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• SSB on the 10 GHz Band

Part 1: Generation of the
Local Oscillator Frequency

by H. FI.ckn... . DC • UG and
Q . 86,., DB 1 PM

This ttlre.pert arue.. Introd uc., an SSB
' yl tem tOf I'le 3 em tt.nd haYing • " "'1
Inwrma dil ia trwqueMy In 1M 23 em tNnd.

P." 1 or .,. article Is 10 deKrtbe ttle
generation of ItIe local olem,tof trl·
q~y. P." 2 cMKr1be1 ttl • • n~ukf.
modul,., .udI •• ltanICetY, and rK......

1911..,., . ' ¥egUtda ,wttch and "n,r.
FlIlIIIIy, P." 3 will cMlCr1be mocllncaUonl
for ..lrlOUI dl~nl Int.rmedlate '~.n.

el......111 .1 deecrlblng • nncl ata tlon
and dlscu• • lng the 1.,..rllncl galnld
ul lng Ih. ayat.m.

Flgur.. t and 2 Ihow two lOw-powet SSB
JySlem• • (30 mW) Ih.lt .... INInIy dMtgned
lor portable q>eralJOn . The syltem thown
in F~u'. 1 .......~ujde I Wltch tNt
leeds the o.c::lIlator lignal 10 1M ~ve

mi"lr in the receive mode using I shun... .
The ucond design UNt • ,t,afghHhrough
mi •., ,imilar to thai uNd in tnt Gunn
OSCillator technology 11). The IndIvidual
modul" can snu be liNd whan '.'*'ldec:l
wi lh pr••mpli 'ier and power ampUIIef , or
Iven when using • dlHerent fnlermedia'a
frequency. The photograph on the Iront
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fig . 2;
A 10 QH. sse
1,lnlwertl' with
through-Une ml.lr

DC8UGIOB1 PM

cover 01 th ll magazine sno ws Ihe comple 'e
sys lem.

" GENERATION OF THE LOCAL OSCIL·
LATOR FREQUENCY

As can be seen in the block diagra m givan
in Figure t , the l ubha rmonic tranlmit
mixer mUlt be provided wilh a loca l oscilla
tor Irequen cy 012268 MHz, Thil local OKU
tate r li gna l is obtained by Irequency multi
plicat ion 01a crystal oscillator Irequency 01
94.5000 MHz. Tnll II obtaine<l ul ing Ihe
lollowing modulel: Cryalll OlclUator wilh
oven , 378 MHz multiplier, ampllf.er , and Ire
quency multIplier (x 61.

1.1. CryltalOlemetor

SSB-ope ralion in the 10 GHz ban d requires
an extremely " able loca l olcillato r Ire
quency lor the Ill'It mlxerl , il the advantage
01 thll technology With respe ct to wideband
systems Is to be uillized to the lull. When
using a first IF 01 1296 MHz, it il possi ble
to use a crystal·co ntrolled I(equen cy 01
94.5 MHz and 10 multiply thll 96 M'I8s 10
9072 MHz In a Ireq uency multiplier chain.
Due to Ihe high multiplication lactor, Ihr..
I,a bility demands are placed on Ihe crys,al
osc illa to r:

• Long -term Itability
• Short-term Itabllity
• Mechanical l Iability.

The long -term ' lability determines the
accuracy 01 the lignal lrequency and can
be Improved by uling an aged crystal WIth
better temperature charlcterilllCI Ihan the
crystall usua lly used lor I mateur appll
catlonl.

In order 10 minimize the ellec tl 01 external
tempe ratur", the olCllialor should at least
be inlulated thermally (cOld-crystal oven)

The sno rt-te rm Itability, al well al lide
band and phase nOIN are mainly
determ ined by selec tion 01 the oscillator
circuit al WU Ihown in (2). At high Ire·
quency multiplicat ion lactors, it II neces
sa ry lor an oscHletor to be use d that hll a
very low lideba nd noiM level per Hz of
bandw idth , Olhe"",i.. the receive mi.er can
be blanketed already by lig nall adjacent to
Ihe rece ive lrequency within the receIve
bandw idth . TWO-Itage OSClliatorl operate In
class A eqUipPed with high-cur rent FETI
that proved lD be very salillactory. Valuel
01 up to - l65 d B/Hz have been reached at
a ca m er Irequency lpaClr'Ig 01 tOO kHz,
Even a li ngle-ttage P 8000 overtone cryll.,
cecmatcr II wal uMd in (3) il . ble to
achieve. lideba nd noise 01 c - 160 dB/Hz
al > 100 kHz carrier lpaclng . Thll means
Ihat it il also l uilable lor I..dlng a tre
quency mult iplier chain, and la 10 be used
in Ihe author's prototypel

The circ uit diagrsm, and a Imall PC·board
(DC8 UG 0(4) lor conltructmg thll ole II·
tate r. are given in Flgur.. 3 a nd 4.

.., ' O..H 10..M In
H -- .I O'\II' ~~.., "' P' I

" ~10k

P8oo0 ~
8000 ~

'" ", -....
" r~8UG i,..

no '"
~ OB' PM ,- ~Fig. 3: Clreult dlagr. m 01. Iow·nolll

~elYltat osclUator
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1.1.1. Components tot Ihe Crysta'
Oaellllltor

2 powe,-FET P 8000 Of IUbMque nl type
Minialur. chok.. lor 15 mm spacing:
2 x 10 ltH {value uncrilical), 1 .. 2.2 11H

L 1; 5 tum. or 1 mm dl'. Ill....,.
pa.ted eopper W I,.. wound on
.5 mm coil former wIth
VHF-eora

L 2: • tum• • OI~I" .1 L 1

Lp • l /w'Ca provides appro• . 0.5 I4H 10
gelher wllh Co • 8 pF: .ppro... . 18 turn. 01
0.3 mm dia. .,..,..rled copper w ire wound
on. 10 kQ res4tOf01 3 mm dll

Crystal : 94.5(OXI MHz WIth Co • 6 pF;
HC-6tU or HC-181U

Allgnmenl accuracy:
~ .t: 5 .. 10'" al 2O"C

Temperllur. rMPC)nse:
:Ii :. 10. 10" between - 20 and + 7O"C.

In OtWr 10 avokI ml(;~.ca, (mecNnj.
e.t llabillty). It ..~ 10 mount lhe
OKillator board in t\lbCer in I ~ strong
cue. Thl, caM alao ........ AI • cold crystal
oven. FlgUfti 5 g"'" lhe dlmeo, IOnt 01 lhe
case uNd by the author and 'a 100 mm in



'Ig. f : Ph ol ogr. ph ol lhl OK III. lor bo.rd moun l.d 10 Ih. Ild ollh. co ld Ihl rmolill

•

diameter and has beln lathed ', om Dural.
However, thi s is only one 01man y pou iblli
l ies, and Is thu ' not 10 be dascribed In da
la il he ra. The lha.pe 01 the oscill ator board
can also be mada to sui! the case to be
used . ComPQl"*'l ts a,. moun ted on the
ground , ide 01 the board, and the board it·
self Is then filled to Iha cover wh ich should

be provided with feed-thr ough a lor YOlt' oe
and RF (see Flgu,. f) .

"'"ention should be paid th, t no nolM
generating zener diodes in Ihe stabili zing
circui t of the power &upply will deteriorate
the Iideband noiM valve 01 lhe oscillator.

'1g. 1: PhOlog"p/'I of Ih. 311 "HI multlpill' co ns ll'UC1" on PC·boanl DC S UO 001

•-"

1"



At.•; A ~........, tot.1l1 " HI
(' d81.1 WI

1. miNd of tiling the crys~l. the QlCII·
"lor signal Is coupled to the b... 01 T 1.
ueing a 10 pF Inmrner.

2. TnmrMl' C 1 is ~aotd by a 1 nF-e.apt .
Cltor.

3. A 270 0 ~or Is soId«ecl in perWlet to
AFC 2 '" oro. to avoed peralMtnc QlCIl·
~loOn

With the allOlPttOtl 0' trilL the boI!rd can
be constrvc:1ed ISnd al.gnecl as described In
(04) Figure 7 IhOwI • photograph of e...
module.

TM author (OCII UG) UMI a bu"ered NtCd
banery and operat" IN otelllator eeen
nuously so lNt no trsnsclent l ime Is r.
qUlred . which can amounl 10 a. much .. to
kHz per hou r al 10368MHz.

1.2. 37. MHz'~ency Munlpllar
DC. ua OO1

The 378 MHZ signal is ~ratad in module
DC8 UG 001 . The lol low lng mocMlcat lon.
are ,.qUlrad

•

1.3. 37. MHI: Arnptlhf

FIgure • shows the ClrCLllt diagram 0' lhl '
ampli 'jer ...hk;h Is eqUipped wll tl the crc
tran,istor C 3-12. thIS modula is COMtruCt·
ad on PC-board DC II ua 002 (") , and ttla
requ irad modi fication, ara given In Ag . t
The pro totype Is able to provide an ou tput
~ 01 moN rt\an 3 W at a gain 0' II dB

1.3,1, CompoMnts

T : C 3-12 (CTC)

All d 'll'l,nllons Ot, lnt., nol
Mot 05 -0ell'lll'l bro..

cs

"

COv.r

• t-t'~ P-3I • 2-•I OCJ,UG
n
- ,, ~

2(20 ·~ ·o.~ ) iT9j I "'"I ISII'III'IdoO

e 7
I Iw, n

ll.l4 2 fIIfl'ldlO
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C 1:

RFC 1:

RFC 2:

'"

1,4.1. Special Components

0 : OH 110 (Thomson-CSF)

given in Figure 11, The reasons lor multi
plying by 8 were discussed in (5). Tha
author's prototypes operate with a varactor
diode OH 110 manulactured by Thomson
CSF. The Irequency multiplier possesses
one idler errecn each lor the second and
fourth harmoni c, as well as a bandpass
titter at the output which suppresses the
subharmonics by more Ihan 25 dB, This
value Is satlslactory lor the transmit mixer.

The capa citive coupling Is venebte uSing
the thread of a BNC-socket for Sing le-hole
mount ing , This simpli fies the matching to
the subsequent reactance stage.

The elliclency was 'ound to be 20 to 24 %
In severer prototypes using comparable
diodes (5). The prototypes prOlilde an out
put power 010.7 W into 50 U when measur
ed selectillely lor an input drive 01 3 W, The
mult iplier is also suitable, without modifi
cation, to prollide the 2160 MHz signal lor
13 cm tranSlierters.

Figure 12 prollides the dimensions lor con
strucncn 01 the frequency multiplier and
shOws all required parts: Figure 13 shows
the photograph of an author's prototyPt!
constructed using simple means.

1.4, Frequ ency MullJpUer (x 151

A freQuency multiplier is use<! lor mult iply
ing the Input frequency 01378 MHz by 6 tc
2268 MHz. The cirCUit diagram 01 this Is

C3, C4:
C6:
C7, C8:
C9:

C2, C5:

Etched on DC 8 UG 002
Silver-plated copper wire ot
2 mm dla" bent as shown in
Figure 9

1.5 turns 01 0.4 mm dia.
enamelled copper wire led
through a 5 mm lerrire bead
Silver-plated copper wire 01
1.5 mm dla., bent as shown in
Figure 9
It I• • 1.0 advluble 10 u • • Ih ls
choke In the trlpler deecrtbed
In (oi l I

Air-spaced trimmer epprcx .
15 pF
Plastic loll trimmers , green
(approx. 20 pF)
Ceramic disk 330 pF
Tubular capacitor 100-560 pF
Tubuler trimmer, 6 pF (Philips)
2 ceramic disk cepacitors
01 1.5 pF in series

Figure 10 shows a photograph of the 378
MHz-amplifier before solder ing the cover
over the bandpass 1IIler.

L 1, L 2:
L 3, L 4:



FIg. 11:
Clfcwlt dl.or..,. of 1M-,J7'II22N "HI:

lJ(g1f~"~ ,
'T C6 t ll'1
.. l 6 C8 -

~~'f'

~ l3U

-- -
CI I I C3 ;:;fCL
50 ;:: ;::50 ~ lll 5

1I ; lr-+JYY\o' l2 n~ C2 _ l 4
60 oT
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L t . L 2:

L 3:

l'

L 5:

L B, L 7 .

C I ,
C3 ·C6:
C2

C7,

C 8,

Inpul:

Output :

2.5 tums 01 1 • 1.5 mm d,.
..1YltI'"..p'a ted cOPpet' wlr.
wound on a 6 mm lorm....
~t u required;
L 1 lap: 0.75 turn . ' rom
the Cold end .
L 2 as close-wound ai poulbla

2 mm die, ailVftr·pra led copper
w i.... 12 mm w id• • and 12 mm
high and as shown In FIG· 11

Brass or eopper atrip 01
tPPI'Ol. 0.5 mm th ick ,
22 • 5 mm.~red at ligh t
angles '0 L 5
as L4. bul onty 12.S mm
Brass tube 01 10 mm dla ,
24 mm long . Wllh • M of nul
-*'eted to~ and

Coet-amlC tubular trImmer
6 pF (Phi ltps)

P!.asl!C·10+1 tn mmer 6 pF, g...y
(Ptuh ps)

eopp., slnp (... P." 11 In
FIQ_12)
Brus draWlIig pm 01 (I mm d,• .
IOldered 10 t~ Inner eeeece
lor 01 11'1. BNC-conneclor
(Itlonefl the pin • • mu ch ••
possible I)

BNC-connec:tor wUh ll' nge

BNC-connector lor , lngle-no le
moun l ing

2. AUGNMEHT INSTRUCTlONS AND
MEASURED VALUES

Measuring equlpmMll :

Power : HP -43S and Bird .....allmeler
Thrullne 43

Spectr um: T5 1918 VPM 64 A, Polarad

2.1. Oscillator Module DC' UG004

The frequency of the oscillator should be
check~ with a treq'*'CY counler and
aJignecI 10 !tilt required lreq uency by ad·
justing l 1. The oeeiUalOl' should be check.
ed lor correc1 I)'ftChroniullOn. Normally.
Ihis po int is 10 be found )t4t bel~ ma:c.
mum oacUlatlOl"l• • nd appro.lmalely 1 kHz
below the nominal l,.quency I l 2 is align
ed for ms.imum. The 8 pF trimmer it now
aUgned to oblaln a HF-VOltagt of 1 Y (A 20
mW) on IN , . lerMI 50 Q terminating
mistor. wh iCh Ia toflowed by correc1l1''IiI l he
detuned d rcui t l1 . AI can be Men in
Figure , ... !tilt oscill. tOl' sPeCtrum is fr..
from unwanted rnonanciM doWn to 70 dB
It was not pclII,Ibla 10 meuura lhe noI..
sidebands .

2.2. 371 MHz Multiplier and Amplifier

The freq uency muillplier will provide 1 W
into 50 Q al • I purlOul rejeclion of
more than 40 dB ,... (4J1. The C3-12 .m·
phf..t will provide an OUlput power of 3 10
3.5 W at 13 V II 11'111 drive level . and will
also provide . spuri OUI and harmonic re
,ection 01 40 dB. Since the sign. ls .,. not
radia lad. but are PfOC.-d furth«. lhalr
spectrums a,. ...." lClent ly c"'" (Figu ,. 15).
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' 1". t4 : I~""" of lhe " .I MHz
ery,t.1 Glem,tor
V: 10 dl /e", ; H: :t " MH.I

fit. 11: IpectnIIoIet DM MHz
V: 10 d l /e"'; H: :t 10 MH.I

2.3. Frequeney Multiplier (z ' )

AUenhon Should ~ paid dunng lhe .lign.
menl 01 Ihis l requency multiplier lhal II il
no l .hgned 10 lhe fI"h harmonic inlleed 0 1
the l.lIlh. This I!'lould blt checked molt
favor.bly USIng • w~tllf or ~rum
analyzer ,

Flrwl ly . ttl. freQu«\Cy mu il lpller II connecl 
ed .nd driven w ll h the 378 M Hz SIgn.1.

138

Trrmmers C " C 2 and C 3 Ihould be al tgn
ed .It.rnately lor m&lIimum voltage drop
~rou polWltJ()nwt1lf R 2 . This II loIlowed
by fltIOnatlng the ou tput Circuli and Indl .
eating th . powIIf outpu l uSing • auillble
measur ing d....ice , II the id ler ci rcui ts are In
reson .nc. , thi s w ill inc ,.... the 'o'Ol lege
drop .cross R 2 considerably; the ou tput
power will be .Iso IncreaMd .t lhe same
lime.

The fin. ahgnment IS ~h...-.d by altgn .
menl of . 11 nnab.. capKltOf1 and mistor
R 2, and anen tlOfl IhOuId blt paid to lhe
in t.raclion 01 the id ler Circuits A mismatCh
01 Th. varacto, "'ge Will blt le.n imme.
diately as a wide no l.. spec trum thai Will
be audlbl. in a 13 em rKeiver. The cau..
01 Ih lS '1 ldUIlIy a mismalc"-d input
CU'CUIt. For ttlil reuon, all ltagfli thould ~
aligMd to 50 g belore inlerconnecling The
COWl' 01 the OUtpul circuIt ' Ilter .. lOldered
into place .fter ahgning C 7. As can ~
Men In FIgure 18. lhe l ina l output spec_
trum possesses a lpuriOus and harmonic ,
rejection 01 mor. than .-0 ea.
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Home-Made Parabolic Dishes
for Microwave Applications

by S. A. llho l. r, DL e MH

,

The ln ll , ••1 of rldk) ImIIleur, In m lero
WI'" technology l'1.li1 kM:,.••ed conMfer
ably In r.e.nt Urnes. For thl, ' • • aon. th .
author II to deKrtbe • almpla mlnn., of
constructing . mae"1 PIIr.~1c dl."
Inllnn.. tor the 10 GHl and 24 GHI
bo.....

It is tnJI Ih.lt hOm r'd"l~ . r••,mpler 10
CoraIJl,lCt, hOwever. they become too "rge
and unhandy when cons tructed lor high
.."tenn. gl.nl. ThIS ean be Men by com.,. ·
" son: A hOm rad'ltor lo r 10 GHl: With
app rOllimllely 25 dB gain PIn • length 01
app rOllima lll1y 60 em and an apertur. 01
25 em .. 19 em. In compa rison, I parabolic
dish 0 1 30 em diam.t8' already alth.b,lS I
Oain 01 27 dB I ' Ih i' freQuency end is con
sid e rably more 'avorab le both in ils dlmen
.ions, we ight , and t ransportability than I
hOm rad iator ,

Menuf. cture of Parabolic An'e"", .

0 1 Ihe many pOISibill li.. lor manufactur ing
cereecnc diahel, the author h•• lound the
fo llowing 10 be mos i livorabla:

Tha main surface 01 the dish i. mede Irom
e wire mesh gr id WhiCh I ho uld be a. li ne
as possib le. II should not be mor e th an
O.t )., and 0.05 ;' wou ld be baner. This co r
responds to a max imum 01 3 mm lor the
10 GHz baM, and a mex lmum 01 1.25 mm
for the 24 GHz band. In the case 01 the
author 'a prototype, a grid 01 2.5 mm was
uaad lor 10 GHz, and 0.8 mm lor 24 GHz.
Such me tel grids ar. readily aveila ble Ir om
hardware slo res. The grid l or 10 GHz
shoul d be welded al the cronova, point.;

lor 24 GHz . the author uMd a l ine br...
grid.

Con l truct lon of the Parabolic For m

The follO Wing equetlon il valid lor con
struction 01 a parabolic :

yl _ 4xlxx

where y is the spacIng 01 a POint 01 the
Pa..rabolic in the vert ical plane Irom a cen
Ir.' line. _ ilthe sPaCIng ol.ach potn t lrom
a vert tcal tangen l in the hotlzonlal plane
and f the local depth, or spacmg 01 the
local pomt from lhe ....rtlcal leng.nt on the
center line.

TheY magn iludes ara givetl in the lorm 01
a draw ing in Agur. 1

Aher transpos ing the parabolic equation.
t.... fo llowing resul ts :

, -

., ~, "- , .
-+- -

I.,
f
I
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Fig. 1: The par abolic ahape l
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FJv. 2: COllttruetloft ...._ .. .
!Nt.MlIe d..... of 40 em dl'~.r . 1Id•
Ioc• • dlpt" 01 15 _1110 _ O.JIJ

FOf lhe glV'ln ...~ Of y. the fOllowing • •
Vliluet result .lIh I '" 150 rnm ."" 0 '"
<400 mm.

Con.,rvctJon of" Parabolic TemP'll'.

The pr.tt,cal CGnIlructlonor the In,-."" I.
comm.nced by Cunll'lg • tempi." In lhe
,haplf of h,ll of the pit.bOllc form from
metaf pili• . A "*-' pl.ate 01 'pproXImlIIlty
2 mm IhjC'k~ iI tytf.a.nl 'or construct.
ing the 4() an dish. In Otdet' 10 eMU,. lMt
the Iempl,lltl can be rotllted ,round the
c.nlraf potnl it • PfO'tlcJed with • C*lt,• •
pM)c (FIgure 3). The d ISh " eonSlructlid on
a large wOOden bolrd 01 Ippro_lml'ely
5(1 em _ 50 an. A lube 01 appro_imalely
10 mm Inner diameter Is 'I_lid in lhe c.nlef
or th.1 oo.rd wilh the aid ot I WOOden
block or I.m i.., 10 thai 'IS lop il mounltd
n mm lrom the IUrlac:e or lhe bo<ard The
photograph gio4n In fIgufoe .. thowt !hll
Ph... ot eontlF\ICtlOn.

' 40

, •
mm mm

20 ' .7
40 27
00 SO
00 10,1

"" 11.0
'20 24,0
'40 32.7
'00 42.7
'00 ....
200 " .7

s....r.,of theM vah,,,, are gr.oen in 'lsi. 2.
For constructIOn ot In. "'lIM1n., In. .00....
v.,~ ar. drhn 10 ICII'- Thi, I. 10l1ow.d
by INking. 1IImCQl. The reqUI'.t vIIUM
for am.U., Of l.~ ~r'bolic diahel can
be C11lcul.led .. required ac::cordi"O 10 the
'~~u'lIon _

FIg. 4: ,.,.~,~ for _k.,..
ttt. ,.Ilef .......



Fig. I : Placing It,a pl..lar around
lh. c.nl r. l hole

Fig. 1: Th. ' limants '" nowmarked
on Ih.lorm

Manufacturlng~ Pl..lar Form

Th. plast.r IS now mixed with water and
placed around th. c.ntral lube. This can be
mixed with land for tha c.ntral core to
sa .... the amoun l 01 plastar requi red, Tha
plaslar is now placed In roughly tne reQuir
ed paraboUc Shape all.r whiCh Ih. lam
plat . IS placed In th. central tube and
scrape d atOYnd the edge to r.mo.... ' lIC,,,
amotJnts 01the 10ft plaster.

In th. cas. of the last layer, Ih. plast.r sur
lace sho uld be k.pt somewhal softer by
adding weter . In th is tnanner it ia posslbl.
to oblai n a flat surface wilh Ih. aid 01 lh.
templat. . This slag. 01 cons truction ia

fig.': Scraping ot'I the ..c.......
pia".' ""ng the ....p.".

show n In Flgur. e. The form can be com
pletely smOOlhed using a thick mhr.lure 01
plaster and water and u. ing a wide bruah ,

The lor m is now allowed to harden for on.
or two dayl. alter which il Is di... ided to 10
or 12 segments with the aid of a l iber pen
or pencil (Figura 7) ,

Wlr. Grid Segmenls

The corresponding aegments are now cut
Irom a wire grid using shears. allOWing
approximately 10 mm 'lIlra lor Ih. outer
edge. Th. " legments are lirally 10rrMCl 10
a rough ~raboUc shape on a hard surfac.
using a light hammer.

After he... lng formed th. segments to the re
quired shape. they are laid one atter an
other on lhe plaster torm and IOldered
firs tly at tnree to II.... po ints using a larg.
(app rOlllm8lely 150 W) IOld.ring Iron.
Attenti o n should be paid Ihat the segments
co rrespond 10 lhe shape of tha lorm and
ara In dlr8C1 contact With n. Aftar comp lel 
Ing the 360". narrow : thin matal striPS 0 1
approxlmataly 8 to 10 mm In widt h (lin
plate or brass) ara plsced Into posihon in
front 01 tha IOldared Joints and cut 10 Ihat
they stop approll imale ly 30 mm belor. lhe
center 01 the dllh , These metal slrlps are
soldered continuously 10 ee seams of the
segments.

••
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FIg. I : T... round ,..'e lot IftOVtItWtt the •••••
,utde can be _ In~ c.M.,

of~ complel8d '0 OM, ."'Aft....

A ti l'lQ 01 4 mm d,ame* bt... or coppet
wire is now pleoad atound t l'l8 edge 01 11'18
pla ster form and Ihe a.e... grid al Ihe
edge 01 the dish I. benl .round thi l and
aoldered inlO place.

lhll will provide sufficient l iabi lity In 1M
eue of • ~taboIic dish 01 40 cm in dll·
me let.

In the CaM 01 lafger d llhel, ~ttiCliI metal
stflpa should be provided ~'ClIIy on the
raar 0 1 11'18 dllh lot stabihty .

Ag. 10: An antenna lot~ 24 0'" Mncl
wlll'I radlalor (D .. 'Cl Cft\, I .. 11em)

Waveguide Mount

The enda 01 the NgIT'l«lIl are eut al the
center 0 1 the diiltl lID thai a hole 0 1 appro_I·
m'lely 60 mm diameler II ptovlded . An
appro _imatety 2 mm Ih ick btl g plate wil h
• rec tangular cutou t for the weveguide i.
IIOlde~ Into plKe aboYe Ih is hole, h i.
poHlble 10 prow)de such a melal plate at
lhe Ironi ancI back of the diSh 10 prov)de
im~ s~lity. 11 twquired . The cenltal
plale o f a 40 em d~ for mountIng 1M
waveguide CM be Men In Agure •..

lr OL6104H

l I " I

8 " ".:.~J m
•

"j m I I

" m " .. " "
tl

o..~ Ooooooooo ..

Flt-. : A••~.~,.Itt ••
• fvnctlon of III.... __-'.t

14'

Oaln of Parabolic Antann..

T~ largar the diamet., 01 the ~raboUc

dish, the higher wi ll be the gai n and thu l
the narrow« the beamwidth. The diagr am
given In FIgure , Olvel tM aWrollimata
gain valu.. thai Clin be obtai ned in tM

IQ CI'" 100 10 GHz a/Wi 24 GHz bancl'

Parabolic d~ d~ of 30 to 40 cm
hII~ bHtl frouncI' ullafactory for practlCll
operation, eipeC~11y dUtll'1Q cont..ll .
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fig. 11: ... 10 GHI:e.He9 ~t..
for 4CI em p.'1lboIc dl .

When Uling Irlnl ce ill,r, lor Ihe 10 GHt
band . ue h .. 11'1. MlCrowllle ·Auocllle ,
Gunn-Pl,.,r thaI UIII I varlctOf diode and
a DC IIOltage tor~I. tuning , II is al.o
posaibl. lOf II 10 be Instilled in lhe local
poi nt 0 1 the d.." togelhlf wtlh • smell horn
radiator, The mounllng '1 usually mlde
With Ihr.. Of lour pieces of In.ulahng
ma lerial (strong SttlPl 0 1 'Iched epo.y
board malertal).

A som......hal more , .Iensive m,lhOd 11'111
can be .laity Khleved by radiO em.leurs.
Is !he UN 0' I CuMg,.tn SYSfem. In thiS

aUlhOr ha. allO uMd Ihll type 01 radla lo, I'
.....,Ih suee", ' I 24 GHz, Agur. 10 Ihows •
p,lrabOhc: dISh 01 30 em d,amete' ....tllch I'
~uipped With ttll1 rld,.tor,

A 1Om8what more ........ve rad.ator .. del
cr,~ ,n the VHF /UHF Manual pubhahed
by the RSG8 USlng • d,po" and refleCtor
101 the 10 GHz bend. 11 ....... dnc:r l!:*' ••
ten Slve ly (2 ) 10 tNt It II not ne<:euary 10
go InIO It In delill he,... The luihot' 1'111
IlSO I.Sled IUCh rad lllOrs lUee.ulully on
lhe 10GHz band

II !he plrlbohc d.1h IS on'" to be uMd 10 f
trans",unlflQ. II is pouIble for lhe Gunn
OSCillator mod ule 10 be rnounl~ toge'her
.....tth I shOrt hom rlchllor 01 .ppro.,tnlil.'y
3 10 5 em in leng lh It lhe local point 01 the
dish. S uitable' hOm radi. lorw r. (1ft_

Cflbed in (3) Ind (4) log el he r ,11'1 lhe lr
dimensions .

T

large, dlthft N1ve a very narrow bUm
.....idth which mean, lha t " I. very ollen
dllficu lt 10 N ' up the antenn a to • requi re<!
direct ion ••peclally In the cas. 01poor vl,i·
bllity. II l he Bllael locahon 01 the I 'a llon I,
known , II I, possible With lOrna • • perl. nee
lor lha a n lenna d irect ion 10 be det ermined
ul ing • map and compaaa.

l--,...- --'----It-

Radiator. tot Parabol"= Olah••

The illum,nall(ll"l and thus lhe O....,..U ,M,_
CiMIcy 0 1 I tte an tenna .. ma,nty~I

on the radla lor flOl"l'lft,",," QUad pnmary
radlltor o r 8ltClter) . A very limp'a rwjllltor
wu dqcrlbttd In (1). TM ~uirecl cutOUI
on the w.~ide and the wpe 01 the ClIp
can be cOMtrucl1ld ..thoul problernS. The

~ ," 1
10

_ 4~

';-- - - m- - -:::,..;N

" .12:
Prototype 01 •
CaDet•• in radiator

'43



• caM, the ..........-gulde enctI WIth 8 Im8lI hom
wtl.ctl IIIUITIlI"III'-I a round MlbreneCtOr
wtl lCh r.flectS the~ .ffte:lently 10 lhe
~'" Chlloh.

The constructIOn Of thl, CaMgram tyStem
I' described in delall In Ih. VHF/UHF
Manual published by lhe ASGB . A drawing
......ilh dimensions for the dnc:nbed 70 em
dish Is given in Flgur. 11 The d..ign gIven
in Agur. 12 iIIuminat.. the dish we{l and
paU.U.. 8 WIt"f sl'lOf1 ~th .

The Iklb,.flectot is made from 10ft br-. or
aluminIum plIte wt\ich hU bMn~

Into Iha~ on a rnetaI pgte The ~Ired

ahIIPtI IS g,..,... In the d,,",ng. The IUbo
" 'lector is MId Into~ using lou r stnpa
Or .tc"-d epoxy board mar.n.l wt\1Ch a,.
in tu m mounted to the .........-.guide ......Ith the
aid 01 a ' lldlng bracket. The spac ings such
at lhe d illanee 0' the small horn lrom the
eent. r 01 the dish , and the spacing from
the horn 10 the su br.flector ara not very
crl Ueal and can be N t uaing ..th.,. an avail.
mle measuring line Jew most lavorab le
SWR, or IlCCOrdmg to the S·met., dunng
OI)erIIhon .

,...

,." 13;
C......oM ."...,..
....... 10.flIll
M GHI:UM"c.....,. a.. ___
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\\U20,

fig. 14:
Combined ,.dftllOl'
lor . lth. , 10 or 24 OHa

•

/' ' WG16

~.Io l l ion; . l or t!long
and mount u,;

Combined Radi ator lor 10 GHz a nd 24 GHz

In order to ..... uling two completel y dIll..
rent antennas, the author has developed an
antenna that can ~ used on both bandS. In
order to ensure Ihal Ihe anlenna is also
eHicienl at the higher frequency 0124 GH"
a wi,. grid 01 0.8 mm spacing wu used .
The dlamater of the antenna shown in
Figure 13 amount 10 60 em. A eauegraln
"dieter for 10 GHz Is fi lled In th. center 01
Ihe diah. For 24 GHI, • second wavegu ide
lor 24 GHz (WG20) ia Inaerte<l Inlo Ihe 10
GHz w aveg uide (WG 16).

A brasl block I, IO ldered Into pl ace at tha
end 0 1 tha WG 20 waveguide whOM axte, ·
nel dimenalonl .r. l uch that II Jue. slid••
into Iha WG 16 wavegu ide. Tha brass block
has • rectangular hole with Ihe OUla,
dimensions 01 the WG 20 wavegu ide. This
apertu re II tiled out In Ihe form 01• horn .

It will be seen In Flgu~ 14 Ihal the small
hom 01 the 10 GHz radiator lorm , the e. 
lenslon lor lt1e 24 GHz radiato r. The rear
end 01 Ihe 'NO 20 wavegu ide i' acrewed to
the WG 1e11ange,

If the dlah Is 10 be used In Ihe 10 GHz
banet the 24 GHz wavegu ide II pulled oul
and the antannl connecled to Ihe 10 GHz
slltiOn. Sinoe 10 GHz ,Ignala are Ilronger

over grealer distance, than at 24 GHz. and
since Ihe dish will passeu largar beam·
widlh, al the lower Irequancy, It il ea,ier 10
lind ttl a ,equired statio n by ,ening the
anlenna up al 10 GHz, allar wh ich tha dish
la li• • d into posi tio n and Ihe WG 20 wave·
guide l or 24 GHz placed Into tha WG 16
waveguide. This maans that it should be
possible 10 make communicatio ns on
24 GHz WlthoYt dIrectional prob lems.

REFERENCES

(1) R. Heidemann: A Simple Radiator lor
3 om Parabolic Dishes
VHF COMMUNICATIONS 11 ,
Ed. 311979, pages 151· 153

(2) Griek and Munch : A 3 cm Primary
Rad iator for ParabOlic Antennas
VHF COMMUNICATIONS 11,
Ed. 2/1919, pages 74· 75

(3) Heubuach, Dr. Hock, Knaul :
A Transceiver 'or 10 GHz
VHF COMMUNICATIONS 9.
Ed. 2119n, pag" 66-70

(4) T. KOlpin : f urthe' Data lor Con ltruction0' Horn Antenn.. lor the 10 GHz Band
VHF COMMUNICATIONS 9.
Ed. 3/19n, page 167
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• Waveguide for the 24 GHz Band

' QI:I • (1.25 10 1.8) 'eo (1)

and .. onty YIIIId Jot the HI ThIS is
tl'Ml most important w.~uio.wa ~; it
i' ulu.lly .xelul lvely uNd in the . mlleur
radio tl ehno logy.

ThI cut-o lf r~ueney leo men tIOned in
equation (1) ,..,,11I 'rom the limIt WIve-
leng th ~ :

(2)
,'00 •
"

whe re e II !he propag.tiOn speed of 1M
electromagnetIC w......:

e • 300 1 10' em Il

Ind It - 2.1
~ • II the mn.r wknh of the wavegu ide
(1M drawing).

Example : Let UI calcull te the operlting
l...,quency range of w.~ulde type R 320:

It - 2.1 • 1.<l22em

300 x 10' em •
'co • 7;'0;;-:;:":':1.422 em x.
' eo • 210.G11 x 10' 111

• 21.091 GHz

Opwltlng FNqUe ncy Range

ThI oper.tlng frtJquency range fop Ow.n in
the dat. IhMts .. u fOllOws:

A 220: 17.6 - 2e.7 GHz
A260: 22.0 - 33.0 GHz
R 320: 26." _ .co,1 GHz

fop is defined u :

The wav-oulde dl"'-Mion .a. I'" draw·
ing) 01 Itle lt1,.. prevlousty menlionld
wavegu id.. il:

A 220 : I .. 10,6&8 mm .. 0.42"
R 260; 8.840 mm .. 0.34"
R 320: 7.110 mm .. 0 .21"

The dim....sIon .b. It ant)' important for the
~kdown~ (r*'-t- lr.,., " ut1.,. I). Of
COUfM. it doea havt lOrN eff-el on lhe
inl lllilation 01 Mmico nduetors. Ind II .110
It.ndardIZed. Thll will be d ll~cu..ed l.ter.

Ttl,.. tyPM of w.~..,. IVItIIbfe
for u•• on the 24 OH, tNnd (aml l eur blind
from 24.000 to 24.250 GHI):

R220 -WR42 -W020
R 2eO .. WR 34 .. WQ 21
A m -WR l l -W0 22

Aa ean be ..." In the dllta ,,....r. of
theM ~ Of '" the ta~....... In
(1), ttl t mendoMd type can only be
uHd wtth IOtM Imltatlon a II 24 GHI:;
howev." " poNe••••• "urn"*, of N 
vantllg••• which . ,. to be dl.cu••ed.

O..lgnalion S,at.ml

• IEe·standard: R 220
The number follOWing the A (A .. rec
tIIngula' waveguide) ind ica'.. the OWl'

1,..1 Operllrng lreqlJency III to GHI); in
our IXlmp": 22 GHz

• US-standard; WR ..~

The numbel' fo llOWIng the dlllgNllion
WR i nd~. the waveguide d trNnaiOn
-a· in declmll jnchn; In our ,.amp": I
.. 0.42 incn.

• Bntlsh standard : WG 20

The numbel' follOwing 1M dHlgnl,ion
WG (Wave GuidI ) I, only I ••,ial num
ber tha l lncrMMI with frequeney .

,..



Calculal ed Values lo r the Waveguld.
Wavelength

According to equation (3) the follow ing
values reaull lor the wa~length 4i lor the
comer Irequencies of the 24 GHz amateur
banc!:

According to equallon (1), the operahng
Irequency range is then:

fop • (1.25 to 1.9) 21.091 GHz

'op .. 26.4 1040.1 GHz

Wavelenglh In the Waveguide

The wavelenglh In the waveguide 4i la 1m·
portant lor lhe design 01 equipment It dll ·
lers from lhe II'M- 'Pace wavelenglh ).., by
lhe rel lo 01 ~. The relallonshlp is aa
lollows:

4i • V 1 _ (>..on.., )' I (3)

Frequency
In GHz

24.000
24.250

A220IWR42
4<

15,42 mm
15.18 mm

A 320IWA 28
4<

26.19 mm
25.07 mm

•

Where ).., • clio

c • propagation speed
10 • operaUng IreQuency in Hz

kr • 2a

It wtll be seen in eQu.tion (3) th. 1the w..... •
length In the wa~uide will approach Inll·
nlle valun when ).., appfOlichn the vllue
~, In other worda, when )..,Ii.r .ppro.chea
zero. This means th.t a waveguide can no
longer be used in the vicinity 01 Iia cul-oll
frequency Icc .

A nding O,.. 's Own WavegukSa
_SlII ndard_ ,

You may ha .... noled thai the waveguide
dimension ~b. Is not mentioned In the
equations . Practically speaking , il only
de'termi nes lhe breakdown voltage 01 tha
waveguide .t high power levels. For Ihla
reason, radiO amaleurs need not nece...•
rily be bound to the IOmetirnee very
e_pensive, and diHicult 10 Obtain atandard
waYlguldn. TMra ia nothing to atop ua
using melal proW.. available In metalwork
.nd model·building anopa. Suitabla brua
cenler pro m.. are available that are very
auitable fo r Inatalling componenll.

The declalon not 10 U18 atandard wave·
guide parta meana that II II alao neceaaary
to cons truct auch things u the flanges.
AIIO, one will not be able to connect alllnd·
ard measuring equipment to a hOtrl.-mada
waveguide I)1Item unl... aultabla, calcul·
ated transitions l rom one syslem to another
were provided.

Wavegu ide Type A 320

This type 01 waveguide tWA 28) la used
outside 01 III operating Irequency range in
the vici nity 01 its cut-ofl frequency. As will
be seen In the above table, the waveguide
wavelengths are approximately twice . s
long as in the larger waveguide type A 220,
This il • small advantage: Th. electro·
mechanical 1YS"m will be increased by
tactor 2, whiCfl means that the mechanical
t~erances can be graater and thus con
, Iruc tlo n less critical.

This advantage must be compared With a
conside rable disadvantage: All erecoeu
njJ8f1Ces in the waveguide will lead to an
Increase 01 IhI atanding wava ratio (SWA)
and will excita higher wave types. Th...
have an adYe,.. efleet on the lundamenlal
wave (H,o), and axlracl energy Irom II. thus
in<;reaslng the power loIS. For thll reason,
II should be noted that waveguide type R
320 CWR 28) can only Just be used lor the
24 GHz amateur band when benda and
othaf complicated conf lguralions SUCh aa
waveguide ......itches are not used and when
'I!IStncted to thor1 waveguide 1e~lha .

Waveguide type R 220 CWR 42), on Ihe
other hand , can be used Without IImital lon.

REFERENCES

(1) Lentz , R.: Deaignalion 01tn. Micro·
wave Bands and Waveguidel
VHF COMMUNICATIONS 8,
Ed iti on ./1976, paget 232·233
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Modem Receive Converter for 70 em
Receivers Using DJ 7 VY 002
on the 70 em Band

b' ... ... . . . DJ 3VY

'48

Afte, conllrvdlng the 'Irg. slgn,I, low
nol•• 2 m convert., DJ 7 VY 002 (1) wIth
out dln'cult.... thl a uthor dee:ldeod to con.
ttNCt • 70 em vI',1on lolling th. um.
bo'rd. OJ 7 VY ptOykllld • numNr or tip.
fegllrdlnD fM1 construction 01 Ih. doub..r
11'0-1 wh6dl mUl t be very cl..n tn Ih.
..lec1ed In"rmediell "-qulney rIIngl 01
2. to 30 MHz.. Of cou Ih. oscillator -Iv-
nel should al-o po vlry low nol l.
~rum.

gmc_ Irve crystals a,. ~u,~ to~ lhe
who'e 70 em bMcl . lhe crystal OKfllalOl' "
to be ae<:0rrm0d8111d on • separetl PC
oo.td. The onglfl&! bOllrd OJ 7 VY 002 "
therlltOf' SUItable lor UN " lhe "tg'*' Ir..
Quencies, Striphne (;.rcUiIi made from
lilvet-pl. ted copper wlr. contained in
ICreened chllml;lers are uMd Inl tNd 01 the
cod Nndpass ',II"" lolled I' 2 m. In order
to 1,1" the r.ra.labll conductor I&nn ..
much '1 possible. 1M COYpling potnll _re
selected to IUrl the IVlllable construct,on.

The circuli ia virtually lhe same •• thail lor
2 m, which means Ihal all details gIven In
(1) at. ,rIO valid lor the 70 e m version. The
input preamplilier wal red el ig ne d eccore
ing to in io rma tion given In (2) .

1. CIRC UIT DESCRIPTION

The Clrcu,1 d~,..m 0' ltIe 70 em converter
wlthOul crystal oscillato,.. I. gJ.,.n in Ag. ,
The dlmenllona of the line circulI. looetMr

wilh th e ir coupling poi nl. a re given in the
circu it diagram; 1111 dunenllonl are given in
mm.

The ring miller type TAI<·'·WH il II high .
level miller 01 ... 17 dBm lor Ih. Ireq uency
rllnge 'rom 5 10 750 MHz:. When usi ng Ihll
mixer, the' d B compreuion poi nt will ~
reached al a .ignlll I..,., 01 ... '4 dBm,
wherea l Ihil will occur a t ... 1 dBm when
u. ing lhe Itanclard·1IveI mlllltf SRA·I
( ... 7 d Bm).

IntermocluletlOl'l detalll are elso g;.;.n In
the dela Sheellor ltIe TAI<., WH

The thir d-order inl4lrmOOulllhon I. at ....1
55 d B, typicalty eo dB, down on the IF·
lIOnel with two inpul SIgnets 0 10 d Bm Meh
(200 lind 202 MHz) Ind when uling In
oscillll ior power 0 1 ... 17 dBm al 1eo 104Hz.

The miller is liImlineled III tM IF-port in II
wM»band menner wllh 50 0 using !he d,·
ple ll", descrIbed In (2) .

SInce lhe au!tlOr"1 rece~r alreacfy pouea.
1ft II no ise IImiler in lhe 9 MHZ-IF, Ihi.
I tage Wil l de le led In the converter. Insp ite
01 Ihi., two amplil ie, 11110" equipped wilh
the power FET P 8000 we,e us ed in orde r
to IIchieve the u me ~rllU Ollin III wal
pr ovided by ol he r converte,..: II an conyer.
te " e xh ib il II gein 01 20 d B, Ih il mean. Ihlll
the celibra llon 01 the $-meIer will ~ valid
lor ell bends. The edjuatment of the \}I.n il
made by Mlectlng II aul~b" resislor value
betwMn lhe dl'llln 0 1 !he 'Irsl P 8000 (T 3J
and lhe operallng voltege.

..
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• The circuit 01 the crystal oaeillalO/'l wu
taken lram 13l and ll)I'l'WWh.lt mod,t..ct
~in" to (4) to make it lUitabie lor 100
MHz:. fltth O'4f1one crystal,. The fInal
....Iun .re givM In the circuit diagram
given In flguN 2 AtI CMltpul poweI' 01
apptOltirn.ltety 200 mV into 50 Q '- prcMdecl
Iftel'" I~ ting....tAge butter and the Irans
lormer. Tne indivtdual oscillaton (normally
$) .r. interconnected I' the pnmary Sldlt Of
the toroid transformers;~ ..Iectlon Of Iha
requ ired cl')'llal oscUlator la midi by con
necling II 10 gro und.

Ttle 100 MHz OI.llput po~r 01 Ihl OKlliator
moduli OJ 3 VY002 ia led vii • coaxial
cable to lhe local oecillator Input 01 the
con~.r module OJ3VYOO1 . The ,....
QU4InCY ia then mutl lplled in two frequency
double... equipped with SChottky diOdes to
402 to 410 MHz. TtMI rtlQuj~ amphlle.tlOn
I, mada In two FEl' type P eooo. TM
circuil 0' thit can eully be acco~ted
in the fi,.t chImbef' 01 trle 0rlQ1Ml 2 m

"""'"""'.
A two-cira,ul stnpllne bU1dfiltar Is now
uled inllNd 01 F 4. A wi<Mband amplifier
~ulpped with two BFR 34 now amphl...
lhe oscUlator ~, In 1M ..me manner ••
In the 2 m ....rslon 10 • level 01 + 17 dBm
(SOmW).

1.1. Spedal Componenll;

T 1: 8FT M lSoemens)
T 2. T 7, T 8: 8FR.)& A (Stemen.)

T 3 - T &: P 8000 ereus Instruments)
01' P 1002 (dIfferent u .. II

T9I -e: 2N2222
ldl fferent mwtulactur.,.)

T IDa - I : 8F 246 C (TIl

M,. ,,: TAK.' WH (MinI Cir CUits)

0 1 - 0 5: HP 2800 (Hewlett PiCkard)
StabUizing d iOdet: 1 N 4148 or Similar

C 1 - C 3: 6 pF alr -.pacld trimmer With
two pins (Tron..r)

C 4 • C 8: 20 pF ceramic or loil tr Immer
(Ptullps), 5 mm dIameter

C 7. C 8: 12pf .,r-lpaC*ltr,mlMf With
two pin. (Tron_I

C 911 - I : 12 pF ceramic 01' lod tnmmer

8 OIrIImic chip capecllOl"l 0' appro• . 1 nF
w ithOut connection wires

1 OIrIImlc Chip captlCltOl' 470 pF

2 ceramic fled-through CIIPK,tO,. lor
IOIdIf mounting, appro• . 1 nF

2 tantalum elec trolytiC• • 10 ",F

All o th.r ClplCitol'1l: ce rami c chip Clpacl
tOl'1l lor 2.5 mm or 5 mm Splici ng

220

'If. a:
arcu. clIl••, _

... _ot~

....tof clrl:ultt

Tr 90
R5.81l.1
z.eWdg

OJ 3VY
00 '

IOn
H.w lOO_

T"aBF246C "0.
f

"""

~-.-----=..-.o .15V
1" _ 1- )4 m.l

4"'""""'''' Qu,IIatcnn- iH
F~OKAlGtcn

- f

In

,,-

,..



FIv- 3: W1l'lCNftg~..... tot the
~lr'M~"

Trl . Tr2,
Tr7. Tr8:

Tr5. Tr 8:

Tr 3:

Tr 4:

Tr9<l-.:

L 1:

L 2, l3:

L 4:

Two-holtl core Slemen,
B 62152-A 8-X 17. wound
according to Fig. 3 with
approx. 0.12 mm dia.enam-tl.cl
~r wire

R _ 1; m - 3; n - ~

Two-hOle core a, lo r Tr 1,
trifilar wound wilh 4 tuml 01
appro0.12 mm dla. enamelled
copper wire (wire dl• .
uncritica l)
Toroid co re R 5.8 (m. 1. K t)
SiefMnt B 64290-A~X 001
Triflla, wound wilh 9 tum, 0'
appro... 0 .25 enamell.cl COppi'r
wIre. M,ka lull UH 0 1 the cora.
Toroid core end wire u Tr 3.
bilila' wound with 13 tum • .
Toroid core and wire .. T, 3.
bi'iler wound wilh 8 hlml.

rn.cM from 2 mm di• . , ilve,
plated copper wire. bent
,lIghlly In ttIe Shape 0' a _w_
(Me pho tograph). dimension,
.. given in Fig. 1. Antenn.
coupling : 1 mm dla. • ilver
pIaled cop~r wire . paced 2 to
2.5 mm in pa r. l1elto L 1.
made 'rom 2 mm dia li lver
plated coppe r wire at IhOwn in
Fig. 1 and photograph;
coupling link: t mm di• . wira
(see photograph) in.u lated in
ttIe Inta rmed i. le p. nal.
2 tum l 0 10.3 mm en.mell.cl
COppi'r wire in Ipeel.1 COil Nt
(64 nHI (Vogt D4' -2' 8~) wilh
co,. FI05 17, but without core
cape .nd w/oul screening can.

L 5: 1 .2 ~. '0 tum. ct-e-a mm dl' .
enamell.cl cop~r wira wound
in • , ingle layer In .peel.1coil
set Vogi 041·2165, Withc~
and cap. but WIthout screenltlg
can . 8M Mtall. In (1) tor otfler
frequencieS.

L 6: 4 tum, 0' O.~ mm dll. Sitver
plated copper wlra WOUnd on •
5 rrwn tormM. Hit-SUpportIng.
Aligned to 100 MHz by spread
ing one 0 1 the windingl .

L 7: 7 tum,. taP 1 .~ turnl Irorn the
cold encl. otherWiH a, L 8.

L 8. L 9: 4 tum • . otherwiN u L 6;
coil tap on L 9: 1 turn lrom
ttIe cold end .

L 10. L 11: Conllrucled Irom 1.2 mm dia.
.ilver-plaled COpper wire
.ccording to Fig. t . nd photo
graph: coupling link from
1 mm dia.(see photo). inlulaled
In the Intermediate p.nel.

L 12a • e: ~ tum l 010.8 mm di.meler
enamelled copper wlta wound
on • coli tormer 0' ~ mm di• .
with VHF-«)ra (Vogt Sp 3.5
2348C wllh Ow 3.5/8 .. o.~

FIOS 17 -D)
t tae -e : 12 tums 01on mm diameter

enamelltld copper wlfa wound
on. 2.5 mm lormer, Hit
SUpporting.

Fixed ind uetaneel SUCh u Delevan or Am·
phenol Of 2.4 mIT! d i• . wilh tha lollowing
....Iues :

S.r.lIlH. 2 .r.15JlH, 2 .. 22~ ........11 .. 1 ..
1 JlH .nd 2 .r. 15 101ti per crystal In lhe crystal
oscillator c ircuit.

2 ferrite bead,

1 ,Ix-hole co re choke (Philip.)

Cryst.ll: approll . 100 MHz. lanes reec 
n.nce at Iitth overtone, HC....3/U C'M (wire
connectio n.). KYO type XS 6306 are re
commended.

2. CONSTRUCTION

.... was menllonecl prevlOU.ly. the described
converte r I, accommod.ted on PC-board
OJ 7 VY002 which I' CSOUble-co.t.cl .nd
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Fig. 4; 'hotogrlptl of th, 70 em con..."., OJ :S VY 001 accommodated Oft board OJ 7 VY 002

~I
152

PQSMtSHt through-conr.CU. All outer and
int~l.t. ~. a,. .,.,.~ In 1!'Ie
same manner .. lOf Itilt :2 m convertet. Two
adelitlonal ~neI..... rtlqUI~ lor In. two
II riplln. Wt.... that can be Men In 11'1.
pho tograph 01 the author', prOloty~ given
in FIgu re 4.

The input BNI: connec'lor protrudel inlO
the' chamber 01 the input circUIt and pro
videl • ~ppor1 10, the coup',~ link, The
IlllIl /F·lransitfOf (T 3) • provifHd WIth •

h••t link .. In ,he :2 m version, wher•••
lh. two double r Iranslato,.. (P 8000) do nOI
require auch • hut link. Translator T a that
prcwidn 1!'Ie so mW tOf the mlll.r, should
be pieced on the ground surtace or the PC
bo&rd and prcMdecl wilh t'lNl-e:oncluetwl
put. tor COOltng .

When high cMmanas are 10 be plac«l on
lhe tcrHnlng 01 the con"erter. on. should
provld. a ba.. plata and cove' lha' la able
to provide pet1'1IC1 c:onhlct 10 ••en poInt 01
the inla'lTIII(I"'a pane". For appilClittOfll
""Mr_ I,..... demands .... not 10 g,..t. 11 'a
poMibl. 10 ditlete both CO't'et'I or lhe Inler.
m.ha,e~ liller, The al,llhot ha l
lound IhiS 10 ~ Il,IIlabil both tor the 2 m
.... ,..Ion and !tie 70 cm ....rsion 01 lhe con.
verter.

A doubl.-coltecl PC-board Wllh Ihrough
c:onlKtI of 15$ mm II 41 mm wu de'.+
Iopect lor accommodallng !tie crystal a.c:il·
lato,.. . This board, wh ich h.. been
designal ed OJ3 VY 002, II lhO wn In F~, 5,
The dimenliont a,. auitlblt lo r mounllng It
in a TEKO tin plal. cue. Thil OKillalOf'
board proYldel Il,Ithclent room 10f' mounl
ing 8 crystal oec:ma'OB 10 Ih.It In .odIlia-'
~ 3 can ~ provide«! tor sPeCial l,.q~_
Clel (e,g, fOf OSCAR) in Mklltlon 10 the 5
Cryslill ,.qul~ 10 coYer the who l. 01 the
70 em blrwj . Flgur. I shoWl • p tlolograptl
of part 01 the al,lthor 'l prolOlype,

The original clrcuil was takW!,Jrom (3) and
moc::lltied ICCOfding 10 (4). TM. circuit now
operat.1 in a more ~ mal'V*'. The
tranKi.,,1 drift ..... been~~ to appro
Ilimatltly 1/10 01 lhe anginal Yaille using
It'Ie prolnsional bipolar tranlistor Iy~

2 N 2222 IS OSCillalor trlnllilor Inllead 01 •
FET.

3. ALIGNMENT

The n ng miller should nol ~ Ins talll'd I t
Ih., point.

II i' nOI posslbl. to align ttll Inpl,Il Impa-
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t~ ' 1t.• il
~. 0 OJ VY t La

fig . I :
pc.oo.rd OJ:3 VY002 willi
compon,"t ~11on.

fit. ' : ~.rt of " I IItlMM"I po otor,,. ..-..or:
tt-. ortetn., ...... ..~

d.lnce and the ~dwl(ltn 01 th, lI f1pllne
liIt,r ....ctly " • ~l f~1oIenCY generator
i' ... not Ivallable. A demodfol!alor """ ltI'l $0 0
input Im pedanCe II connected ,nlO pIac.
instead of mIX" port 1 ,nCJ the pasban<l
curw adJustecl lor I bandwidth 01 10 MHz
by adjusting the lir-apacecl tr immers and
bending 1M coupl ing link . The very wid.
input cirCuli it IU~ to the Cl n l l t of the
b&nd so thet It ••hlbtts I ' lpple 0 ' ... than
0.5 ClB OVI' the whole benet

The bandpatt 1.ltlt an" ttle 'r~uency

doubler. can be al igned by co nne<:hng Ih.
'~l freq uency oen,rllor via • ' .5 pF
capacitor. Tn. lilli' i' then aligned to AOO
to 410 MHz If the whol. 70 em blind II 10
be coveted. If only one 2 MHz 'ange II to
be used . It la ponlble for lhe Illte, 10 be
aligned lor maJomum output power. Both
am plille ' Slag.. are so wide thai ,t i' lull l
cil nt 10 aUgn lor mlldmum foI,ing one 01
In, cry.It" near lilt' Clnllr Ol lhl band.

Since Ihl dlpllllir aubMqulnl 10 Ihl mlllir
I' llxaClly lhe samt a. lor In. 2 m .....rsion .
all (Ielall, regarding Ihl, were already given
In (1). " Ihl, lar;ll ove rall gain la not ra
Qulred . II I' poselble for Ihe lllCond P 8000
(T 4) 10 be deleled. Thl. lhen mean. Ih.'
Ihe Iarge-'ignal handUng dllm.n<I. on the
lUbM<luent~r are reduc.d

•

a
•
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C. MEASUREDVALUES

Both 1M :2 m convener and the dMCf'bed
10 em .,.rsion are uNd In conjulKllOft With
• HF·fKei...., having an input intercept
point of 28 dSm. 1My 'Mel InlO • two
It. b.nd~ f"tet with 50 C inpu t and
output impedance and • ~ndwidth 01
:2 MHz to I SAA·' H. The follOWing meuur·
lid '1111,1•• woert determined lor this ..tup·

s.nIlIIYlty It 432104Hz (SSe):
SINAl)· 10 dB : 0.1 IlV
SINAl) 20 ee 022I'V

IP at .nl..,,,, Input + 2.5 dBM
(6 f - 20 kHz; 433 MHz or 439 MHzl
• For de llMIQnS... (51

The l uthor would like 10 tMink OJ 7 VY lor
1'111 ' dvlc••nd lips. al Mil II OL 1 BU lor
Ih. m" lurements .

Po. no ll " ligure 01 1.8 dB wa, mellured on
Ihe .ulho(, pro totype In the publl,her'.
I. bo r.tory

s, REFERENCES

(') M. Martin: A Modern Receive Convoet18r
lor 2 m~ Having • Lar~ eyn..
mie Range and Low Inllt!mOdulehon
Distortion
VHF COMMUNlCATJONS 10.
Edillon " "1l71!l.~ 218-229

(2) U . MarM : A New Type 01 Preamplifier
lor '45 MHz and 435 MHz Receivers
VHF COMMUNICAT)()NS 10,
Edition 1/1978. P-o- ~36

(3) M . Mart in : Rauschlirmer Osl,U_tor lur
ein Empflngef·Elngangltet' mil
groB.m OynImlkbefeich
CO-OL llln, Edillon 10 (October),
peg•• 387.,)89

(4) B. Nlub IQ: o.tl101n 01Crystal Oscinalor
eire ui"
VHF COMMUNICATIONS 3/79 and 4179

(S) G. 5chwlrtbeC:k: T.slberichl FT 221
CO- OL 47 (1976), Edition 7, page 231

Professional Weather Satellite Reception Systems
w. oH.r • complel. Iystem of lnexpenaive modules tor PfOf..alOI\llI applicatIOnS. ThHe ar.
of spKlal Interest tor me teologlcar o HICeS at smaller altpOl1t. lor harbour .rw:! Similar .ppll.
catiOn&. They .,. also SUitAble for inal ruchon .t uniYersit.....nd lCianllfic inaillut... Po.
number 01 1"'9 procetSl~ .yslerna and rae:atvers .re av.i1. ble to suit the .pplicatlOn In
quaslion. Equipment II aval~bl• • or under da'oalopmant lor ;

• The METEOSAT and GOES/G MS aalallitn in GaoIta tlonaty orbit. or
• The NOM and TtROS M aa lalht.. In pot. r orbll. (138· '38 MHZ).

Technlca' tpKlflcaUons ot the belle METEOSAT system :

PARA-BOLte ANTENNA:
' .2 m di• ., 24 dB ga in

SHF.cONVERTER:
2..tAge IOW-notM
p,..",phl..,
WIth noiM liOU" 3 dB

VHF·RECE IVER:
Nolle flgur. 2 dB
AF·bandwldlh:
800 · 4000 Hz
Subc"rrl.r output
U kHz/' V

VIDEO PROCESSOR:
Monitor tube and
P Ol' tOld camera

IC::J!I
E·~ · .. 'Ie - __ -- ..-

•

.'

• ~ UKWtechnlk H""OoNu!oHG ·JoMstr" ...·W'acneo ·l>-8523_• A UKWberlchte ToO.O.'33J855 (Tag und """"I,..



An Automatic SWR-Meter

br J . Ka lll,r, OK 1 OF

VSWR m•••uremlnta on anllnnl., ampU·
II,,. and m.ldllng ' yllama .r. compll·
utlld and I~on.umlngwhln on. h..
10 .wltch ~ m• ••uring Instrumanl to
. forwa rd· power, adlu,t It lOr lull Kal.,
and Ih'n • • t .. back to _rl flectad.. power.
The following ill to d• .crl~ I m...u"nS!
. ,.. tlm that allowl • direct r••d-otf 01 thl
SWRt or r,flection factor with Iha l id 01 In
,nalog multlpU.r, lIII' llhout nlltdlng 10 urry
oul any adjustment on t/'II milar, Such.
unit I. vary u,,'ul dunng allgnmanl, alnea
thl tlndency (lmprovemant or dll.rloral·
~n) en ba Men Immlcllltily during 11'1,
adJu. tml nt proc....

Figure 1 shows the errcun diagram 01 a
conveniionai SWA-meler . In Ihe .calibrate.
posit ion , the dropper resistor A II adjusted
10 that me le, M ind lcales fu ll acal• . Alte,
switchi ng to ..measure · , Ihe retre 01UA/UF
can be read off . This co rresponds to the re
flecti on lactor r:

UR, .
UF

For ama teur radio applica ticn It is usual 10
give the slanding wave rall o S (SWR or
VSWR) Instead 01 the rellectlon rectce. ThIS
can be calculated as tcuows:

2. ntE ANALOG·MULTIPLIER AD 532

S • l...:..l
1 - t

II the ' voltages UR and UF are fed to a
divider circu il , to Obtain the ,al'O UR/UF. ' I
wilt nOI be necessary to car ry out Ihe pre
viOOaly mentioned calibrallng procell, and
the mea auring result can be Indicated
di reclly. The lollowing aection ia 10 eoow
how suc h a circuit can be realized wilh the
aid of an analog mul tiplier.

Whereas II wu necessary for mu ltI plying
c1rCU11I 10 be con slrucled in hybrid techno
logy or complelely dlKretely ..... e, al yea's
ago, Integrated ci rc!,lI ls are now a...a.lable
that operate w.th .ufficient accuracy bUI
are relatively ineltpen.l..... Figure 2 show,
the blOCk diagram of 'uch an IC. The
inputs (Xl> X, or V" V,) are loilowed by
dlllerenliat ampli flara which feed the aclua l
mul tiplier ..X" , The c c tput vottage Uout ia
coupled ou t via a further amp lif ier (0 
- 1). The operation 01 tha cirCUli can be
described with Ihe aid 01 the following
aquallon :

(X, - X,) It IV, ~ V,)

TO G
UOUI •

, .~ OlrtCllFI,
:-1i~Jl:roll'le'''1 ",.alu,..,

t, ,
I! , ••• • ,

T..' objtCl_to., , ',n R, ..,
•

FI9. 1: Prlfteiple oh
,tandln, ....... ,.....,

The variOUI lorma 01 direct iona l couplers
(reflec lometers) and their charlcterlSliCi
are not to be deall with in detail nora . In
order to understand the following art icle, II
I, only necessary 10 know Iha l a directiona l
coopler (SWA-bridgej la connecled be
tween the signal sou rce and Ihe leat objec l
and Ihat two vollag.. are provided II the
two oUlputs whOse emplilude ia proportio 
nal 10 Ihe lorward and reflec led wave.
These AF-vOllages are detected wilh Ihe
aid o f diOdes and fed 10 the Ind icator unll.
Due 10 Ihe non- linear dIOde characle ris lics.
considerable errora occur during lhe recn
fication pr ocess (1).

1. DIRECTIONAL COUPLER,
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' I The IC is connected as dlvldM in Figure 3
The transfer funct IOn II" lollows:

Uz
Uout • - l OG x _

Ux
It Should be nottld 1!'Iai ux II MgallVtl W1 1P1
respect to ground and mUll be grealef IhoI"
approllimately 0.5 V.

3. CIRCUIT OF THE SWA·METER

:- - - - - - -- - "iDs1f ~
ll , ~_ :
lll~ ,

, ' Z, ,,
Y,~

Yl~ ,

'------- -------'
Fig. 2: Ie AD U2 •• tnultlpl",

u,

u. '

The complete cirCUit dlloram 01 lhe Indi
cator unit il 01""" In Figure" The vona"••
from the directional couple' UR and UF
(bOth pOI'llve) .r. led viI PI 1 or Pt 2 10 the
two pr••mph".... I 1 and 12 .....hose Ol in 11
automatically SWitChed Iccordmg to Ihe
amp litude of the Input Jign.l' (ll I or x 10)

~ ._- ------_.._--------.._---~

~ -....._- -----._-~
, AD S] :! 1,,

' Z

lout U•• ,

, ,
~ •• .J

•:-ol{. ..,.. .",""---_.
! • • I •.•....
~

~ 1l.U :.......
' I ' •

j lOin

~""; ".,..

•

.".•...,,
'~n'
I, n II

Ag. J: tc AD 1.1:2 ••~



T~ I wilCt'ling il maM wilh the l td 01 the
comparator 14 and ,.Iay Rei l lReI 2 and
h&1 the tuk 01 keeping I~ lnpul~ 01
divider 13 WIthin a lavorable range . The
twi tChing poll'llS 01 the comparator a,. &d
justed Wlttl the atd of R 3 ancl R 4. R 1
allOwl lhe oftNt-ahg~1. wt'lereu R 2
delemll,... the lull-Kale eletlecttOn of the
met....

Integrated cnaul I 5 and 18 a,. two further
comparators; 100 ~ an input voltage (UF
< 50 mV111 Incllcated by LED 2. II UF if too
tligh I> 10 VI. LED 1 will IIOtll up . ~ay
Rei 3 il provided to twltCtl off "",Ier M il
lhe voltage is too low or too tllOh, Since the
output VOltage 01 13 would Ihen be non
del lned ,

The ope rallng vottaO" ot ttla amptillerl
(± 15 V) ar. provided by tha power IlJpply
I tlown in the lower lell-hand co rner of
Figura 4. Ttlis circuit II very lim pla and
need not be disculHd he re.

4. CONSTRUCTION

Tt'Ie described cm:u lt can be accommodal
ed on PC-boatd OK 1 OF 043. Ttlli Single·
coated boarcl if go mm l n .5 mm. The
component IOc:atlonl a,. giv9n in Figure 5,
and FIgure • II'lowI a photograptl 01 the
auttlQr's prototype.

SpKial Componentl

I 1, 12: TBA 221 B. 741 eN (8-ptnl )
OIL caM)

I 3: AD 532 JH or AD 532 KH
(To-lOO caM)

14.1 5, 16: TAA 781 A. TM 785 A
(6-pin OIL ca..)

T 1: BO875 or limilar NPN Oarlino
ton Irani lit or (SOT·32)

T 2: BO678 or li mllar PNP Oarting·
ton lranl ill or (SOT·32)

I'
I

o

o

OKIOF OL 3

0.1)11 . ih,~--~

I f
...- f l

'. 0• Qu'
•

o F• . I :
PC-bo.,cl OK1 Of 043

•

15'



•

TrImmer resistol'l hOrIzont., mounll~.
spacmg 1015 ITWT'I

5. ALIGNMENT

"Itet Ch.c1u ng the operating 'toltagltt. •
voltmeter il connected ~tween the I..t
pomt fT,P,1 and ground (ran;e apprOll
10 VI· PI 2 it then provi ded With In ad/usl
ab la b ias vorlage (poten tiometer apprOll . 10
10 100 kD between + 15 V .nd ground) . R 3
and R ...,. now .11QF1ed 10 lhat r_y Rltf 1
and AM 2 .,. dMnerglZed 'I • vortage .t
TP 01 + 10 V and .... energIZed . t • YOltaga
Of .09 V .t TP ('1 this moment. UrP Wilt
jump to + 9 V). In this cue A " will det. r·
mine the v,lue and R 3 the Ipaclng
(hr-teri l) o l lhe SWitc h ing poin t• .

01 ,02:

01 :

Ael 1 •
A, 13,

M

BlX 87 I C lISOf other 18 V
l lll'MH' dIOdeS

B 4() C 1000 /1500
Bndglt~l ll~,

Reed·,e lay in OIL-case, e .g
SierMnl V23 100-V400S·A010

Moving cotl meteor 1oo!OA, fwd

This II fol lOwed by conr'*1lng Pl1 10
grourw:l (PI 3) and COIlnec;1mg a voItao- to
Pt 2 that resu lts in a voltage 0' approXI .
Fnlilely 1 V al TP. R 1 II now adJUsted 10
thai ..0.. Is Indicated on the meier, Tnil
mus' be the cue lor an ¥oltag.. 81 TP
belwMn appro ximatefy 0 .5 V and to V; any
devi.lt,onl Should be ... than 1 10 2 " 01
full teal• .

Fina lly, P1 1 and P1 2 .,. conn«lecl to the
variabl. bIas voltage whic h is Hlecled 10
Ihat + 1 V is prnent al TP. II is now po...
ible 'or R 2 10 be .Ugned tcr l ull scala on
the meIer, The indtUhon Ihould allo be
independent Of the abm!ule If.'~ 01 the
vol~. 8' TP (0.5 V ::Ii Ur P :Ii 10 V).

FIg",. 7 gives. nomogram lor C.lcul.ll~

the ,.lIecllon teeter (a. ind iceled), and
alandl ng wave ratio.

• . REFERENCU

(1) H. Ti.fentN", and B. ROuIe:
A PrK l1ion Re llect<Jmeter lo r
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A Measuring System for Determining
the Temperature Response of Crystals

by M. Arnold1

•

11 I, very MC*...ry 10 know the temper• •
ture ... ,pon.. of 1he ,..onant f,eq~

ot cryst.1 oeeUlato,. uMd tor predakJ n
applk:atlonl~ •• dock gan,'ators In
Ckldll, lIme M... In treq~ncy ~nl.,..

.~ Th••• CIIn be In tN form of amtNent
temperature oeellia lOfS (Ano). '-tnPl" ' .
fUr. compenuted O-eilltiton (TCXO).. or
cryttal-o...an oeelAato,. (OCXO).

ttow.v.r, the tempe" lu~ curve 01 ,he
crystal, aYlilab. to nldio amaleurs il often
unkno wn. Th~ artl cl. it to de8Cnbti •
measuring IYItem for o.terminlng the
temperature fIIng8 up to apprOlumalely
l 00'C.

CRYSTAL CUT

The manulacturer can ..1ee1 "Ylral diN..
rent crystal cuts acco rdll'lQ to the I r.,quency
range in order to obtain oPtimum beha·
viour. By line variation. wIthin ' crystal cut
class. it i l also possible to match Ih cryltal
10 the requi red temperature ring. 01 opel'
a llon .

Table 1 contains the preferred cryatal cula
lor varlous Il9Qoency ranges. TIM manu·
facturing problem, . r. not 10 be discussed
he re. but flgure 1 showl; lhe Inlluen<:1 the
crystal cut has on In. lemper, fur. rH"
ponse ,

Mod e 01 Otelll.tlon Frequency Rang. CuI

Flexure vibrator
8 kHz 10 85 kHz XY' I . -}20 kHz to 100 kHz NT ! - - .

Extensional vtbretc r 55 kHz to 200 kHz X :r:-::: . I
180 kHz to 350 kHz DT ·0, ~

Face-shear vibrator 300 kHz to 1000 kHz CT
~400 kHz to BOO kHz SL

Thickness-shear vibrato r jFundamenta l 1 MHz to 35 MHz AT - "IThird to ninth overtone 2.5 MHz to 250 MHz AT I:._ §
T.b~ 1 ~

"9
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~. 1: Erteet of It-. cry"e' cut
on ~ l.m~r.tu,. ""....Iour

TM most popullr cry.ta' cut in the MHz·
range i' type AT. Flgur. :z .ho..... which
varia tiont rHul1 even with .mllt dlll,rene••
01 lhe cutting angle . The paramete r-cutllng
angle enlnon from Un. 10 lin. only Dy
approximately two _noullr mlnu''' ,

Etpeelally two consequences an be dUKt·
Iy rNd ott lrom the lamlly 01 cu~ gr.oen
in Figur. 2:

1. A relatiWtty Mrrow and virtually hnNr
IMlperalure run un be echle¥*! wtIen
Ihtl ao-c.lled Ziro angle Is ..l-e:ted nllt
Ing" amounts to approxitn.ltefy 35- 13'
a' • crystal dip dlM'laler of 10 mm, For
"'get ambient ~peflltu,. "'ngeL one
w UI u~1y Mlect an angle thtt IMOI to
,nversion points thai a,. further IPfirt .

2. Crystall thai .,. to be UMd in • erys'"
oven shOuld be Cui 10 that the in....l'liOn
po int coincidMI with the lempertlure 01
lhe crystal own. In Ihi' c..., lhe INKI

01 the realchull lem~.tur. lIuclulllonl.
which cannot be completely lVOIded
even in 1M crystal oven, remlin I' •
minimum. II ahould be nOled thll the
cryltll oYen lemperalure need nol be
higher thIn the max imum amblenl 11m
peralure 10 be expetted

PRINCIPLE OF THE MEA SURING CIRCUIT

ThIt lollowlng c:onaideflitiOns Ire valid tor
thlt conltt'UC11Otl Of the meuuring IyIlem .

1. The cryslal whOM lemperaturl rupon..
il to be meuurlld mull oaciliale In the
osclllalor circuit. Th ll cirCUli ShOuld be
varllble Ind be liable eno ugh with res
petl 10 Iluctua Uo ns of lhe Imblant lem ·
perlture. ope,.t!ng voltage Ind load 1m·
pedlnce.

2. The crystallhould be mounted In I c~
ta l oven that al~ !he lemPlnlture 10
be vlrillet IIowly In 1M requlrlld ra• .

3. The circuit should have a lemperalure
meaturing and lncllca ting lySIem thai II
~ to Indical. the actual temperature
of the crystal at accurately .. poulble.

The third demand repreeantt the g,.t..t

~m. Since " II not ~alJy pOA
Ible to ~... !he ..-nparature 01 the
crystal directly on !he diP..

For th il ruaon, a heating syt,I.m ,. uMel
that alloWl two letanlleal crystar e.... (a.g .
He-6 /UI to be accommodated and be
hMted Identically. One of lhe two euat
contains the crystal, and the other a tempe
rlture probe, • IO-Clilad pttantom Crystll.

CRYSTAL OVEN AS HEATING SYSTEM

The h.allng tyllem uMel I. a cryllil oven
type Xl-2 whOM lem perature I. controlled
using a bl-rnafl,l Itrlp and a healing wind·
ing (twO-pOint control). The hMI... winding
goes around both e:tYStals. whidl are
pressecl againlt eKh oItIar with the aid of



f ig. J: P"otot ..ph of tile ety,tel owen Xl·a fig. 4: P"otograph of ttte ph.nlorll <: ,.,.11. '
using lempe.."'... proM LM 335 Z

apnng.. By bridging the 75~ b1-met111
switch (1M ngure HI). it it pouible for 1M
meaul1ng range 10 be increaNd In eJ:CftI
0' • 75~. ~ :I thowti • photograph 01
the crystal 0YWt with the crystal and
phMtom crystal mounted Inlo place.

The g....t adYwt~ of th.. arrangMlenl
ow. t~perature rMMutementl on lhe
taM I. t"t'idInt Temperat1Jre fluctuallOns
hlktI IOnget' to t"MCh 1M IIttual Cryshll d.sll
Ihan they do !he c.... For Inst.nce. II a
lemperature probe Indieated a stablUzation
0' !he ca.. temperatu ra, thl. would st,ll not
be lIatid 'Of' the !lCtual Cryshll d.sll IIMII.

CONSTRUC11ON Of TH! PHANTOM
CRYSTAL

The ca.. Should be .s similar a• .poSSlbl.
10 tha t 0 1 lhe Crysl.1 10 be me. sured . Th.
lempera t ure proo. 11..., should be mount
ed In the samt position wilh ln lh~ Cue as
lhe crystal disk . The connection wi~ of
the temperat1Jre probe a,. aalrslactory IOf
mounting.

The author's prototype llMd a lemperalure
~ type LM 335. Both 1M plashc and the
~tal version ha .... been lound successful
In ptllctice. TheM probn provide a t..."pe
tlltu~iONr IIOItaQe WIth a lIariallCH'l 01
10mVlK (10mVre). n it 1'101 ablo!ulefy
nKeaary fOr a cahbratlCH'l to be m..,..

TMte ara 3 poe8lbi htlft fOf conSlruc1IQt'1 :

1. A d.fecfi.... Ctyll.l is open«! by unSOld
eri ng the cue. removing the Crystal and
mcxm ting Itla temperalura probe In the
crystal~, whereby one hc»der is
connecled to 1M OUlput of l he lemper.
lure prObe. and lhe other 10 the ground
conlact . The photograph glv.n in Flg. 4
aho ...... the cons truc lion 01 Ihe ph.ntom
crystal us ing a pla.Uc lemperatur. probe
(T0-92).

2. II no de fecll.... Or obsol.t. crys tal I.
available In the right type 01 Ca,., such
a ca,. comprtIlng the IOCkel and cuei_" is usually allailable Irom crystal
manufaC1urwl'S.

•"

,.,



"""",.

TO-9 2
PI".. e h ck ..,.

"".

,
•

}-j--+-~_ ._,.."

"•

-J-I---+-1

." ."".
"- - ..

" ,..

•

..".. ..,.
Fig . 5: Inti ma l circuit 01 1111 Ie LM 335 I nd connecllonl

3. In addition 10 th is, a complete phantom
crystal is available for apprOlllmately OM
10.- under Ihe designation OT·T 1025,
This phantom crystal has the advantage
over tne previoUSly mentioned version
that i t Is enclosed in Iha same nitrogen
gas 85 a,e most mode rn crystals, This
gas atmosphere ellhibits a 10..... dew poin t
01- 55"C. which ensures Ihal no humidi
ty rasulls on the crystal resonat or or
temperature probe down 10 th is tempe
ralure,

THE TEMPERAnJRE MEASURIN G CIRCUIT

Since the temperatura probe LM 335 pro-

vidal a lemperalure-linear outpul voltage.
no linearization Is required. The typical
l inearity erro r amounts to only 0.3 K. The
typi cal Indication error without alignment Is
given as 4 K lor the Inell.penslve version
lM 335 .

The Internal ci rcui t and the ell.ternal con
nec tions 01 the th ree-pole tempe rature
probe are given in Flgu r. 5. The function 01
the temperature probe corresponds to that
01 a zene r diode. It operates in a current
range 010.4 to 5 rnA at a ma:-.imum ind icat 
Ion error 010.3 K.

The actual measuring circui t Is gi ven In
Flgur. II. The tempe rature probe is led with

A2 A4

·~c ' 80"C

P l P}

13.03vl

~l A3

"Ii·a:
T.m~ratur.

m...urlng circUli

-l(n ' ll"(

12.S3v)
51
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Indicator UP1N Up2N R, /kg R,/kO Pi fkO R,/k O R. fkO P,/k g

DVM 2.73 - 2.3 2.7 0.1 - - -
Voltmeter
- 2O"C to + 3O"C 2.53 - 2.' 2.' 0 .1 - - -
+ 3O"C to + acre - 3.03 - - - 2.0 3.0 0.1

a current 01 apprOll. 1 rnA via a resislor
Irom a 5 V voltage stabilizer , The output
vollAlge amounts to 273 II 10 mV et O"C end
increases Pfi degr.. of temper eture by
10 mY. The moat lavoreble means 01 indi
cat ing the tempereture is the UM of •
dlgitel voltmeter (DVM) hevlng • resolution
of 1 mV A 0,1 K. In order to avoid the' Ihe
zero value 01 the Indicator (theoretically) is
at the absolute zero poinl (- 273.15"C), and
a value of 293.9 will be Indicated lor
+ 2O"C, the minus Input 01 the DVM should
be connecled 10 e potentiomeler that Is
eUgn.clto 2.73V (A O"C). II Is then possible
to read 011 the lemperature In "C with a
resolution of 0,1 K.

In order to enlYre that the circuit is nol
only limited to use with a DVM, the PC
board Is designed 10 lhet a meter cen allO
be connected. Since the resolul ion Of nor
me' meters on the market 'a not usually
more than 50 scale markings. where., the
temperature measuring range 01 interest
can amount to 100K (eg. - 2O"C to +80"
C), the measuring renge ean be twitched
with the aid 01 S 1 to e lower end upper
range.

II the zero poinl of the lower measuring
range Is lei 10 - we, the an oclated Volt
a~ div ider P 1 I hould be adjusted to
2,53 V. The zero point of the upper measur
Ing range then correspondl to + 3O"C A
3,03 V.

Teble 2 conla ins the required r" llIance
values. It Is easily possible to change the
measurin g ranges. R"illors R 5 end P 3
are in l eries with the meter M and can be
aligned so [hat the lull scale eeuecncn
amounlS to 500 mV (Q 50 K),

Since the maximum measuring error 01 up
to 4 K i, no longer permissible during
mll&$urements on crystals. it is recom
mended thel thiS error be compensated lor.
Tha actual response 01 the output voltage
with respect to the Ideal characteristic of
..ectly 10 mVIK een have e linearity error
01 typicelly 0.3 K, and additionally e cons
lant , hill 01typically 4 K ,Q 40 mY. This l hil t
can be compensated lor by connecting the
edjustment connection of the temperature
probe LM 335 to e polantiomeler 01 e.g
10 kO, as l hown a. a dashed line in Fig. 6.
or by verying the opposita voltege thel II

Temper alure error/K, uncttibrated

Tempereture renge LInear.erroOK e12SOC Total temp. renge

T,,. Tmlnrc T""",rc Iyp mall. Iyp . max . Iyp. mall.

LM 135 A } - 55 + ' SO
0.3 0.' 0.' , 1.3 2.7

LM 135 0.3 , , 3 2 ,
LM 235 A } -25 + 100

0.3 0.' 0.' , 1.3 2.7

LM'" 0.3 , , 3 2 s
LM 335 A } 0 + '00

0.3 I.' , 3 2 s
LM33' 0.3 I.' 2 • • ,

."
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Fig. 1: Drgn,r \loltnIll., :
COM.cllon. of the Ie ICL n Oll

fig. I : Condue1or lane. 0111'1' DVM

Measur ing inpu t

II, on the olt..." hand. the crys lal case ilsell
is used a. ground conr'IKlIOfl. It l hould be
ensured ,hat the IIOltlo- drop caused by
the heating current on the GrO\lnd connect 
ion to th e heahog winding, which i. eleclrl·
cal ly connec ted 10 lhe Intermedlala panel
be twee n l he caMS, will ect cause a
measuring error.

47k"047k@47'k@
~ QQ Q Qn n QonaOOnnnn n o,
• ttl :
-e ,. r- ,
n n
0 , ,, ICL 71 06

,,
"

,
(• ·• • •n •- 'C ,

0 ", -e ~ ~

.:.... OO'O~i£:-::::~~f~~
~ 47n· ·-u-e ~ 0

'011 o-c:J-o ~ X. ..US
l.70k o OV - .. Ul 0

v. - •Fig. I : Com~nt loutlon. oll~ D

presen' on P 1 (P 2). BOlt! methods a ra
equally good. Since 1M crysta l c.M on ly
posseuel two conneclicml. In contrast '0
'he thr.. connection, at the lemper.turl
probe. the adJu.tment con n-eUon I, not
connected, and lor this ,ulOn the .lIgn
rnent is made with the aid of P 1 (P 2).

'6<



Fig, 10: Pho togrlph ol lhe DVM

For applica tions where higher measuring
accuracy is required. il is possible lor tem
perature probes to be used that poS&esa a
lower tolerance . Tabr. 3 liats lOme charac·
teristics of these types .

The ind lcalion 01 the zero point requlrn a
zero point segment I/oltage that runs mver
sely proport ional 10 the backp lene I/oltage,
It I, generlted in an inl/erter 4011,

fig . 12: Low·,.actlve osc'lIltor cln:ull ,.,

lH
J054

'.
.J - Fig. 11:

He.te, circuit-
."." ..... ... ,..

•• •• f-<i..
H

I
··f •.. • .n '" •• ..,
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INDtCATtON UStNQ A DVM

Basically . any DVM is suitable lor Indicali ng
the temperature having 1 min imum resolu
tion 0 1 10 mV (beller will be 1 mV). The
aUlhor 's prototype u," a DVM equipped
with th. Integrated circuit ICll106 and a
lCD readout.

The operation of this digital voltmeter is
not to be described in detail here. but only
the most important detaUI . The e_ternal
ClrC\litry has been selected so thaI a
measuring range of .t 2000 mV rHultt. A
spindle trimmer 'I used tcr alignment. Th.
zero Input 0' ttIe measuring system is not
identical 10 the ground connecUon of lhe
DVM.

Flgu,.. 7 shows the e_lemal circuit ot the
tC, The lCD-readout II mounted on the
conductor Iide of the board. Thil meanl
that the module Is flat and allows sultabla
dimensions of the board , Flgur. a showl
the conductor l ide of the board, FIgure e
the co mponent locations, I nd Flgu,.. 10 I
phot ograph of the completed modu le.
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HEATER CIRCUIT (figure ' "

The healing ayll..,.. 01 !he two-polnt c~tal

oven XT·2 ellhlblts a ,....tanoe 01 approll ,
6 a In lhe tale ollhe author·. prototype. I'
the temperalUrelW1tch it not 10 be UNd. It
i. pOUible for hNtlng power and lempe
ralure 10 be selecled IrwIy, varyIng lhe
healing currenl up to approllimale!y , A. A
, 11.0 poterltiOtnetef i. u-d lOr adju'ling
tNI healing o.trNnl. A IraMI.tOr 2 NJO!)4 I.
uNd a. CU~I ampll"ef. The Mallng
winding is ClON'IeClad 10 !he emln.,. The
tlMhng currenl flow foIlowt1 lhe pol....tlO
meter voltage ,....tively IinNrty, The hNllSt"
voltage amounts to apptOlllmately 12V. It I'
necessary tor the powet' translormer to be
SUitably selec ted . If - accordlf\O to the ...
Iec:led heating power - lar~ varlallon. 01
lhe operatlf\O 'IOllage lake plac• . it i. r. ·
co mmended Ihal Ihe ope r'ling voltage for
Ihe DVM i. , tablUzed . lor Instance 10 8 V
using an Ie 1808, or .imi ler.

THE OSCIIJ.ATOA CIRCUIT

The m.aau,...,...,t 01 the lemperature chA·
racteristic is beat m.cSe in conjunctIon wllh

an oscill.IOf cirQ.llt. BesIdes providlf\O.n •
allgnmenl pouibilily. the crystal OKillator
IhOuId be able 10 pwvm a tufflciently
high voll~ to • I~ueney counter al low
reactanc.. and INt tNI eifC\llt,hould allow
the crystals to commence and m&lnlaln
oscillation over • wide IrllqlMncy range .
The enecn gi¥en in Agure t2 lulhlll thl'
conclilion,. The RMS vallM 01 tn. outpul
voltage amounla to 1.2 V " 1 MHz, and
O.lSV al '0 MHz. The rMClIon i' decrHMd
au'hc.-ntty by USIng • d~1 gat. MOSFET
40673 Or 4O&It le r • 0.02 pF) 'I' bUtt.r.

COMPONENTS

Cryslalov.,, : Type XT·2 ava,l.bl. Irom Ih.
publl,he,..

LM 335: Nallonal Semiconductor

Phantom crystal: Oua rzlechnik

2 MQSFETs 40673 or 40841: RCA

teL 1106: Inle"'l
4011: RCA

T8A 625 A (Xl. L 129. 7805. OrSlmll.r

2 N 3054. RCA

,.,
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ALIGNMENT

Th. aUgnmfKll process is mainly Umll.cl to
lh. temperature measunng I yalem. It
ahould be comme nced at the DVM or
meIer . Thi, II followed by ..Iecting In. ~.
QUI~ zero poinl of lhe rneaur'l'O fangtl

With the aid or P 1 (P 2), When lning lhe
DVM. p 2 Win not be .-.quj~_ P 1 IS lhen

ad/Ulled 10 2.73 V. TM lIne alignment '.
then made by adjustIng P I tP 2) at •
carUlio temperature value Ihat ha, been ..I
WIth anot"", ""nlCiently accurate mMna
la g. cli nic.! thennometet t»~ 3& and
"Z'C).
The meUl.lnng I)'Stern will not pt'O\'iOe

Ntl,f.ctory rtlUltt II thlt rel.~ I~

qu.ncy 01 the l.-.qutncy count., uNCI 'I In
accurate and/Of unstable. II It theretor.
reoomm.nd«t 10 ..ther UN • commercililly
.v.i..b1. f~...ency count.,. whO.. etrot il
.tw~ '''' thin 10" , or lor the crysta l
OIeHl.lor Of It'le tllM baM uHd to t»
locktd 10 • standard frequen cy lratllmin.,
auen .. Oroltwlch 200 kHz.

01 cou,.., the de&cribed me.luring unil
can lorm In. basi, lor con,tructlng ReXe-.
TCXo. or OCXo.. a,g. lor frequency count.....
CONSTRUCTION

The mlln oo.rd (1M fIgu~ 13) .ccommo 
cUI. the oeoilroiOf circuIt lhe eight-pin

f it- I S;
Photograpll of the
a"tftor", prototype

octal IOckel 01 lhe Crystal o\len Xl-2 .nd
pa,., 01 Ih. meuuring cJtcuil, """he"'" the
DVM I, co nltructed .nd mounted In a diNe
rent position. Flgur. 14 ahOWI a pholo
graph 01 lhe compleled modul. without
CoYer. and the compleled unit wll h COYer il
&hown in FJgu~ 15
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A System for Reception and
Display of METEOSAT Images

Part 5

by A. T.u.r\, DC3 NT

•

11M last part of thl. artlcla d••crlbed Iha
POW" IUPPty and frequancy lIan.ralor
modula. Thll Is now 10 be followed by tha
deac:r1ptlon of tha ..Ideo board DC3 NT
005.

aafora 1I0ing Inlo da(8I1I, II II'IouId be
~ntlonad thai tha equlpmant dascrlbed
In thll llriel of artlelea ".. ~ 1m.
pro.-ed aa tlMy 110 along . For Inl"ne., a
contrOl bu. and a ayllam board "....
been ,dfilacL Thla not onty almpllfta. the
wiring, but alae I lmpilftaa operation of the
'Yllam conlkMrably. Tha.. bo.rda will ba
d.scrlb.d In part e of Ih...rI.., 10981".r
with tha ,e-rl·atop ....Iu.tlcn (00 7) and •
circuli for the drum motor (DC 3 NT 010).

Wa would .Iao lUI' to point 01,11 that Iha
I yaltim II . Iao aullabla for r.cordlng tha
APT· tra nllmlaalona from tha Ihr.. OOES
u!elllia. Ioca'-d o..ar North Am.rie. , ..
wall .. from tha J.pan. .. OMS IIt. IIIl• .
Howe..er, the "nar u..a I I.r hlll"ar Ir. ·
quancy d. ..I.don which requlr a•• modi·
fled IF-module In Iha VHF.reeal.., r.

All importanl tunctlons can be controllad
..ia the 12 Bit bus. TM SWitching I. mad'
using C·Mes analog sWltchas :whlCh
means, fo r Instance. Ihat the a.penslv. ",.
waler switch., will not be required lor th,
seven speeds. It Is now posslbla using I

almple aingle-walar awitch and I dieda
matri. 10 _program~ the unit lor alt l acsi·
mila standards trom VLF to HF, and for tha

varloul w••ther eeteun... Th•••t.nllon to
Includ. the other w. ath.r lal.lIll. and
weather map IOUrCfl wu made necessary
due to tha lallura 01 METEOSAT " and
a"er II was lound that too many possiblli·
ties 01 Incorrect operation wara pouibl.
when switChing Ih. IyItam 10 one or
anothe r _standard.. whan nOI using tha
control bus.

TM con l rol bill ara as lollows:

3 bit lor tha 7 tpHds
2 bil lor Iha AF·lOurc.
TapelVLF/HFIVHF

2 bll lor vioec switching
AM/FM (:t 150 Hz)/FM (:t .tOO Hz)

2 bit l or tha normal
TIAOS·NOAA-eH l l CH 2
1 bit for the Inde. of eccce-eucn
(moni tor 288/576)

1 bll for normal/w. ath. r map

1 bit tor tt'le METEOR burst 250/1200 Hz

The Iystem board provld.. tha Int. rcon·
nectlon betw een the lollowlng modules:
Power supply DC3 NTooe
S..rt·IIOp logiC DC 3 NT 007
Frequency ganeralor DC 3 NT 006
Monitor Intarfaca X·Y·l DC 3 NT 009
New MOS-SWiIChlng modula DC 3 NT 011

In addillon to thll, ......r. 1 switch.. 01 Ih.
dat. bus (2 lC's) .re also . ccommodated . ...
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5.4. DC 3 NT 005

As w. . mentioned In lhe bloc k dlagr. m
(Figure 26 of pert 3), module DC 3 NT 005
.ccom mOd. t.. the following circula:

'1 lor CRT .nd FAX·m.chine :
2400 Hz preamplilier
AM ·d emOdul. tor
FM·demodu l. tor
Video filter
Video .mplilier (pol. • nd neg _I
St.rt pulse pl'OCftling

bl Onty requ iAM:I lor driving the Itylul 01
the FAX-machine:

Pulse ·wldltl modul.tor
Brightness control
Conlrast control
Two,channel twitch lor monitoring

with an OICiIloscope
Pu l, . ·w idth correct ion for we. ther mapi
Stylul current drlv.

The l pecl al re. tures of the individu. 1
I tages . re now to be discussed with ttle lid
0 ' th. CltWit diagram 01 mOdule DC 3 NT
005 which il given In FIgure 37. '

5.4.1. Demoduleto rs

The low lrequency lpacing between Ihe
l ubCarrier of 2400 Hz and Ihe videO Ire·
quency 01 max. t700 Hz pil e. high de·
mandl on the demoduillor. Only~h err
cuilS sho uld be uNd thlt l uppr... the

carrier. A lull_ave detection Is used lor the
AM-demod ulltlOns (The rwq upper ampH·
tie" 01 I 1 tOQelhe r with the Iwo IUbse·
quent diodes). The carrier will be IUP'
prMMd In the ca se of I n e~lct I lignment
01 the anU-phaH .mplltudas ul lng Ihe
trimmer poten tiometer . The I trong compo'
nent 01 2 fcarr (4800 Hz) generlted In thil
manner can be easily l uppr.U6d In I l ub
sequent ' liter.

The ..Iecllon 01I circuit lor th. FM-demo·
du lator II ~ difficu ll Iince the camer
lrequen cy varies . Known demodul. tors will
not ope r" e successfully In thil applic. tion,
which me.nt that I new circuit had 10 be
developed that had I ....ry high clrri.r IUP~

pression Ind I high video cul-otl Ire
quency. In~llion to thll . II II .....n pou
ible 10 Inc r... the II~ 01 the lrequency.
to·volt. ge charac t.ril tic.

Figure 31 IhowI the bUlC circuit togelh er
wlltl Ihe correspo nding pu l.. di. gr.m. A
Schmin.t rlgger (not·shown) Inapes the
li newlve ca rrier frequency voltag. to a
Iquar. ·w..... voll.ge . The time l pacing of
the rile I lopes correspondl to the period
dur. tion 01 the ca rrier Irequen cy (11Hz).
Tnil tim. II meuurlfd. For thil . • capacitor
C II cnl rgad with • conlllnt current and
periodically discharged with th. previously
mentioned riM-slOpes 0 1 Ihe sq u.re-w.....
vottllg• . TM . chi....ed volt.ge Uc il Itor.d
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5.4.2. Video Modioli.

The video .ignal il led Irom I"e outputs 01
Ihe demodulato,. (PI 0 Ind PI 10). vii
swilc" e s, I nd vii PI 3 10 11'1. video Impli
fi.r. Any resi du l l carrier or "armonles
Il'lereo l a r. now auppreued and Ih.
DC-voltag. !eYels I,. broughl 10 Ih. rcucw
Ing un tform VI'UII :

The fraqlolancy rfiSPOn" Ihould be as lI f\Nr
.. peasibl. lrom 0 to 1.7 kHI. To obilin
Ihis. • video Illter WII op t.mlled 11'111 pea_
NIlIeI IwO po": It 2,4 kHI Ind at 48 kHI .T",. gre.IIy suppr..... the m.,n compo
nenls 01 lhe resK1UII AM-cam.r.

TM video amp"flar has ooa ou lput each lor
a posItive and I neg.,'.... video Sig na l (Pt 4
and PI 5). In addi tion to Ihi., I circuil ,.
provided lor det.rmlning I black/whll.
Jump ~ a n inverte r provld.s an impu l.. In
the else 01 I whlla /bllck Jump . TheN im
pu .... ar. u.-i . 1I.r racaivll'Ig 1"- stlrtmg
ton. 10 start the ma chln,. or 11'1. electron
beM1 , at the cor t"K1 phase poIll lon. TheM
ou tpu t. are PI 12 I nd PI 14

a t connection Pt 10 should amounl .t: 1.5 V
. 1 I frequ.ncy Oriilhon 01 t 150 Hz. It Ihi,
v. lue il not otItilned. II II naceaary 10
c hange the KIUrcI "'IIIO!" 01 the constant
cunent FET BF 245 B; • grNtar ,...lIor
vllue r.sults In a IOwef OUlput vOllage. Thi,
II the moal lavorabl. oPerating r.nge lor
VlF facsimile Iransmisliona,

For VlOrt-w..... Iransm,1aIOnI With .t:400HI
Vllh . connac11On Pt 14 .. grounded Ihus
.nc reas,ng !hi va'ue Of the d llCnm lnat or
~'Ior by 47 nF. As un be Men In
F'VU,. 39, !hi canl.r frequ.ncY will be
Ihitted s llg hlly down, which 1'1.. no impo r_
lance lor our sppllUI,on.

Signal Video In Vl(leo 0 1011 Video OIoIt
Pt3 Pt. PtS

BlOCk 7.0V j ,5V 5.5 V
G,., BBV 7.5V 7.5 V
Whll. 10,5 V 5.5 V 11.5 V,--,. ,--------:,

, 1
('c. rr • '3 3 'ca rr ...S5 'earr . ...)

TheM c a n be ..,ily supprllMed In a 1IJbH
Quent 1111.r.

T~ b..ie dilCriminalo r slope is ano wn In
Figure 31. In this ca... Ima ll is del.rmin.d
by lh. pu l.. du ration 01 Mono llop 2 (R ..
100 ke /c .. " .7 nF be tween Ih. two ga l.1
0' I 2), whe r.. Imln Is ect only delermined
by lhll pulM durat.on. but a lso by t~

rnu.mum eha1ga 11fT1e of the dllCnmln..lor
~'Ior .

'Ig. 3t: O'K r1rftlnIotor ctl.rkl.rl,lIc, olltlOf
c'rcull glv. n In "')1,

u.,. cc ht

~. L. .,- ~

,.....

.. Jull befo re ita dllChiorge. T~ " o red ven
a ge il I meuure 01 1he pr....lOu. pel'lod
dural.on and corrapond. 10 lhe in....,..
value of lhe carner frequency .

In !he c a M 01 a conltanl cam.r IrequencY,
a DC-vOl1age will be preHnl al 1~ OUlpul.
In lhe e... 01 a conllnuOUl frequency
vanal lOn, lhe OUtpu l voltage UOUI 01 Ih••
demodulalor wdl be provtOed In .1~, tor
Ins tanc• . a l • carner f,.queney 01 3 kHI.
:JOOO .t.pe per second will reII,Itl. Thl' low
reM!u.1 AC will only occur dUl'lng changes
01 !he modulall()fl and will only ha.... odd
harmonics according to lhe Fourte!' .n.
lysis

The g r••lnl ponible Ireq ue ney d....illion
i lmax - Imin ca n Ih.relo re be Influ.nced by
E lhe "'.clion 01 11'1. CliP'lcll.nc. v.lu••nd

j tha amount 01 c ha rg. currant. This i.
Utililed in ordar to obl.in IWO ditl.,.nl
characlarl.tlea 01 optimum slopa lor 11'1.
two Irequency deviation valu.. ,..quired

.. When c o nnacllng • aubalm.r 01 2"00 HI
S to Pt 8 01 DC 3 NT 005 , lhe output voltAQI
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5.4.3. Slylu. om.
The lollowlng CirCUits are only requ .red lor
the FAX-mKhme

The rMlallZKt paper used (BOSCHI can
basically only ptOYlde wt'I ll. I.. .....,' or
b«Kk. If one anempts 10 Oblaln a grey lone
by varying the .tyIu. current. this will "ad
10 a non-unlfonn coverage. wh.ch virtually
only Shows 1M coarMtIeU 01 the Pfipef

Fat th" rM8Of1. II was deCided to IC rMn
thelmag••n a ..m"ar manner to that used
In MW.papet1 by ObUllnmg a grey tone
uSIng a Nt. 01 small wt'I lt. and bl.ck
Image po Ints , S.ne. our 'mages are wntt.n
in llnet. It " possible lor the grey tone to
be obtained by varying the length-rahO 01
blac k 10 whil. image poin l'. Th. belt
resulls ware oblained by ICr"M~g in
.ynchronou. with the drum 'PHd, Fig. 40
shows Ihe bulc cirCUl i 01 a (.ynchronou.)
pulM-widlh modulation.

Ag.40: B••Ie .... of • Il}'ftetl~.

pvlM-wMtItl -.tulltlon

It " po..iblt u.mg a comparalor and •
uwtooth Of" triangular voltage to chop ttle
video .nput vol~ In lime with the ICr""
ing IreQ~ and to vary II according to
the kAylng ratIO The lollowlng pou.blllil.
are provided

t . A ahllt 01 1M DC-vollage lev. 1o_rat• •
• brigh tness variation

2. A Vlriallon 01the u w100th amplitude re
aults In a con lras l variation.

3. The transmission characteristIc can be
inlluenced by lhe curve .hepe 01 th.
voltage alIM mlnu, input.

Poinl 3 i. (MIlled Iirslly in the .aaocUlted
circuit (Fig 37 lrom PI 18. 18. 17. 2i to 31
via I 4) which Is giYefl In the nght-hand part
01 the cirCUit d~r.m :

In order to correct the Inherenl degradat ion
01 the dark grey "ape 01 th•• method. •
lI.,..r sawtOOth voltage .. I'IOt uNd. but an
expot.ntial wawlorm. Thl' .. ObI'lned by
charging. capacitor (22 nF) vi•• ,.••ter .
Needle pul.. .re obtained Irom the
ICrwning I~ pretent .t PI 115 by
d lfferent ••tmg . and II'MlM pul... dllCharge
lhe ap,cltOt 720 limn pet drum revolut ion
w.th the .Id Of • tran ...tor IBC 2315). The
Irma conalant 01 R and C ShOuld corr..
pond to 3 1. In Otdaf to obtain the sam.
w....rorm at . 11~. 11 i. neceeury lor
the tlrM c:or.tWlt to be twitched together
W ltrl the drum apeed, For thl' reuon. the
charge r.aiater .. I'IOt mounted on board
DC 3 NT 005. but I. comb ined With the
speed switChtrlg ,

The sa wtoo th volt.ge i. I'IOw corrected In a
network 01 dlod.. and millor. and con
trolled to obtain • variable .mplltude.
(PI 16). Thi. i. lhe contr. " control (point 2
above). At zero poSition 01 tn. sawtoolh
Voltage. the conlr..t will be infinite. whiCh
mean. Ih.t no grey tones will be provided .
This po.ition is used lor .......th. r map a (In
contras l 10 W"Nther br be net, clOUd
lmag••' .

Finalt)'. the DC-Yoltage level an be . ltered
in the ~bMQuan1 .tage (PI 29,• • nd th" "
the bright,.... eont rot (POint t 'bove}.

The Integrated cirCUit 14 can. 01 COUtM.
not d lreett)' dtM the .tyIua. IInc•• 'tOItage
of 80 V .nd • current or aporOJl IIMlaty 300
to 500 rnA .... required to bYrn off the . 11.1
minlum coattng Ttus is a power 01 25 10
40 W; howeYef. th" is ont)' requ ired lor.
penod 01 .... ....." in ft'le ease 01 complef.
black . Thi. dtM is pr.ovlaed by the power
transisior eo380, whiCh twlt che. the . tylu.
voltag. lrom Pl27 to Pl2S; • r...1I0r 01
150 Q .nd .n .xt.mi.1250 Q potentiometer
are prov Ided lor limiting the .tylu. curr. nt.

The . tylu. current can be electronic.lly
blanked. u.ing • lurth.r Iran. lstor (BC308).
This I. uled to ~pp..... current to the
.tylus when 1M FAX-machine I. lIatlonary.
.nd can alao be uNd lor b1.nking out the
unwanted chInneI in the caM 01 TIROS
and NOAA trarwniuions.
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II ca used lrom Ihe origlnall, . ha rp whllel
black fran,itlOn that hu • charac teri. tic
riM and teu time dependent on the band ·
width.

If the comparato r threahold i. In the center,
the amall, ,, image point. will not be re
co rded ; II the threshold i, lower, this will
cause a leng thening of the black image
polnfl.

In add l!lon 10 thl ' , the atylu. will inc'....
the width 01 Ihe black point to the value ot
'" own Width (Agure 43)

,. 43: A tMedI poInI _ ba 1MgtNI'ed

b, !he .ctu.l wIlftIl of !he .tytu.
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5.4.4. Two Acce..ory Circuit'

To complele lhe descrlplion 01 module
DC3 NT005, two uselul circuli' a'e 10 be
described thott are nOf abtolulely neee,.
lary. These ate 10 be de.lgnaled a,
_Opllon t _ and -Opllon 2.., Bolh 01 Ihem
are alao uMd only lor the FAX-machiM.

Opflon 1; Two-Channe l SWitch

An electronic twitch 'Witches the 1WO inpul
,Ignal, 01 Ihe comparll forll used lor In.
pyl...wldlh modulaUon anama/aly to •
common outpuf (Pt 22). Thl. .lIows lhe
.ctlUlfmenf of Ihe bri9ht..... and conlrasl
01 the vidtlo IignalIo be earned OI.It In con
JUnctIOn WIth a 1IfTIP'e "ng~trKe oecll lQ.
1COPe- SWIICh,ng " ~ Ullng the vco
frequency 01 M,4 11Hz Obtained Irom m0
dule DC 3 NT 008. The chOPper daM not
only N"e a dual t~ OSCUlOKQpe, but
allo the e.act .cllu,tm.nt 01 the two choln.
nela With respect to gain and zero 11M.

Agu,. 41 IhowI an QKilioecooe t~ lor
I~uency 01 M.' kHz obtained from m0

dule DC 3 NT008. The chOPPer doee not
only N"e • dua l tr.c. oac lllc.cope. but
.lto the e••ct .cljuSlment of the two chan
nela With reapec:t to g'ln and l ero line.

Option 2: Weather Map SWitching

Mott aymbol. end signa . ra at the resolut ·
Ion IImlta when writing we.lther map'. The
Image coot.,11 con.ia' m.;nly 01 • while
lYr1ace With Ihor1 black pointa , which re
sulla In the highest trantrnlla!on rat• . Sme.
the tranllmiMlon bandw!<lth la limited, the
Ind ividual IrMge point will be cut off. AI la
indlC8t~ In FIgure 42, a tranK len l PfOC"I
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Thi, e"o, II decreased u,ing two Mono
l lOpe (I 81·

The com"....~~"1(lIm_~~~nl ot the slylus eurrent II
~ 10 the v.lue 01 time eorr..por'lcling
to the .tylus width on tl'll ~. Thi.
"*'l' thai 11'1 inc:Irtld~ btKk im~ pOlnt
II brought beek 10 IPPI'OUNIe/y the on.
gll'\.1 length. " the IrNQe eurren t puIM II.
~'. • I~ complelltd belore 1M
detay lune _ e1apMd. ltI lI wrrou ld mun
thli Ihi. IrNge peNnt would be ml" ntOl
compltlety. For ltti. reason . Monot\Op 2
produc... thOf't impu lse . n. r 1M switch 
ing 01 MonollOP 1 In Dr'del' to en sure IN I
an mge poinl II QInel"IlItd in .11 CUII_
Thi, poinl _ ptKllCli lty tM Ill . ot IN
,tylu.. .nd I' thUI the .",all..t pollibl.
Irnege point.

Sif'lCe Ihe delctlbed correcllon INIthod I.
only oper.li.... in Ihe case 01 true bl,ck·
and-while Images. the contr••' .hould be
"t to an Inllnite v.lue in Ihi. mode Icon
IrlSl conirol bridged). Thi. . cklillon.1
elrcuit muat be SWitChed oil when produ c
Ing gr.y IOMI. 10 th.t the 1C,..nltd Imsge
points ar. nol ~COHlCtltd .. Connec hon
poinl P! 21 is provided tor swIIChing opllOf'l
2 on .nd 011. n is connec led 10 i> 15 Y for
wealMr ~, Md grounded 10J' cloud'-
5.4.S. Con.1ructkIc'l of DC 3 NT 005

The cirCUliO~ in Figure 37 II accoml'JlOo
d.ted on • Iingle-cOlllld F'C-bOard whiCh
hal bNn deligNted DC3 NTCOS. Thl'
boerd i, thown in FIgure 44 Thl' boIitd I'
allO ot ".nctard Europt-e-rd "" .nd i.
provided With • 31·pln eceeeetor that I'
plugged Into !hi 'YStem boa,d 10 be on
cnMd lal.r.

Since Ihe board I. lingle-coaled. , f. w
bridges ar, required Ihal . r. given in Ihe
componenl location plltl, ,nd c.n be Men
in the photogrtPh ot lhe .ulho,·, prolOtype
given In Figure 45.

Pi.... check: There i. , 10111 01 8 bridQII
on DC 3 NTCOS. The two ~oPllons.. . nd
their connection poInll ·b· to .g . . ... IIPI
clltty mlrlo.ed in lhe componenl Iocaiion
~Itl . Th... must be connected With the lid

01 eonnecl lOr'l Wires . , c.n be seen in Ihe
pf'lologr.ph _

504.5.1. ~nls or DC 3 NT 005

l' dIOdeS 1 N ' 1'8 or "",".t
1 nner diode e 2 Y 7
1 nne' diode e 5 Y 1
1 ZWIel' diode e 5 v8

1 power zener dlOdl lY ' .7

1 tw llch ing tran, ill or 2 N 2222

2 AF-'r.n,i"ors BC 23&. Be 413 or 'Imil. r
2 FEl' BF 245 B
1 AF-PNP Ir' n, ill or Be 308. Be 415

or simltar
1 HF-Irlnlistor BF 178 or BF 258 0' simitar
1 PNP power tran' lstor BO380. eo 140

tnlegr'lild c-MOS CIf1:u rIS'
'.4001 .1 .4052.1 .. 4528

1 quadruple Op-Amp 1M . 761 (Siemens)
2 quadruple Op-Amp (LM) 324

2 S4men, COliSIts 11 • 7
mil. N 22. Wlltl . hgnment cor • .
cod 10Hner It'd holder

P1IshC: toll c:IiII»Cllors tOl" 7.S mm SPaCIng
3 .. 470 P. 1 .. 2n2 . 1 l 4n7. 2 l 1On.
4 l 22n. t l 33ft. 3 l 47n.' Jl 0!4 1
1 ..~.1 Jl~.1 Jl ~47

1 c.r-amic 01' toil cap. 820 pF.
~ingSmm

1 e-rlmic cap , 2n2. sp&Cl ntOl 5 mm

3 tanll tum llec:trolyliCli (drop type )
10~ /25V

1 I lu..,tectrotylic, round . Splicing 5 mm:
100I'F /2SY

1 Irim",er polen tiomeler • • • ch, 4k7 'nd
25 kO, Ip.aclng lOIS mm
1 res l.,o, 5k811 w
1 tWislO' 150 D 1 W
All ott'llr ,..,.1ort tOt 10 mm spicing

1 31-pin conn«:tOl' (OIN 41617)

•

'"



--I!IJ "I~~ . ~· t~\HktrH~l~ t~·~
~!fI. . i :~ .r ~~-;0 >< '" 'Ii'~~ . e

~~ I ;;';':'~f' rWO~~~t"""~~ ~• )1 " o r,
t. ~ ~, t\.;,' 0. ..~ '

llrJ ... , "&~; ~:5; It'
1'-'" ' A • i U· Y Y ~ ,• ,~:. • II i l" 0-<:::>-,011l;tJl~o -' iJ - Y

l(~ ·~~i \~ii/~~'
I ..... ~' .. \~; ' .6-0 Y II- I~ ~I- n ' •- - . X. O- l4

~ Ji'~ "1, .. .~~ ~ol . ~ ~.~ ' lAo ~Y I' ..it,. ' Y
• I "'/" ' .

•• 1! ~ . j--.l.@1~t I, ... ~....... ...
- ,,' ~-~~ I j•• ' J I

~~ ~~ ~ lr+~·-:1+\;&, ;14- ~O ;! - ... "
! I ~. ~ ..:.

II ~'tI\~II-<> # @:r::., i D. . rr - i ~.=- -;» 'l ------ !,. 01~;-
• P:. '-I~ .

• ~I - ~ I~h .~~ ,,' 0..:!~ .; '-" ' " n.-.~ .~} : ~ ~_ .. I 0.=- -e:::::>'~, i .~ ..: ~ 0
.

......... ·~Il " ' . =;:.J., ~ 1~ L __~

•

!I,~ , U, C.m••"." .....~" .,,, ., ee-..... DC'NT ... ,........."

l
17.



I'

In



, 5.4.6. Alignme nt of DC 3 NT 005

The alignment cont rols on board DC 3 NT
005 are:
1 po tentiometer lor carrier suppresSion
in the AM -mode,

1 po ten tio meter lor the video ope rating
point,

1 ind uc tance lor AM-ca rrie r sup pression
(2400 HZI.
and 1 Inductance lor supp ression of twice
the subcarr ier frequency (4800 Hz). The
align ment is made in the same order.

Preparat ion :

Connect an Operati ng voltage 01 • 15 V 10
PI 1/2. and ground 10 PI 6. se t an AF..gene.
rator 10 2400 Hz/sin.wave (II possible .
check with a frequency counter!) and
connec t Ih ls 10 PI 6 and ground . Set the
output vol tage 10 235 mV (665 mV ceee-te
peak value). Connect an oscilloscope to
Pt 9, and adjust the carrier suppression
pc tentic meter 80 that bOth halfwayes are 01
the same ampli tude, (while . 5 V peak-to
peak). Reduce me outpu t Voltage Irom tne

AFilenerato r by 50 % so that the white
value am plitude is 2.5 V peak-to- peak.

Connect Pt 3 to Pt 9, and connect a multi
meter to pt 4 or Pt 5. Adjust the voltage at
Ihese two points with the aid 01 the video
operating point potentiometer to the same
amplitude 01 apprcximately 7.5 V DC.

l he polled cores 01 the t.c -vroec lilter only
have a small alignment range. This means
that the tolerances of the parallel capaci
tors sometimes make an alignment imposs
ible . For (his reason, two capacitor posit
ions are provided so that the lower vetoe
can be varied il an alig nment Is not poss
ible with the original comp lements.

The osc illoscope should now be switched
to AC-input and is then connected to pt 5.
The residu al carrier will then be visible and
can be adJu81ed to a minimum by align ing
those inductances. The AF-generator
should now be luned away lrom the Ire
quency in order to establish whether the
minimum is realty at 2400 Hz.

The styl us current circ uit does not requir e
alignment l

Getting ready for OSCAR 9 ?
Then you need the Vertical Rotor KR 500

Espec iall y designed l or verti cal till ing
of anlennas lor EME, OSCAR etc.

~ UKWtechnlk Hans DohlusoHG .Jahns !r.14 · Postlach80 ' D·B523 Balersdorl
~ UKWberlchte Tel.091331855 (Tag unci Naeht)

KR 500
ca. 250 kg
197 Nm")
40Nm 'J

32- 43 mm
J8 - 63mm,..
l ao- (+ 5")

6 wires
220 V/SOHz 30 VA

4.5 kg

T, po
Load
Brake torque
Rotation torque
Hariz . tube diam.
Mast d iameter
Speed (1 n,v.)
ROlalioh a....gle
Contro l cable
line volta 'Ol e
WeIght

"8



A Microcomputer for Amateur
Radio Applications

Part 3: Memory and System Bus

by W. Kil n, DK 2RY

P.rt 2 d.1Crlbed ttl . conltf\lctk>n and
oper.llon 01 1M c.ntral proc"llng unll
(CPU). Since there WI' no room to "'cIYd.
the circuit dlegrllm 01 1M CPU, 1111. .. I\OW
10 be given ttet. tn Agure 14.

A, I, m.nlloMd In Par1 1, th. mlcrocom·
pul.r "'0 Nqulrel I memory. A fil ed pro
gram memory (I K) and • random .eu..
memory (' K) .,. now 10 be d..crlbH. ••
I, 1M bu.~rd.

No ct.cl.k)n hila~n meda II 10 wn.m"
PC-bo.rd••nd kit••,. to be oft,red lor
con.tructlon of thl. microcomp"t." and
we ~Id IIka to he., wnetMr our ,..de,.
.re in 'nour of Iftl. or not.

T11E MEMORIES

Memori" ~ components tNiI '1~ thtl
Input1ed infQrml tl()n. FundarMntlUY IPMk·
lng. ~,. are two d ifferent 'Ypes

• Filled-program memorieS (PROM, ROM)

• Random~ rnemoriel (RAM)

In contrast 10 random I CCfl,I "*"'0,....
lix" program memories Will mllnl,1n their
program ....." .Ner the operlling y~t.g.

h•• beln Iwitched ot! .

The,. .r. lou r different types 01 II;1II<1-p,o
gram memories:

• ROM (RNd~ly Memory)
• Bipolar PROM (Programmabl. ROM)

• EPROM (Erasable progrlmmlble ROM)
• EEPROM jElect rlca lly .,....bl. PROM}

ROMs a,. rUled merT'IOfieI that ha.... been
programmed WIth the UNr progrlm ~ lhe

manulacluu.r. The manulaclur. 01 the r.·
quired maskS is only worthwhil. tor Ilrg.
quanlitl": on the Olher hand . th.. mull.·
ROMS Ir. lhe cheapest memory compo.
nents when ,.quirt<! in large qulnllll".
ROMs een only be programmed on c• .

The bipollr PROMs Cln liso on ly be pro.
grammed onoa, The memory .Iemenl i'
eilt'lef I diode palh. or I type 01 luM Ihll is
bYmt through during the progrlmmlng
proceu. Bipollr PROMs Ir. chaaper ttla"
EPROMs. but usually do nol h..... suet! I
high memory e&peClty

EPROM, .,. the most pOpullr rnetnOf1ft

used I' pr....,1 in microcomput.r ItchF1Q
logy. With tneae componenll. ttl. program
can be .rued by .,.adl.tlon Wilt! ult......1OIet
light (wave6ength &pprC!t , 300 10 400 nml_
This .,..... the contenl of .n rnamot'y ~I'_

In conlrast to EPROM" it I' poulbla Witt!
EEPROM, (1OlTlelimn Ilso called EAROM'J
lor Individu.1 memory (»11, 10 be Iocaliled
and .rased. AI preaent. Ihi. is Ih. tT'IOIl .t_
pensNe form 01 ' lted-program memories .

Random acceu memo"" (RAMI' mlln"ln
lheir prog ram continI I' long a. th.
oparl ling vollaQa II present. As II Il'ldlcated
by th. designation. il ia pouibl. 10 anl.r
Iny required inlormallon, and 11 i' uwally
dlta th.t " .tored In .uch m.mon.., Ther.
are loor types 01 RAMI :

• Bipol.r RAMI
• N-MOS-RAMt
• C.MOS-RAMs
• Dynamic RAMs

!

I.,.



Bipolar RAMs have. at preMOl. a relaUvely
low memory capaCity snd also reQuire a
high operal ing current. The advanlage of

theM componenw Is lhe short access Ume
01 typically 23 n• . This It Iha lime reQuired
10 oblain certain data.
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N-MOS-RAMI IUCh U type 2114 h.I~ a
conliderably longer aeeeaa lima (typically
0.5 10 1 Ill) . However, Ihey e~hibil a higher
memory density (at p~t Up 10 8 kBIl!
component) and only ~uir. a low operat
ing currenl 01 appro~ . 30 10 150 mA in
comPArilon 10 their memory caPKIIy_ Al
lhe pre..nl tme, these Ir. lhe mOIl popu
lar RAMI. __ialty li~ they are avail
able In.~pen,ively .

(;. MOS-RAMI ,lhlbll appro~lmately Iha
sam••cee.. Ume .nd memory dansity .1
the N-MOs.RAMI . However, Ihair m'ln ad 
vantage II lha low op«allng current For
e~ample. only approlimalaly 1 to 10 IiA
flow In the aSland-by.. mode In tha caM 01
type 5101. The dilldvantaga II that
(;.MOS-RAMI coal up 10 lour limes Iha
price 01 • IlmHar N-MOS-RAM.

DynamiC RAMs have a very high memory
capacity (al pretenl up 10 32 kBIl). These
componenll uaa the }unctIOn caPKitanca
•• memory .-ment. HoW1rVtlf . Iince Iha
connecled MOSFET Irtnsislon poueu a
finite Input Impadanea. theM 1I0ra;a calli
wilt dilcharge. For thil re'lOn. It II nee..
aary 'or tt'll Ilored Inlonnaiion 10 be ecen
nuoully re lrllllhed. otherwi.. It would be
loal. Thl' requi,.. a considerable ,..trHh
logic . Dynamic RAMs h.lve • ahorte r accnl
lima than N-MQ5.RAMI (typlc.lly 200 nl)
and alhibil • relatively low ..Sland-by_
operating current (for axampla 5 rnA in the
case 01 the 18 k RAM MK"027).

Aile ' dlscuuing Iha memori.. In ganaral,
the typel uNc:! in the dncrlbed compular
Iyslem are now to be described in mo,a
detail.

having a memory 01 1 k l 8 memories thaI
can be erased wllh ullravlolet light. 1 k
mu nl Ihal the memory po....... 1024
caUl with • word wldlh 0' 8 Bit The
memory c.n be eraNd with ultraviolel light
Ihrough • small window on the upper part
oltha c....~r, !hll procesl e-n only
be carried out apprOllmataly 30 to 100
It",", .nd it hal been lound in a 1..- cues
Ih.t II II no IonQer pouible 10 prog ram lhe
EPROM Ifter the firl l e,..ure . Atter the
PROM hll been prog rammed , it will hold
itl progrlm as long u requ ired (up 10 the
nell erllure). ....." when Ihe op«allng
voltage i. swilched olf. or tt'll EPROM
taken out 01 l1'Ieocket.

Flgur. 15 IhowI the connectlonl of PROM
type 2708. Three differenl VOll.g.. a,. re
Quired lor operallon : + 12 V. + 5 V, and
- 5 V. The Individual memory celli can be
addrelied vi. lha address IInel A 0 to A 9,
II a bln.ry value ill led 10 lhe .dd,... Ii"..,
Ihe Itored binary valua will Ippear on out.
pull 01 to 08 ,

In addition to Ihl'. the EPROM 2708 POI
...... an enable inpul (CE • Chip Enable ).
II high- logiC level II pr..-nt al thil input.
Ihe trl-I I.le outputs will be al high Irnpe
da~ which InNnl lhat Olher memories
e-n be active . II, on lhe other hand. low
lOgic II connected, thll will mean Ihllt thl'
memory II aClive. It II posslbla In this way
lor .ny number 01 memorl" to be connect
ed In parallel to lncreasethe cap.city.

•

' Ig. t l : Co"~. ol l l'l. HlOM 1701

2.1. The FI.ed-Progrem "'amory

This ma mory I'IU • c~city Of 8 kByta and
Ilores the programe required lor operation.
These can be ,.quesled by the command
keyboard 01 the periphery unit The ,.qUI'
ed ordar MqUflr'lcel are to be described in
• later .rtlcle,

The wen -known PROM type 2708 II used ,
which II IIghlar .nd I... a~penllva than the
2 kByt.mamory 2718 or .-.. the " kByt.
memory 2732. Thll COmponet'lt II a EPROM

"••....
""....
0 '
0 '
0'

0 . 0

~ , '-.J "I II, II

• "
~ : ' 0

2708 "7 '.• "• ••
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... 2.1.1. Programming the 2701

II one wishn to develop one'l own pro
gram lor the microcomputer. It II necnury
'or this to also be ItOred. A programmIng
unit il to be delcnbed in a later Irtlcle that
allows • progrwnmlng With the lid 01 lhe
CPU .nd an input. The ~ulred program
will be contaIned in the operating Irsl.",. It
II Iiso uMd tot comparison. in whieh the
CPU chee.... wtlethef the program Itored In
the 2708 memory co rrespondl 10 lhe main
program .

2.2. 3 Bit Demultlple.e'

Thi' cucuu (SN 7. lS 138 or 8205) i' used
for ..leclion 01 the various modu les IUch
as memory. Inputs etc. Its ou lput, 00 to 07
are ..lected via its three addre" inpul' A 0
to A 2. II I binary value i' pre.ent on the
addre,. Input (for eltample AO" 1. A.l - 1.
A 2 .. O. corresponding to 011 in binary
code). lhe associated output will be 18t to L
(02 in our e.ample). Ind In other output,
will be H. However. lhi. is only lhe caM
when the Circuit I. acllvl led . Three enabl e·
Input, E 1. E2 and E 3 are used for I Cllvll
ion . The 3-bll demult lplelter I, only actIve
when L Is present It ttle Ilrst two , and H 11
• 3.

Figure 11 IhowI the connection, of the
16-pin case. and Tab le 1 shOws the logiC
ralat lon ships.

'S 16 . 5V

" " OS., ec 01

ET
M- 0 '
l/l

IT ..... 0 '., i'! 0 4
Z

07 l/l 0 '

GIoO O'
Fig. 11: CDnnec1lon, of I....
S bltld.munlpllo••r 7'LS lSi

2.3. Con llrucllon of Ihe Flxed ·Progrlm
Memory

The 8 k memory Is accommodated on a
double-COated PC-bolrd 01 162 mm x 101
mm wllh through o<:onlactl, This board I.
designated OK2 RY004 Ind il In the lorm
01 the stlndard Europe card. The compo
nent locations . ... given in FIgure 17. and I
photogr.ph 01 the IUthOr'S prOIOtype is
g iven In Figure 11.

The prev iOlJlly menltonacl 3-bll demu lll
plexef 74 LS 138 is uMd for adOreR coding
01 !he eight integ rlled clrculls . In order to

" .2 .3 AO AI A2 00 0' 02 IX! 04 05 06 07

L L H L L L L H H H H H H H

L L H H L L H L H H H H H H

L L H L H L H H L H H H H H

L L H H H L H H H L H H H H

~
L L H L L H H H H H L H H H

L L H H L H H H H H H L H H

~
L L H L H H H H H H H H L H
L L H H H H H H H H H H H L

j H • • • • , H H H H H H H H, H , , • • H H H H H H H H

~
, , L , , , H H H H H H H H

; hole t: Logic bible Dl lh. 74LS lSi
x _ I' r.qulNd L Dr H
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FIg. 11: Componlnl lOC:l llonl on the PROM·burd OK2 AY004

•

Fig. 11: Photograph 01 Plrtl
ollhe PROM-bcNltd

ensura that the memory I, only aC1lva when
• memory-request is presenllrom lhe CPU,
E 3 01 Ihls decod er I, conneCled via Ihe
bus·bOerd 10 • NORila' l . ltla ""REO. and
A 15. For selection 01 1M indIvid ua l IC. it II
necessary lor the address inpull A0 to A2
01 the deCOOllr to be connected wll h the
add ,es, ou tputs A 10 10 A 12 0111'18 CPU. In

addi tio n to this, the following interconnect
Ions Illllt: E 1 0' the 74 lS 138 10 A 13 of
the CPU, and E 2 01 the 74 LS 138 10 A 1.
01Ihe CPU (Figure 111

This allo ws a correct addressing 01 lhe
PROM: The PROM -range is Iddrfllsed by
the add rest range OODOH 10 lFF FH. It
should be noted Iha' " ch II'Khvi dual
PAOM·le may on ty be placed In the appro 
priate locket II lhe Ie , are exchanged, lhll
proo r.m wil l not function. For thi, reason,
the actua l address range 01 the Individual
PROM· le, is given in the following Te b4. 2;

Ie-No. Address Range

1 OOOOH to 03FFH
2 0400H 10 07FFH
3 O8OOH to OBFFH
4 OCOOH to OFFFH
5 1CXlOH to 1BFFH
6 1400H to 17FFH
7 l800H 10 18FFH
8 lCOOH to t FFFH

Tabl. 2: Add,... rang. of 11'I. PROM.
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Modul. OK 2 RY 004 It plu;ged into the
~tor strip on the bu-.bOard. This en·
SUI'M that .11 required connecllOnS ar.
m..- and no further wiring .. required.

Compon.nts

11 - 18: 2108 (Intel) or 8708 (SiemenS)
I 9 : SH 74 LS 138 (TI )
110 SN 74 LS 02 (TI )

1 connector strip
(Siemens C 70&334-04 4().A 80)

2.4. Random Ace.ss M.mory

The RAM has a slorso. capaci ty 01 8 kByle.
This m.an s that a capacity 01 ' 6 kByl. Is
ayaUabie together wllh 1M II. ed -program
memory (' 63&4 m«nory c.lls 01 8 Bit word·
leng th). II further memory capaCIty Is r..
quired• • 16 kBY'l' RAM uting dynamic
RAMs will be deKrlb«t Llt.r which al!Ow't
• 10tai Idd~ memory capacity 01
&4 kBY'l' to be equ ipped .

M.-norl.. typt 2114 .re uMCl . Theta are.
1 k • 4 RAM that poueM 1024 memory
cells with a WOf'dlength of 4 BII. thl' is the
rMtOn why two Inlegraled clrCUI" are
uNd. Th. 2114 ... sta tIC RAM. the In<lI
du.I ml\"l"lOrY cells .,. in the lorm of Flip
tIops (4098 Flipftops a,. Inleg rated Into lhe
21'·1·

The RAM type 21'4 only raqui,. an
operating 'tOItaQt 01 5 V and Is KIIYIIled In
the sam. manner .. the 2708 yla the CEo
Input. Th. WE-input (Writ. ena bla) Is uMd
for Inpull ing InlO the memory; II L Is pr..
se nl al Ihi. Input. th. Informaiion preH nl
al Ihe Inpuls-ou lpull (11Ot 10 11(4) will be
Inpulted Inlo lhe m.mory who.. addr... II
led to the addreu Inputs A0 10 A9. II, on
Ih. Olh.r hand. H II prnenl at It\I WE
Inpu l. the oppMitt will be lru. and tM
Inlormation lrom lhe actual memory cel l
wi ll be rHCI out.

Flgu,. 20 showt the pin connectionl 01 I".
f8-pin caae of 1M RAM 2114,

•.. ..... , n ".. l " .,
., • " .,., • 21" .. "0 ,.. • u 110 l., , 110 ]

"
, 110 4..., , or

FIg. 20: Con~, of ttIe
RAM 2114

2.4.1. BI-Olt'Ktlonal BUI OrlYlr

It 'S poss ible to transport dala In bolh
direction, through a bl-<lIrKhonal bu,
drl....r. This tC Inc....... t". lan-OUl 01 the
"*"Ory clrcult:t 2t1 4 (1 TIL-load) to 50
Iow-powlr ffi-lollds. 10 Irwt lar~ .,...
tema can be COl"lnect.cl to I". bus. In our
cue. a bl-dlrect~1 8-811 bus dri...... type
74 LS 245 is used thai .. KCOlTImodaleCI in
a 2O-pin caae, The connection, .r. gi¥en In
Flgur.21 .

.. · '-...) , ...., " rr.. '. ..
"

,
" .... , on " "~

!.. • N

" "'""
, ~

" .. !~
~

".,
Z u •

" • on u .. j... • " " ~
f1t. 21: CON\IIttloft, of ttIe IlkIltKtIo",al lbu' ti n••, 14 LI:lU ,..



• Connections A 0 10 A 7 are Ihe inputs-out
puts on the ceta side. and connec tio ns B 0
to B 7 are Ihe Inputs-outpu ts on the bus
side. Connection CIR Is used for directional
co ntrol according the method shown in
r ebl . 3 . The Ie is activa ted via connection
CE.

~ CIR Operanon

L L Oala transport B 10 A
L H Oala transport A 10 B
H X "n-sta te, high impedance

x • Bither H or L

2.5. Orga nl. atlon ol lh. Random Ace•••
Memory

A tot at 01 16 le s type 2114 BrB used whose
address hnes arB connected in parallel. As
was mentioned previo usly, 2 le s form a 1 k
ll. 8 Bit data word lenglh . The indiv idual
memory cells are addressed via the address
lines A 0 10 A 9. They afe interconnected to
the CPU via Ihe bus lines (Flgur. 22)

Two te s are act ivated via the 3·bi t deffiul li
plexer (74 LS 138) via the CE·l nputs, To
ach ieve this, the address inputs A 0 to A 2
are Interconn ected to the address outputs
A 10 to A 12 01 the CPU via the bus in the
same manner as used on the PROM board .
Input E 1 Is connected to MREO 01 the CPU
in order to only activate the memory in the
case 01 a memory instruclion.

A turtner IC 01 th is type is used lor dr iving
the 74 LS 138. The address inp uts A 0 to
A 2 are interconnected to the address out
puts A 13 to A 15. This second 74 LS 138 is
also aclivated by MREO. that is con nected
10 E 1 and E 2,

The memory is set to Ihe address range 01
2000H to 3FFFH, II it is to be set to another
range in order to extend Ihe memory. the
inte rconnec tion betw een Pt 1 and 0 1 01
119 should be disconnecled and a wire
bri dge made according to h bl. 4 on the
co nducto r side of the board to Ihe appro 
priate ou tputs of the 74 LS 138 ,

The storage can be equipped up 10 54
kByte and addressed. A total 01 7 RAM
boa rds and I PROM board are requ ired lor
the max imum memory capaci ty.

Since mem or ies type 2114 can only oave
one TIL-load , it is possible that the,lan-oul
is not suWcienl for driving larg er systems
With many memo ries and inputs-outputs.
The ..tow,,-veltage would increase to a non 
permiss ibl e value, and a false data word
wou ld be fed 10 the bus. For this reason, a
double bullerlng Is used. in eth er wor ds,
the mem ory is con nected to the dala bus
via a bu ller stage. The previou sly described
bi-d irectiona l 8 Bit bus dr iver 74 LS 245 Is
used l or thi s. Its Chip Enable is co nnected
to PI 1, wh ich means that it w ill only be
active when a memory instruction Is given
Irom the 8 k RAM, In all other cases. the tr i
state ou tputs are at high imped ance.

Memory tange Add ress range Connec t Pt 1 10:

• o to 8 k OOOOH to 1FFFH cc not connect I

" 8 to 16 k 2000H to 3FFFH already connected

~
16 t024k 4()(X)H to 5FFFH 0'
24 to32 k 6000H 10 7FFFH 03

i 32to40 k 6000H to 9FFFH O'
40 to 48 k A()(X)H to BFFFH 0'2 46 to 56 k COOOH to EFFFH 06

~ 56to 54 k OOOOH to FFFFH 07

~ Table 4: fx tenalon and add.e••lnll 01the memory

'66
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II the microcomputer ia not 10 be 10 expen
sive (l or example only a I/o-unil, 1 RAM
with 8 k and 1 PROM). it will not be neces
sary to use. 7. LS 2.(5, HOWltYer. il is Ihen
necessary lor the connections 01 the A-row
10 be connected to the asaodated connect
ions 01 Ihe B-row (A 0 to B O. A 1 10 B 1
etc.).

2.1. Conltructlon or the Random Acee..
Memory

Tht 8 k RAM is accommodated on a
double-coated PC-board with through -eon
tacll having the dimenlions 01 162 mm x
101 mm. This board II designaled OK2 RY
003 (see Agure 23). The sockela are inMrt
ed on the ~B~ side 01 the board. This
modu le Is reedy lor operation as soon the
connector strip Is soldered into place and
the integrated circu its ar, plugged In
(Figure 24).

Compon ent l

11 to 16: 21,. (Intel. NEC)
118. I 19: SN 7. LS 138 (TI)
L 17: SN 7.( LS 245 (TI)

1 connector I trip
(Siemens C 7W4-A -40-11. 50)

2.1.1_ Memory Capactl)'

The memory capacity requirement naturally
dependl on the program. The highest
memory caPKltv is .probably the cont..t
program whldl may require up to &4 k.
Maybe. only approximately 1 k il requirit(j
for amateur sat.lIite Operation (OSCAR) or
tOr RTTY (H' ON dtK:oding. The exact
memory capacity requirement - only taking
the RAMs Into consideration - wilt be given
alter completing thtl programl .

lt il absolut&ty necM&lry to equip the Ilrst
kByt• . since 1 k are required lor the I tack
and Ih. d.ta memory. The rem.inlng 7 k
can be equipped as required In 1 kByta
steps. It Is only nacuaary lor the uaoclat
ed RAM-IC to be Inserted Into ItI socket.
Table 5 gives the add'..... required by the
random . ccess memory:

Ie-No. Addresa Rang. Not..

,. 2 20XlH 10 23FFH Stack ... Data
memory

3 . • 2400H to 27FFH I_,. 6 2800H to 2BFFH ,,"
7 . 6 2COOH to 2FFFH ""9 ... 10 3000H to 33FFH ,,"

11 ... 12 3400H to 37FFH ,,"
13 ... ,. 3800H to 3BFFH ,,"
15 ... 16 3COOH to 3FFFH ,,"
Ta b'- 5: Add,.... rang a oltha random
aeea.. mamory

Sinee the random accesa memory does not
have a fixed program. Irae range can be
used as required In contrast to that of a
fixed program memory. It I hould only be
nOled th.1 It Is only possible to write In. or
read out 01 lhe equipped part. As was Ihe
caM with the llxed-program memory, it il
only necesNry lor the random accesa
memory board 10 be plugged Into the sys
tem board : no tcrtner wiring Is requ ired.

3. ntE SYSTEM BUS

As has .Ireedy been mentioned. tha syltem
bus Interconnects an individual modul...
which lncludet all Inlerface unitl and the
power IUPPIy. The Interconnection II made
using the previously mentioned connector
strips and parallel Unel on Ihe board.

3.1. Con attvCdon of tn. S.,ltem BUI

The bUI -board II construc led ualng a 185
mm It 102 mm large double-coaled PC
board with Ihrough-con!8CIl. The PC
board II designated OK 1 RY002, and II
shown In Figurea 25 . nd 21.

The bus-board Is provided with nina posit
ions lor the Individual modules , AMention
should be paid during construc t ion that all
connector striPli are mounled In th...me
dir.ction. One end 01 the connector I l rlp Is
lomewhal longer than Ihe other. and this
longer Iide ShOuld always be mounted on
lhe same Iide 01 the bus-bolird (1M Flg.27) ,
If ,Mention la not paid to thil. th. wrong
connect ion, will be made between the
IndivIdual modu.... which could lead 10 Iha
dflltl'1Jct ion 01 Individual Integrated circuits.

•
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OK 2 Ity 002

Fig. 21: It I, !m9or1.nl to mounl fil l
c::onnK lor , tripe In Ihl ,.me dl'Kllon

II several bus-bOards are 10 used in order l
10 exlend the memory capecity . thne
should be connected using wire bridgM on
the lower Side 01 the board.

The bus-board can be equipped wllh the
mOdule, In any order . II I, advisable 10
moun t Ihe bus-boards on lhe rear ~nel 01
a lullable case.

Components

9 conneClor strips
(Siemen. C 74334-,4, 80-,4, «I)

REFERENCES for Par1 3

Data Iheet 01the 211-4 (NEe)
Data Iheet 01 the 2708 (Intel)
Data Iheel olltla SN 74 LS 138 (TIl
Data ,h.el ol ltla SN 7-4 LS 245 (TIl

NEW COAXIAL SPECIALITIES
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MATERIAL PRICE LIST O F EQU IPMENT
described In Edition 3/1980 01 VHF COMMUNICATIONS

Ed. 311180

OM 15.-

Ed. 3/1880

OM 27.
OM 29.-

OM 110.-

OM 175._

OM 120.-

OM 42.-

OM 97.
OM 120.-

OM 183.

•OM 58.-
OM 250.-

AulomalJc SWR·lndlcator

OK 1 OF 043 slng le-cOlted With plao
OK 1 OF 043 1 Inalog multiplier AD S32kh, 2 op.ampl. 741,

3 op.ampl. TM 761 A. 2 Darlington . , 2 zener
diodes, 2 LED, 1 bridge 'rec tifie r

OK 1OF 043 3 relaY' (OIL), 6 elu...lec lrolytICs. 2 cerami c
capl.. 4 trimmer pot.. 24 carbon r"lllo~

OK 1 OF 043 complete with .bo..... parts

Low-nola. 70 em Converter

OJ 7 VY 002 double-coated With thru-conlacl s
OJ3 VY 002 (oscillator) double-coaled with meu-ccntacu
OJ3 VY 001/2 lor 5 band segment a: 18 transistors,

9 Schottky , 5 zeoer , and " diOde.
TAK·! WH high-level miller uplO600 MHZ
OJ3 VY 001/2 lor 5 baodsegmenll : 3 ceramic. 5 u -spaced

.od 5 pl.sl ic-Io il Irlmme~. 9 chip c.ps.,
2 leedlhru c. ps ., 2 tlot l lium caps .

OJ3 VY 001/2 lor 5 blodlegmeols : 6 IWO-ho le lemle co res ,
7 loro ide, 2 d.ff. dll. enamelled co pper Wire,
2 dillereni dla. sUver· pllled wire . 2 coilse lS.
5 colllormers With core. 24 mioialu re chokes .
2 lerrite beads. 1 Ib.·ho le lemle core

HC·18 /U 100.5 /1 01.0 /1 01.5 /102 .0 /102.5 MHz
al OM 26.- each

OJ:J VY 00112 complele with .bo..... perta

KII

Mm lkll2

Ring m iller
Minik l! 1

DJ3VY

PC·board
PC·board
Semiconductors

Crystal'

K.
DK 1 OF 043

PC·board
SemlconduCIOr1

OM 51.

OM 120.-

Ed. 311180

OM 17.-

DC 3 NT 005

PC·board
Semiconductors

KII

Weather S.taUita Reception S,llem,
Video Proce••or Mod ule

DC 3 NT005 . ing le-colled. Wllh ptan
DC 3 NT 005 8 Iraos il lors . 16 diOdes . 3 C· MOS IC I,

3 lioear IC's OM
DC 3 NT005 2 poned corel. 67 ca rbo n rllillors . 2 resistor.

1 W. 2 poll., 23 pUoH, 1 ce remlC, 3 lanlal um
Ind 3 e lectrolytici . 1 31-pln connec tor

OC:J NT 005 compMite wllh .bove p.rts

54 .-

Unfortunately, the COil 01 pr In ting. paper and poltage co ntinue. to ri.... and Ihl' ha . tcr ced
to Inc rease the subscrlpUon pr ice 10 OM 20.00 from OM 18.00 where II hal been for Mveral
yaart. Pteeee ensu re that you ramit your lubl cr ipllon 10 your Nat ional Rapr...nt.Uve In
good l ime.

~ UKWtechnlk Han, Donlu$oHG . Jahns!r ,14 · Postfaetl80 · 0·8523 Baiersdorl
~ UKWberlchle T. 1. 091331855ITagund N.""'I
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ANTENNA ROTATORS

..

..... ... . 1000

ControUers for above rotators

1"' 1000

- -
----
••-

Furthe r delli l, I,..
Ivail'bll from your
na llOnal repr.-ntalives
or trem:

Programmlblt control·
lel"l w ith ml nwll or
digital prograonming
Ire IVIUeblt
on requ••t.

Ou- well·known rotl tora
KR 400, KR eoo Ind
KR 2000 I r. noN IVlil·
ab le with I.rge 360"
compal' Indicators 01
105 mm d iameter,
These mOdels Ire
desig naled by the
IlJHill . AC• .

~ UKWtechnlk HansOohlusoHG .Jahnstr.104 . PosttaCh 80· 0-8523 BaierJdorlA UKWberlchte TeI,091331855 (Tlg und NaChtI
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~ CRYSTAL FILTERS OSCILLATOR CRYSTALS

~ \~ SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

NEW STANDARD FILTERS

CW-FI LTER XF·9NB ••• ta ble

SWITCHABLE SSB FILTERS
for a fixed carrier frequency of 9.000 MHz .
XF-9B 01 XF·9B02
8998.5 kHz for LSB 9001.5 kHz for USB

See XF·9B for all olher speci fications
The carrier crys tal XF 9(X) is provided

FIItet T~ XF'" XF'" XF«: XF<lO XF'" XF-4lNB_....
sse sse ... ... FM cw

r'....1mIt

Numb« 01c:rytItal. • • • • • •
,<11_ 2." kHz 13 kHZ :l8 kHl 4.8 kHz l UkHz 0.4 kHz

IS dB benchrilfttI 15 kHz 2.4 kHz 3.75 kHl 5.0 kH, 110kHz a.5kHz"_ < ' <II < 2 <11 < 2 <11 < 2 <11 < 2 <11 < O.5 d6

'_Iou < ' <II < 3.5 dB < 3.5 118 < 3.SdB < U dB < I.S eII

z 000 • .000. 000 . 000 . '200 . 000.
T..-.... C 30" 30" 30" 30" 30" 30"
......- (t1:&OetB) 1.7 UUIOdB) 1.8 (IUOdB) 1.8 (UOdBl U (&eDdB) 1.11 (I:tIOdB) 2.2

(S80dBl2.2 (8 :BOdEll2.2 (fUIOetBl:U llUOdBl2. 2 (8:80 <18) 4.0

u~.. r.;ectIon > 45 dB > l00 dB > tOOdS I > 100 dB > 00<11 > 00 <11

XF·8A and Xf'.8B complete with XI' all , XI' SlO2
XF· lINB comJ»e l. wllh XI' 903

KRISTAUVERARBElTUNG NECKARBISCHOFSHEIM GMBH ~o "24 H.c...rbiKftol.h..... . PIMtf8Ctl 1
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