance CJ should be sele<;ted so that It I' equal to the , Ia t,c capacitance
Co 01 th e crys tal The lermlnati"g Impedance (22)15

RT
,
~

(22)

where The band w'dth '5 dependent on the ,alto C, Co

bges (23)

~

u

l,

1 •..c 1
" CJ

• 226 "

f lll_17 :
Simpl. cry. ' . 1II I1. r
101 ,.d...c:1nll ph ••• 11(I11.
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I .DIODE SWITCHING OF SEVERAL CRYSTALS

Poor p racnces In Ih ,s reecec t are even to be lound In pro lesslonal equipment A - wc rst case.
-circurt is gl ven In Figure 11 I , whi ch poase s," all tYPIcallaulls

The SWllch,ng dlooes ha...e AF· ...oltage at both connecncne. and the block ing ...ollage II 0 II
This means that the dlooes are opened In time wllh the RF·...o ltage and the in teracti on over
the junction ceoecuence 01 the dlooes can the n cause

• A pulling 01 the IreQuency due to the adjacent crystal

• Jumping 0 1 the OSCillator Ir&quency dUling the pUlilOg process

• Fina lly a non·selecled cryslal ha...mg a higher a. or a rcwer-rmpecance spurlOu, re,onan ce
01 any 01 the cry slal , can de termine the Irequency

s.oce theH ettecte ollen on ly occur at certain temperatur es or ope rahng ...ol tagel, II IS etten
dlllicult to localize such fau lts In some cases. the crystals are simply sho rt-CIrCUltl'd by the
parallel -connected diode. whi ch may not trave any euect II the diode Impedance II ts r less
than the Impedance 01 the crystal

----- . r- - - -j 1D, '1' " T

~ tl
.--.

D'

f ~
' Fe

A lavc reme eucvrt IS gl ...en In Flgur. t l b The dIOdes are .cold. With respect 10 RF. ...ol tage s
alone pole and are biased With hatl the opera' lng vo ltage When di ode 0 , I' eeeoeo. 0 , Will
be blocked With hall the ope rating ~ollage {UB/21 A lurther Improvement c t the Isolation IS
obtained when an additional encrt-cncuu diode II connli'Cted In parallel to the crysla l
(dashed) The disadvantage IS. 0 1 cou rse. the large number ot co mpo nents SUililbie . low "
capac i tance. last SWltchlfloQ d iodes are. 10f Inslance. types BAY 67.1 N 4148. or I N 41S1

The most reltable method 0 1 sWllching crys tals " 10 use separate cryslal OSCi ll ato rs I
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7. MODERN CRYSTAL OSCILLATORS USING INTEGRATED CIRCUITS

These oscilla tors are usually used where they are reeet sUltable In treQuency and peri od
counte rs, clocks and o ther measuring equIpment

The well ·lmOWn baSIC CIrcuIts lo r parallel and senes -reeooeoce OSCi llato rs USing TTL and
CMOS gates are given In Flgur. 19 (23), (24), (25), The fetKlback res,,;to rs ale n9Cessary for
linea rizing the gates , If these were deleted , the OSCillato r would have dllhcultles In commenc
ing csetuetrco. II at all

TIL and CMOS ga tes are dIgi tal components and are optImIzed to SWitch cl eanl y bet .....een
two limll values , It IS true that they can be linearized uSing feedback_ however , thIs Ionear
behavIour IS no t repr odUCible and mOlt cert ainly does no t represent an optimum

Let us consIder. 'or instance, th e amplitude and phase respon se 01 t.....o sanes-ccnnec ted .
linearized Schollky.NANO gates SN 74 5 00 all a funct ion 01 frequency (Flgur. 20) The tnec
rehcal phase stllh o f 0" Will only be aChi eve<! In the VICInity 01 zero Hz I'I , and In e_cess o t
thIS .....111 achIeve any ph l se angle be tween 0' and 160' • and Will VIrtually repre sent and Idea l
inverter (26) at the upper frequency lim it ,
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Hol mbeck (27) examined several samp les 01 the clock Ie 8224 01 the rmcroorcc essor sySlem
8080 . The measured values 01 two sample, are given In Flgu,. 21 Genera lly speaking. the
,nver1er. have an Inductive behaViour. In othe' words, react In a similar manner as wh en an
Induc ta nce Leo ware connec ted In senee. a sl rong uu c tuanon was lound be tween the indiVI
dual samples~ )he Ir equency response 01 ' hiS equl valen l Induc lance IS sho wn In the upper
di agram for two samples 01 the same .nlegra.ed c.rCUlt The ellKts ct tme on a crys lal cecu
lalor can be seen In tne two tebres

• At low trequencres (2 MHz) both OSCilla tors Will opera'e slably atthe lhlrd overtone .nstead
Of me lundamental mode;

• The frequ ency Shill wllh respect to ser.es resonance Will become grealer and greBler on
in cr easing freq uency and Will allaln ,housands 01 ppm, with !tUctUilllons 01 also thousands
01 ppm due 10 lhe spread Irom IC 10 IC.

• So meumee. a cepecuoe IS connected In senes In order 10 compensate lor the euect 01
Leq . The values 01such a capaci to r ere given in the last column II, lor Ins la nce , 14 pF are

req uir ed by one IC at 10 MHz , II may be that only 1 pF III w.1I be reqUired wll h ano the r IC.
A' freq uenc ies In exceu 01 12 MHz• • capacllor w.1I no longer be .ble 10 help

• Finally, at 18 MHz. bo th crystal osc i lla to rl are no tonge r crys tal -con trolled The cause o.
'h iS is lh e second resonance pcsurcn lormed by Leq and Co at Ihe cryst. ' (188 secncn 4 ).

If IhlS IS lar .bove the cryslal Irequency, thll exci la tlon can only be avo.ded when a small
capacl lor (Iowpassl IS connected In parallel to lhe leedback reSlllor 01 'h e glle.
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• stoce th o loop gain IS very high. It II also possible lor SPUriOUS paraamc resonan ces to be
present together w ith the paraSIti C exteenet eepecu ances

• In the case 01 LF-crystals. It is etten easier to excue higher-Irequ ency modes than the
tcnoereentar.

• Finally. il IS also possible lor the cnve level 01 the crys tal to become so hlQh that the
crystal Will operate In an uns table manner ,

Thi S mtoemancn is also vali d lor ClrCUIIS equipped Wllh Inteo rated dividers such as CD 4060.
Me 14521, MC 14410, E 1115, as welt as the clock IC MC 6875 (lor liP 6800). etc

7.2. Survey On Int . gr at. d Clrcuill •• Cry. tal O,clliato r'

7.2.1. ICa with Digital Outputl

The TIl-VeO ci rCUits such as 74324. 74325. 74326, 74327. as well as tneu Scho ttky and tow
power SChOtlky derivations tall under the same catego ry as the gale OScil lator s They operate
mor e or less by chan ce when a crystal IS provided IMstead 01 tne treq oeecy-oetermmmg
cececucr.

Measurements made by the author gave the lollow lng resuns

Figu r•• 22. end 22 b show the frequency error (d illerence between the OSCillato r Irequency
and the series -resonance Irequency c r the crystal) 01 severer samples 01 type s SN 74 LS 324
and SN 74 LS 325. The nrst ones oscillated Wild ly m e~cell 01 3 or 4 MHz. and oscilla ted
several 1000 ppm bel ow the crystal Ireqcencv in excese 01 2 MHz IC type SN 74 LS 325
stopped cecueuco, according to the sample In questrcn . at 5. 6 or 8 MHz. and showed
similar I requency err ors. but at a higher Irequency. Type SN 74 LS 326 only opera ted in a
crvstar- cc ntrcneo manner at 1 MHz. only bet ween 1 and 2 MHz. or only at 2 to 2 5 MHZ

DUring these measurements , the hlQh ~ range~ Input (pin 2 01 324J was directly connected to
+ 5 V, and - frequency cent-er- Inputs (pin 13 01 324, pin s 6 and 11 of 325. pms 9 and 10 01
326) were groundOO. AccordlMQ to subsequent Information from the manu facturer. oeuer
rescue should be possible If on ly .;- 4 V is presen t at these inputs instead 01 .;- 5 V and a bias
voltage of + 1 V inslead 01 0 V,

Two integrated clr cul ls whi ch are especranv designed as crystal 0 5Clilators are now to be
mtrccuceo :

Pl....y SP 105 B: This IS a Butler OSCillator (1 to 10 MHz) With anti -pha se oUlputs of 1/ 2 and
1/ 4, Accord lMg to the date sheet, the frequency error at 10 MHz is typically - 50 ~ 10-- , How
ever , tne sp read of Ihis value is not given

Tl1e results measured by the author are given In Fig ure 23 None 01 the OSCillators operated
bel ow 1 MHz, From 1 MHz the wen-know n Inductive behaviour (redu ction o f frequency) was
nohced until oscilla tion ceased, according to the sample , in excess 01 25 MHz. 3 MHz, or
4 MHz. In excess 01 8 MHz. osci llation commenced agBIM With a positive Irequency error. and
ceased again in excess 0110 MHz or 12 MHz, Furthermore. the burlt-rn frequency divider d id
not work rehably . In the case of integratad ci rcull s No, 2 and 3. the tull. undiVided frequency
appeared at the output in the lo wer freQuency range'
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Motor ol . Me 12060/ 1206 1 : IC Iype 12060 IS designed lor the Irequency range from 0 1 MHz
102 MHz, and type MC 12061 ucm 2to 20 MHz, Both types are In the lorm 01 Bu ller CirCUi ts
w ith built-In AGC. They supply two anIr-pneee smewave. as well as TTL and ECl ' Ignals

Measurin g results '

MC 12060; All samples oscilla ted reliably up to In excess of 2 MHz, but provided consider,
able freq uency errors 01 between - 550 x 10-0 and _ 1100 x 10-0 a t 2 MHz (Figu re 24) At 1.5
MHz, these l requency erro rs are sti li between - 110 _ 10" and - 200 x 10" This large spread
limi ts the applicatiOns o f this IC 10 a large deg ree il a recrccccrbrc oscmarcr frequency IS

requued.

"r . 10- 0
lu",1 ,- - -

I
I

.1

..,

TTT,

.',
• •

"4- 4J~ ."J 1 . , ,
"

Fig, 24 ;
F"qu,ncy ertor
willi MC 12060
(Molorole)

" . 'Cl ' o
I • • ",

, 1 J • , -- . ..~,

TT

• •
) C ·w • •

f li · 25'
Freq uency erro r
", 11 11 MC 12061
(MolorOlol..'
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Me 12061: Up to 15 MHz, all oSCillato rs operate wl lh I req uency err ol'l 01 up to - 235 • 10·'
IFhjlu r. 25) . which is very goOd In compar ison to etner oscillator ICa The Irequency error 01
th e in d iv id ual oscillato rs in compa rlso n w lIh another IS apprOXima tely 45 x 10-' (at 15 MHz)

wh ich can satlafy moderale demands. IC No, 2 alopped OSCillation In e.ceaa 01 18 MHz, and
Ie No 1 m e.ceu 01 20 MHz AU samples ope rated e.cellenlly at 1 MHZ llreq uency error only

-l to-3 .10"1

7.2.2. An a log IC,

Nallona i Samlconduclo r. lM 175/275/375

Accordmg to the da ta shee t. thi s type 'S a dl lterentla l amplifI er that can be ust'd In seroes and

parallel-reSOnance In a Irequency range or 800 kHz 10 20 MHz The Ie req une s a large

number 01 e.ternal comPOnenll As IS also given In Ihe dala sheet , 11 II nol possible lor an
epencdre oscillato r 10 be consl ruc ted I It IS alway s necessary 10 provide a reson, nl Circui t

On me olher hand. no resonant c,rcult should be pr OV ided In the buller stage re g ror
naemcmc suppressiOn}. Since the I tage could ol herwlse break Int o oscillation Th,s w' s also

conl lrmed by Hamson In (41

Only tne senes-eescnance c lrc u,I was tested according 10 the da ta sheet The cry! tel was fed

bac k from the ou tput 10 the norHnvertlng mput 01 the di llerenli81amplifier. ,nd an addilional
ceoecuc- wa. Inserted to ground The Inve rllng Input 'I provided wllh a neutr,lIZlng voltage

via a cececnoe crvroer In o rder 10 ensure that the cec.netcr Will not cec-nete Wild ly together

wllh the etenc capacitance 0 1 Ihe crystal

The OSCillator can be pulled by sever,l hundred ppm With the aid 01 the ou tput CirCUlI II the

cwcun is aligned for ma. ,mu m ou lpul voltage. a rrequency err or o r belween - 760 ppm and
+ 210 ppm With resoecr to the crystal rrequency wll l be obtained when usmg cryslal s of

between 800 kHz and 20 MHz These Ireq uency err or l can alw,ys be cocectee by de lunlng
tne cu tout CIrcUlI. The reqUIred deturllng was usu,i1y m the vlcm lty 01 the upper limit 01

stable commencemenl o f oscilla tion , but 11'1 15 could poSSibly be Improved by alterong the com
pensation capacitors

The I req uency Shill on varymg tne operating vollage between 5 II and 24 1/ amounted up 10
i 5 ppm. The OTl/TIl logiC diVider did nOI operate satls faclorlly WIti'! any o r tne len umples

tested

Pl....y 680 / 1680

This is a selles-resonance OSCillator lemlller crys tal) wl lh AGC lor the I req uency range 01
100 kHz to 100 MHz (In ol der data sheet l isted , 150 MHZ), The dri ve level 01 the crystal IS very
low at 0 .5 fl.W, Tne feedback link IS broken to allow mee rnon 01 a reson, nl CirCUlI tn the case

01 ove rto ne oscillatorl. A d,sadv,ntag. o f th e se"&I-resonance Olc,lIa tor It is true. that lhe
crystal ,s g rounded at one Side. but II tee Irequency tS 10 be pulled slightly. u Will be
necessary to lsolale the crystal . or pul lin g Itl mmer I rom ground Bo lh eee in,dvlsable. and

can be avoi ded when uSIrlg • parallel-resonance OSCi ll ato r In practtce. It was also lound that
app rOll ima tely 20 % 01 Ina Inlegrated CirCUits were not SUi table Slrlce lhey wera very tempa
rature dependanl , In addi tion 10 tn ll . tne data sheets hst dl flerlng pin conneC lfons (t! ).
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The measur ing resull l are Ihown In Flgur. 26 The samp les ope rated rehab ly up 10 18 MHz
The IreQuency error w llh relpecl 10 tne Mtrles -reaonance IreQuen cy Increased continuously
and aflalned values between - 540 II 10" and - 6JO • 10-t at 18 MHz Al hIgher IreQuen Clel
especially In ton/I,mcllon w ll h overtone crysl als. I resonani Circuli Ihould be Ins" rled
between pIn 2 and pin 3 10 Ihal an Impedance matching 01 the slages can be made USing a
sUlla ble cal l lap ,

.,,, -

, • ...~.

.,,,

·.00

KVG IXO-01

1

Fig. H : Fr.qu.ncy .rror wllh SL 1&10 (Pl••••y )

"t ,

Rece nlty. KVG oilers a apecial c rySlal OSCIllator IC of their own manufaClure (Figur. 27) Thi S
11 • ceeeuer-r eeeoeoee olclUalor usmg I Oarltnglon-eolpl lts OSCInator I lmllar 10 Ihal
d iscussed in secllon 2. The IC allO has an elltenSlve voltage-sl ab lll zer CirCUlI, which IS also
ell lern all y acces!lIble. as well al a muill-llage bul ler amphher ThiS IC II accommodated In an
eight-p in CEROIP-case, Two all erna llve ou lpuls are avai lable an open conectce 10 wh ich a
resc nent CirculI ca n be cceeecree (In ou tp ul voltage 01 more Ih.n 3 V (pe.k -to -pMk) ecrc se
500 Q can be adJuSled by serectrcn 01 tne dIvide r raho). or a row-impedance emiller ou tpu t
The cscme tor ope rates in Ihe wh o le lundamenta l range up 10 30 MHz (even wll houl ed ern al
CirCUlI ).

The extemel circul lry 01 Ihe oecme toe can be mede in a simll. r manner as gi ven In Figu re 5
by placing a eeceeueoee 01 app rOlll malely 40 pF In series With the cryslal. In Ihe case 01
overtone cryslals. CJ il rep laced by a resonanl ci rcUlI. Funher delalls can be laken Irom Ihe
Ori gi nal dala sheel

SUitabl e crystals lo r lhe whole IreQuency rangoe are available (speclhca tlon XA..()5() at KVOl
especially lo r Ih ll osci lla tor. Th is means Ihal all p roblems in specUying Ih e crys tal are
avoided .
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ELECTRONIC CONTROL OF ANTENNA ROTATORS
Part 2: Digital Programming with BCD-Inputs

by J . K. 'Il.', OK 1 OF

5. INTR ODUCTION

A purely d lQlta l anlenna conl roi as '1 used, for roetence. ,n ,aleilite ground ataho ns, can
hardly be reali zed wit h amateur means The I fac lung accu racy reqUi red lor SUCh applicat ions

'011 ,11 most cert.,nly not be req Uired lo r amateur antenna 'Vllema. which means that
me _penS W8 rOlat lng syslems Ihal are aveueore on the market can be used These eu operlle

With an aleNOl Indication 01 Ihe ac tual !lntann. poIltlon The hneanty 01 the po ten tiometer used
lor IhIS. and l he pr8CI" on 01 the reqUired geanng cerereuee tne accuracy 01 lha system

W KUfl , OK 2 AV, II de~e'oplng a unlversa! rmcroeomputer syalem for amateur rad iO epptr
cations. wh ich can 8110 be used lOr antenna co ntrol (1). Such a compu ter, 01 course,
prov ides data In dig Ital lorm. whereas the an tenna rotator represents an analog componen t
The fo llOWing article " to deSCribe a ro tator control unit that can be con trOlled digi tally via
BCD-Input s and IOternally uSing numerical SW!lches It IS also poSSible lor the ro tator to be
controlled manually uSing a Simple leltlrlght SWItch II WilS des.gned especIally l or operation
With the rotator eenes KR 400/500/600 (UKW-TECHNIK). however . It can poSSibly be uHd
With slight mocllllC!lt,ons lor olher ro tato r types

r-- -- L _ _ ___• Pin 6 (039)
,,

-?- -- - - Pin 5 (039)
"

Fl;. a ,
Conneellon dl,,,rem lo!
rolalOrt KR 400/500/&00

6. CIRCUIT AND CONSTRUCTION OF THE CONTROL UNIT
FOR USE IN CONJUNCTION WITH AN AZIMUTH ROTATOR

Vanous POSSibili ties e..lIt tor the selection 01 Ihe da ta lormat to r Ihe IOput signal. SlOce the
computer operates In a bina ry manner. a bina ry programming 01 the con trol uni t. as well as
hardwar e (com ponents) and so l tware (program) w ill be most la vorable. On the other hand.
the manua l progra mmIng wou ld be very dlll icuit due to Ihe 1·2-4·8·16 ... coding. and would
requ ire qu ite a bit Of re-thln~ l ng durmg operahon. II. on Ihe o ther hand , , BCO·lormal IS
eetectec. the requIred angul ar vatue can easily be selec led by numerica l I Wllc hes. Since th,
m icr oc omputer IS also to be equI pped With a d isplay, II Will reqUire . Convorte r b.na ry -0 BCD
In any case. and Ihl , can also be used lor our applicatIon. For Ihll reason , Ihe aulhor has
selec ted Ihe second method and BCD Code II 10 be used
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The next questIon IS the relOlulion 01 the system, rn o ther words wh'Ch .s the lowe l' angular
s tep tha t IS to be made In the ease 01 shortwa~e beams and Simple VHFI UHF antennas, a
reso lu tion 01 10 would mOli! certainly be satls lactory Howe~er , II seems ad~lsable lor the
rep roduc. bl li ty 01 approximately !: 2 01 the mechanical system 10 be utilized to the lull alsO
electrically and to prov.ce 1 ·steps

-

Fig I ' 0.'. inpul

A number 01 .nput connections are gl~en on the lell-hand Side 01 Figure 6 , these are ecn 
eectee to the ou tput 01 lhe computer The num",rals on the connections represent the ~alenCy

01 the in pu t .n Ques\lon II , lor mstance . mput SO IS at ~H ~ leve! (+ 5 V) and all ctners are a!
-l- level (ground) thiS WIll meen thaI lhe antenna di rec tio n IS programmed to 80" (compass
dIrect iOn),

Sw. tc h S 1 allows the control to be SWitched Irom external 10 .nternal control II It IS on Its
lowe r pOSltton (as Sho wn), the output drivers In the co mputer w.1I be blocked (~trlstate~) via
conn ec tion __ , and lhe nu mencet SWitches on Ihe conner uni t Will ee teemme the program m
Ing Numeri cal ewrtcnes With Inverted BCD code are requ.red lor th.s apphcahon , which
me;Jns that the contact In question ISOpen at the given valency (1, 2, " or 8) SWitCheS ol lype
Con traves M 140L w.lh ex tended connection board provide sulllClenl room lor Ihe d.odes
reqUired lor decoupllng The lo llowlng table shows the coeeecnon diagram lor Ih,S type 01

SWItch :

Valen cy

1
2

•
8

ground
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Connection No,

2
I

•
7

3
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6.2. Th e Olglt .I/An.log Co nverte r

The task 01 the module to be descn bed in th is section IS to convert the d ig ital Informa tion

trom the computer or numer ical swnches in to an ana log vouaqe. Of course, complete
modules are available on me market lor th is applicatio n. however , since none 0 1 the cueree
types ha s been really successful on the market. the prices are relal lvely high due to tne low

quennnes. II one is WIlling to invest a eertetn po rtion 01 nme durmg alignment, it is cess-ore
for a !lullic ienlt y accura te d igital/analog co nverter to be construc ted 'or thiS application uSing
cheap standard compo nents .

6.2.1. CIrCUit

The circui l diagram 0 1 me O/A -c onverter is g iven tn Flgur. 7 Each data mput IS ted via an
invert er With open-collect or output (1 1, 12) to a SWitching transis to r (T 1 to T 10). These t-a n
Sisto rs have the task of generating def ined cu rrents via low -tole rance 11 % ) resisters from the

stabilized reteren ce voltage (-t 10V). The se are then added In the decade-adding ampli tl ers
13. 14 and 15 and fed to the output stage 16; R 4 is prov ided lor the zero -ali gnmenl The out

put signal IS available at connection 31 (no te : the numerals g iven in the ctrcuu d iagram tor

the input and output ccooecncne represent the pm numbers on the 31-pm connec to r to be
used in conjunc tion with the board).

The reference voUage is generated With the aid of D 1 and 17: du e to the relativ ely high
current flow via pin 1. an emitter follower (T 11) has been prov ided It is poSSible for an exac t
alignment of the generated voltage to be adjusted With the aid of A 5 The lo li ow lIl g vol tages
are req uired . ± 15 V (for 13 to I 7) and .. 5 V (for I 1 and 12). In o rder to avcrc ground loops.

separate g round lead s were selected : pm 12 for the diglta'. and pin 29 for the analog portion

6.2.2. Construction

A Single-coa led PC-board with the designat ion OK 1 OF 038 was developed for accommo 
dation Of the O/A -converter. ThiS IS in the form of a sho rlened Eur opa -board With the dimen

sions 120 mm ~ 100 mm and can be used in conjunc tion WIIh a standard 31-pln connect or
The co rnponent jc catrcns and conductor lanes are g iven In Flgur. 8 Due to thelf be tte r lon g ·

term stability. It IS advisable for trimmer resisto rs to be used having a ceramic subsl rate
(Cerrnel). The alignmenl o f this module is 10 be deall WIIh dunng the descnptron of the other
cnccus.

As can be seen in the component rccancn plan . the sc-ecerc has th e faCIlity lo r two further
(non-equipped) input channels which means that ., can be used l or three co mplete decades

Th is means tha t the resolution can be Improved . If reQuir ed (lor instance lor large parabolic
antennas) down to appro~imalely 0.3", but Ihis will require 8 co rrespo nd ingly e~aCl mech ani
cal system . On Ihe other hand, the numerical value of tn e mput signal wi ll no long ar ccmctc e
With the angular value (360" ,Q, ~999~) .

6.2.3. Specl .1 Components

Tl -Tl0 :

T 11:
BC 415 C or similar si licon PNP tran sistor s

BCY 59. 2 N 2222 or sim ilar silicon NPN tr anSistor s
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11,1 2
13 - 17.

D I:

SN 7406 N (FLH 481) or SN 74 LS 06 N
TBA 221 B or 741 CN

BZX 97/C 6 V 2 or o ther 62 V aener diode

Trimmer potenucmetee lor hor izontal mounting. spaCing 10/5 mm

Designated resistor, : metal- layer. to lerance !: 1 %. spacing 12 5 mm
(2 ~ 10 kQ , 2 .. 20 «c . 3 ~ 40 kU . 3 ~ 80 kO )

All o ther resisto rs carbon, spacmg 10 or 12 5 mm

CapaCIto rs 47 nF : ceeermc d isk types (i= 30 VI
c ececucr 4 7 IlF: Tantalum dro p type, 10 V

Co nnec to r strip e,g Siemens C 42334·A 55· A 08

Soc ket: e.a Siemens C 42334 -A 56-A 2 Of C 71334-A 10-A 2

o
) 0

'" e
11 o

c
" 0o
1) 0

•" .e
., 0

•" . •.,.
o.,.
•

" 0 o• • •
, 0

c
'0 e
1 •

•
' 0

o

- 242 - A VHF COMMUNICATIONS 411979



6.3. Conlrol Amplifier, Prol ecti ve Circuit . end Power Supply

6.3.1. Circuli Oel eU.

Figure 9 shows the circuu diagram 01 the o ther stages o f the cc ntrcner The refere nce
voltage 01 ± 10 V is led Irom the previou sly mentioned module Via pin 8; It IS then led via an
adjustable dropper resistor 01 150 U (R I ) to the cosurcn potentiometer (500 ~J ) In me rotator
It should be no ted , that both the OIA converter and the ind icator c ircui t are led Ir om the
same reference voltage. whi ch means that the at/solute value has pra ctically no ettect on the
accuracy of the system . The voltage tapped all on the po tenti ometer is proportional to Ihe
angle. Th is voltage IS fed via pm 5 and fed via a I llter lin k to stage 12 as actual value ; Ihe
nominal value (- output vol tage etee o lA converter) IS led in via coneecncn 7. 1210rms the
di ffe rential vortage between bot h values and control s the double comparator 13 / 14. wh ich
ac tuates the cloc kwi se or anti -cl ockwise operati on 01 the mo tor via the sWltchmg trans istors
T 1 and T 2 and relays Rei I and Re1 2. The same ci rCUit was also used In part 1 01 thiS art icle
(2). whiCh means that II need not be discussed in detail here ,

The integ rated circcrt 11 is also connected as a comparato r and compares the nominal and
maxim um actual value. II an angle 01 more than 360 IS programmed in error (even computers
ma ke errors some times). the nominal value Will be gre ater than the mal(lmum possrore actual
value In thiS case. the supply voltage 10f the relays will be disconnected via T 3 and T 4 50
tha t the motor rotation is stopped. II this protec tive CirCUI t was not provided. the rotator
cou ld run to Its stop and It IS pOSSible that the mo tor Winding co uld be damaged If this was
not ncucec in time .

It is poserbre with the aid 01 SWItch S 2 to SWitch 0 11 the eutcmeuc control. and to manually
con trol the rot ator With the aid o f swit ch S 3 Diodes LED 1 and LED 2 will Indicated cl ock 
w ise or eou-ciccswrse rot ation 01 Ihe rcre tcr.

Now a lew word s regarding Ine power supply '

All required volt ages are taken Ir om tl'1e two eenes-ccnnected 12 V secondary wlndmgs 01 tne
power translormer Tr. Sin ce the previously menh oned ro tator s requ ire an operating vol tag e
01 24 V - lor the motor, It is pOSSible lor the lotal secondary vol tage to be used for thi S
di rec tly . For rota to rs reqUIring a higher supply voltage lor the motor . It is poSSible l or th e
hig her voltage to be obtained With the aid 01 a third Winding. or lor a separa te nanstcrmer to
be used

Dtoccs Oland 02 generate a posit ive and a neeeuve o C-vollage 01 appr Olumately 32 Veach
which are lhen stabi liZed With the aid o f diodes 03 1 D 4 and the Darlington tranSIstors T 51
T 6 to ± 15 V, and used lor the supply 01 the analog cn curt s The relays are provided With the
unstab ilized poemve vcnece. 0 5 IS connec ted to the center tap 01 the trenetcrmer and pro
vides a posit ive voltage o f app roximately 16 V, which is stabilized to 5 V With the aId 01 D 6
and T 7 and used lor supplymg tne input stages 01 the o /A -converter

The whole operating Current of the ecmrcr uni t flows via three pereuer-ccnnecteo I U resIs
to rs (pms 2£/27 ) where It generates a propor tional voUage drop II trus exceed s a thr eshold
that is adj ustable with the aid 01 R 3. relay Rel 3 wil l be actuated via T 9 - T 8, and LED 3 Will
' ight. Rei 3 possesses a sell -holding con tac t and remains energized. and the supp ly 01 the
other two relays is di sconnected so that the motor receives no voltage In th iS mann er , It IS
pro tec ted against excessive current now. This over load CirCUIt can be reset by lemp orarlly
SWitching the con trol umt a ll and on. us,"g SWllch S 4
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6.3.2. Construction

The CirCUlI g,ven 10 Figure 9 can be accommodated on two 120 mm a t OO mm l/Hoe PC
boards designated OK 1 OF 039 and 040 These afe alllO Single-coated and can also be pro 
vioec w ll h 3 1-pln connectors

Th e ccmpooent rcceucn plans are g'ven In Figur. 10 and Figure 11 TranSl!ltors T 5. T6 and
T 7 are mou nted on a common heal SInk 0 1 app ro . 95 mm a 25 mm wllh large cooling l ,ns
(do not l orget the mica Insulat ion 'I No soc ketl are p rOYlded lor th e thr ee relays. • rece they
can be d ltecll y soldered 1010 place II the appropriate ho les are drilled out 10 appro srmatety
22 mm ,

6.3.3. Components

T t . T 2
T 3. T 9
T 4. T 8
T 5. T 7
T6

BSX 46 or 2 N 2219 or "mllar (TO 51 NPN
BCY 59 or 2 N 2222 or "m,lar (TO 18) NPN
Be 160 or 2 N 2905 or Similar (TO 5) PNP
BO 675 or Slm,la r (NPN·Oarlmolon) SOT 32
BD 676 Of Slm,lar (pNP·Dar lingIOnj SOT 32

f ill 10 ' PC-bo.rd DK 1 Of 039
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I 1 · 14

01 ,0 2,0 5
03,04
06:

LED 1. 2;
LED3 ;

Rei 1·3 ;

TBA 22 1 B or 74 1 CN

1 N 4002 or Slmtlar (30 V, 1 Al
BZX 97/C 16 or other 16 V zener d iode
SZX 97/C 6 V 2 or other 6 2 II zener di ode

eg LD 57 (green )
e g lD 52 (red)

II 23 100· II 72 13 · F l04 tSlemensl

Tr : Power transformer, pr imary 220 V. sec . 2 • 12 II at 2 A each :
SUi table lor mounting on the PC-board TR 6512

Trimmer resistors ' l or ncnecntet mou nting. spaCing 10/5 mm

47 nF capacitors parallel 0 t , 02: min . 100 II - (plastic 10111
All other 42 nF cececncrs : cerarmc disk types 30 V _

EIe<:trolyt lcs47IlF . tantalum dr op type. 10 11 _
Electrolyt lcS 100 IlF / 25 II and 220 IlF 1 10 II verti cal mounting , cyli ndrical. spaclnO 5 mm
Electrolytlcs 470 IlF 125 II. 40 II ' AluminIum tubular capacitors. "Ial. spaClno 35 mm

r - - - - ------ ---- - - -- - - - -- ,

,
~ -- - - - -- - - - - - - - - - - -- --~

o

•
e

o
220V

o

e

•
•

0

e

o 12v

o

o

o

-n~
,, - - --------,i,L c R'~3 '
:T oo0,'- ..J

',,5,,----------,

§*[+.R'~ l ' j
Z! I I
- : 0 0 0 :L. ...J

r-- ------ --,

1+ 0~~ 2 ~ i, ,
: 0 0 0 :"- ..J

o
".•" . •.'.•
'" •.r e

•". •is e
••••

1 ~ 0

•n e
•ne
•

" •,.
••• •Jo
•'.o OK 1OF ,_, o

Fig . 11: PC-~td OK 1 OF lMO
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6.4. Ali gnment of Ih e Conl rol Unit

Fir sUy place SWIlch 5 1 10 the _internal. posllton and 52 to . manual. Al ter sw,lch,ng on the
unit (5 4), I lrsl ly che<:k the stabilized vol tages 01 1; 1511 and + 5 v The connected rotator
sho uld be ccntrcnacre uSing 53. II the overload protecnce 15 actua ted, A 3 (module 039)
should then be adjusted 10 the ground {tutlv clockwise) stop,

II the hIgh accura cy 01 the system IS to be ullllzed to the l ull . n is advisable lor a digi tal volt
me ter 10 be available lo r alignment of the OI A conver ter. It should then be con nected to pin 1
01 modu le 038. and the rererence voltage set to e)(actly 10 II with the aid 01 R 5 The numeri
cal ewucnee should be sel to .000. and lhe Voltmeter connected to the outpu t 01 the crrc uu.
p in 31. The reading is set 10 zero (1; 10 mil are sulliclently accurate) with the aid of R 4 Al ler
ttns .•300_ should be set and the output voltage adjus ted 10 e)(aclly 6 11 with the aid 01 R 1.
R 2 to 1,8 V at .90. , and R 3 to 180 mil at .009- with the aid 01 R 3, This means that the O/A
co nver te r is comple tely aligned ; at a setllng of -360- . a voltage 01 exactly 7,20 V should be

prese nt et the ou tput.

Resis tor R 1 of mod ule 039 is adjustlKl so thaI a vollage 017.18 V can be measured at pin 6, II
a digital voltme ter is no t available. It is possible to set . 359. on the nume rIcal swi tches and
for th e voltage diff erence between pin 6 and pin 7 {039} to be aligned to zero. In this case . a
me ter in the vol tage range 01 0,5 V will be sull tclently accurate.

The pr ogramming is now made in any di rec tion. and 52 placed to the .d,gl tal . POSItio n. The
ro tato r should now run to the required ccsmcn and stop, ReSistor R 2 (039) IS now adj usted
so th at osc illation Just stops, A 3 is now adiuste<! so Ihat the overload protection jus t does
no t ac tu ate during norm al ope ratio n. These two tast alignments shoul d. however. oc r be
mad e until the antenna construction is com pleted.

6.5. Directi on Indicat ion

Alt hough the prevrouslv described system allows a correct operation of the rot ator. one
usually requ ires an optical indication 01 the actual anten na direction. 0 1 course. 11 is possible
to use the mOVing-co il meter 01 the Oflg lnal con trol Uni t. However. a more eleg ant and clear
Indicatio n can be made In the ter m 01 a com pass WIth Nort h at the top. East to the righ t and
so on, Such an indication uSin g 16 lig ht-emitt ing diodes In a circular arra y is now to be
descr ibed

As can be seen in Flg ur. 12, l he voltage proportional to the angle is taken Irom the ccrenno
me ter 01 th e rotal or and fed via connectton 4 and a variable divider (R 2 I R 4) to amplilier I 1
to cbtam the cor rec t level. The whole LED driver crrcuu IS accommodated In 12; when Ihe
ccotrcr voltage at pin 11 Increases. the lig ht-emitting diodes 01 to 0 16 will light up rn
sequence (With som e overtap). The previously menncnee -eterence voltage 01 the O/A·con
verter IS used as reference voltage (pin 12 and 13), The operating voltage lor the light ·
em lltmg diodes is taken trom 0 5 (039). and need not be stabilized

R 3 is a phot o resistor and has the task. 01 matching the LEO-currenl (and thus thei r bright·
ness) to the ambient light condl tlo ns. II this IS no t rec ut-eo. R 3 can be recrecec by a bridge

A BO mm )( 65 mm ec -ecere has been developed lor accommodation ot Ihe LED-ind icel or,
Th is boa rd has been designated OK 1 OF 041 and is smgle-coated The component loca tions
are giv en in Figu re 13 The light·emlltmg diodes 0 1 to 0 16 as well as Ihe photo resistor are
mo un le d on the conductor side o f the board. and 0 1 IS at the top (North) ,
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6.S.1. Com ponent .

Fig . 12:
Oir, c lion.1 Indie. lion
u,lng HI IIll hl 
, mi ttl ng dlo d'.

Fill . 13:
PC-bo, rd
OK 1 OF 041

11:
12:
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TBA 221 B or 741 CN
UAA 170 (Siemens)
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o 1 • 0 16

R 3

eg LO 32 (redl or LO 37 (green)

Photo reSistor APY 60 or APY 61

Trimmer resis tors. lor nc m c ntat mounhng, spacing 10/5 mm

47 nF eececncrs ceram.c dIsks Ii;; 30 V

The align ment 01 the indicator module IS SImple Aller connecting II to the rest 01 the unit, I
drrecucn 01 45 is selec ted (-045-1 and A I adjus ted 10 that 03 hgh ls All er tne. 315 II pro
grammed and R 2 aligned so that D 15 IIghtl Both steps should be repealed severl t limes
since th e adj ustmen ts inleract II should be noted Ihat D 16 Will light up at angles jus t below
360" and t here Wilt be no tranSItion from D 16 to D I

7. OPERATION TOGETHER WITH AN ELEVATION ROTATOR

II tne described control unit II to be used In coruuncnon with an elevallon rolator (eg
KR 500) , II IS adVisable to ma ke a lew modll,cat,ons Since tne rotahon Ingle o t such an
ele vation rot ator only amounts to 180 . the highest valency bi t 01 the da la Inputs wil l no t be

requlled T 1 and the adjacent resistors (Figure 7) can tneretc re be deleted In order 10 cbtam
the lu ll cutcu t vol tage o f the D/ A-conver ter 01 72 V, R 6 should be Increased to 39 kU . No
lurther modlhcatlons are required

II IS. Of course. possible for all 16 hghHtmllllng crocea tc be mounted In a eeeu-cucte (180")
With D 1 and D 16 horilontal How ever. II the PC-board IS to be used . It 15 poSSible l or only
01 10 D 9 to be provided . and for 0 10 10 0 te tc be dele ted A 4 (Figure 12) can be replaced
by a bridge. The alignment II made In the same manner as desc ribed
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8. FINAL NOTES

Not every amateur is mteeesrec In satell ite communication. automatic traCking or EME
comm uni cations. Although the descr ibed ce ntro! umt IS espeCially designed tor these eppu
canons together w ll h lhe co mputer system under devel opment (1), tne author 'eels lhal th iS
sys tem .s also able to 'uUdl o ther requirements For ins tance. II should be pOS!lIble to adluSI
the antenna direc tion automatically to the requtred di recti on dUfing shor twave commum
cation by JUSI en ter ing the pre li ll 0' the reqUired sl atIon . For VHF/UHF application , il IS
possrbte to ente r the QTH-Iocator 0 ' the partner station 10 set the direc tion 0 1 Ihe an tenn a.
and pOSSibly also cetem Ihe distance to thaI station Whether ttns can be realized In crecuce.
depend s on the ellperts In thiS I,eld
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USING 3 • SILICON SOLAR CELLS FOR CONSTRUCTION
OF SOLAR BATIERIES FOR PORTABLE OPERATION

After readmg about Dl 2 AM . operatio n 01 h,s portable slal,on trom sotar cent dur ing the

Bavarian Mounta,n Field Dav tB9T). II .....as thought thaI 'I would be 01 '" 'fires' to study these
components In more de tail

The tech n ical details are based on "ltcon cells manufactured by Siemens. and were published
In tho Siemens Components Repon No , 17 (1979). ed it ion 2

SIlicon SOI.r cell. are IUIlable lor Ine eeeeteucnc n 01 solar ballefln lhal allow ceect eon 
vere.cn 0 1 sunlight into erecmcer energy. The basic malltrl.1 01 these solar ce lli li P-doped.
meno-crye tenne silicon . wh ICh rece.ve, I N·conducllve layer w,lh Ihe a,d of a dl ltusion pr o 

cess , This technology aUows a h,gh ,es,slance to dama ge. caused by high-en ergy part ic les

such as ele ctrons and prolons

The operating VOl tage 01 a solar cell 'S Independent 01 the area and amounlS to a ma.umum
01 app roltl malely 0.5 V The generaled curten l is, however . dependent on tne surlace area 01
the solar Cell. Light intenSity determines both magnitUdes 'rne n.gher Ine ambient tempe
rature. Ihe lower Will be Ihe voltage.

Sola r cells are provided With tinned contac t surta ces on the back and Ir ont mat allow a
reli able eou -scroee connection 10 be made , The soldering lemperature should nOI exceed
22O"C (10 s) .

Acco rd ing to the reqUired current. e,lher ro und d.sk' 01 3 Inch In dlamel er (SFH 120). hall
d,sks t5FH 121) or quarter disks (SFH 122) are uMd The charaCletl81rC spac.flcal lons are
gIVen in the tables and diagrams,

5 100 I. 1.1 ce
,i\ SfH 120

A
SFH 120 A SFH 121

SFH 121
80 SFH 122 10 01

"
AMI AM '08 "60

05 A"'1 OJ
0,5.1."'1

50 ::\'"
'" "\20

" 01

•
0 0 0'I" 600 800 lOOOnml1OO o 01 OJ 05 V 07 o 01 OJ 05 V 01--- , U. "Fig. 1; Fig 2, FIg,3 :

F1 a l" lva s pecl ral T~pica l Olllpll' T,plcal OlllpIII
••nllllv'l~ 5,,1 cha,aclerlille lo r cfla ' l clerl . lIe 10•
a. a IlIncllon a SFH 120 • SFH 121
01 .... IWlI.ng'h " 'ft f lUpl, plt."'lle,

11..,." n,.loon ""nlllfl e a
' 00 "'WIC"" AM I
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AMI

I. 05 ---__ SfH 122

•
01'

01

~~
o 01 03 05 V 0 1

u,

Fig. 4,
T~p le l l output
e hiriellrli lle
lo r I SFH 122

Speclllc. tlon. ' ) SFH 120, SFH 121, SFH 122 rru ; + 25 C)

SFH 120 SFH 121 SFH 122

Shor t-cucurt current I 1120 558 290 mA
Non-toed voltage U"' 580 570 570 mV
Phot o current at Ip 1050 ". 260 mA
UOU I . 400 mV lii:1020) 1il:520) 1il:770)

CD ,,)"DI

" D-"
I- I I I

t "J ."- . 38 -
Drrnensrons In mm

+OJ

-"

0) The cneeectsnsuc spec,l, ca l lons were measured wolh sun .
Iigh l haVing an IlIumlnaloon strength o t 100 mW/ cm J ; t OO mWJ
cmJ

• AM 1 tAor Mass One ). Al AM 1. the sun will be 90 wolh
respec t 10 the nc nzon j i e In ItS Zen,lh )

SOLA R PANEL SFH 120·36

The solar panel SFH 120·36 co mprises 36 round SOlar ce lls type SFH 120 connected In sefles
In order to protect them again st envrrcnment a! ettecrs and lor eas~ handlin g, they have been
mounted on an aluminium trame. whiCh is provided with a transparenl pr otec tive pteeuc
cove r on the sun Side , and hermetically sealed. The space In between Ihe ptasnc pl ate and
solar cells is l ill ed with a transparent ptastrc malerial

The pasSilied alumin ium Ir amew ork ensures met the in lr lnsic heal 01 lhe solar cell s rema in s
low. mus making il possible lo r the panel to be used even at hi gher ambient ternoer eturee
Several panels can be combined to term larger solar bettenes. The etable w,r lng allows
simple interconnecti on . A built · ln protective diode ensures thai a connec ted accomcre tor
canno t di scharge nsen via the panel.

The solar panel mus t undergo a temperature change. hum ido'V and sart-weter test , as well as
a wind tes l beto re leaving the fac tory. The most impo rtant specnrcenone are given in the
lollowing tables and diagr ams
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I. 1.4 "10- 1(u.l So.....n. I. io- HUo) S.."'.n,AA E. -P.umel.. Sf H 120 _36
j "

r - P.,.mel.. SfH 120. 136

" I , ,- 15 9'11
E. - 100m'll t m , . - B6W p58V l

10 10
P2 6VI

08 08 P", • - H '/./
(lI2 V)

E" - !lO",W em' "
-· we

"
E. - 3511' 1'1 t m .. ' - O"C..

0.1 ~ 0.1
f - 1(1 11''11 em - • 6O"C

0 0
0 1 A , , • 11 14 16 18 20 22 V24 0 1 • , , 10 11 14 16 • 20 22. 24

--- '" -- - U.

Mosl Importlnl Ipec:lIiC:llion l 01 l oll r plnll SFH 120-36

Limit spec,l,cat,ons

Ambient temperat ure range T - 30 bi l + BO 'C
Sto rage temperature range To< - 30 bil + BO"C

Spec llications ") (T -- " 25 Cl

Secn-crrcu.t current I"
1100 mA

Non-load vollage U"'
20V

Ou tpu t cu rrent Ip
1050 mA

IUout 15 8 Vj 15 W
Ou tpu t power Pout

(Uout 158 VI + 90 jlA/ K
Temperature cce tncren t 01 'o TC,p
Temperature coell,c,enl 01Up TCup - 7S mVlK

WelQht G ... 4 kg

D,menslons 560 mm ~ 480 mm • 13 mm

"Die Kenndaten wu rden bel Sonnenlic:hl m il elnlr Belulhlungl '
IUi rkl yon 100 mW/ c:mJermi "el!; 100 mW/ em J,Q AM 1; AM 1 ..
Air Milt One. eel AM 1 Ilehl die Sonne 90" ube r dem Horizonl ,
d.h . lm Zenll.

") The spec! flCallons were delerm lned with sunlight hiVing an Illuminat ion Sl reng l h 01
100 mW /cm' ; 100 mW/cm' ,Q AM t . AI AM I , the sun is 90" with respect to the noeuon ,
'e. on 115 zemth .
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MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 4/1979 01 VHF COMMUNICATIONS

OM 140,

OM 44 

OM 24'.-

Ed.4/1i 78

OM 11.-
OM 7._

OM 14.-

OM 62.-

OM 155,-

OM 51.-

OM :lIS .-

Ed.4I1 i 78

OM 15.-
OM 24.-

OM ,.-
OM 22,-
OM '4._

OM 15.-
OM 15.-

OM 3ll -

OM 10.
OM 38.
OM 5.

OM 52.-

Single-coal ed. undrl lle<l. With plan
16 LED'. , 1 phOlo-resiSlor . 2 Ie.
~ Ir lmmer eot.. 12 reslslors. 2 ceramIc caps

with above part.

OK t OF 038

OK 1 OF 03.

OL e MH 003

PC-board
sem icondu ctors
Mmlkll

10 GHI TRANSCEIVER
POWER SUPPLY, MODULATOR, DOT·GENERATOR

DL 6 MH003 " " gle -co a led with plan
DL 6 MH 003 3 lC"s, 1 diode
DL6 MH003 3 trimmer cct.. 6 f. ' lll ors . 2 plash e 1011. ,

2 ceram ic ceoe.. 6 tantalum e lectr olyliCI

Microwave eev DL 6 MH 003 1 Gunn -Olocle DOB 6844 A (15 mW)
l1N 23F.

Metal and ptesuc pie ce. cuI and drilled 8' shown In Figures 4 and 5
inc lud ing waveguide. but wIthout liang.
Flange 3 pie<:es lor waveguiDe R 100

Kit DL ' MH 003 comple te with a bo.,. part s

OK 1 OF 034-041 PROGRAMMABLE DIGITAL ROTATOR CONTROLLER

1. DIGITAL /ANALOG ·CONVERTER

PC·bOard OK 1 OF 038 aingle-coa led. undfltled, With pten
seeucc oooctcre OK 1 OF 038 11 transistor. , 7 IC's, 1 zener e.cee
Mlnikil OK 1OF 038 5 trimmer pol .• 10 melal·layer resislor• .

40 carbon resistors. 9 ceramiCcap• .,
1 lanlalum eleclrolytics

one 31 ptn connecl or sel

with above parts

2, CONTROL AMPL . SWITCHING CIRCUIT. POWER SUPPLY

PC·board OK 1 OF 039 Single-coaled. cecrrnee. With plan
PC·board OK 1 OF 040 single-coated. undrltled. With plan
SemiconduCIOrs OK 1 OF 39/ 40 9 IranSlslor• . 4 IC·• . 7 diodes.

3 zeeer diOdes, 3 LED·.
M lmkit OK 1OF 39/40 31rlmmer pol " 35 carbon resISlor • . 5 power

reslslors. .. lOll cece.. 5 ceramiC caps.•
2 lanlalum and 7 eru. eleclro lytIC• . 1 unpolecl
cap .• 3 relay• . 1 power Iransformer

ConneCIOrs OK 1OF 39/40 (W O 31 pin connector sets

Kit OK 1 OF 3"40 with above parts

3. OIRECTlONAllNOICATOR

PC·board OK 1OF 04 1
Semiconduct ors OK 1OF 04 1
Mlnlk ll OK 1 OF 041

KII OK 1 OF 041

Connectors

••
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4. CASE AND CONTROl.S

Case OK 1OF 38-41 comprising 1 plug-in. undrilled. 150 mm wide.
Ironl ·panei alu ,. stde and rear panel s nickel _
plated al"l . Wllh orange-COloured msert

Cont ro ls OK 1 OF 38-41 3 thumb -wh" I Swllches, 10 dlodea.
3 min iatur e loggle SWitches. 1 a-cee I WIICh,
1 13-pln connector set (BCQ-lnpu l)

Kit 01< 1 OF cna wlln abon parta

Complat e kits tof programmabla DigItal Rotator Contro lla r
com pla ta with an part s 01< 1 OF 039 - 041

OM 79.-

OM 89 

0M 168._

OM 540.-

DC 3 NT

PC-board
Semiconductors
Mlo llu t 1

Kit

DB2GM

METEOSAT VHF RECEIVER 10' 131.5 MHz

DC 3 NT 003 Iingle -coa leo , With plan
OC 3 NT 003 10 Ir ana.ators, 5 diodel. I LEO, 5 ICI
DC3 NT 003 11 ready-wound coill With ac.eenmg canl.

1 mlnialu re cho ke. 1 crystal hl te. , 1 crystal

DC3 NT 003 2 Irl mmer polS., 52 reststors. t2 cerami C caps
With lOw TC. 7 styro Ue.. caps .. 9 plaSllc -loll
caps , 24 ceramiC bypass caps " 3 tantalum
and 3 alu electrolyllcs

DC 3 NT 003 compla'a wllh aboya part.

SINGLE -STAGE 15 W LI NEAR AMPLIF IER

lor ''''' MHz with RF-VOX

Ed.4/ 1t19

OM 1650
OM 68 .-

OM 95.-

OM 46 
OM 220.-

Ed.4 f1878

PC-board
Semiconductors

Kit

DB 2 OM 00 1
DB 2 OM 001

OB 2 GM OOl

DB2GMOO1

DB 2 GM 001

a,ngle-coaled. Wll h plan
one each B 25-12. BC 413. Be 415.
1 N 4001 and Ihree 1 N 4151

2 pI. foil trimmers. 2 atrspaced Irlmmers.
8 ceramic ceos .. 1 tantalum , 1 alu erectrc 
lytiC and 3 bypass caps . 5 reSistors. 1 11"
hole lemte ctwke

1 metal case. 2 BNC-conn., 3 miniature
relays. 1 hea l-amk

compla 'a with abo Y. parts

OM 15,-

OM 59-

OM 24 _

OM 62.

OM 151.-

Verlag UKW.BERICHTE, H. Dohlus oHG
JahnslraBe 14 - 0 -8523 BAI ERSOORF

W est-Germany ' Telephon e (0 9191)9157 or (0 91 33) 855 , 856

Bank accoun ta: POII scheck Nurnberg 30455-858 Comme.zbank Ertangen 820-1154
Sladl sparkasse Er langen 5-001 451 RSlllelisenbank Erlangen 410,080
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Professional Weather Satellite Reception Systems
We otte r a complete system 01 jnexpenSlve modules lo r professional eppnceuons. These life

01 special interest lor meleological ctuces al smaller airports, lor harbour and Similar appli 
ca tions. They are also suitab le for mstrucucn at uni versities. and sctennuc insti tutes. A
nu mber 01 image prOCtlSSlng syslems and receivers are lIvallable 10 sui! the application In
questio n , Equipment is available. o r under development lor:

• The METEOSAT and GOES/O MS saleflilesl" Geostationary arbil , or
• The NOAA and TIROS M satelli tes in polar orbits (136 • 136 MHz),

METEOSAT : ='"

METEOSAT =:-_

I ;f::J O J. ,\•

•

•

VIDEO PROCESSOR;
Monitor tube and
Polaroid camera

Techn Ica l spec lf lc. lIona al th a bu le METEOSAT ayala m :

PARABO LIC ANTENNA:
1,2 m die " 24 dB gain

SHF-CO NVERTER:
2·s lage low-noise
preampli fier
With no ise figure 3 dB

VHF· RECEIVER :
NOise figure 2 dB
AF-band wldth :
800 - 4000 Hz
suecemer output
2.4 kHz /1 V

WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

I it-.." i-• I
I 0...-""....

• I JI- c- -- I, . I -,
,. ~ •

=
0,5r0l1r· Al1t ' l1l1r

• Frequency'arlge

• Gam
• ImpedarlCe
• Power ,a ll"'il
• Pol.us. ll on
• Connect ion
• VSWR
• Weight
• DimenSi on s
• Malerlll
• Mount .ng

eo • 0(80 MHZ
3 0(dB / ~/"

"""500W
verncar
SO 239 scc eer In the head
c 1 !1 1

'"Height 1 00m I Ollmele, 1 30m
Aluminium
Antenn a head •• put on to a 32 mm (1" ·J
dla mast arld M CUfSd bV • acre....

V SWR

UKW·TEC HNIK 1 UKW-BERI CHTE . H. n, DOHLUS oHG . 0 ·8523 B A I E R S D 0 R f .
Po , ffa c h 80 • J ann 'lr. 14 . Te •• Ie n (09 133) 855 -t 856 IAnrufb..nlworter ) . Te .... : 629681
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ANTENNA ROTATING SYSTEMS

M'
'000

•

S PECIF ICATIONS

Tppe 0 1 A OUItof .. ... .. ... ..- 'U. looo AIiIT 1000

eo.. "" ... .. ".. "" ..
~".g'or~ .. ,.. ,.. "" "50 - -,
8'.... Io'q..- "'" ... ,.. '''''' ,... - -,Ao,.,lOft lorque .. .. '" ,.. "" - -,
",.,d•• _ M ·" M_" .,

" M " .. ." mm
SPRd ll .... . .. .. .. .. .. •
Aot.lo(JftMQIII "" "" "" "" '"ConI'oI e-t>'- • • • , • ........
""*'- 11O .1eo ~ 110 . leo ;: :M~. m .. ~2$. ~ ~ .eo • lOll • mm
Weog'" .. .. " '" ,to .,
Yolo< yotl~ " " " " " v
l,,,. wollao- mV /!IO Hl noV /!IO Hl 'llOV /!loO H, noV /!lO HI no V /!lO HI

" .. ,., '" "'" "
' ll~pm ' i el ,.",

Getting re.dy tor OSCAR 9 ?
Then you need the V.rtk:el Rotor KR 500

EspeclaUy ~ne<l tOl vertIcal 1,1l'ng
0 1antlffinas lor EME. OSCAR etc

T,po
Load
Brake tcrcce
Rol atlon torque
Har iz lube d,am
Mast diameter
Speed ( 1 rev _I
Rolahon angle
Conlrol cable
line vollage
Welghl

KR 500
ca 250 kg
191 Nm 'J
40 Nm ' )

32· 43 mm
38 ·63mm

74.
180 C. 5 I

6 wIre.
220 V/!lO HI 30 VA

.. 5 kg

UKW·TECHNIK I UKW ·BERICHTE . Han l DOHLUS oHG . 0 -1523 B A I E A 5 0 0 A f
POldech 10 · J .hn,lr. 14 · Tel.lon (091331 ISS + .58 IAnrvfbe a nt_ on o ') • T.~. : &:19881



I. ,,~ CRY STAL FILTER S OSCILLATOR CRY S TALS

~)J) SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

A L

CW-FILTER F 9 b see table

I SWITCHABLE SSB FILTERS
for a fix ed carrier frequency of 9,000 MHz

XF 9 01 F-9B 02
8998,5 kHz for LSB 9001,5 kHz for USB

See XF-9B for all other specifications
The carrier crystal XF 900 is provided

Filler Type XF-9 A I xr-se xF·9C I xF·90 xF·ge XF-9NB

App lication 556 556 AM AM FM ew
Transmit

Num ber 01 crystals 5 6 6 6 • •
3 dB bandWidth 2 4 kHz 23 kHz 36kHz .. 8 kHz ' 1 5 kHz 0" kHz

6 dB band wid th 25kHz 2 4 kHz 375 kHz 5.0 kHz 120kHz 05 kHz

Ripple < 1 dB < 2dS < ace < ace < ace <05d8

insernon 1058 c JdS < 35d8 < 3 5 d8 < 35d8 < 35d8 < 6 5 d8

1 500 0 500 0 500 0 500 0 ' 200 0 500 0
Term,nahon

C, Ja pF JOpF JOpF JO pF JOpF 30"-- •
(650cl8) 1 7 (660d8) I B (6 6QdS} 1 8 re 6O(8) 1 B (6 6O(8) r e (6 6O(8) 2 2

Shape teeter
(6 BOdSl 2 2 (6 8Od8) 2 2 t6 80 dB12 2 (680d8) 2 2 (6.80d81 4.0

Ultimate reje ct-on > 45 d8 I > 100d8 > tcoee > 100d8 > 90 d8 > 90 d8

XF·9A and XF·9B complete w Ith XF 901. XF 902
XF·9NB complete wIth XF 903

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH ~1P
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