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VOlume No 12
Summer / Ed 2
1980

W[)={][F • •
communIcatIons
A Publicati on for me RadiO Amateur
Especially Coverlng VHF, UHF, and M,crowa...es

G Hoc h D.I.rmln lng the S.n. lIl ... lty 01R. c. I.... Sy.l.m. 66 · 72
OL6 WU wIth th e Aid 01 Sol. r Nol••

R. reuen A Sy.l. m lo r Rec.pllon I nd Ol.pl.y of 73 · 87
DC3 NT METEO SAT Im.g•• - P.rt .

J . Kestler A 29 MHl Tr.nt .... I1. r 10' U•• wllh 88 · ss
OK 1 OF 1.5 MHZ" Tr.nsc.I....r.

M Marlin A Nol•• BI.nker lo r Utlll ·Sl llnll Condltlont 96·106
OJ7VY Sul l'b'l for Shortwt ...1 I nd VHF·Rec. l....r.

H.... lnll I Llrg. Dynlmlc Rlnll l - Plrt 2

Dr , Manlred Wieser Automilic Frequlncy Control I nd Suppr...lon 01 107 · 111
OE 7 WMI AcoulUc Feldb. ck In Conjuncllon with 10 GHl

Trlnsc. I....,.

W. Kutz A Mlcrocomput.r l or Am. teur AppllceUont 112 ·124
OK 2 RY Plrt 2: Th. C.ntrl' Proc••• lng Unll

The lail u re 01 METEOSAT was caused by a mal function in the o...ervoltage prot ect ion cirCUit
The ESA has Ir led • number 01 occ. u lo ns to bypass Ihls protechon Circul I but wl' hout
succell. However , two METEOSAT II salellites are now a...allable, and the n• • 1 laun ch is
p lanned l or .,1118r Novembe r 1980, or F. bruary 1981, W. would li ke to POint oul tnatltle US
geosta ',onary GOES sat.lllte localed at 70" W transmlll on 1691 MHz, and should be audlbl.
tor locahons west 01 the 0" meridian.

The lOll 01 OSCAR 9 has, I., greater ellect on us VHF/UHF amateur t who . re impat,enlly
wail ing 10 try thll new techno'ogy ThiS mu st also be a consid. r'b'e I,nan cia' blow 10 the
AMSAT organisation who have pu l in so mu Ch r.search and development Into th is new eeter­
li te, and arso so much time and eucrt. W. hope Ihat this will not be too great a aetback , and
w. VHf /UH F amateurs mUSI do eu we can to aU llilhem In th81r lutur. prOject s
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• Detennining the Sensitivity
of Receive Systems with
the Aid of Solar Noise

by G. Hoch, Oll WU
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The,. II • eon.~r.bIe Inl. , • • t among st
r.clk) .m.l~f'I In the reception of ••11"
I . ".. tria l ••1. . Now Ihat ••tremll,
tow-nol•• mlc:rowl.1 Irl nl ll lO' I .r••••11·
able al r••-onable pnc...• nu~, of
poa.lblUtl•• c.n .I~ be f ••nud by redk)
Im.tlur• . [umpMll of thl ••r. rKepUon
of • • • th., ..'1 11/1•• such .. METEOSAT.
the ob••rn tlon of lOla, radiation. EME
communlea tlon a. and not 10 forgel the
hltur. ph... 3 amaleur radio ..teillt••
(OSCAR ,~ The luthor I. 10 d..crlbe •
simple method of chec:klrtg Ih. emelencr
of the tlKelv. I,.tem, and ho w to optl ·
mlr:elL

1. THE EFFICIENCY OF RECEIVE
SYST EMS

A number of demand. 01 dlll.,enl priOrities
are placed on • receive system, which 'I •
combination of antenna and receIver, For
instance. certain minimum value. mus' be
given l or the slabllity and accuracy 01 rre­
quenc, and anlenna direction, even when
this can be partially replaced by panen ce
and experience . However, absolute limits
do exist lor the sensitivity 01 the system ,
thaI Is in Its abili ty to di llerenliate between
signals and ne'ee . A certain minimum value
01 the slgnal ·to-nolse ratio is required lor a
gi ven mode o f transmission

Whether thi S minimum I lgnal -to -noise rat io
il reac hed With a given Ileid I trength, de­
pends - under ideal COndlhons - on.y On
two lact ors: The ant enna g81n and the re­
ce iver noise threshold.

A directIonal ¥l lenna Will recelv. a ligna '
I rom the seleele<! d lracllon at a hIgher
value than when ul lng a theor et ica l ISO­
treplC rad lalor , th is Increase In I lgnal
co rr&Sponds to ItS gain la cl o, G, The
antenna Will extract an en&rQY h om Ihe
fIeld. Ihat IS proport lQrWlI to Its aperture F
In Ihe case 01 horn ·antennas and dlpol.
arrays, the aperture w,n co lF'!Clde very ecc u ­
rately 10 the phy$lC81 dimenSIons The gain
and aperture can be converted uSing the
lollowlng equatIOn:

G,

k • wavelength

Jl Ihe energy flux denSity S 01 a 81gnal
source is known lor the receiv. location, II
is possible Wllh the aid 01 the aperture 10
determine the energy recelVed by the
antenna.

Relatively exact uux values are available lor
a large number 01 extraterrest rial sources
SUCh as Ihe Sun , Moon, and radiO slars .

Unfortunately, an actust an tenna will also
receive signals Irom other sou rces Ihan the
requ ired ones; e,g hea t radiation Ir om the
ground su r1ace, and Ihe antenna Wilt also
have oh mic loases that can also produce
noise, In practlC81work, aU these unwan ted
noise signals are added to the IntflnSI C
noise 01 the receiver,



1.2. Rece IYer ~..

This wa s di scussed In delail in (1). and only
the most Important details are to be
repealed hera:

Irom the numerical value 01 the enlenna
gaIn GI and the ,ystem temperature TS In
KelVin . The value GIT is ollen given loga·
nthmically:

1.2.1. Nol' e feetOf'

The noise teeter F IS del med as Ihe
quolient 01 the ,ignal· to·nOlse ratios
behind and In troo t 01a lour ·po le

1.2.2. Nol. e Tempe ralure

The noise temperatu re T 01 a lour·po le II
dependent on the no ise lactor (measured at
To) acc ording to the ,imple equation:

(in K)

II the noise components 01all po rtlonl 01a
receive system are converted to nOIM tern­
pe ratu re . one will receIVe the so-called
system temperature TS 01 the system by
simple add ition.

One olten ignores that the given numerical
values are only valid lor a cert ain tempere ­
ture. namely Ihe temperature at which the
Impeda nce 01 the sig nal source prOduces
noi se, This IS usually To • 290 K, II the
signal source IS. lor instance, an antenna
pointi ng towards a cold portion 01 space .
Ihis will Increase the senSthvl!y 01 the sub­
sequent receivers more than when measur·
Ing the nOIse lactors at a no rmal ambient
temperature. In this case , It i' mo re layor .
able to compare the addi tio nal noise
tactor s F-1 . or the noise temperatures
which co rrespond to Ihls.

•

(le)

10 tog GfT • 10 log a, - 10 log TS

written as dB
K

II should be noted thaI the temperature
should also be inserted Ioganlhmlcally. 10

othe r wor ds. also tn dB

The GIT-vetues 01 various systems can be
co mpared directly with another. II eteuen A
has a GfT 01 10 (10 dBfK). and lIatlon B
one 01 5 (7 dB /K) . thtS Will mean that
sla 'ion A wil l receive the same 'ignal tw ice
as st rong (... 3 dB) as slatlon B when using
the same bandwIdth , II is not necessary to
know tne nOIH Ilgure 01 the receIver or the
antenna gain lor thiS

1,3,1, Oetermlnlntl the GIl·Rallo

A sig nal 01 a know n magmtude t, reqUired
lor measurmg the GfT 01 a system. Thl'
'ignal mu st also co me Irom Ihe same
crrecnon as is to be used l or communi­
catio ns since the receIved backgr ound
nOI$8 has an e ttect on the measured value.
In the case 01systems lor the recep tio n 01
ext rale rre stnal Signals It IS not posSible 10
use signal sources on the earth l uriace,
The stro ngest exlra lerrestrial source in the
VHF, UHF and SHF range II the Sun. Unlor ·
turu.tely, it i, also the least acc urale, lince
ill rad iat ion lIuctualea considerably . How­
ever. It I, moat certainly I Ultable lor
amateur measurements il a certai n amoun l
of cau lion is used.

In order to determine OfT . one measures
the so-celled Y·lac lor, which is me ratio 01
the received energy WIth and wlthoul l ignal
source,

(l c)

( I b)

(1d)

NF

T • (F-l) To

F . ~+ !:.. 5,. N,
N1 N. 5, X Nl

or as 10ganthmiCnOise Ilgure NF:

10 tog Sa x N,
5 , • N,

This il achieved by pointIng Ihe anten na
alternately to the Sun and to the -COld­
part 01 epece . Since Ihe Sun radiates noIse
energ y. Ihe band wld lh is not Importanl

The galn ltemperalure reno II used qUIte
commonl y In the space commumca tlons
technology as a measure 01 the sensitiVity
01 a receive ,ystem, Thl' II the quot 'ent

y S. N
•

N
(1 1)

.7



In the phySical
(1 01 IS obtained as

I IS a ecnstant that II given by the wav. ·
length )., and the I luJ. S 01 the sou rce used
at thi s wavelength. ThiS can be calcu lated
as tcncwe:

Y _1.-
I

_ 4 :t F ., 2 k ll {Y - 11

'/..' J. S J. F

Trl( -

The receive' temperature Trll il me.sured
according to the hOI·cold method

Tn -Yale

Y - I

Th is resu lts in lhe fo ll ow ing

G,

T"

w he re Th is the temperalur. of lhe signal
sour ce and Jc .s lhe temper alur. 01 Ihe
co ld po int In space.

liTe is assumed 10 be 0 (cold poinl In
space. residual tempe ralur. added to the
receiva r). the 'ollow lng Will be valid '

The energy k .. Th received Irom lhe aignal
sou rce . corresponds 10 the t&C8lved rad lat ·
ion energy 5 I; F/ 2 (thIS is d iVided by tw o
Since an unpolarlled radialion II ulually
rece ived by the antenna Wi th • certam
polarization).

( I h)

(1g)

For tncee in teruled
relati onsh ips, equation
renews:

The g ain is given in 1 I . as:

A J. S J. ).1
•

8:fK

A i, a correction teeter a t apprOJ. lma le ly 1
(e ,g , lo r ab50rplion 105585), wh ich need not
be considered during ama leur measure·
ments : k is the Boltzmann co nstanl (k •
1.38 J. 10-n Ws J. K-' ). I has Ihe d imen" on,
0 1a tempe rature ,

du r ing th is measu rement This means lhal
all unwanted noise sources .IS menhone<l
in 1.1. are combined In Ihe V-value
measured In this manner. The Gil-value i l
convert ed from the V-value accord ing to
tne follOwlng equahon :

G IT • .!..:..!...
I

•

G,
4 :f F

• •••
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II the antenna gain II known, the system
temperatura <:an be obtaIned Irom the GIl­
value It Will be always highe r than Ihe
noise hgure ol ltle input Irinsisior accord ­
mg 10 the temperature g iven in Figure 1 II
Ih,. 'I.IUlI is consi derably hIghet , Ilia
necessary lor the causes 01 Ih lS 10 be
fo und. A lew typica l lau lls II fB II lollows :

Cab le 10S58S between antenna and pre­
amputrer. These losses do 1'101 only redu ce
the et tecnve gllin 01 lhe anten na . bUI also
produce nOllle themselves, NOli e-matched
Inputs usually also cause addilional rceses
due 10 Ihe mismatch characle rlsIIC'.

Too IIltle p reamphflC4tlon.
The IOlSel 01 Iha feeder 10 tha fecelver li nd
'I ' nOlae have an euect on the cveren noise
figure 01 l he system ISH (t J].

Poo r unwanted lobe suppression 01 the
an tenna ,
Olher un wan led sources will also be
rece ived . lor instance rad lallon from me
warm surface ol lhe earth . e ,g when r. d lal ­
Ing past th e edge:01 a pereocnc dish

2. PRACTICAL MEASUREMENTS

The main prerequisile lo r l he gIven
measurements is 10 know tne noise nux 01
lhe signal source to be used . The inlor­
mencn gi ven In Tabl a 1 is based on publi ·
cations 01 l he NOM In Bou lder, COlUSA
(3) .

2.1. Sotar Nol..

Flgura 2 gives the Ilull 01 the Sun as
measur ed dUring Ihe per iod s 01 minimum
sun spots la) and at mall imum actiVity (b
and c) ,

lt is especially at the time 01 mallimum sun
Spol ac tiVIty lhal lemporary I luct uahons 01
ac tivity and no ise eruptio ns occur qutte
o lten. These can be Irequency-sehtct lve.
and the noise can inc rease to • hundred or
even a th ousand limes that 01 lhe qu iet -sun
values in the case 01 lo_ r frequenCies (HF
to VHF),

•
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II the measurements are repea ted over a
period 01 several days, and only the mini·
mum values are used, this will ensure that
the greatest errors are avoided .

The re ar e a number 01other signal sources
thai ge nerate a uux that is comparable to
Ihal 01 the Sun. A large num ber 01 these
are to be loun d in the area 01 the Milky
Way, Howewr, at hIgher Irequencies solar
energ y will be lar higher, as can be seen in
the table.

It is especially al 144 MHz wh ere other
extraterrestrial sou rces can cause great

er rors during the measu reme nts when they
are received accidentally al Ihe same lime ,

2.3. Effect of the El.ntlon Angle

It is impo rtant during determina tion of the
syslem tem peratura to k.now which noise
compo nent is contributed by the back­
g round during Ihi s measu rement.

It w ill on ly be the space-tempe rature that is
01 importance at high eleva tion angles . as
long as a sulliciently good Ironl -to-back
ratio is exhibi ted, Maps are a...ailable lo r the
temper ature of space (4). It w ill be seen on
studying these and the ...alues gi...en In
Table 1 that measurements can only be



3. FINAL CONSIDERATIONS

The GIT-veiue provides a uselul measu re 01
quali ty 'or a receive syslem , end II can be

read 0 11 directly, II euttrc lent linea rity is
provided (check thi s wllh a norse gene ­
rator IJ. it Is also pos!lIble to measure the
v -tectcr in the SSB-mode by SWitching 011
the AGe-circulI and conneciing a AF-voll ­
meter to the output.

' SO K
2SO-- -1.66TS

10logY _ 9

Y - 7.94
I (70 em: sun) _ 4,17

Y - 1 6,94
- - - • 166/ K (2.2 dB /K )

1 4.17

o, - 24 dB -'l 250 times

GfT

2.5. Exa mple

The 70 cm antenna 0 1 the eutncr exhlbils a
gain ot approximately 24 dB over an iso ­
tropic rad iato r (6 homemade Yagil 01 4 m
In leng th) . Th is is followed by a teeoer hav­
ing approximately 1.5 dB loss , and a pre­
amplilier equipped With a Bn 66 tranSistor
(NF ... 2 dB), A noise increase 0 1 5 dB was
measured when me anlenna was pointed
towards Ihe Sun ,

When the same pream pli ller was connected
directly 10 meantenna. this noise value was
inc reased to 7 dB . and when using a pre­
amplilier equipped With a NE 645 transislor
(NF ... 1 dB), the noise inc rease was 9 dB,

The calculation is as tcnows lor the last
case :

01 th is. approximately 70 K are Irom the
trensretcr. approximalely 30 K are Irom the
slJbsequen t feeder to the receiver and Irom
the receiver neeu The rest are losses in
th e teeoere to the individual anlennas
[approx . 0.35 dB -'l 25 K), the translorma­
tion link, as well as th e noise components
Irom Olher sources received by the
anlenna . It is possible whe n Using Ihis
antenna syslem 10 hear cw-ecnos from Ihe
stronger EME-Itationl .

influenced noticeably at Irequencies below
1 GHz. It shou ld be remembered that the
space-temperature is lormed Irom the
components 0 1 several Individual sources.
Whereas at 432 MHz the -ccro- portions 01
space in the vicinity 01 the galactlcal po les
on ly amount to approximately 15 K, their
temperature at 144 MHz wou ld be in­
creased to approximately 180 K. When the
ant enna Is poin ted to the center 0 1 the
M ilky Way, the tempe ratu re can inc rease 10
approximately twenty times these values
when using high-gain an tennas.

Althoug h il is possible to calculate and
determine space-noise, even il with dllfl­
cu lty , any measu rements will be very
questionable at low eleva tion angles. In thi s
case, th e antenna will also receive heat­
radiat ion Irom the eart h surface, whose
magn itude Is. however . very dependent on
lhe reuecnon capabi lities 0 1 the surtace
(mi rror etrecn, and will be l ar grea ter in tne
Case 01 bum-up areas than In th e case 01
ca lm sea. The signal can increase by up 10
6 dB wh en the reuectec signal is also
received by thll an lenna lobe , The atmo­
sphere also atle nuales the signat according
to frequ ency to a di ller/ng d~ree , and also
produces no ise.

2.4. M...ur1ng Method

Wher eas the interpretation 01 Ihe measured
values mus t be made with considerable
eeutrcn as already descr ibed , the aClua l
measurement can be carried co t relatively
simp ly . The measurement is made by cete r­
mini ng Ihe rene 0 1 the ou tpu t (noise)
energy wit h the anle nna poinled towards
the Sun (or anottrer source) and when
pointed to a cold point in space .

The easiest way to do Ihls is when measu r­
ing Ihe noise-increase with the aid 01 a
calib rated attenuato r In the signal path (for
exampl e between converter and receiver).
Of co urse , this must be made at a posi tion
where sullicienl linearl!y IS avai lable , ­
Thus nOI subsequent to an AM -detect or (5).
The selected atlenua lo r value correspond ­
ing to the differen ce in noise level then
represe nts the Y-value.

II a calibrated S-me ter is available, il Is
possible lor the inc rease in ooree to be
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determined relati vely easily, II represents a
clear indicatio n whether any measures
br ing an improvement or deterior ation 01
the overall system. The bandwidth has no
ettect on the determinatio n et the
Gil-veroe. as long as no image-noise is
measured ,

NO attempt is made here to discuss the
ettect 0 1 bandwidth on sensitiv i ty. since th is
is dependent on the tran smission mode .
and when using the human ear as detector,
is even subjective. In principia . the band ·
width can be limiled at virt ually any
pos it ion 01 the signal path .

It is once again to be underlined that the
calcu lation is only valid when using a cold
point in space as backg round , In the case
01 terrestrial communicatio ns. it can be
assumed that the signal source wHl virtually
always produce noise at me ambient
temperature, and It Is therefore not very
advisable to all empt to obtain eKtreme

receive sensitivity. In thiS case. the on ly
way to obta in more signal is usually to
inc rease the size 0 1 the antenna I
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KR 500
ce . 250 kg
t9 7 Nm oJ
40 Nm °l

32 -43mm
Je -63mm

'"180° (.;. 5°)
6 wires

220 V/5OHz 30VA
4,5 kg

Ty..
Load
Brake torque
Rotation torque
Horiz . tube enem.
Mast diameter
Speed (1 rev.)
Rotation angle
Con trol cable
Line VOltage
Weight

Especially designed l or vertical liItmg
01 antennas lor EME, OSCAR etc.

UKWtechnlk Hans DohlusoHG . Jahnslr ,14· Postla ch80 ' 0 ·B523 Baiersdort
UKWberlchte Tel,09133/B55 (Tag ur'ld Nach, )

Getting ready for OSCAR 9 ?
Then you need the Vertical Rotor KR 500
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A System for Reception and Display
of METEOSAT Images

Part 4

by R. TeU.rt. DC 3 NT

•

Du. to the g~.t d. el 01 Intere.1 . hown In
the FAX ·recordtir, Ih l. unit I. to be d•••
crlbed att., com plet ing the descr iption 01
tha . Iectronlc proc...or. Unfortu na tely , no
con.truclonar data wUI b. avaUabl. In ad ·
vanc• •

Th. lollowlng artlcl. I. to d.lcribe Ih.
II r.t tw o PC-boa rd modul•• of th. Imege
pr oc...lng mod ul••: Module DC 3 NT 006
comprl... the pow.r .upply and th.
output . 'age. for th. FAX-mo tor • • nd
modul. DC 3 NT 008 pr ovld•• an tha varl·
ou. lr.quenc l. ' required. Further detaUI
ar. glv.n In ttl . block diagram 1iIlv.n In
Figur. 28 of Part 3.

5.2. Modul. DC 3 NT ooe

As was mentioned previously . thiS module
co ntains the power supp ly and tha two cut­
put stages for the FAX-motor . Figure 27
gives Ihe ci rcuit d iagram , and th e numbers
given at the ccooeenee poInts are the pin
numbers 01a 3t-pl n connector

The po wer supply reqUites a transformer.
wh ich is not accommodated on the board
that IS able to provrde 2 ~ 15 II at 30 VA
The voltage from one winding is fed to a
bridge rec tifier to provide a non -stabilized
DC-vollage 01 appro~imately t 9 V whiCh 's
used lor supplying the power amph fler 01
the FAX ·motor. Th iS [)C.voltage is also . ta­
b ilized to 15 V. A fl~ed vollage stabilizer for

12 V (7812) can be used . Ihe outpulvoUage
can be vaned between apprOltlmately 12 V
and 17 V wIth Ihe aid ot me 250 U potentio­
meter. si nce this voltage is used ali retee­
ence voltage lor a number 01 , tages. It II

advisable lor II to be ...ariab le. 1/ tne voUaga
stabilizer became detective and had 10 be
a.changed. It would be easil y possible 10
adjust tne voltage 10 lhe previous value
afte r Bllchanglng Ih tl component.

The stylus vol tage 01 Ihe FAX·machlne II
generated with the aid 01 both translormer
windings and lIollaoe doubling . The output
electro lytic 01 50 !IF Will charge itself up 10
Ihe peak voltage 01 approximately 90-90 V
Since the stylus current is lo w. I' ia nol
necessary lor Ihi' vol,aoe 10 be liltered Ot

stabilized .

The amplifiers lor lhe two phases 01 the
dr um mOlor 01 Ihe FAX-mac hi ne only re­
Quire an upper cut-ott frequency of tOO Hz.
They are ide ntical and comprise an operat­
io na' amplifier With aubsequent com ple­
mentary power amph ller . The Iranllstor
types used (80 675/676) are 4o-W-Darhng.
Ion transislors lhat are protected again st
induc ti on voltages from induc lt ve load s
wilh the aid of a bu ill -in protective diode

The Iw o ou tput elec lrolytiC! of 22 mF
ShOlJld be meuured to have approxImately
the same capaCitance values in order to
avoid phase-shltt. et the lowest frequen­
cies, This can be done by co nnecling Ihe

•
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electrolytlCS Via I high-Impedance r""tor
10 a con, lant 'fOUage. The vollage " Ihen
me&lUred on a hlQh-,mpedance volt-meier.
and lhe lime taken Irom zero V to a tenaln
value " measured

The 'fOlla08 oa,n " variable belween 0 and
15 tlmn; this allOw' any dlfferenCM In lhe
drl~amphtu<* 10 be CQmpenNt.cf 'or .

5.2.1. Construction or Mod",.. DC3 NT 001

ThI' PC·bOard lor thiS module " ,n !he 10·
called EurQpNr1 ca rd alZe 01 160 mm _ 100
mm as are III modu les 01 Ihe ImaQe eec­
ceuor. and IS prOVIded .... Ith a 31-p,n con ·
n«lor F~",'" 21 IhoWI Ih" Ilngle-coated
pc-board DC3 NT 006 logether Wllh l~

componenl IOCallon plan. The lour oulpul
tranSlltor, and the voltaga atabUlzer should
be mounled betwee n PC-bOard and heat
sinks; Ihe photograph given in F~ure 21
, how, the aulhor, prototype " ler remov·
ing the he.t 'Ink,. The components 10' thiS
module Ire gIven In the reno.... ing com­
ponenl hll and Ihe hell links ,hould be
drill.cl Ind benl ulhown ,n FIiI",re 30.

Components or DC 3 NT DOe

1 lranllorme, 2.15 V. :J) VA

6 rect ifier dlOdM 1 N 4004 or
I N 4007 or 'lI'r,,"r
2 eo 675 or BOen IS...,..ensj
2 BO 676 (S.emensj
2741 or TBA 2218 (Slftmftns)
1 12 V It ab,hztll' 7812 or s,ml'"
2 elec trolyhCS 50 ~F 1 ieo V
1 elec trolytIC 22 mF 1 40 V
2 electrolyhCS 2 2 mF 1 25 V
1 eleclrolyt lC 100 ~F f 25 V
1 electrolyhC 22 ..F 1 25 V
2 electrolytlca 10 ..F 1 25 V (tantl lum drops,)
4 plashC-Ioil capacllors .
0.47 ..F 1 63 V (7.5 mmJ
2 pl.shc-Ioil capaCitors,
0.t ..F 1 100 V (7.5 mmJ
3 trlmmer polentlometel1l.
horlzontll mounlJng. IpaCIng 10/5 mm.
With the following valu..:
2.250 kQ . 1.250 Q

All resistors cartlOn la.,.r
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Heal Sinks 3 pes . 1 mm aluminium plate
60 mm .. 80 mm , drilled and benl as shown
In Figur e 30

Connectors' 31-pm accordmg 10 DIN 416t7
(Siemens)

$.3 , DC 3 NT 008

1-- - 1O ---l

Be lote diSCUSSing the CirCUlI delalls 01 Ihls
module, one musl mennon the demands
that are placed 00 thiS module.

Since the transrrutted APT-image IS only
sync hronized al the commencemenl 01 Ihe
imag e, high demands are placed on Ihe
sla bili ty of the defleclton Irequency An
appro..ima hon wlIh me aId 01 a weather
map is to be used to IIIUsl rate IhlS

The last l ine 01 the Iransmllled weetner
map 01 2200 lines , lenglh 1,2 1I Width
an Indell 01 coooereuon 01 576, may only
be stlllted by mall 1 % ThiS results In a
per miSSIble devlallon 01

Dev iat ion •
Ma.. perm issible error

Number 01 lmes

I
hi.-,i

I
Q

I •
•¥h<

!l,

Maf AL,1mm

II , on Ih e Olher hand, a continuous Ire ­
quency erro r 010,5 .. 10-1 ( 005 % j IS pre­
M nt, Ih is Will mean Ihat Ihe lasl Ime 01 Ihe
image Wilt be shllted by 100 %, which
mean s th aI a squa re Image Will be shi lled
10 an angle 0145b

,

nilS IS shown In Figur. 31 II will be seen
tha t II is necessa'Y lor the delleclton Ire­
quenci es 10 be derived trom a crystal-con ­
tlOlied oscillator ,

The same prob lem occ urs when recordmg
Ihe sub-carrie r uSing a tape recorder. II Ihe
sig nal was to be recorded and played back
wllhout lul1 her meall-Urell, II woutd be ne­
ceua'Y lor the wow -and -ll utter and abso­
lute speed dev/attons (when uSIng dl l1erenl
mach ines lor recording and playing baCk'
10 be less than OS 1I 10-' . In order to aVOid
thi s ~e llpenSlve~ demand. It it poSSible lor

001
• 2200 ... 0.5 1I 10-1 Fig. 30:

Thr...ueh h. at alnk. " .
r.qulr. d tor Ih. modut.
DC3 NTOOI

'\
I \
I \
I \
I
I \
I \
I \
I \
I \
I \
I \
I _ , .,

Fig. 31:
DJ.tortlon 0' 1M Imag.
d_ to .p.act _vlallon.

•
,\
I \
I \
I \I

I \

I \
~

I \
\ •

I \ !I \ •I \ i- ',
~
~
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MleCled frequency " 1440 Hz The drum
apeedl gIven In Table 1 ar. III eMflved
Irom this frequency

The oper.lIng freq uency of Ih, motor mul_
Ilplied by lhe dlvil lon reuc will resu ll In a
Irequency of 1440 Hz. In ac tual I. c!. th•• I'
based on a frequency which i. 60 timet
higher (86 400 kHz) Iinca Ihe two . inew.v.
voltagel phaM-thllled by 90" a,. comprll­
ed ClI 60 pul.... per li newave

Thi. mean a thai 60 put ... Irom • 86 4 kHz
OSCill. ,or would relull in a . inew. .... of
1440 Hz. Thi. ia followed by Ihe varl.bl,
freQue ncy divide' . nd • 90" ph. se thllier
which derlvel a COline wave Irom lhe li ne­
wave . ignal. Bolh Ilgnall are Ihen amph­
hed ..paral~ and are uMel 10 drive the
drum mOlor , Further detalll regard ,ng Itle
Clrcu,t are 10 be gil"'" Ialer

Now 10 Ihti ..-eltOn and general)(lO of Ihti
pIlOt tone requltlld lor tapa rKordlng thti
'mage

• • pilot I O~ denved from lhi' Cryslll osclUa·
tor to be rec:onjed on the NCond CNnnel
of • I 'lreo tape recorCS8f Th., IIQMt ,.
lhen uud u reference SIgnal when plaYing
bEll Ihe ,.corded image Th'l methOd also
allow, SImple, and la' !eM • • pen...... ca­
Mn_ recorders to be used

'-!Kllon of ItIe AllClulred Freq uencle .

nlll 'I based on the requlf-.n.ntl 01 lhe
drum mo tor of the FAX-macrllne The ume
~ul'.ment:l lor the kCur-ey 01 the eM­
flectIOn frequency ar.....,I(J tor lhe &pMd 01
the drum molOf as for Itle de llec::hOfl If .
quenc:y of the CRT.

Standar d synchronous molor. I r. optimiZ­
ed lor 50 Hz. and th il is why thay I r. to be
uled al n••r to th is freq ue ncy II pOu,b1e
in Our application. These mOlor••r.mainly
8- pol l o r 12·pole motort AI 50 Hz. speeds
01 375 Of 250 rpm eesun. DUrin g l he C41 lcul·
a hon 01 lhe reqUired freq uen c'.... redu ct ·
ion g••nng 0 1 3 :1 wa, taken tnlO ton" de,­
ahon lor the 8-po1e molor• . or 21 In the
case ol lhe 12-pole moto,.

Both red uctIOn gea ,. ar, regul.rly .vad­
.ble'. 10 that one can use ellh,r . n &opale
or 12-pOl, motor ,

Aher .tUdylng ltle reqUlr!ld 'plM(Il tor
tmage pr~ng. the kM'wt common out­
put f,.quency wu e ll.mtneo Irom wtuch .11
the mOlor Irequenc)H .hould be oblalMC!
when Ullng frequency dlvillon The

' 8
60
90

120
150
180
240

Ort.... frequen cy
10 lhe moto r

112Hz
24 0 Hz
3&,0 Hz
48 0Hz
500 Hz
72.0 HZ
980 Hz

R4tqUI'~
di visiOn rlhc

"60
40
30
24
20
15

." '. J'i ~ ti l .b

"", V(O . 8b ."~111
~ - O , u -,

f 8 b ."~Hl

. 64i
J f1t . )2: ... 1'U<treull: ee-....~~I~ of " ,4 II"". ...... ifI "'- lIpe recorder l'IOde
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Civision ral lO Ciode to reset
from OUlpul/pm

A Irequency di vider that can be programm­
ed Wit h diodes (I 2 • 4(40) i. uNd. WhiCh
has the advantage th,t virtually any cryslal
in the frequency range between 2.7l).48 and
5.52 MHz can be used . The only prerequi·
l ite il that ItS frequen cy can be pu lled 10 a
multiple 01 2.7 kHz. A mrnmer capacilor
and room tor a parallel capaci to r CP (il re­
qu ired) are provided at the cryl lal oscil lato r
(2 gates 01 11). In order to pr ogr am the fre·
quency division rat io , Silicon dlOd.. Should
be $Oldered Into prece al I 2 according to
the following rabla 2:

A freq uency 0186 4 kHz selected l or driVing
the motor is not sUIlable for tape recordmg
lnslead 01 th is. a frequency of 1.35 kHZ II
used which can be derived by divid ing Ihe
864 kHz frequen cy by l).4 (6 binary divI­
ders). In order 10 ensure Ihat Ihe relerence
frequency is always available even II lher e
are some 'aulis on the tape suc h as drop­
outs, l he recorded frequency is only uHd
to control a phase-cont rol cncuu (He
Figure 32).

When pr oc easmg direct ly With out tape re­
co rder - computer specialis ts would call
Ih ll . on- hne-ope ratlon. - me whole Image
processor includ ing FAX-maChme IS con­
trolled trcm a crystal·controlled frequency
In the case 01 tape recorded Imagel (·oll ­
line -operali on . , on me Olher hand . Ihe tape
recording will also possess Ih is cryslal­
con trolled frequency, however , the image
pr ocessor will be co ntrolled by the VCO
shown in Figure 32, which will 101i0w all
fluclualions 01 lhe tape speed . This mesnl
that Ihe e. act time referen ce il mainta ined
to the recorded Image Signal since th ll II
also . ubject to the same speed flu ctu,tlons

1
2

•8
18
'2
54

'28
256
512

1024
2048

0 '
0 2
0'
O.
0 '
08
0 7
08
09
010
011
012

9
7,,,
2

•13
12

""1

In order to conSider thiS With respect to the
overa ll . ystem, It sho uld be ment ioned here
that the previ OUSly mentioned frequency
processing Is used both lor the FAX-ma­
Chine and cenecncn when uSing a CRT.
The generahon 01 the detrecticn sawtooth
sIgnal (on board 009) is dr iven Irom the
pulse s of module 008 described here .

It not all image proce ssing possl bill tlel are
to be UHd, a number 01 simpll il cation. are
possible. wh ich are to be dlSCuased in
section 5.35.

5,3,1. Clrcullo.tall.

The circ ul1 diagram of module OC 3 NT 008
Is given in Figur. 13. As has been prev loul·
ly ment ioned . the image processing II con­
troUed from a 86.4 kHz oscma tor , which II
Iynch ronlzed wll h the aid 01 a ph...-cc n­
trcr ci rc uit to the releren ce frequency 01
1350 Hz, Thil relerence Irequency origin·
ales aither dire<:lty from a cry"al osclll . to r
(which II shown In the left upper corner 01
Figure 33) or via a tape recorder,

The method is now to be del cr lbed in the
author'. e-ample uSing a PAL·lubeamer
crystal o f 4 .433 MHz:

Firs tly . the required diVision rallO is cercct­
ated : 4433.6 kHz : 2.7 . 1642.07.

When rounded down . lh" resullS In 1l).42.
This is followed by calculallng l he frequen ­
cy 10 which the crystal osc illa to r should be
tuned .
2.7 kHz .. 1l).42 . 4433 .4() kHz.

The Irequency dIVISion ,.t,O I hould now be
diVIded into two orders 01magnitude :
1642 - 1024 + 512 .. l).4 + 32 + 8 ... 2.

Thl, means that " " dlodel are reqUired In

the manner shown in the ci rCuli diagram .
This should be checked according to the
table I

For thOH readers where thil method il 100
complicated or a . uitable cryl tal i. not
availa ble, it is posaib la lor a bridge to be
made trc m ground to reset (pin 11). and
then lor a crystal o f 2.7 kHz • 1024 •
2764.80 kHz 10be uMd



The programmable divide r I' lollo wed by •
llipl lo p (1 /2 18) which divide. Ihe 2700 Hz
10 1350 Hz .nd prOVldet • keying r.hO 01
1 1 A vOl~ dIvIder II prOVIded lor the
tape record.ng mode, whlWN. the I~ Hz
algnal " led d.~1y to the veo (I 4 ) lor
on-line opetatlOn. The IIgnal trom the lIpe
rKOtd.r i. paued ..... • pr..mphltef
eqUIPped WIth 114 and • gale (1 /4 I ~l Th,.
tnMl"I. lhe lollowlng connechon••,. ,..
qUlred \I•• IuIUlble ,wltches

On -line oplftlillOt'll P,n 1210 Pin 14

Tape recorded otnageS

Pin 11 to ta pe recorder Input
P,n 10 to t.pe recorder ootput
P,n 1310 pin 14

The ph...·conltO! CirCUIt glwen In Flg ur. 32
i. re.lIzed with the " d 01 Inlegrlled
cirCUIts 13 .nd 14 Aa one c.n lee, Ihe
. a me component is used lor the d,vlde -by·
64 Ie a. lor Ihe rel erence h equen cy dlvi·
der. II ' (lo ther Ireq ue ncy i. reqUired ' or Ihe
pilo l tone . It is possible 10f Itle CIrCUli 01 I 3
to be changed ICCOfdlng to th. 1)1"....,00.
t.ble.

Th" i. fOIlO\lVed by the Ireq uency d l\llde fS
fo r tM dtlve 'f'Ol tage 01 tM dfum molor
Tn. inttlgtaled CI rcuits I 5. 16 .nd I 7 .r.
l)f"oY~ lor thll Tn. freq~ tImes 60
hlled In Table 1 .ra led \Ilia n·pOeIllOn
..lector IWltetl to Plnl 9.nd 17. and IInally
10 In. clock input (p,n 25).

The IIIp1l0 p I e(112 4(13) dl'tlidM the .-..ct·
ad 'requency~ lIg&In by 2 to p«)'f'1de
the 1O-C41l1ad trwna putMs . t connactlOt'l 18
lor genaral lQtl 01 tn. sa wtooth tiOnal r..
qUlrad fOf dellectiOn 0' the CRT.

The follow ing CII'CUltI eqUipped with III 10
I 13 generat. the two 90" ph....ahltlifd
voltaoes lor dnvlng tn. drum motOr. For
lhole re.de,. who dO nol Inlend to u.. IN!
FAX ·m.chine but only Imega proceM,ng
us ing Ih. CAT, 11 i. po18lble lor th ll part 10
be deleled .

In order to ensure • ItTIOOth run 01 th.
FAX·m. ch ine . it il .Molulely nec....ry to
ensu re thai the two matO!" \loltages . f.
e.actly phue--th,ttad by 90" . nd . r. aM·
q UIII. ly .in-...... Since IheM dafflInd,
mu.t be lu llllled at seven d lUer en t Ira ·
q uenc i.., a COtIIidat.ble .mount 01 cafe I'

requlrecl. In ocr caM, IN! .In.w..... and
cosin....ollage .,. . pp rO.lmated With IN!
.id 01 digitally generlled . ta.rcase voltagel,

To ach,8'YlI thll. the ,nput pul... f rom tN!
Irequency d~ .r. puaed "'1& eee­
nectlOn 25 10 the Inpul of .n uP-Oown
counter (19). wtllc h II followed by • push­
pull . mph l.... INII OC*"1l" .S • dlg,t.1f
analog Convertllf Tn. count.,. countl 15
II~ upw'rds and lhen 1~ steps down·
w' rds. whereby ••t•• rcase YOlt.ge teSulls
w'lh 1130 01 the drive frequency The lub­
sequent phase,"'utllnO by 180" fnulls In •
phase·.hIlt 01 90" " the l,n. 1 Ireq ....ncy .
.,nee it co'ncides 10 hal l Ihal 0' lhe trio
angul.r vollaoe

The two ttlang ul. r voltages ere .h.ped In •

FET to 'Ine hallw. ...... and th . oper'hnO
point and dr Ive ca n be • ••ctly IlIt WIth the
a id of trimm er po lentlom e te r. in o rder 10
e nsure Ihat the COHKI . Iope i. used .
Finalty. Ihls is fo llowed by two , witc h.. in
. ach br . nch (tnttlgr. led MOS·.w'tcheS )
th.t . r. ' wltChed avery second haltw.ve
thul genef.tlng IlMW.ve 'I01t.ges. The
polarity , wlfct'nng rapf~l••n alt. matlnO
connection 01 lhe ,iO,...1 to Ihe plu••nd
minus inpul of lhe oulput .mp'. ll"'. The
)oIning of one poelltve .nd one negatIve
hal fw.ve repteMf'l ll lhe la$t halVIng 01 the
Ot"iglnal . t'lteaM YQllaga, and thus teSulfl
in the required motor Ifeq ....ncl.. w.th •
ph....h' h 0190"

503..2. Component Delaltl

I I : 4011
12. 13: 4040
14 : 404&
15: 40tU
16.17.1104017
18: 4013
19. 4029
111 : 4001
1 12: LM 324
113: 4016
114 : 741

T 1.T 2: BF 245 B

All d IOdes (8 pa..): 1 N 4151 or limll.r
1 Cryst.1 4 433 MHz HC-6/U (... te . 1)
1 plufIC·fOil l, immer , yellOW.
spacing 10/5 mm (Philips)
1 .tyro ll•• capKltor 220 pF (tor I 1)

•

..



•

I

I
;;

02

1 s tyro ll•• capBCltor 2200 pF (lOt I "'I

P1asflc ·!od capecltorl 'or 15 mm apaclng
.... O.ll'f, 2 . 33 nF
1 ceramiC C8PKitor 2,2 nF

2 tantalum electrolytlcs 10 1,F

All rttSlltOrs tor 10 mm spacinG

7 helical 'tltl'VTl8l' po tenttomet.... Wllh t o or
15 turn. IOf 12 5 / 2 5 mm IP'IClr'IQ (1M
componttflt !OCahon plan)V....... 1 . S kU

2 .. tokO
2x 25kU
2.5OkU

1 3 1-pm Connec tOf (DIN . 16 17) (Siemens'

5.3.3. Co nllruC11of'l ot Module DC 3 NT 008

For accommodation 0' Iha Circ ui t g'v"" In

Ftgur. 33 . • double' COIIled PC·bof,rd with ­
QuI lhrougn-e;onlacta wa. designed The
de&lg nahon IS OC 3 NT ooe and il given In
Figura 34 This board tlas lhe Europe-card
dimenSions 01 160 mm .. 100 mm and II
provided With ttlrough-contact l a' va rIOUS
pc»ltlonl when mount,"O lhe com ponents

Th " method II . of COUrM aom-what mot.
comphCIIled tr\aI'l when lNng • PC- boIIrd
lIf' lttl Ihrougfl.<:OnlKlI, but .. conllde!'ably
chee pet' . SInce 'heM through-contM;t1 .r.
rMde manu-Ily by toldeflng on both ...
0 1 the bof,rd , only IUCh positions _fa
..lec tecl lor this thaI .....rtI nOI covered by
components. However , when lOC k. " ar. 10
be used 'or tNI inleg rtlled clrc u,ts . IheM
should be rypea Ihlll c.an l lao be ao!()ered
on the component Side of lhe boIird

The circullS lor the FAX·mech.".• . whiCh
need only ee eqUiPped wher1 reqUired . e r.
clearly ma rked on the PC-boerd w,' h Ihe
eld 01 a dashed hne . For IhO.. r.ad.rs only
willhing 10 operate wllh the CRT, II IS po n ­
Ible lor ell componenls eccommodalad
below thll hne 10 be dal.led

Finally , II should be noted that th iS PC­
boIrd s hou ld nol be located where the
h'Ohest temperatu res a re to be lound
w'tt'lin the un it

5.3.4. Alignment

For alig nment. the modu l. should be con­
nected temporari ly ,n the lo llow ,ng manner

Pin t to .. I!lV. pm l S to g ro und . make a
bridge trom pin 17 to pin 25 an d Irom pin 9
10 pm 2 n US IS lhe connechon tor FA.X­
opet' ahon w,tt1 a &peed 01 240 Iones per
mlnul.

It IS now poIISlble lor the crystal OK lllator
to be al'Oned by connecMg a Irequency
coun t. r 10 P'" 10 01 12 and altg n.ng lhe
OICillalOf to tNI nom'NI Irequency 01
4433. kHZ w,tt1 the e ld 01 lhe trimmer land
pa r.ne l capacitor II req Uired )

ThiS IS lollowed by . lIgnme nl 01 the vee
The IreQuency co unte r 'S co nnected to
pin. 01 I. or to connection 22 01 Ihe
31-p ln connectOf. Th. oac:illa lor IS no w
.lIgned w,th the lid 01 P. to 864kHz II
tne .djus lment rang. 01 Ihe h.hee' polen­
homel.r II not suHlclent. Ihe dropper resl s ­
lo r should be cha nged to Ihe ne.1 hlgh.r
or Iow. r Slandard res illance valu.

Th,S is fOllowed by checking th. operallon
of lhe frequency diVide rs lor Ih. pilot lon e
by co nnec llng lhe freq uency counte, 10
p,n 12 01 the 31,pln conneclOf. A. Ireq uen cy
of 1350 HZ should be measured a t IhlS

1>0<"'
D,rect o peralt(ll"l IS M*lecl by connechng
a bndge Irom PIn t2 10 PIn 14 In Ih lS cue,
the VCO shoUld be Idjusled 10 exac tly
86 400 kHz v.. ,ts phaM-eOntrol looP ThiS
II lollo wed by connect,ng the Ireq..,.ncy
counl., once -oaln to ptn 22 of the 31-pln
connecior. The Indic.at,on should no t vary
by mo,. than ~ 1 d lg!t (la l1 d lgll). ..... n
when va rying tNI ope ' at,ng vOllaQe by
• 1 V

Now a lip tor lau lt lmdmg

Hall the operl !lng VOltage sho uld be pre ­
...,t a l pm 2 01 the 4046 a"er the ph...•
control looP haS IOCQd In. HOW*Yef. a
h'Oh-lmpadanc:e voll"*1f II ~Ulred lor
this measuremenl
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II il no w the turn of me frequency divider
lor the vanous speeds 10 be measu red If
Ihe freq uency counter II connected 10
pm 16 01 tM 31-pln eeoeeetc- . one Will
also measure lhe 2 . 1 diVider lor the Irame
P\llses. OtherwlS8. one can measure M ice
tM gi ven Irequenc les al pin 9 The lollow­
Ing Irequencl8S should result on sw.lchlng ,
or by connectIng a budge be lween pin 9
and one 01 the ptns 2 to 8

'PHd Frequency Bridge
al pIn 16 Irom 9 to

24O 2880", 2
'80 2160 Hz 3
'50 1800 Hz •
'20 1440 Hz 5
90 1080 Hz •
80 720 Hz 7

•• 576 Hz •

then ca rried out wllh the other phase by
connecti ng the oscilloscope 10 TP 2 and
adjusting potenhometerl P "and p 12.

A" er Ihis. the oscilloscope II ecnoectee 10
pm 30 01 the 31-pm connector and lhe shllt
In the zera-pass 01 the Imewave curve II

adjusted 10 minimum With the aid 01
potentiometer P 3 Flnany. the same should
be made lor the other phase With P 13 With
the oscilloscope connected to pm 28

As a fmal check, one IhQyld subsequently
ccooect outpuls JOand 28 10 the )(- and Y­
mpulS of the OSCillOSCope 10 see whet her a
cltcular Ilgure II VISible With Ihe same gatn
In bOth channels

Fig ure 35 shows a photograph 01 tne
author 's prototype aller eemptencn .

Table 3: Fraq uenclel 10' checking lhe
o peri lion ollhe I..que ne y div ider

The last alig nmen t and measurement il Ihe
general lon 01 the two smew eve vol lages 10'
the dr um me ter. To do this , pin 9 is once
again co nnecled 10 pin 2 and Ihe ·Itart.­
inpu t should be grounded (bridge Irom
pm 15 10 pin 19) . II should be poSSIble to
see the I taifcaM vol tages etter connecllng
an OSCilloscope to the ou tpull of lhe two
hrst operallonal ampllllers (pin 1( or pm 8
01112). A peak-ta-peak slnca.. voltaoe 01
apprOllimately 11 V should be present

Poten llomehw. P 1 to P 3 an<! P 11 10 P 13
should be CfIfllered and the oscilloscope
connecled Ilrstly 10 test pomt 1 The von ­
age shoul d be adjusted to bes l ponlble
dual-pal h linewave wllh Ihe aid of
potenhomelers P ' and P 2. The same II

5.3.5. Pou lble Mod if icatIon .

As has been mentioned previously. Ihere
are two poss ible simpli licatio ns il all image
processing possibili ties are no t to be used.

For th ose readers who are not interested in
dr iving a FA.X-machine. It is only necessa ry
to delete an componenll loaled below the
dashed line in F~ure Jot

A far greater Slmplthcatlon IS poSSible when
using Ihe CRT image proceuor and hmrt­
ing the Speed$ to 20C0 hnes, mlnule tor
METEOSAT and GOES. and 120 for NOAA
and TlROS, as _II u delellng Ihe posSlbi­
!tlly 01 using. lape recorde, In lhls case ,
an ell i remely simple (IrCUl t has been deve­
laped which II ShOwn In Figu re 3e

However. no PC-bo.'d or kIt has been
developed lor thiS

FI9. 36 : Si~ elreuil lo l opel . ling only in the CAT-mode
_ Ilh only hfo 1981d1. a nd _ltho.ll l. pe rKOlder tK ilily

•

.7

NT 1. 15 V
,220 - 10 16 13

220 P 4060
H 11 1 15

6 kHZ.T
10 M

DC 3



• A 29 MHz Transverter for Use
with 145 MHz Transceivers

by J . K.ttl.r, OK1 OF

88

Meny delCrlptlont of UHF 'nd SHF Ir,n,·
yaltar. 'or the 70, 23 end 13 em bend, .r.
d..~n.c1 tor u.. with I.Cltt" ,nd recti·
v.,. Opt,ttlng In ttle 10 m band betw••n
28 tnd 30 MHz. Such lrenlctl••,. .,.
ulually nol anllablt In the thack, 01
_VHF_onry. amalt ... r. tnd 'nn If thty .,.
nallablt, they uI...811)' product output
pow.r. 01 tOO Wend mor• . This mun.
thai It I, n.u...ry to tithe' provide Itrg.
tn,nutlor., or to carry 01,11 modification,
to tha equipment Furthtnnort. htrdly tny
of the .hortw.~ If,nllCelv". ctn operalt
In tha FM·rnode.

For thl, "'IOn, ttl, author tI.. dtveloped
• frequency trentvtrt,r which can bt
u-.d • • I n t.~I.t. module batw.,n • 2
m trenl ctlv., 'nd UHF·SHF I,an,,,..rte,.
lolling • 10 m IF; ttl, Irtnl"trt" un
handle drive POWt,. of up 10 approx'·
ma'tly 10 W t nd do•• nol ,aqul,.. any
tran'mltJr.c:,I"'e .wltchlng.

1. CONCEPT

The ch,r,cterl.tli:' 01 SChon ky diode
mixers have been dlS(:uNed in detail In
previous publication• . In 'ddlt lon 10 their
good large-elgna l characterilliCI . th ll mixer
,tlOWI Ontl to limply sxch,nge the AF end
IF output (inpu t and output) ; th is msanl
tnet the ..me mixer and oscillato r module
can be used bolh In the Ir anlmit and re·
ceee mode withOut SWitch ing,

As can be seen in the bloc k dlagr , m gl...en
in FIgure 1, lhe anl snna connector 01 Ihs
VHF transce iver is connected to connection
A 01 the Iransverter . The yol tage divider
comprisi ng A 1 and A 2 acupll the lull
oulput power of Ihs eecuer in Ihe Iransmll
mode and ensures an optimum load Impe­
dance 01 approx imale ly SO-50 U for tha 2 m
tran smitter. The subll9q uenl amplifie r slag e
equ ipped wilh the bipo lar hlgh -currenl
tran sisior T 1 oeneral es an cveren glln for
the Iransyener 01 appr oxi mllely + 6 dB In­
c ludmg mixer and mllchlng lones; in th s
tran smit mode . T 1 Will be drlyen In the
wrong direction and will cause a (desi red )
signal attenuation to ensu re Ihat me ring
m ixer is not overdrl yen, A match ing lin k on
th is and the two othe r po rtl 01 the mi xer
ensures a correc t 50 U terminahon of the
ring milter. which Is yery imp ortant With
respect 10 correc t cpereuo n.

The converted tran smit lignal Is Ihen led
via a 4-sla ge low-pass I llter 10 co nnectio n 8
01 the Itansverter; the task 01 lh e lowpass
l i ller I. 10 suppress the image frequency as
well as any residua l componenl. 01 the
Inpu t and oscillalor Ir equency An ou tput
power 01 1 mW I. , vailable in the Iranlmll
mode at po int 8 ,

The oscillato r module 01 Ihe un ll doel no t
o ffer , ny lP8Ciar lealures. The reqUIred
loca l oscill ato r Irequency 01 116 MHz is ob·
1, lned u.ing • 36 667 MHz cryl l al OSCIII. lo r
with subll9q uent tr lp ler . Thi. i, followed by
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a two-slage amphfler whi ch is then able to
prOVIde an outpu t power 01 app rOJl.lmalely
10 mW wh ich is me optimum dr ive level lor
Ihe ring milter ..

2. CIRCUIT DETAil S

2.1. Input Anenu alo, and Ampllf'a , T 1

The lull crrcuu dia gram 01 the amphl lef
stage wh ich is used as attenuatcr in Ihe
transmi t mode and as emphtier in lhe re·
ceive mod e is shown in Figura 2

'........ ...--...~
·~1 . ~ ;a.

"0 ,.n.."~-u,-.
1-' .J. ,

f ig. 3: 50 U _ ldlltIQ elt<ull lO the Input
Impedtl_ of tran."lor T 1

A high ' Currenllransialor h....mg a h igh cui ­
Off IreQuency was selected lor Iranll lior
T t . The ,allng of R t . as well as Ihe ,etis­
lance value 01 R 2 are dependent on Ihe
drive power to be led 10 po int A. Further
details regarding thi s afe given In the
~A lignment seeten-.

Since lhe mpul Imped ance 01 T 1 posses­
ses a capaci tive co mponent, and il allO
treccenev-eeceoceot. II IS necesury tor a
transformation link to be provided lor
ma tching It to the ring mi~er . Figura 3
shOws the reiahonships in delail; in prac­
tice. the aeries inductance ot + I 17 U il
formed by lhe geometric an angement o t
the aerie s circUits 01 the 1S Q resistor and
the 10 nF capaci to r (188 Figure 2).

The given matchIng link enlure s lha a real
terminating resistance 01 50 C Is pro vided
at point X, which i, Ihe RF·con nech on 01
the ring mi~er .

2.2. Olcllia tor Modula

A circuit d iagram of Ihe osci llato r module
is given in FIgura 4. The crystal-con tro lled
PIerce oscillator (third overtone) can be
seen at the leN 01 the circuit The operahng
voltage lor th iS tran,istor i, stabilized wll h
the aid 01 0 1, According to me crystal
used, it may be necesu!y to provide a
parallel capaci tance C 1 (3-10 pF), In order
to pull Ih e Crystal to the e~ac i I rdqu ency. A
line alignmen t 01 app'o~ lmat.ly .t 2 kHz .1

•
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possible wIth the aid 01 L 3 The 10llOWlng
tr ipler I tage opera'es In cia.. C and II
Coopled to trans istor T 3 capaClllve ly. A
band pa.. Il lter (L 4, L 5) II provided be­
tween T 3 and the buffer stage T 4. This
I ilt er suppresses any relidual componentl
o f the l undamental frequency, al well I I
any unw anted harmon ics. The output stage
0' lh e oscillalor mod ule T 5 opera tes in
class A and is able to provide an output
power 01 apprOllimate ty 10 mW for driving
the rtng miller. Tesl dIOde 02 serv.. u
alignment aid ,

The matching link co mprising L 7 I L 8 and
the adjacent resistancel and capacitorl
seems somewhat complicated , Since thi l
c ircu it was not discussed In (1). i t il 10 be
deal t with in some delall In the appendill ,

2.3. IF_Filter

0 1eccrse. any miller will prov ide a number
01unwant ed conversion products l rom har­
mon iCI 01 the input Irequencies in addition
to the sum and dIfference of these Input
frequencies. In order 10 oblain a clean
tran smit signal lor the UHF/SH F trens­
verter. it II importa nt that the 29 MHz out­
put lignal il 85 clea n as pou ible. For Ihis
reason , the author designed a relal ively ex ­
lensive intermedia te 'i lter . AI can be seen
in FIgure 5. the ' i lter mainly consi atl 01 a
Ioor-atage lowpass fi lter com pr iling I II to
l 14 and C 7 to C 14, aince mo at 01 the
interfe ring components are in eileen 01
30 MHz.

The Inpu t and output of Ihe utt er are in the
form 01 a bandpalS l ill er link , wh ich is
limltar to an absorption l i ller, in co nl rast lo
rel leCtion lifte,. wh ich are built up Ul ing
only purely reecnve Impedance.. When
correctly dimensioned, it la possible for the
input and ootput imped ance 01 the cir CUit

to be real (SO 0 ) OV8l' a wide frequency
range (lheorettCBUy from 0 to " ). Since lhe
'ilter II built up symmetrically, a IUrlher
r ing m ill er can be connected 10 connection
B without furt her measure'.

3, CONSTRUCTION

A lingle-coated PC-board of 120 II 72 mm
was dellgned lor accommodation 01 the
detlC(lbt!d lranaverter. The deslgnal lon 01
the boa rd ia OK 1OF 042. It is poulble lor
the wh ole module Including allenualor
resistor R 1, to be accom modated In a t 45
II 73 II 28 mm tinplate case . The dashed
linea gi van in tha component location plan
(F~u,e 8) are the politions 01 the screen ­
ing panell that I hould be soldered Inlo
place on the upper and lower lide 01 Ihe
boa rd. The spacing should amount 10
approllima tely 8 mm on the conductor lide
01 the boa rd , The interconnection y Ay can
be ma de with the aid 01 a normal piece of
wire , where.. connec tion X-X I hould be
made with the aid 01a thin piece 01cou ial
cab le, A photograph 01 the aulhora proto­
type II given in Flgu,e 7.

3.1. Specla ' Camponenw

T 1: 2 N 5109 (RCA)
T 2: SF 245 A (TI)
T 3: 2 N 918, 2 N 5179 (Mo torola ,

RCA)
T 4: <40841 , 40673 (RCA)
T 5: 2 N 4427

(varloul manuflcturera)

M 1: IE-SOO (Mel)

01 : BZX 97 C 8V20r simllir
zener diode

0 2: M 116 or limil.,
germanium dIode
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R 1 50 0 eIIrbon nlslstor withOut
connection '-OS. ra' I"O
dependenl on drive power
of the e .clter .

R 2 Cerbon resillor. "a lue ...
Figure 2. l engl h max .
epprox JO mm

ll , l 7,l 8, l10.L15.5turnl oI 1 mm
..rv.r-ptaled copper Wire,
wound on a 5 mm lormer ,
lenglh 10 mm

l 2 2 tum l . leng lh 5 mm.
O!herWIM as ll

l 3 10 tuml 0103 mm enamelled
copper wIre. us.ng .pee..' COil
tel Wllh "'Otet cor.

l. 8 tum., length 15 mm .
otherWise as l 1

l5: as l • . tap at 2,75 turns
Irom the cold end

l8 as l • . tap at 1.75 lurn s
Irom the cold end

l 9. l 16 14 turn • . otherwise a. L 3
lll , l12, l13.l14: 10lurns.

length 15 mm, Olh.rwlse

os"
C 2, C 3. C. Plashc-loi l tr immer , 22 pF

(green ), 7.5 mm dla

All rUled eIIP8CltOrJ, eetal mlc d.,k typn

Q Crystal 38 661 MHz. par allel resonance.
""",,tU

RMiltot1 01 tt'le type ,.qu,red IOf R 1 are
ohen qUlta dlNICUn to Obta,n. HO_, It ••
poM lble to UN a larger number 01 r..iltor.
of a higher ,....tanee value and to connect
theM in pataillel (e g 20 rell.lon 1 kOI
0.5 W) or an ..,ailabl• .•xt.rnal attenuator
.. uMd With the micfOWlIWI mod ules tranl ­
ve".r MMT 0&321144 (,.quired valuM 13 dB
anenualion wilh .n Input power 01 2 W. or
20 dB .1 10 W).

4. ALIGNMENT

Thil II commenced by chec king Ihe oper­
ahon 01 the cryslal oscillator; A vollmeter il
conneCled In paraUel With the cenecter ­
liller rHillor 01 T 3 and inductanc. l 3 II
.ligned to Obt.ln a current max imum 01
approxlm.lely 3 rnA (corresponding to 0 3 V
.crou 100 0 ) The "ollmeter ( ~ 50 kU) I'
Ihen connec led betwMn lhe tMt poln l

(d IOde 0 2) and grOUnd and Irlmmer C 2,
C 3 and C 4 Irlmmed allernately MYeral
times lor ma.imum readl"O A value 01
. pproxlma lely 08 to 09 V $hOU1d be ee­
I.I ned In order 10 en...re that IhI! COtFKI
ha rmonic has been Mlectlld. Un ahOu ld be
checked by Iooeely COUpling • I req~

counter 10 inductance l8

II !he oscillatIng Irequency of lhe cryslal II
me,. Ihan 2 kHz 100 hlQh when IndUCtance
l3 has been ahgned lor rrw um um coltec ·
tOf Curren l 01 T 3. thiS eIIn be correcled
With the . td 01 a pa r.l..1 ellpacl tance C 1.
wttich mu.1 be lound experimentally but
Will be In the Ofder 01 approx 3 to 10 pF;
Ihe line a llgnmenl IS mad. With l 3. The
"oltage drop ItCtOUl the emitte r resi ltor 01
T 5 thould be in lhe order 01 . pproxim.lely
1.8 V under drive co ndition,. • nd approxi ­
mately 1 V without l ign.1 (cry" al .~rt ­

Ctrcu ited, or l3 del uned).

The collector current 01 'ran l ilt or T 1
should amount to appr oximately 15 to
25 rnA wllhout 1.5 MHz dri"e . II requ ired.
lhe 10 kO resistor between lhe baM . nd
PI 1 can be corrected .lIghtly For lurther
a lignment, connector A 01 the tr.nl verter is
Connecled 10 the OUlpu t 01 a 2 m eXCIler
. nd connec lor B ~ther to • 10 m recetVflr
VIII a I Ult. bIe .n....u.lor. or to • RF-volt­
meter . Inductanc.t l 9 .nd l e (.lIgnmen l
cores) . as wet! l10 and l15(de pr...mg or
pu lling out) should now De . lIgned lor
mblmum~ . 1 29 MHZ The maximum
IS ,.Iall"ely wl(Ie due 10 the low Q 01 Ihe
mput .nd output 0' lhe M er (0 - 3); II
necessary, trill . lIgnmenl elin ~ dele1ed .

The r"ISlance value 01 R 2 II dependent on
lhe OUlpul powtM" 01 lhe VHF Iranac..Vflr.
and . Iso on the requ Ired drive po wer 01 the
l ubeequent UHF/SHF -tranSVflrter For tl'\is
reason. no concrele delall' eIIn ~ given
here. It II. ttowever , .dvlublelo commence
With low v.lues 01 R 2 and atowly approach
the ..turallon power ; in the SSB-mode, il
is advisable 10 remain . t lea,I 3 dB below
..tcreuon.

II ••ultable oscilloscope la a".II.b le. II II
poMible tor the ....velope curv. 01 Ihe
29 MHz oulput IIgnel to be chec ked by ob­
serving voice modulation No "I'lble lI.t
loppIng of the moclul. '1Oft pea ks v.ouk' ~
....Ned



n lll allows !No a and ttlu. 1"- ~ndwlCltrl

.11 to be de'e""llned ••

£.!. or II
C2 C ,

llJ1Cl _l2 .C2

ThIS mtNIr1S tNIl par . .... and ..r.. rno­
nanl ClrtUIts .... tuned 10 the .-me t,...
q t.lef'l(;y _ The IOllOw1ng rIIllO can be ..-eted
'reety:

I
.\1 _ ..:.1

o

il tha NrTMI • •
L 2
C,•L l

C2
&'ndplISs·Link as "" atchlng Circuit lor Ring
M,••.,

Th'l ~retentsan~lllon to (1) A CirCUli
II to be dllCUSlled Ihal a llow•• nng m,..,
10 be ."CIIy mltched 10 • component t\av .
iog • PII,allei capKllan<:e (e .g tran...IOt"
Inpull·

..... CAn be seen In the ClrCUll diagram !il....."
In F'8ur. t . II is poss ,ble to combine e­
and Cp, as 'tIOI8l1 as RIi and Rp. "r'\CtI they
.... connected In para llel The IImphlted
c,ra lll tl given ,n flgu re ' In th" cae. lhe
follOWing il vahd

5. APPENDIX•

'Irg. I : e.~ l1l'i., 11"11, • • _"""""
clrc",f1 for ..... rIftt ..... . .

~
...

II. 7
. _ I

I
Tron l. ltor I,

The cente r Irequency rftullt aa:

The an. nuallon curv. 01 the ci rcul i as a
function 01 frequency .. given by the com­
pl•• all.nualJOn magnitude A

1A l +JO~

2J.

'I Is uauaUy del lned .. I".
detun,"g~ and ~It...

I
'I - t; _ .!..

I

Th l' meanl tn.Il II 'I Irllquency · indepen­
dent. , • • 1and un be dete rm Ine<! by ..te<:I ·
10"01 R.

in dB ,

The valu. 01 !till anenu&11On I.
a _ I A I _ VI +O' ~l l

.. num. rica l value and

A _ 20 . log a

The allenualiOn cu~ • a fun ct Ion 01 0 •
~ i. g iven in FIgure 10. and co rrnponds 10
l he M lechvtfy curve of a Simple r-.onanl
ClrQl lt

L2
- CT

• CoI.Cp and R •

L l
• C2R'

Cl
Ra. Rp
Ra ... Rp

The Input Impedance 01 lha Circuit U Men
l rom tne ring mi • • r amount. 10 Z,n • R
when it Is assumed th ll

..
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An., con ....rtlng 11'1. glyen equation., th.
following equatlonl ar. obtamad Ihat can
be used lor designing Ihe reqU'r~ lUtar,

R
L 1 •

2 l'lloxO

The a-...a l~ Ihould nol be highe, than
necessary « 10), othe rwiH compo~nl

....IUM will rvsu ll Iha ' canno t be r• • lized in
prachce .
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L2 0 .. R
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• A Noise Blanker for Large-Signal
Conditions Suitable for Shortwave
and VHF-Receivers Having a
Large Dynamic Range

Part 2

Per1 1 of Ihl' article dltcu• ••d thl ..,Iou.
Inte rl.re ncl l)gnlll and tha i' luppr•••lon
.1 Will !t'l Individual parts 0' • nol• •
blanker, Thll IMI1 I, 10 dltcu.. con ­
struction 0' auch In ..tlnllv. noll'
blank., In conjunction with PC·board
OJ 7 VY 003. which Cln N • • tlnd*Ci up to
In,.. dln.rpl triggering ponlbUllt.. In
the nol,. blanking mod.. Furthermor. ,
some Information I, to be IlIYln regarding
thl conlttuetion 01 In Input , tl gl tor
lhortw... operation.

5. CIRCUIT D£SCRIPTION

The overall circuit diagram 01 lhe noise
blank,r Iystem 'I given in Flgur. 10 end
11. In addition to the HF·triggaring given in
(7), th, author ha. added AF.lrigglring and
power-line trlgg.rlng ,

5.1. A.qulrW·Slgn.1 Path

When ,witched 011. Ih. blanker I' bypaued
In a wldeband mann.r w ith lhe lid 01 two
miniature relaY'. After ,witching on. 'II
slgnal a will be passed via the IUlt relay and
dlplexer (C 1. L". C 2, L 5)10 reach the l irll
directional ampll lier T 1 and Ihe preampli ­
fier T.. lor Iha Interlerence channel
receiver . Olodea 0 t and 0 2 are provided
with the relay energizing current and
ensure an Improved crou-ta!k allenuallon
between Inpul and oulput of tha blanker .
Tranll,tor T 1 II fOllowed by the delay

crystal !iller which can be replaced by a
widebend resonant circuil (22 nF from A to
C. and R 1. L 8 and Tr 2 can be deleted) In
lhe case of the ....rsion wllh malchlng input
stage. The second directional ampUf!er T 2
is to be found subsequent 10 the crystal
nner. which is then followed by the actual
blanker. a linear gale equipped with diode'
03 to 06. Tha signa' ie then palM(! Irom
here via the second miniature relay 10 Ihe
oulput Of the required-lignal palh ,

5.2. Inlerference Chennel Receiver

In ordar to enlUra thai the l ignaHo-noise
ratio at the Input 01 T 1 ie not delerlorated
In the elgnal-spUnlng procell, a high-Impe­
dance preamplifier equipped With T.. a,
source lollower I' uM(!, A retonant ci rcuit
tuned to the required receive band il 10 be
found at the OUlputollhle Iranslator. which
Ie then followed by Ihe Input tranlformer
Tr 8 01 the integrated r.celver circuit I 1.
The oeclllator ,Igna, lor Il ls generated
externally In trani litor T 5 which Ilmphfiel
the osc illalor IUPP'y when ullng variOUl
frequency ranges.

The Interm.dlale Irequency II 2 MHz. and
the bl,ndpaM filter compr l,ing L 2 and L 3
Ihould be designed 10 that it provldn a
flat top wllhln the pahband range. Tha IF­
output vollage will be Iran,lormed up dua
to the tap on L 3 and palHd at low Impe­
dance via tranlillor T II. The Impedance
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Fig. ' 0: L.rge-.Ig... l l'IOl•• blink" 10'~n••1Id VHF·,K.I." .,
h....lng • l.rg. C1"n,rn lcl ,.ng.
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fig . 11: Co rona· trlQgar acc...ory

converter drives lhe RF.lrlgger c ircuil. lhe
AF·trlgger c ircuit and the control voltage
generator lor the control yoll.gll amphfie'
or tl'Ml TeA 44(l (I 1). The cceuor yoll.~ il
ampli fied by transistor T 17 and by cenec­
lor rectthcal lon so that the IF outpu t von ­
age II vlr1ually stabIlized to 2 Vpp + rna..,
3 dB at input signal. between 30 I'V and
100 mv. The overall gain belWeen pr.amph·
fier input and IF impedance cony."., QuI·
put amounts 10 approx.imal.ly 100 dB

Acco rding to the spread 01 the TCA ".0
and the a 01 inductances L 2 and L. 3. it i l
possible lor the gain to be 10 high Ihal
aelf-oscillation can occur. II is poSSible
using r.aislor A3 lor the output lIage 10 be
dampened 10 neutralize th is tendency In
Ihe case 01 the aulhe"! prototype. R a Is .. ,
even though HIGH·a coi ls we re used lor
L 2and L3

Dur ing the IUlhor 's preliminary e_perj·
ments . It was necessary lor R 3 • 18 kU 10
be uNdo bu t Ihis was probably because I t
was mounled in I IOCke l, which no doubl l
increased lis lendency 10 sell,osc iliai ion j

5.3. RF·T,lggenng

The IF·ou lpul SIgnal Wllh a ba ndw'dlh 01
appro_ ima lely 200 kHz (see wmdlng dal .
lo r narro we r bandwldlhs) is led viI . CI PI '
c tto r 01 t OO pF 10 lhe base o l lhe PNP tre n-

..
1(....1

''''''......IOtlr••• 2-a ....
8lQ ....."'lI1-

Fig , "1: Opl"""," rang. lor the ph .
potltlorl ollh. blInk ing II .

.I. 'o r T 7 which il biased via diode D 7
(0.7 V) , The input curren t 01 12 produces.
vollage dro p 010.4 V across tne , kU r.a,s ·
lo r, whic h mean. Iha l me co Uec lor vollage
01 T 7 emccntetc 3.9 V. As soon as Ihe RF·
vollag_ 81 Ihe base 01 T 7 e_ceeds lis Ihre ­
shold \lolla~ plu.lhe bias \lolll ge , o r " the
bias vol18ge Is su llicleni ly decreased uSing
lhe RF.ltlgger thresh old pole nllo me ler. Ihe
co lleclo r vo ltage 01 T 7 Wilt increlse , Ihe
vollage II pin 2 01 I 2 will lhen e_ teed Ihe
TTL· lh re.hold Ind Ihe relriggerab" mcnc­
/lop I 2 Win 9IOIrlie an o ulpu l pu lse . Due
10 Ih. relr igQ8r characle risllC' , Ihis ImpulH
Will be lenglhened In add l!lon 10 the mono ·
lime as long as lhe RF-inta l1'e rence d rive.
Irans"lor T 7, In Olher words I S lo ng . s me
In90lr Ihrashold is a_ceaded.

This maans thai il Ihe bias voltage III se '
100 low , a conhnuous Irigge rlng 01 12 WIll



be caused by IF·noise and Win cause a per .
manenl b loc king ot me hnear oate !

Transislor T 10 nee been Inserted between
me ou tput 01 I 2 and the hnear oale dnver
T 3. This IranSisto r together With T 1 t and
T 12 pe rtormes an ·OR. · lunctlon. TranslS'
lor T 3 wil l be block ed as soon as T 10.
T 11. or T 12 twitch .

If the RF·lnterterence . lon. 1.t Ih. output
01 Tela le.a than the atrono ••t rae.I....
alon.1 within 1M IF-bandwidth, no dl scri ·
m lnatlon of 1M Inte rle,.nce will be PO" ­
Ible.

5.... AF.Trtggerl ng

A neg8llve-golnO "F-signal is oenerated in
the ge rmanium diode 09 The bandWidth
of the "F·signa l is limi ted to 600 Hz in RC­
lowpaas l ilter links belore the "F-tr igger
threshold potentiometer. and in the subse­
Quent AF.amplll ier co mprising T 8 and T 9.
The impedance converter T 9 dr ives 13 with
posi tive "F.pu lses as soon as RF-pul ses
are pre sent at diode 0 9. and when the AF.
tr igger thresho ld is suff iciently high

II the TTL·threshOid 01 16 V is e.ceeded at
pin 1 01 I 3. 13 will start the dcuble-mcno­
'lOp I " . whose I lrst hall is reQuired lor ad·
juslment 01 lhe delay lime, and ill second
hall lor adj ustment 01 the blankin g time.

The de lay Iina i, designed 10 that the inler­
lering pulse frequ encies belween 8 and
200 Hz can be blanked Q1her IreQuency
ranges can be included alter luitable atter ­
ali on 01 lhe R arw:l C-yalu... According to
the Iype 01 interference. the blankino
eoetrot ca n be set to an optimum blanking
IUTIe 01 between 1 and 20 m• . The ICIles 01
both co ntrols can be calibraled lineerl y
with tne given values. The ou tput 01 1-4
dr ives Ihe . OR.. tran sistor T 11, which in
lurn bl ock s T 3. and Ihus blanks the re­
Quired -signa l palh.

5.5. Power UIM Trlgoerlng

Since a completely Integrl ted power -line
network e.,sts In Europe arw:l the phI58'S 01
all AC-vo ltages are Iherelore co herent. It Is
possible when uSing power·llne triggering
to b lank any co rona·type interference

caused by high-tension hnes In the Ihort ­
wave range. However , power line Irlggerlng
will not be able to compensate lor any
oyerlap 01 lhe burning times as dlscuued
in eecncn 1. 01 part t .

II an anli·phase power-line vottage 01 be·
tw een -4 and 25 V i. led 10 POint 0 and E.
transiSlor T 13 will not produ ce current
du ring l he zero-passes 01 the vollage which
occur at a Irequency 01 100 Hz. li s collector
dr ives I he l irsl hall 01 16. wh ich allo wl a
delay time 10 be set betw een 0.5 and 5 ms
This allows the blanking Ihreshold 10 be
varied along the rising slope 01 Ihe Slne­
wave Yoltage, The second hall 01 16. as
well as the In'St hal l 01 17 generate the re­
qui red lime delay 016.6 or 13.2 ms reQuited
l or the 120" arw:l 2-40"' phase shltt in Ihe
case 01I Ihree-phase nelwo rk .

This mean, Ihat needle pulses are present
al the oul pul 01 three mon os I I Ihe
swilches R, Sand T thai are delayed and
differentlaled wllh a value of A"I Aller
closino the twitch , they are able 10 Ir igger
the second monollop in I 7 vi. Iransislor
T 1" 10 T 16. which allows yariable blanking
tunes between 2 and 8 ms 10 be adlusted
The outp ut 0117 drtves the .OR.. Ir.nSillor
T 12, wh ich b locks the linea r gate via
transistor T 3.

5.&. Slgn.1 Deta~ In the Requlred·Slgnal
Path

A suff iCient Signal delay In Ihe reQuired­
signal pa lh previoos to the linear gale can
only be pr ovided by a Crysl.1 IIIter when
using Ihe pc-boerd in Itle IF·ch annel 01 a
rece iver . Thil can be ach ieved .s shown in
Agure 7 01 part 1. In th is Clse. il may be
possible to delete the AF.lrlooerino. since
the line.r gale will be Iriggered by the RF.
tr iggering belore the pul ll8S appear .

A similar delay line l ilt er using Iwo cryst.ls
spaced by .:t 8 kHz from the IF was con ­
struc ted by OL 7 1Y lor his "U. , 210 X.
wh ich ex hlbil ed the same characleristl CS
and ellectl.

It is necessary 10 change the vllues 01 the
C " . C 10, L 8 Ind Tr 2 when an in ler ­
med iate freQuency of 9 MHz is not uNd. II
is not posa ible 10 insert a cable delay line

•

•
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be"","n T 1 and T 2 corrnpondlng 10 lhe
,lgMI delay in I 1 and 12, ,lnce H'VtIral
kllomele r, 01 c.ble woy ld be requlrlld , The
va riable de l. y in 14 dunng AF-IrlQgenng
a llowa Ihal quall-penOdIC mlerlerence
pulses can be bl.nked w'lh a phase Ihlll
corresponding 10 It, penOd lIme

5.7. Po.e r Suppfy

It the PC·boIIrd " fully eqUIPped , • currenl
0' 140mA. will be reQl.llred al 1SV , .nd
100mA al SV , Th" means thal the '~bI­

IIzer 7805 must pt'OVlcH • pOWer (h"'plllOn
01 10 V x 100 rnA • 1 W, a nd Ihal • I.,,ulable
heat link must be P'O'IId«l (rear Plinet 01
Ihe caMI

t . CO NSTRUCTION

A double-colted PC-boIIrd OJ 7 VY 003 hu

bMn dHigned tor COMtrvctJOn 01 the n()I"
blanker . The dtmenltOM of th .. boIIrd .re
90 mm x 120 ITWTl and the component Iocal ­
ions are g,...." In Agu,. 12 Aller manufact­
Uring .11 Induc:~nces and Ir.n,lormer,
.ccord lng to the Compeoenll IIsI and re _
qui red Ireq uency. lhe componenll can be
mounted on lO lhe PC-board wllh lhe e. ­
ceptlOn 01 R 2 and C 6 It I' Import&nt 10
enlUre tt\a t the SO 0 lerm lM lIon al C 1 "
toldeted ,nto pIac. WIth~ cor""CllOn
leads when !he module II 10 be uMd u
tem"nallon lor • mi•., (Nole The design
01 • low-noese . v.r.ctor-tuned VFO for
module OJ 7 VY 002 I' undfr preparallon).
Thil lerminallOtl will no t be neeeuary
when used on ils own. When used o n
sever.1 b. nd s , it i. nec-ry lor the eecu­
I.to r T S .nd the input liller, preYlOUI to
Iran , illor T I and aubMquenl 10 T 4 10 be
made I Wtlchable SIF'ICf! lhe IrequencY Of
lhe RUl s ian trani -hor Izon rad.r II arwa.".
JUII below the maxIm um uUbla treq uen cy
(MUFI. th il module will m.inly be reqUIred
on the 21 MHz .nd 14 MHz band

11 t, nOI 'bsolutely nee....ry lor the re­
quired -l ign al or Inle rferen ce ' ignal Plilh 10
be sc ree ned . , ince l u!flcienl de co upling il
provid ed o n lhe bo a rd Itlel l The cross· lal k
a tten uation amotlntl 10 toe dB In Ihe case
01 th e author 's prolotype , Ihe bla nking
. nenuation 01 the hne&r g.ale 10 88 d B The
Inlettlon lou, when , wllch-el of!, I'

0 .12 dB . • nd lhe requIFed -l lgn al ga In II
4 edB (9 MHz, Tr 3Irll,l.r.1 470 U l

When ullng the mOdule . , recalver Input
CIrCUIt. II II adv,sable lor II to be cc netruet­
ad logethe r wllh a po_r s upp ly ,n • RF.
lig ht caM The Inpull .nd oulpull Ihould
be p rOVided WIth BNC-conneclOrs and
measure. should be prOVided on I'" co.
aXI,IJ cable to block ,ntMferenc. cu rran ll
a long Ih. oyt., conductor 01 the cable bit ·
tween c o nnector a nd PC-boIIrd

When U'lng the no,. bl.nk,ng ,n con·
,unct IOn wllh the 144 MHz CQrl..,..,e r
OJ 7 VY 002, • COP,.I cable l ho uld bit led
from Ihe COllector 01 t,anl lSlor T 1,.PliIMd
Ihrough • 10t01d co re M'o'e/'.' tImet tor tup·
p,..ion 01 any RF-cur'enl on the , ,,..t,, 01
lhe cable and then connecled 10 lhe Iflgger
Inpu t 01 the convert.,. In Ihll cue, I'"
componentl ,n the ..gna' palh 01 the 1'IOl"
blank., board a,. deleted Induc~nce L6
0' module 002 II connected to Tr 8 01
~Ie 003 USIng • COUI,II ca b l. paIMd....,.....1""... through. lorold co,. Since
the convert., boIIrd does not poueu tun••
Ctent delay In the ..gn.ar pat", II .. ma Inly
AF-tnggenng thai mull be used her. t

' .1. Special Components

T 1. T 2. T 4 , T6 P 8000 or P 8002 (TI)
T 3: 2 N 2219 (a) or ..mllar TO S
T 5. SF 199. SF 240
T7,TI7 ec415 o r I.mll.r PNP
T9 -T 16 . ec4130'llmll.r NPN

11: TCA «0 (Slemenl)
12,1 4,16,17; 74LS 123N
13: 74LS 132 N
15 : 7805
18 NE 555

O t -07: 1 N4151
o9 M 118 or " m,lar

Germ.niu m d,Od.

Induc lan ce l . nd Fillers '

9 MHz c rylt.' lllle r: 8991.S kHz (30 pF) and
9008 .S kHz (30 pF) TO 310312

R1 : 680U

C4: 68 pF
C 5 approx , OS pF • to mm

0.3 en.mened coppar Wlr.
wound togelher
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Tab~ 1;
CO/n9Onanl. 101' lI'Ia n'ioil' O~,tljllt freq ".nc:I••
Calcula ' lolI ol lnductancet U"lIt co,l H I' 0 ' 1 ·2 ' 6~ "I. 'PIHO' 12 nHIw'

(apprOllima lely 5 t imes Ihe a 010.3 mm
enamelled copper wir e !)

Other operating IrequenCies are given In

the lable .

When uaed as an inpul ci rcuit 01 • ahor1·
wave reCfllver. il is pouible 10 dele le the
crys tal Iiller togelher with R 1 and T 2. L 1
il pr ovid ed inalead 01 Tr 2. a coupling
capaci tor 01 22 nF ia connected from A 10
C, the value of C4 will become 22nF,the
value 01 L 8 and C 10 sllould be taken Irom
the table.

R 2; lorlO -35mA

C 6 lor auppr8lllling tM palak.
approll 2.2 nF

L2. 601OH . 7OturnaO.15
enamel led copper Wire WIth
COfe in special coil let

L 3' 60 IOH - 30 + 40 turnl 01
0.15 enamelled copper Wire
+ 7 co upling lurnl al the
coi l center

The following values are valid lor 9 MHz:

L 4 0.66 I'H • 7 turn a 01 0,3
enamelled co ppe r wire

L 5: 1.2 1'H - 10 turna 010.3
enamelled co pper wire

L 6: 6 ~ . 24 tur ns 010,3
enamelled co pper wir e

L 7; 4.2 ltH - 19 1urna 010,3
ename lled copper wire

L8, 21.H _121umlof
12 II 0,04 HFL

L9

Tr 1.

Tr 2:

Tr 3:

Tr 4:

Tr 5:

Tr 6 :
Tr 7;
Tr 8,

0,47 ~H - 20 tuma of 0.15
enamelled copper wire wound
on a IIX) kU/O.' W reaistor 01
2.0 mm dla , cod lenglh 3.5
mm lean be deleted at I <
20 MHzI

2 II 12 tuml 01 0.3 mm
enamelled copper wire I
R6.3N JO

2 II 12 tuml 010,3 mm
enamelled copper wire I
R 10 K 1 + 3 coupling tu rns

a Tr 1 lOp . 2,5 dB ) or
Iflliler 3.9 turnl /R 6.3 N 30
With RL 470 Q (Op _ '8 dB)

6 1uma of SM 50 cou . 1 mm
dia, on R 6,3 N 30 (or Inalead
01SM 50 II II poasible 10 use
2 II 0.15 ename lted co pper wire
wound 'together)

3.9 turn l of 0.3 enamelled
coPper wire I R 6,3 N 30
as Tr 5
as Tr 4

as Tr 1 + 4 co uphng turns 01
0.3 mm enamelled copper wire

•

' 0>
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Fig . I):
1"le".reftCeIMlIH
generalor Iof
allgrvfte"' of If'IIJ
IlOIM b1e"ket 10 HZ 0 1 ",1'

100 HZ 10 nF
1 kHz 1 nF

In order 10 I1Cf'1I8Y8 lhe mAXimum blanking
0 1 the hnear oate, • 20 mm long and 0 7
mm th ick wire il soldered both to the
anode 0 1 0 6 and the calhode 0 1 03 and
bent hOri zon tally SO tha i they bo th run
para lle l lor approximately 15 mm a'a spac­
ing 01 1 mm .

OJ 7 VY

A 100 mV l ignal il now Injec ted int o l he
input, whilst observing the S-meter 01 the
receiver. II the baH 0' T 3 il grounded . Ihe
OYtpu t Ilgnal should be reduced by appro­
ximately BOdB tt il poMlble by benchng
the WIf. 1 (C _ 0 4 to 0 ,7 pF)lo mer.... the
blanll.lng value to more than 90 dB I Anenl ­
iOn mUl t t» pild. howeve,. lhat lhe
general or 'ignal il no l able to bypaa lhe
hnear gale . In other words. both genera lo,
and recei...., should t» RF-lIght I Thl'
alignment CM a'-O be car rteel out In con­
IUnct:1Oh With a llrong ahotTwa*bt"o.cl­
casllng aignal.

1'0' aUgnm.-.t 01 the inler1e,.nce channel
recei r , a 2 MHz Signal i, inteCltId 10 lhe
TCA 0 via a COYpling wind ing on lrana-
lorme r Tr 8 Aft« connecting a yoltmeter 10
pm 9. II is ~ble lor the IF-am plifier With
it, three rnonanl ClrCUIIs to be allgne<l for
max imum rMdlng The belance ct Ihe
paSSband cu...... II checked by luning Ihe
generator to bolh lid" 01 Ih e cenle r fr. ­
quency , Aller 'his, the cent.r freqU4lncy
(9 MHz ) Is lilld '0 the input Of l he nOlM
blanker and t~ OKllIator com prISing L 7 II
ahgned al ill oPerahng Irequeny 01 2 MHl
above the oener ator 'r equency II IS now
possible fo r L 6 to be altgned lor maximum
control YOI19. With the generato r SIgnal, II
possible. MIlO < 1 mV.

7. ALIGNMENT

An oecil108C(lpll is very -aY'Ubl. tor alIgn­
ment 01 the noise blanker , bul ,..ot .~Iu·

tely nec....ry It ia only tllquirlld lor the
ahgnmanl of the delay 01 I e and I 7 (2
I,mea 6 6 ms). A shortw.... 'K~"'" II lUll­
ab611 lo r alignment 01 the h"., ~I.

balanCe FOt' al.gnment of the ,nlerletenc:.
chul~ receiver . one will ,.qulr•• rnA-V.
mettH' and. RF-genera'or. or d ,p rneler Wll h
. ltenualor Firstly -el,uat the qUIeae.nt
current 01 T 1 10 35 rnA by~llon of A 2
Th.. I. made by inse'1lr'tg the mA-me l., ,nlo
the dra,n or IOUre8 line ~.to, R 2 01 T 2
ia aelected w.tt'! the a id 01 the mel., 10 ttl.,
lhe qUlncent currenl " In the orlMt 01 30
10 -45 mA . Induc tances L . , L 5, L 8 end the
trimmer 01 the cryslal lilta, ar. aligned lor
ma.lumum S-mele, read,ng on Ih. rec"ver
alter inJe<; llng an mput I.o nal 01 Ih. ,."
qUlred freQuency. For align ing the balance
01 the linear gate, an impu lse oener.lo r • •
shown In Figura 13 II used . wh ich a n ,110
be used aner cemple llng the board lor
chec king correct operation 0 1 the mod ule

ThIS IS followed by COflneclmg pin 3 of I 8
to the colleetOf" 01 T 12 Wll h Ihe aid 01 a
COPlal cab6e YltOUnd MYel'al l imes Ihi'0U9h
a tOf"Old core. Mld provided Wllh Ihort
connectIOns, 18 should OKllIa'e al a pu t..
freq uen cy 0' ~OXlmAlety 100Hz. Thll
meanl Ihat the h,..r ~Ie w1I1 be conll­
nuously I WltChed on and off and In. pul..
s60pn Will be eudl~ In In. '«le<Yel' u
chcU.

A,.., pr ovidIng the ilCl'ung dlOOM Wllh
siliCon h..t-Q;lnduCti puta, so thltt they
PDIMU approximAtaty lhe same lem­
pe,.ture. lhe recen..t' not.. il .dlust~ 10 a
minimum With the aid 0' the 22 0 and
27 pI' trimmers AI 10'NeI' frequencIeS, It II
be"er to u" en R.allgnmenl. wher.... el
higher frequencies Ihe C-. Ugnmenl can be
Carried out more eaSily .

Afle, a ligning the ba lance, C 8 il mou nl ed
Into pl ace afler wh ich Ihe remain ing .inler­
feren ce. 01 the recel vet is checked. ThiS
snould on ly be slighlly aboye the nQlM
th telho ld o f the rwcei.,.r' CAUTION The
interference musl not be allowed ' 0 be led
to the recei..., indlrec lly tuch as via con­
nectIOn, or the power line ,

•
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• The alignment al tha AF-t riggering requires
the connectio n 01 an oscilloscope to the
outputs 01 I 6 and I a and triggering by the
previous pu lse slope. The output pulses at
pin 12 01 16 and at pin 4 01 17 should both
be aligned to 66 rna.

8. OPERATION

For checking operation Of the unit. the
interference pulse generator With a Ire­
que ncy 01 apprOldmately 50 Hz is connect­
ed via 68 pF to th e input o f tho norse
blanker. The capacitor should be di rectly
located at the input socket. and the coaxial
cab le be tween it and l he NE 555 should be
pr ovided wllh an AF trap (tOroid core) and
grounded at bo th ends. In the case o f AF­
triggering . a complete suppression 01 the
iniec led Interfe rence can be achieved al 8
delay lime 01approx . 20 ms and a minimum
blanking lime ol l ms . By actua ting the AF­
tr igg er thresho ld , it is also possible to sup­
press the interferenc e pulses In the IF­
version 01 this module. In the case 01 very
stro ng interference pulses , an RF. tr igger ing
will even occ ur With the AF-tr igger
po tent io meter turned righ t down. The
triggering poi nt Will vary along the pulse
slope on actu ating the po ten liometer (see
Fig . 4d), whi ch allows the residual peak to
be reduced , II a rad ar interference occurs
when using the module as an input stage
01 a sho rtw ave receiver. il is necessary 10
use AF-tr iggering without delay I lll er. In
th is cas e, the delay po tentiometer should
be adjusted to appro~imately th e penod 01
th e rad ar signal, the blan king time to the
radar pul se length ; in the case ot SHF
radar interferen ce as shown in Fig 1g : to
approx . 1.9 res. and 200 liS The capaci­
tance value s o f me monos should be
cha nged co rrespondingly. It Will be seen
th at the delay lime can be set more accu ­
rately the lower the blan king l ime overlaps
the in terfe rence time 1/ the ove rlapping is
too gr eat , it can occ ur easily that too much
01 the reQuired signal is bla nked I

A delay time 01 apprO~lmately 90 ms at a
blanking time 01 20 ms has been lound to
be opti m um in conjuncti on With shortwave

radar interference. II IS possible by making
alternate adjus tments for the interfe rence
pu lse length to be estab lished. II only AF­
triggering is used, the interference signal
w ill be reduced as shown In Fig , 41 to a
residua l amount. wh ich may be 5u f! ,cient, A
complete suppressi on can be made when
the resid ual pu lse leng th variation cause<!
by altering the threshold Shil lS the zero
posi tions In the mterterence spect rum (Fig
1 g) to the receive freQuency, and when the
center freQuency 01 the radar is several
100 kHz adjacent 10 this.

Sin ce all signals that are btung blanked are
modulated up to 100 % With the blank ing
freq uency, this will mean that AM-stahons
can only be demodulated with a product
de tec to r, o therwise a large degree o t dis­
tc ruon will be present. The larger the
blanki ng time, the grealer the mcduieucn is
made on SSB and CW signals, however,
th is is acceptable oececse these signals
would o therwise probably be inau dible any­
way I

9. IMPROVEMENTS

In order to simpli fy the adjustment o f the
AF·frigger ing , it is possi ble to use an
adapted circui t in order to achieve the lime
pr ocesses automa tic ally (10), The same can
also be carried out in a dig ital manner. if
the t ime between two interf erence pulses is
measur ed in a counter an cecreasec by a
co nstant amo unt 01 time , This means that
When tw o such ci rcui ts were used 180" out
01 pha se, it wil l be possible to ob tain a
complete interference suppression even
over large interference-pulse repet ition Ire­
quency ranges. Addit ionally. n w ill be poss­
ible l or the interference pulse leng th to be
digi tall y measured and lor th e linear gala to
be set automaticall y 10 tha optim um (mini ­
mum) blanking per iod , However , th is wou ld
then become some what too extens ive ,

10. REFERENCES to P.11 2

( 10) M. Martin : Sto raustasl-Vo rschailger8t
Iur KurzweUen-Empfitnger
nac hr icht en-elek tronik
Ja hrg. 33. Heft B, 1979, pages 260-263



Automatic Frequency Control and
Suppression of Acoustic Feedback in
Conjunction with 10 GHz Transceivers

•

by Dr. M.nf~ WI...r DE 7 WMI

6 1 2 3 4 5 6 7 8 9 10 V 12
u- ·

Fig . 1: ' 1 lecll"'ll lM operillng pol"'
of lhl Q U" " OKHI .1Of

on varying the operallng vollag8 by ! 0,5 V
when using a con ventional con,trUChe" 01
the Gunn oscilla tor (1) and (2). If this POSSl '
bility ia used to r modulat ion, II '1 po$Slble
by inducing the AFC vOltage lrnm the
rece iver 10 lorm a frequency con trol loop
with . co nsiderably higher snort-term Ilabi·
lity,

In the duple_ mode, il ls not only the signal
01 the partner etencn thaI ia converted
down 10 IF· level. but allO one ', own aignal.
According 10 whether the Illgnal I' above or
belOw the IF.freQuency , Ihe demodulated
AF·aigna l will be 01 Idenllcal Or opPOSite
phase to one', own mOOul.hon. In bo th

--' /
I

I
I,,

I

OE7WMt
."

I.P

2. THE ACOUSTIC FEEDBACK BETWEEN
MICROPHONE AND LOUDSPUKER
DURIN G DUPlEX OPERATION

Duple .. operilion I' one of the m' tor
I dvlnllge, 01 mlcrowlve communi­
cltlonl, which m..n. to do without 'h i. ,
or 10 01'11, u.. hed .." 'lVould be , gr..1
dludVlnll gi.

Thl' I rtlcle I, to delerlbe I moduli !til'
provide. both In lutomltle frequ enc,
control lor the Gunn Olellll 'or, end a cir­
cuit lor l uppre..lng leoultle l.-dbllCk
(ba,lelll, a n anenuator).

The euccn operates as 101l0'lVI :

Acco rd ing to (3), the depende nce 01 the
oac ilil lor IrBquency 01a Gunn olcUlalor on
the supply voltage amountl to 0 to 20 MHzl
V depend ing on the operating point and on
the a of the reso nator . II the operating
point I' placed on the riling ,tope 01 the
charac te rlsllC (Fig. t) , one 'lV 11i rec el..... , vrr­
tuat hnear IrBquency varlahon 01 :1 5 MHz

Two dludvanwo•• hna ba.n found 'n
practlca ' operation 01 10 QH,t lr.n.c.I....,.
(1) and (2) :

1. THE INFERIOR SHORT·TER M STABI·
L1TY OF THE FREE·RU NNING GUNN
OSCILLATORS

The Irequency drift ca n be .0 high tha' II
run. out of !tie IF·bandw ldth 01 'h e r.ce l­
ver , e.p.cli lly during bi d w..'hl '
co ndit iOi'll.

'07
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cases. Ihe lv.n.ble) ph &h"" '" lhe
'COU&IIC ~Ih will cau leedback ee-
tween loudape.aker .nd micro pho ne In bolh
e.... (even . 1 low-vo lume level'l and Itll '
will be .ud,ble 8a a pumpi ng or wh'sl ling
lone.

II . o n the olher h.nd. the demodu lated AF•
• ig".1 i. mixed wllh Ihe am phlled . .Inll·
phase mod ulal lon aign al. the.. &Ig"al, will
theorel lca lly cancel each Olher out. so Ihat
no acou,tlc leedbac k can occur. In pr.c­
nee. v.llu.. 01 be tween 25 .nd JOdB can
be obl.l'nec:I USIng lhe described mell'lOd ,
espec'.IUy In the range betwgen 1 and ..
kHz, Whe n VaryIng lhe ~rs'o" lrom one
side to the other. 'I " necesNry lor Itle
phaM P'*toon Of the 8dded ..gnal 10 be

.lito .-.versed. Il"I lhe same IN.""''' as lhe
AFv..gnal mu&t be I" verted For Ih', ru­
ton. rt seems .av,sable for Itle moClulahon
and AFC 10 be passed Ihrough Itle lame
,'g"al path ll~rhngl wl'lICh 1& s hOWn In

figure 2

CIRCUIT

The de&lgn 01 Ihe CIrculi give n in Figure J
i, baaed o n lhe pou ibihll.. olle red by the
Integra led IF amplil ier /dem odulator ToA
1047. The FET T" lo rm, the Inpul Slage 01
lhe mOdu lalor ampliller, e nd ha&Ihe ad va" ­
IIlgII Ih.t both high and low impedance
microphones can be uaecl The amplified
microphone~I IS leel 10 lhe ,npul 01 lhe
Inleg r' led c,rcu,t I " INI " uMd as com·
~r. It IS pOU'bIe al th" poal tlOn lor

'Ig. 2:
BIocll dlag'am 01
I.... ow.,. l1 . ,........,.....-

DE 1 WMI..'

&ignal' from 01"" SO\jrcea 10 be 80CIecl v,a
connecllon PlIO

The comp ressor hal - In contreet 10 Ihe
USUal dy namiC compressors and clipper.
used in ama teu r radIO tec hnolog y - a
re lat lon ,h lp 01 Ucol • II • \ru;;;t be tween
o utput . nd inpul vollaQII,

The con,la nl II 1& del e rmined by r..eror
A 18 In Ih' , CirCUlI. .Ind R 19 w,1I deler mine
Ihe behav,cor 01 II'Ie IC at low Inpu l von­
ages . The given valu.. have been lcond 10
be most I.lvorab le in MYetal e llpewnenla
The WM 01 the compreMOl' 8naur.. tl'l.al no
ovennodulallOfl Will occur even .1 htgh
oound'......

A wel l-proved Clrcu,1 camp,.."ng .n +01..
gr'led circuli typlI NE SS5 w. s used lor
caillng· lone gener.tor

The oPer.11Qn81 amphl..rs ,n the ,ntegr.ted
Circuli I 2 provide the combln.tlOn 01
modul."on and AFC. as well .IS thelf tn ·
versIOn. The AFC-vo llage I,om pin 5 01 II'Ie
TOA 1047 IS connected 10 co nnec llon PIt 1
TI'Ie AFC-oulput of Ihe To A 1047 II • pu,h­
pull current ou tput and can be connec ted
to any vo n.ge Within the ope ratmg voltage
r.lnge ; In o ur cue It II con nec ted to + 5 V
from the powtIIr lupply 01 me Gu nn diode

Reailto ra R 7 .nd R edeterm ine the AFC·
dev i.hOn, .nd thus 1M hold r.nge Th.
v. lue 01 theM two ,..illora depends on th.
'. 01 lhe ctl8ract8fistlc , whic h was dl'·
cullled previOuaty. ValUM 0 1 be tween 10 kl]
and 100 liD he\ItI been 'cond lu'table lor
V.noul elements
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Connecl PI 3 to the operallng 'l ollage after
wh ich a calling lone of apprOllimalely 1 kHz
Should be au(hble. If the frequencY devia­
tion 01 the ca lling lone il 100 greal. in­
creaM the value of R 10, Che ck 10 see
whether the AFC IOCkl in accordmg to Ihe
posilion of lhe uppertlower convarsion
IWIICh wllh A 7 and A 8 10 kU . o lherwl se
increase the values up 10 a ma..,mum 01
100kQ . The hold range mUlt ar""a)'l be 10

w
o

, - i-- -"---::c..=...- '-'------1

L- -

The vo llage suppl y 01 the Gunn diode IS •
simpl e c ircui t equ ipped with . vo ltage 51a·
bil iler and three Iranslators. ti s advanta ge
is tha i the loweSI possible vollag. dr op
across the pass tran sistor on ly amounts to
0.5 V t The l Ia bility 01 the vo llag e 'I les s
than would be pou ib le With integrated
stabil izer . (78 ,.). how ever. the advantage 01
the AFe is con siderable,

A current limiting il prov ided by relllllor
R 1. Tha value is dependent on th e curren t
gain ol transislo rs T 1 10 T 3.

The lour differential curren t amp lif iers 01
tne integrated CirCUlI I 5 torm the - anenue­
tor ... The modulation sign al '1 Increased In
ampntrer 1 10 approll Fmately the value 01
the demodu lated AF (pin 7 01 TOA 1(47).

Ampl lher 3 torms Ihe aubHaclor, and
potentiometer P 3 can be used 10 adjust lo r
equal amplitude. Amplifier" is ulled fo r ce ­
coup ling and deemphasis.

When not m communication, and th us
when o nes own modulation signal is ect
present in the IF-amphlter, feedback ""ou ld
sti ll lake place, In ordar to ensure that th iS
does not happen, amplifier 2 sw itChel olf
the modulation lignal When no Signal III
present (SQuelch CirCUit voltage. pin 13 o t
the TOA 1(47).

A small. , ingle<oated PC-board was de·
signed for accommodallon of the cirCUit
given in Figure 3 Tha component loceuone
of the pc-bOard are g lvan in Figur. 4
F\gur. 5 shows the photog raph of the
au thOr' , prototype.

CONNECTION AND ALIGNMENT

Firstly connect the operallng vollageto PI 2
and PI 15 (ground), The operating voltage
shOuld be adjusted to lhe co rrec t operellng
poinl w ilh lhe aid 01 P 1. Aei litor A 1
Should be adjusted to three 10 lour times
me value o f the current at Iha operating
point, SO Ihat Ihe characteristiC il I wept
quickly.

Check 10 &ell whether 5 V il present at
PI 12 and PI 13. alter whi ch the Gunn ele·
ment can be connec ted, Connect the
microphone 10 PI " and PI 5 (galvanic con­
nection i, required 'I ; lhe rest ot the arign·
ment il only possible t~ther With a pIIrt ­
ner I talion.

•
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Fill. 5: PholOllr.ph ol lh, . "thor', prototype.
Th. ,I"lll,-eo"~ bo.rd ,.qulr.. Iwo brldll"

10 20 t imes grealer than wIthout AFC !
Place P 2 10 maxImum (5 VI and 'eed AF
from tne IF-amplifIer to PI 7, and from PI 8
back 10 lhe loudspeaker amplll ler
CAUTION Bo th poi nts carry DC-voltages I

When the AFC is locked In co rrectly. it is
possIble by vary ing pot ennometer P 3 10
hear a minimum 0 1 one', own volume. An
exact alignment is possIble by Ullng an AF­
generator $61 to 2.5 kHz (PI 10 end PI 9)
and an AF-(rtIlhvo ltm el er or osc illoscope
(PI 8 ). It II possIble 10 measure the sup­
pressIon by com parmg the measured
values wllh P 2 open (0 V) and P 2 .II 5 V; II
should be mo re th an 20 dB Values 01
30 dB were measured WIth leveral proto -

""""Finally, connection Pt6 is co nnected to Ihe
squelch oulpul (pin 13) of the ToA 1047,
and Ihe thresho ld lor the auenua to r II 18­

lec ted with P 2.

MEASURED VALUE S

Currenl dram of the whole modu le (only
operallng volta~ co nnecled) : 19 rnA

AF-generator to PI 9 and Pt 10:
AC-voltages (RMS):

Input vollaQ8: 215 mv. 1 kHz, sinUSOIdal
Vollage al PI 14 12 mV
Vonage a' PI 1: 15 mV

From IF-mOdule. Pin 7
VOll age at PI 7. 230 mV

Without anenuato r,
vcnece al PI 8 260 mV

With euenuetor.
VOllage at PI 8: 13 mV
(difference IS ~ dB )

DC-voltages:

PI 12. PI 13 WIth open AFC-Inpu t: 5 V
Pl1 5V up lo Ua - 05V
f 4, pin 9 UB/ 2
T 4, source : appro . 2 V
T 4, dr a,": appro x 8 V
I 5. V 3 output. V 4 output: 5 V

Catung l one: appr ox . 1 kHz square wave.
30 mV (peak-la-peak) at PI 14.
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• A Microcomputer for
Amateur Applications

Part 2: The Central Processing Unit

by W. Ku rz. OK 2 RV

1. CENTAAL PROCESSING UNIT

1.1. Introduction

Par1 1 01 thll eetere contained .. gernrral
de scription 01 the microcompu ter . ystem
as well . 8 btlelt y me nt ion ing the ind ivid ual
module• . Part 2 01 Itu l ar1 iCle '1 to descn be
lhe cen tral prOCflSmg un " (CPU) A CPU
type Z 80 manu fac tured by ZILOG 'Na.
selected lor our apphClllon The reasoni
for selee ll ng th " type are 10 be mentioned
18te , . II IS neces.sary 10 de sc ribe the CPU
belor . d ISCUI$I~ the Cl fCUl1 FOf thoM
reacJeTs th at .IlI no t lOler.ted In the lech­
n lf: a ht,es. and on.y WIst! 10 con.lruct and
operate the .ystem, they cen do lh" by
INVl"Q oul MellOn t 2

1.2. The Cent re ' Proc. " 'ng Unit -
Til. _S, . kIoO or ,II. Comput e'

The central procetaOr lakes over .. large
8moY n! 0 1 the glvtm acllvl!,es and II the
ac lual microprocessor . The technical intel·
ligence is concentrated here . The bas ic
units g iven In Figure 2 are required for th l' .
wh ich i. shown ,n the form o t a blOCk dia­
gram 01 the mlCroprOCflS$Or Z 8O-CPU

Reg ister B lOCk (Figu r. 3):
This conSists 01 a nu mber 01 memory cells
Into wh ich the Intermediate resu lts and
othe1 informatIOn are hied. arid can be
fel ched by lhe res l of the Pl"oceuor ,n lhe
ShOrIesl pOMlble M'Ie

OK2 RV
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The user program can also tet cn tntcrm­
euon fr om a number 0' these regis ters ,
others are reserved ekclusively lor internal

"~

Com pute r:

This is also called the an thmlc/loglc unit
ALU. Th is unit executes antnrmc (addi tion
and sub trac tion) and log ic (logic AND, OR,
EXCLU SIVE OR) ope rations on wh ich all
ca lcu lations and deci sions of th e processor
are based . The computer reg ister or reglS­
ters in wh ich arlthmic/ log lC ope rations are
executed . are called accum ulato rs.

Control Un it;

Th is is the con trol cen te r 01 the central
processor , The loaded mac hine codes are
decoded w ith the aid of a ROM 01 the mte­
gra ted h ardware o f the cen tra l processor
(so-calle d mic rop rogram), and th us con ­
vened in to the actual funct ions.

Thi s Inc ludes the ..rout lngMfor the Internal
data tran sfe r of the processor, the determi­
nation o f in terna' p rocesses, th e tesll ng of
the act uet conditions present , Which are
etc rec in a special regisler, the cetermr­
nat ion 01 the fun ct ion to be executeo by
the co mputer at that l ime, and the se­
quence 0 1 the prog ram counte r, and the
address 0 1 the instruc tion be ing map ped

Flag -bi ts ..flagsMare used lor the previously
men tioned ccndnicn leshng These are
stored in one or more regis ters These
-uee e- are activa ted by certem Ins tructions
and the y are set to logic 0 or 1 according
to the result etme co rresponding order,

'rt us means that a -rero-bn.. will result , that
w ill always be logiC 1, II the result 01 the
last operation was zero, and logic 0, it the
resu lt 0 1 the lasl cperetrcn was not zero.
The slate of these flags thus gives
in lormation regardi ng the result s appea ring
previOUSly in the program , and allows
var ious cuterem activities to be cerried out
according to the result ,

Finall y , the CPU requ ires the Iw o lollow ing
aids :

• The clock genera to r, Which sync hronizes
all pr ocesses With in tne co mputer sys­
tem . All available microcomputers are
_sync hronous_mac hines" , wnrcn mean s
tha t the ned activity at gate level w ill
no t be com menced by the end of the
previou s process, but by a ce rtetn ti me
seq uence determined by the l iming 01
th e system ,

• The system bus, wh ich comprises tne
address bus , data bus and co ntro l bus ,

,

SecOndiry reg,,,er b lOCk

Accumulltor Ilgl Accumulator F I:~ I, ,
B C B C

]0 E D E'

" L " L'

Inttrrupt , Memory
Rvecto. 'elr.~'"

In~. A",," ler "
Indtu A",, 'l t. r " Spe<:ial r"",.Ier,

S lac k P(Jlnl.r "DK2R Y
Instruct'on COunler O'C

Gener.'
reg,,,. ...
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Fig. 4:
k hamallC dl"P'" olth.
I lorag. (In th. ca•• 01II_acl·.,.lu.

a It"" I torag•• only . ra.d·I01ille
II provld.d Inll.ad ol tha
r••d · .... 'U. ·loglc)

'14

The system bus IranSITull all address
and cont rol inlormlllO" 10 Ihe address
and ce ntre! busses. . a well as Ihe
mach ine codes 01 the order. 10 be
carried out and the appropriate dala to
lhe dale bus between micr oproccesor
and th e other microcomputer unit,
TheM bu lS8$ are unldlfttchonal . II Ihe
info rmahon is onl y to be passed in one
direction. or bidirect ional , as In Ihe case
with lhe data bus In th l' cala, the CPU
read. in formatIon from a wrlle/read
memory. or It passes dala to II II suc h I
cenlral proceslung unit " connected 81
shown In Figure 2. WIth Iha Inpullout­
put decoder and drive, units, tne result ­
ing computer can process a large num­
ber 0 1 IIcl'VIII85 Iha' are Olven in lhe
torm 01 • - user prooram - , wh ich dete,­
mine lhe lunclton 01 the syste m

1.2.1. Ord.r Proc lng of th .
e .ntr.1 Proc lng Unit

The previous eecuen had dlSCUSse<l the
basi c consl N Cl lon 01 the cenlr al processor
The lollowing is to show how the hardware
01 the central processor un it processes the
orders. A de tailed display 01 the register "
g iven in Figura 3, it conta ins a toter 01 208
bits accessible to the user. wh ich can be
read or wr ll1en (Flgur. 4)

Two b lock s o l lhese are bu. lt up Iden ll cally.
each conlalntng 6 channel reg.sters thaI
allow ailher e or l6-b.t operahons to be
executed , Two eccurmnerore and Ilag regi ­
stel'1 are also provided

The operations 01 the CPU are run in one
01 Ihe two reg ister /a ccumulator b locks; Ihe
access 10 the MCond regiSler /a ccumulator
block is ell ecuted by exchange in sl ruc tions
This alternative operallon all ow s arternete
processing In the main and secondary ere­
gram wilhout having to transler tne inlor ·
mation ato red in Ihe reg l.ler mtc Ihe
memory.

In Ihe program 10 be used later . Ihe second
reg Ister is uled lor the real ·tlme c loc k

These registers are the shan-lime memory
01 me CPU , wheraas the large, amounts 01
data (and 01 cour.. also the whole user
program) . re sto red in separate memory
un its so thai II " po ss.b le 10 address bo lh
Ihe reg. ste, and Ihe mem ory un,II,

Sin ce all o rdars are 10 be lound In ada,nal
mem ory units. each instruct ion cycle is
made according to the SlIme pr inc ip le. and
in the term shown in Flgu r. 5

TC, el.

M, M2
lOP COd" F"tchl IM. ..or

Instruct ion Cycl r

Fig. 5: DI. pla, 01.n Inll,lKtlon eycl.

It wi ll be seen thai the lollow lng aeque nce
ellists :

In.tructlon cycl. :

Time reqUired lor carrying out an ordar or
,"struct lon; th iS conStsts 01.

M. ch ln. cycl..:

The number 01 machine cycles per order IS
g iven by the cha racteristics 01 the indivi·
dual order, Each machine cycle consists. in
turn, 01 several

Clock cyc l..:

The duration 01 the clOCk cycles II gIven by
Iha Irequancy of tha cloc k ganerllor . The
c lock cyc le tene 0 1 the Z eo-cpu amounlll
10 1.6 f.lS (A 2.5 MHz), and 1 ItS (A 4 MHz).

The langth 01 a mach ine cycl e amounts to
between thr"", and Sill clock cycl..; It Ih.



!eng lh 0 1 a m«hlrte cycle teg 01 M 1. w,th
wh ICh Ihe order cod. II relld ou t Irom I~

program memory) I' too shorl IOf I~

memory unit used a l t~ ma.,mum
perml",ble speed , It I' pou.bl. for It 10 be
••!ended by IMerlino an addlhOnAl clocll;
cycle yil the WAif-input 01 the CPU

II a ml chln. cycle M ' ti ll;.. p18C4l. the
COde 0 1 the following on;lef II read Into the
CPU trom the PfOgr8fT\ memory 8M de­
COde<I Since the Ind,VldUilI In. truc hon.
COMI,t 0 1 a d ltlenno numbet' ot Dytn ..,d
addr... I...." ot dIfferent leng th, 10 to 2
byt" l. Ih" results In a lotl l o rd.r leng th of
max 4 bytes Sinc. Meh 1rn;!ly,C!UIII ,no
. truc tlon byte must be loa<led mlo the CPU
from the memory, th IS WIll. 01 cour.., 11.0
rnult In d ifferent len gth, 0 1 the M t-evere
(4·8 cloc ll; cycles)

II sh ou ld be no ted Ihal not only i. the Dp­
code rud dut ino the M 1 cycle . bul al.o
Ih. In le m al decOd ing wllhin the CPU,
Outing th is lIme, It'H!I CPU i. nOI in con tact
WIth the bu...., wh ich mean, thll oth.t
proc. .... such IS OMA and re"esh ca n be
e .ecut. d ,

Sine. o nly 2' • 256 d ,ff.r.nl Op·codes ca n
be handled WIthIn one byt. • 8 bit.
machln.. WIth e.lensl'" Or<ler MIS such a,
lhe Z 8O-CPU (oYel' 600 Op-codesj reqwe 2
bytes tcr ptocn&lng the Op-cod.

obyte No opelltor In lhe addr.. toelcl
, byte 8-btl opelalOf In lhe

address I,",
2 by1. 1&oblt operllOf In the

addtesa t,e ld

The machIne cycles M 2 and M 3 subse­
quenl to M , a re used to r lhe da ta Iransl.t
between the central proceuor and the
memory o r Input/outpu t un ll.

The Mq u.nce 01 an in.truct,o n cycl. WIll
be seen In Agur. 8 It WIll be seen Ihll
thll re,uUs in a ce rta In ba li c behaYlout M ­

quence of Ihe syslem. but jumps a re poas·
Ib le by allerlng the conte nts 01 Ihe o rde r
COunlers ,

WhiCh aclivlll" Ihat Ire e.ecuted by the
Cenlral p rOC8MOr aMer readIng in a n order
1M 2 and M 3) afe dependent on the Cp­
code. or Irom its decod,"" by the CPU

• Byt. ttan'''r InSltucflon'

Inlo rmatlOn I' tfansl.r~ bel"""," lhe
inlerna' ~Ist.,. ot lhe CPU. or between
lhe f89 ,I1.,. 01 lhe CPU and e .t.matl
me mory c.lls All IheN Ofders conta,n
a n otl/il,n an4 etnt,r\llhon addrn&; the
conl.nl. 01 the origIn addr.., I' nev.f
chanOfld
E. ample La C. B coptIlI the contents 0 1
reg,".r B InlO reg"tef C. WItho ut
changlr'O the coni."", ot B
Thl' u'lCludn alSO C!orect load,"" 0fder1,

that Ic.d the constanls In a reg'"" Of In
a m.mory cell . u well as In,truct,ons 10
• • chang. the contents of two regls t.ra

• Block Iran,te, I"atructlon,

A , pecial lutur. 01 the Z 80 CPU micr o­
prOC.' SOr i, Ita capa bIlity 0 1 tran ,nuIIlng
a co mplete data block 0 1 any len gth
alter receIving a " ng l. o tde r. SInce da la
packel. 01 vlrylng I. ng th mull be tran s ·
'erred In yn1ua lly any . ppllcallon. th IS
type of o rde r ....... a conSiderabl.
a mo unt 0 1 storage (at a blocll; leng th 0 1
n·byta. lhe Iransler orde r does not need
10 be "ored n-llmet. bul only once). • nd
only ",qUI" an order pt OCeul"" tIme
in th. 0",,"" 01 8 4 .... /byt.

" .. a lso Pl*'b'e 10 ..tCh lo r a lerm In
a dal a block 01 a")' II>nglh w,th lhe aid
0 1 one Single order

l".tru<11Ol'!
count., n • b ,-__-,-_,..,,--,-_-,

•
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• Atftll mk l1og lc: In.INCtIon.:

Th... operate w,th dall word, Imll .r.
I08ded in to In. CPU regl.l,f' or • • ternal
memory "'"'lI In th•• case (w,lh the e . ·
<:ephon 0 1 InCrement and deC rement ,n­
st ruC t,ons) the result 0 1 the c>pet'.11Ol"I ••
tall." Irom the accumul.lor .od Nt ,nl0
11ag. Corresponding to lhe val ue 01 Ih.
resul t

An . ...mp.. lor Ih.... the .dd,llon 0 1 ..
~ory pOI,l llQl'1 10 the contents 0 1 .n
ac Cuml,lla1Or Atter *'d,IIOtl. 1!'Ie relUll "
~ded ,nlO the .ccumulato, Both 8-b11
Instruc tions and 16-b,1 Ad<l,llon . nd see ­
If'CltOn Instruction, belong to th" type

• Bit ma " lpullltkln 'n,INCtlon.:

Thue In,truchon••new any B.' In ,In
accumulator, I common reg l'ter , or ..
cell 01 the memory to be set (valu• • 1I.
reset (value • 0). Or tor the ccntents to
be lesled . uSing a "ngl, order,

• Br.nch lng instruction.:

Thi . com pn... jumping '"ltrucllOn'. m­
struct,on. lor ••lr,ClIoo 01 . ubprog r.m.
.od In'lructlOOl for the ralu rn Irom th.
SUbprOQr.-ns 10 lhe~,n prog ram

• InputlOv1puC Inatrvctiorl a:

TheM I"ange the dati Irlnsler ber-n
the memory un lls o r CPU-reQ,slers T~
place t~ sta lus 11ags e te lhe appropr._
• te s la t.. to that ,t is no t nec....ry. 'o r
,nstl nce . to tesl the ~roty ot ItI OW'n
operlhons

By Ihe way. lhe Z 8O-CPU un Clrry ou t
block Inputl/outpulS w,lh I length up 10
2506 byl" Wllh Ihe a id of I Imgle order

• CPU-conlrot Inl lf\ICtlon l :

Th..e g,ve lhe CPU the requited oper­
aling mode

STATUS FLAGS

Z 8I).CPU poMeSteS TwO lIa lu' 111'01 reQlI­
Ie,. tha I Ire Ible to prOVide mio rmihon
regarding lhe type 01 resul l of lhe las t pro­
ceIIOr OPI'rlt ll)nl Th'l mto rma llon 'I
ma inly ulld on Ot"det 10 e.ecule certl,n

Jumps, wh'Ch me.tnl Ina l one or another
aCllon IS e .eculed accord,ng to lhe rHUII
of the check ThIS brlnchlng " e.eculed
wl'h Ihe aid 01 so-called lump-ordlrs
These Cln be ellher rela ',ve or a~ule

Jumps .n lhe case 01 the Z eo-sylfem

The poslllon of the Ind.vl(lual opera'mg blts
wlltlln the ' lag rev'I'er IS g'ven a. 1011ow1

1 , 5 • 3 2 1 0
5 Z X H X PIV N C

-..
C Carry Flag
N, Add/S!Jbt rac l Flag
PN Par ity/Overf lOW Flag
H Hall-Clirry nllg
Z Zero Flag
5 , Sign Flag
X , no l used

The two I ta tul bit reg ll te rs 01 the ZSO-CPU
'here lore contain S-bll I Ialu5 mte rmeuon
Ihal ar e sel '0 0 o r 1 accordin g to Ihe rew ll
01 the pr lt'llOUI CPU ac l'v, ty. Ihe flag , m
posllton 3 and S 01 lhe IlI'US !lag regllter
remain unused

Four 01 the g•....,.. 11'0' can Ilao be used fo r
checking certa,n ,ump'. re'urn ,nSlruCllOn. ,
Of' certa", sub-pfOgram InStruction. TheM
I re lhe flags C. PN , Z and S The two lIags
H and N I r. used Inlernally IOf' the proceu_
''''01 01 BCO-operltoons Ind cannOI be ulld
dlfectly by the ptOgrlmmer The .nd,vldual
s ta luS bits Ire I'IOW' to be d llCussed In mor•
deta,l.

THE CARRY -FlAG C

The IItll ng or nt-lIltlng 01 lhe ca rry-'Iao "
handled d illeren tly according '0 lhe type 01
o perahon to be e.eculed The carry. 'lag "
set in the case 01 I dd, llon InltrucllOnl by
wh iCh an oYerflow " mlde, I nd w"n sub­
Iracllon In"ruchon, by which no negallv.
overflow i , made

The cl rry· ' lag II reH I In the case 0 1 Idd,t ·
ion Instr uc ' ,ons Ihl' res ult in a nega ttve
overl low ThIS lId ItlOWI programs 10 be
wr,"e n ' I S'1y Ihlt Ire to be mad . wllh
ar llhm lc operliion. With word le ngt hll ot
more than one byte

In addll,on to Ih lll, the e-rry-iiao " ulld 10
Ihow th at the COnd'llons 10f' • • ecUtlng lhe



carry re l ult be tween bits 3 and 4 01 any
8-b lt a rithm lC oPe ratio n , Th'l 11.10 II used
when a n intltuetion lor BCD·con....rslon
(OM) In the accumuialor la k.. place 10
correct Ihe resull of a packed BCD-.ddll'­
ion o r lublrac tlOn The H·llag 1.1 sel, 0'
'Mel. accordlf'O 10 lhe ,0llOWlng tabl.

H Add ,11Ot't SublraChon

SIGN·FLAG

In the case 01 the aign-f1. g (SI. Ihe hlghe l l
o rde r cu 01 the accumulato r content. is
copied In conj unctio n wllh ce rtai n In.,ruct ­
Ions When e•.cutlng 'f1lhmIC o rders w,lh
ligned numbe rs. the binary two-com poneni
d isplay i. used. A posit,.... numbe' I' Iden ll­
lied by a ..O~ in lhe h ighest vale ncy bit 01 a
byte (bit 7). and a f\e08llyt1 number by •
- 1~ In th il btl pos, tlon.

THE ZERO-RAG (Z)

The zero-llag ...... or r-.t In the caM 01 a
number 01 It'llituel,ons corrnpon(hng 10
t..... rn u ll of the oPerallOO tn quesllOn

In lhe case o lB-bit aflthm,c and log,c oPer .
allons. lhe zero !lag II set to 1 ,I lhe ,null ·
1"'0 byte 01 the accumula'o' IS 0 II lhe
resull II nolO. the zero-Ilag Will be lal 10
the value of logIC 0

In the case 01 comp.f1llOt'1 and ..arch com­
mandS. I~ zero- lLag .. NI 10 t al soon as
I~ comparl5Ol'l between lhe value 10 be
found In the accumulalor an<l the I lorage
po$ltlon lhat IS addreued by the contenll
o l l~ reg,sler patr HL. IS posi IIV.

When lesllng a b,t In a regll te r 0' a s lorage
position. t~ lerc. ll'g Will Iran sf. , Ih.
compleme ntary value 01 thiS b' l POSlllon

When translemng a byt. betwMn a IIoragill
poIition and an InpuU OU!pul Inte rlace (INI,
IND, OUTI and 0lIT0). lhe zerc.llag II N I
as soon as the value 01 the counle r reg 'sler
(regilie r 8 ) IS 0 In addttlon. the zero-llag I'
set to 1, when .n Inputed byte h. a Ihe
valen cy ~O~ In the case 01o rde r INr (C).

No negatlv.
CII'ry h o m b" 4

A negal,ve CIIrry
Itom bl' 4

No carry Irom
bl l 3 to btt 4

No carry Irom
bll 3 to b4l4

o

PARITY/CARRY-FLAG (PlY)

ADOfTION AND SUBTRACTION FLAG (N)

11'''1 IS uMd on e .ecullng lhe decimal con­
versIOn 01 rt'le accumulalor (OM) to Mlecl
between add,lIorl and IUblracl,on orders N
II reMl In the case 01 all add,hon orders,
whereas t II Nt In lhe caM 01 lublracllon

HAlF-BYTE CARRY-FLAG (H)

Thil Ilag il N I o r reset accordmo 10 the

Thll 11.10 II uled In d lffe' e nt wayl accord­
Ing to the IC*Mcl lnltruchon. When tunnlno
arittlmle operatiOn• . thll flaO will indicale
a n overflow as lOOn .. lhe ,.lul1 in lhe
accum ula lo r it Or...ter Ihan the ma.lmum
pennililble positi ve number (+ 1271. o r
less Iha n the hiOhesl pe rmlulble negallve
num ber (- 128), It il possible by 1..lmg the
I lg n 1180. 01 me Iwo ope randi to e.lablish
which 01 the two mentioned easel il valid'

Dunng addllion 01 operands wllh d ,lIe"ng
sign• . II is naturally not poulble lor a ny
ove rliow to be mad e , The ca rry-"ag IS se l
as soon al oPerandi 01 lhe 18m. Sign a re
added a nd the ' esult II an o pPOSite Ilg n

decimal converslonl are given In the case
01 BCD or 4-blt operahonl

In the case 01 lhe rotation orderl RLA.
AAA ALS. and AAS. the CIIrrw ·blt II used
as mlermec:hate I torage lor lhe tranller 01
the lowest order and hlghesl order bit lor
anyone of lhe CPU·r-otlle, Of m«nory
poIlllonl Wllh lhe orete,. RLCA. RLCs and
SLAs. Ihe CIIrrw·11ag Will conlaln lhe value
01 the hlghesl o rder bll lbl l 7) 01 Ihe
regil le, or addressed memory. whIc h hal
beef'llhllled

When running a RReA. RRCI . S~ and
SRLa InllrucllOt't !he CIIrry-bll w,1I *""....
the "II by1e lrom ttllt IoweIt or(Mr bit 01
the add,..... regilt., or memory poalhon

The CIIrry.llag IS atwa.,. ,..1 In lhe CaM 01
the logiC orClet'l ANDI. ORI a~ )(OAs

The CIIrrw-tlag can be dlreclly Nt and com­
plemented USing the apeclllC orders lor Ir"l
SCF (Set.carrw-Flagl and CCF (Comple-­
tneflt-earry-Flag) ,

Il7
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Ag. 7: Ptn-e-.etiotla of the Z IO-C PU

• 3 Interrupl me thOds and .n addi tional
lal l. non-malkab l. Inte rrupt

• Direct connection 01 dyna mIC or ..euc
..an dard memory cPupa Without aodl­
tl(lnll compor.nts

• Included ,.f~-controllef'l lo r dynamiC
memo ry until

• Instruct ion proc....ng dura tion m,nl _
mum I mlCroeecond

• Only one operallng volt. 01 S V 'I 'e­
qUlFed

• SV .mgl....phue clock
• All connections ar. TTl-compallble

ConnKtton. of ttte CPU

The pIn Connection. 01 the CPU a r. gIven
SChematically In FIgure 7 , The lollowlng
il to describe the 'unct,on 01 the Individual
connectIons

1.2.2 . S ieck Memofy

The conlen ll 0 1 Ihe CPU re O'ller . a r.
Iran.t.rred 10 lhe I lac k memory (Slac k)
when 11'1... reglsle,. are req Uired '04' Olher
luncllo n l If. lor Inltanee. a IWbprOOr&m
(lWb roullne) iI e ...eculed lhe "It eddr... II
Iran" e rrt'd 10 lhe slack

Aft8f rel um lrom lhe aubprooram. lI'lI'
~,... II copted Irom lhe lIack and
Incremented by I, II I' now poISlble ,~ lhe
ma,n pr oora-n 10 conlmve The lIack II
o rga nIzed In the no rmal dat a memory and
II ad dr essed usmg the IO-C.lled lIack
po,nle' The s tac k poIn ter tl a Il).bl l
r"O's te r thai II Integ r. ted rn Ihe CPU Aft. r
, wltchmg on the CPU. Ih.s I tac k poInter II
loaded by the InitialiZing p rogram II a
ts-ou InIOrmat ,on IS 10 be Iran slened '0
me Slack . this IS achl8\led by IlrsUy 1000ding
Ihe highel' o rder pari 01 the t6 -blt word 10
Ihe I tac k addressed by Ihe I lac k po lnler
Aile, 11'11' . the s lac k po inter il decremented .
and th e lowes t orde , pari loaded co " ••­
pondtngty The s lac k pointer IS Ihen decre ­
mented once agatn The • • lract 'On of the ae
dalB Irom lhe stac k t, mMMI In th e oppo&lte
manner.

1.2.3. The Z IO-CPU

The Z 8O-CPU 's baMd on the &008 and
8060 types and IS compatible to type 8085
whICh Is ICll'n8'Nt\at further cw..IOped hard­
w"",wi.., However, the Z l!l().CPU oM.,.
the UH' so"""'. r....wl.. ~ ar ch ,tectveUy
MYetal considerable advantag.., The most
Imporlant leatures a re 10 be mentioned
b'lfllly:

• 1-chlp m,croprocessor In n -type Sthcon­
gate technology

• The instruction set camprlle. 158 ,n ­
structions, Including all 78 6080-lnltruct ­
ionl (the software II lully co mpa tible) , In
addillon to the o rd. ,. 01 Ihe eoeo, the
Z80 a llO has a laro. number 01 16. 8. 4.
and indiVIdual-bit in"rucl lonl and add,­
1I0nai addressIng InSlruct lonl (' nd lca ted.
relallv. , and b,1 addr",ng )

• 17 ,nl ernal reg llte,.
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Pin ,

7. 10 00-07 Data Bus
12· 15

1 · 5 AO·A 15 Address Bus
30 ·40

T',-IIlIe outputs, hlgh'''Ch~e PrOVides the .ddfel&el
lor the memory (uP 10 64 k.Byle) and the ,"pul /output
Units

Tn·lllIt. ,npuls/outpuT, (b'·dlrectional). hlgh-Ictlve ,
The da la Iransfer belwaen tne CPU and the memory ,
or CPU Ind input / output units IS made via da la bus

Ou tput, lo.....-ecuve MI . ecuve means thaI the mo­
mentary mac h,". cycle " the ccereuce eoce-te rcn
cycl. 01 the momentary ,nstrUChon

Tn-Ilale output. low-acl,ve MReQ - acl,ve means
thaI Ihe address lo r an aeeeas (read Of write , 'I pre ­
sent on ItIe address bus

Trl-lIlt. output , rcw-ecuve tQREa _ ecnve means
thaI an address lor seiecllon 01 the Inpulloutput pert
(Input or output) i, prnent at the lc .....er yalency 8 ­
bi t, 01 the address bUI, A IOREQ -llO;lnal II allO gene·
rated .....hen an InterruPlln5lruclion has been accept ­
ed In l hll case ,t II possible lor the associated tn ter ­
rupt vec tor 10 be placed on the dala bUI

Trl -stale output. ro..... -ecnve. RD .. ecnve mea ns Ihal
Ihe CPU ..... 111 read dal a Irom tne memory or from an
inpullou lput po rt . The addrelH<! memory or Inpull
ou lput unl l In lerprell the Ilgnal as Instrucllon 10
pl.ce data on the data bUI

Tn -I Ulte oUlput, 10.......cnve WR eenve mean, Ihal
me CPU ..... 111 writ e data 10 Ihe data bus lor the 1I0r ­
age or Inpulloutput umt

Output, 10..... -acuve RFSH .. scuve means met tne
re.....er o rder 7-bi ts of the address bus carry a re' relh
add ren lor dynamiC memOflel and that the yalld
MREO-l ignal l or Inilialing a relresh cycle II 10 be
uled fo r all dynamIC Itoragel connected

Out put. low-acll ye. HALT .. sen ..... means tha t the
CPU has executed • (sol tware) HALT orde r . nd is
wattln g fo r an inlerrupt Signal (non-maskable rme e­
, upt o r a released maskable Inlerru pl) for 'urther
proceSSing cr te e proorlm In Ihe HALT Itate, Ihe
CPU ISlues mecnve order. {NQP·sl 10 &ave the re ­
I resh prOCell

Inpul. icw -ecnve. LO..... llgnal.t WAlT-ln pul
Ind icates to the CPU tha t the addressed memory or
inpullou tpu l uml is nOI ready l or dala l,anamIMlon ,
The CPU Will run Wilil -cyclas as long as the input il
.ctlvated ,

Inpu t, icw-ecnve. The Interr upl requell Ilgnll "
gener.ted by • peri phery crrc cu. TI'Ie req uesl 'I ee­
eecree after execu llng Ihe ru nning Inst rUChon, If the
Intern.1 IOftwa re-conl rolled In terrupt release IltpUop
II .., .nd Ihe BUSHa -I lgnal II no l ecuve

Input/Output
Request

Read

Mach ine Cycle 1

Writ e

Memory Request

~ Rel resh

iNT Inl errup l
Request

21

22

20

.9

27

2.

,.

,.
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• p,"

17

26

25

23

S~M11 Function

~ Nonmaskab le
Int errupt

~ Reset

~ BuaAeques'

BUSAK Bus Acknow­
ledgement

~M' C,' I ' -
T, ~ 'I I" t

- .._- r-v .-._. .... ---..... ..._. ...." -.... -..... -,

Commenblry

Input low-acti ve. An mterrupt request at thiS ,npul
has a higher pri or it y than mt eerupt requesl s at ,"put
INT lor maskable Interrupts. and IS not deac hvatO<l
by the internal interrupt release l llpUop _
If • lOW-Signal II led 10 the NMI -tnpul. the prOQram
processing will be con tinued at 510rege address
0066 H cor responding to. RESTART-instruc tion

Inpul . low-active f lleds re~lIl ng t- 0) 01 the mtar ­
rupl relea!tl fli pf lop. order coun ter , reg lsl er I and A.
and sels the CPU 10 the 8080 tete-ruct mode
Dur ing the rese t process. the data lind address bus ­
sea I re I ' hIgh -Im pedance, wh ereas all other outputa
are at mecuve con di lion

Input, tow -active . Places addresl, eete and control
bUI Ilgnals 10 high Impedance, to thaI edernal Clr·
CUlts are able to use these hnes

Outpul, low-active Acknow ledges, Ihal add,eal, dal a
and ccmror bus have been brough l to lhal' /'lIgh ·
Impedance ccncmcn.

memor ies. DUring A'C" • act ive, Ihe da ta
from th e memory are tranlmllle<! 10 the
data bUI ; these are accepted by the CPU
du ring the riM I I0pe 01 me clock im·
pulse T 3. Clock impulses T 3 and T .. of
a read cycle a,e used to sou rce the ra·
fresh , lgnal to the dynamic mem onal
during Instruction COde, dacodlng and
execution in the CPU.~ rele a, el
these ref resh signals.

I

"

•20

The lime seQuences of the Z SO-CPU ara
g iven In Flgu,. , Ttle loll ow lng types 01
process ing cycles are p rovided:

• In llructlon Op-Coda Fal ch

The contents of the orde r counter II
pl aced on the addresa bUI at Ihe com­
mencement of the cyc le, followed by th e
MRrn act ive aignal 112 a clock impulse
tater. so tt'llt ttle laU slo pe Of the URrtr
lignal can be d irectly ul ed as r.l.a,.
Ilgnal (Chip Enab le) lor Ih . dynamic

• Mamory Raad-or·Wrlta Cyc l..

The tmrn and m5 sig nals beh ave in the
same way du rIng read or wrl le cycle, a,
during the o~cle (Figura ') In Ihe
write cycle. MR'EO II acti ve al soon as
the info rma tion on Ihe add,esa bUI II
stable, whi ch means thai th is l ignat ca n
be used directly as ~Chip- Enabte~-llgna l

fo r th e dynamic memory,

WR' is active I S seen as Ihe In lormatlon,
on the data bus are I table which mean,
that II can be uMd 81 RIW-, ig nal lor an
semiconducto r memories.



• Input/Output Cycle

A wait cycle (Tw) is inserted du ring input
/ ou tput operations in ord er to allow the
inpu t/ output port eutnctent time lor ad­
dr ess decocting and may be lor activat­
ing the mIT-Signal (Figure 101

•1.2.4. Eu cull"'i! an Interrupt by ttl . CPU

Program in terruptions allow a running pro­
gram to be Interrupted at any time They
are necessary. lor instance. II an unwant ed
contmuous jeep is programmed and the
operator wishes to cease th iS Irom a peri ­
pharal unit. However , the l'I"lain eccncencn
lor this Is. when a prog ram is running con ­
tinuously in the background (e,g, real time
cloc k) and when a main program is running
simultaneously. or virtually simultaneously
The Z ao has a special interrupt mode lor
this, If a peripheral urut reques ts an inter­
rupt, the CPU will firstly test il th is interrupt
is perm iSSible, II an Interru pt is allowed . the
CPU will check further whether the un it is
allowed to request an interrupt at thi s time
(test 01 highest pri ority). II the peripheral
unit has the highest prionty . the CPU will
inform the peripheral unit With a specia l
M 1 - cy cle (Figur. 11). The peripheral unit
transmits a previously loaded a-bit constant
(in terrup l vector) to the data bus. This
interru p t vecto r is read by tha CPU and is
in terpreted as a 16-blt add ress together
wi th the contents 01 the I-register 01 the
CPU (interrupt register). This 16-bi! address
is a poi nter to the interrupt prog ram . and is
then loaded into the progr am counter.
Betcre ru nning the interrupt prog ram. the
last pr ogr am counta r slate is loaded to the
staCk. It Is now possible lor the interrupt
pr ogr am ' fc run (any requi red prog ram) .
The return to the main prog ram is poSSible
by pr ovid ing a RETI-instruCllon (Return
Irom Int errupt). II the peri pheral unit reads
a RETI-order, the last contents 01 the stack ,
wh ich is the previous addr ess 01 the pro­
gram counter, is loaded in lO the program
counter and increased by 1 (in cremen ted l.
The mai n program now continues.

1.3. He••declm.1Cod .

The hexadecimal code is to be explained
for better understanding 01 the follow ing
sections since it is always used du ring the
desc rip tion of the addre sses.

The CPU only knows two conditions: ~On ~

and -Ot!- (rather ; High and Low) .

The base 01 the decimal system la. 01
cou rse . the numbe r ten (since we have ten
l ingers). In the decimal system, any number

------

,,'.

A' DO
( 1U.

------

.... " 10
(j,11

..... ...-j:- ..- ..
• __ • J "'r'-. -.

--- ------- ---

:::: :n:: ::::.

" Tl L '.... t , ',
1

- --- --- rx: --- ---- --- --- --- ---

Fig. 10: CPU InputloUlp ul cyd .

• Interrupt Requ e.t/Ackn owled ge Cycl.

The interrupt input is requ ested by Ihe
CPU dur ing the rise slope 01 the last
ClOCk pu lse 01 each process ed order. In
the cas e 01an interrupt condi tio n, a spe­
cial M1 cycle is act ivated, however,
~ wi ll be active Instead olthe MREO,
as signal for the circu it to be interrupted
so that an a-bi t vecto r is fed to the data
bus, Two wait cycles Tw are automa ti ­
cally inse rted to all ow the priOri ty circui t
suffi cient time lor transmitting the pno ­
ri ty signals (FIgure 11)

Fig. 11: CPU Inl. rrupl cycl.
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Thi S meenstnat the blnarv num ber
1011/0 110/ 10 1010 100 can be redu ced to
B 6 A 4

In order to ShOW that thll is a he ll8decimal
number, It IS provided with a H a' the end .
which is nOI defmed In the he.adeclmat
code. Thil means Ihat the prevIous number
il gIVen as lollows

46756

Tris tale . h lgh·,mp ,
BUS CPU
CPU __ BUS

B 6 A 4 H • 101101 1010100100
de<:ima l ,

A so-called octal-code IS also available. but
is not 10 be diSCUSsed here

1.4. Description oltha CPU·Clrcull

Due 10 the tow lanout (1 6 mA per pm) . It I'
ne(:eSSllrv lor the output "gnal. Irom the
CPU to be amplltled In tne case 01 the .d·
dress or conlro! buS. Ihl' II .chlevecl usmg
lour 6·hme bus amphl,ers lype SN 74 LS
367 N The data II .mplliled by toNO b.­
d.recllonal bus drivers (8216) II II only the
~ (Bus Acknowledgement) Ihat II
amplified separately ulmg • SN 74 LS 04,
Since Ih lS Ilgnal IS requited dUring - Dlrec '
Memory Access_ 01 the Z 80 OMA , m order
to bring the daU and control bUI to high
Impedance

Integrated c"cu.1 18 IS prOVIded lor dtt8Cl ­
lenal conlro! by programming Ihe &Clual
combmahons lor dlrecl.onal conlrol Th"
means Ihat only lhat part 01 the 8216 's
ecuve in whldl dlteclton the da ta Ilow 's
occurmg. and lhe Olher must be al hIgh
impedance. In add.t.on to th.S, lhe 8216
may only be active when lhe BUSAI< '1 nol
actIve. In Olher cases. the 8216 must be at
high impedance

The clock lrequency I' led via lhe BUS
'rom a separate clock oeneralor , A separ. le
c loc k generalo r is requited In order 10
generate othe r frequencies requited
Several d illerent IreQuenci81 are required
lor th e anthmlc processor unit (number
crunc her). the band ral e generalo r.the real
time genera tor. the mon llor· interlace and
I ina lly l or the CPU, and these must be led
via Ihe bu s.

1 X
o ,
o 0

x ceo eeo cr j

1.•.1. a at e Functlon a of tha 1M 5410

As pre viously ment ioned. the pr og ram in I 8
11M 5610) sets Ihe dala bUI bu tl er. to the
requned direction . The logiC table 01 the
8216 is as follows '

~ Pin 1 DiEN'Pin 15 Buller OlreCllon

11

HH

o

L

1010 A
1011 B
1100 • C
1101 · 0
1110 . E
1111 F

o

LH
0'
1

IS given as a sum 01 the product o f a num­
ber be lween 0 and 9 and a power 01 ten as
mdlvldual terml

Arithmetically apeakmg, th li ll

• • l am. 10m

This sounds very compllcated bu l can be
easily described wllh lhe .Id 01 an e. ­
ample:

310.52 - 3.10' ... 1.10' + 0.10' +
5 Il 10" + 2. 10" • 3 Il 100 + 1 Il 10 ...
Oil 1 + 5110 + 2/100

It II possIble In the ume manner lor any
number 10 be given m lhe lorm 01 one or
two. lo r Instance

95 · 11l1' + 0.2' + 01l2' ... 1 1l ~'"
1 • 2·' • 8 ... 0 + 0 + 1 + 05

When displayed In a blnlrv manner. the
number wIll then be

Of course. It IS very dltllcull and unlavor.
able to ....nte do....n verv long blnarv
numbers, In on:ler to Slmphly IhIS. lour w·
Quent la' numbe~ are combmed The blnarv
numbers ooסס to 1001 resul t m the ..... 11 ·
known BCD-code; lhe others .re coded
with A to F. as IS Shown In the 101l0.... lng
lable :

OOסס ·0

0001 . 1
00 10 • 2
0011 •• 3
0100 4
0101 5
0 110 • 6
0 111 _7
1000 ,
1001 • 9

•
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ThiS means that the 1M 5610 mu st be pro­
grammed as tcuowe:

Inputs o f Outputs 01 Commentary

00 WR
o 1
1 0
o 1
1 0
1 1

All other states

MREO
o
o
1

1
1

iORE"l:i
1

1
o
o
o

M l
1

1

1

1

o

Os
o
o
o
o
o
1

OlEN
1

o
1

o
I

o

Read Irom memory
Wri te m tc memory
Read trom peripheral
wrue to peripheral
Read interrupt vector

1.4.2. Con ,lrucllon ol lne CPU

The CPU-cirCUl i shown In Figure 12 is
accommodated on the double-coated PC­
board OK 2 RY 001 whi ch is equipped with
th rcuqh-ccntacts . The dimension s 01 the
boa rd are 162 mm Il 101 6 mm . Socket s are
used for eu components, (indiVidual p in
sockets lor the Z SO-CPU). In the case 01

the PC-board availab le from the publishers.
normal rc -ecckere (e,g, Irom TI) will be
used This is advisable in order to recie ce
the integrated circuits. e.g in the case 01 a
lautt . The nine sockets and the connecto r
strip should be inserted from the compo­
nent Side which is designated wilh a . B.
alt er the designation , No alignment 01 the
module is requi red (Figure 13)

FIll. 12: Photog r.ph ollhe . ulhor ', proto type CPU
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•
OK 2RY 001B

• E~:l 'Err::r
El D

••
•

~....:;.......~ • •• •A: • • •
'" • •• • •• •

m
.. ... ........... • ••

iJ• • • • •••• •
E1IJ E··..1 • •

• Il • •• •• ' -_... ••••
•

' ...
•••......
•••
•••
•••...
•••...
•••
•••.........

••••
~

'" .
Fig. 13: PC-bcMI rd OK" R'I 001 lor lhl CPU

Compone ntl

Part 1 01 th is aeries was published in
VHF COMMUNICATIONS 1180, paget S2·~

11

121015:
16. 17:
18

19

S 1:

z ao-CPU or ZOO A-CPU
IZILOGI
SN 74 LS 367 (Te. as InSIr )
8216 (INTEL. S,emenl)
1M 5610 (Intarsil l
SN 74 S 288 N (TI)
SN 74 LS 04 N (Til

48-ptn connector
(Siemens C 74334 • A 40 · A 60)

Part 3 will describe the !oHow lng modules:
Filled program slo rage (8 kByte'
Write-read sloragel4 kBy1el
Bus -board with 9 connec tion,

Part 4 w ill eeecnce the inpull oulput urut

REFERENCES

Mlk rocompuler·Techn lk.
Hofacker-Verlag Munchen

Z 80 Assembler Handbu ch
Konlton ·E lektronlk. Echmg

80 ·480 Ml-ll
3 4 ee 1 )..1 4

50"
eoo W
Vlr1 ICI I
SO 239 toaek.l In 1.... h• • d
< 1 S 1

'"l-lelg'll 100m 1 0 ,. ....'•• 130 m
AlumIn ium
Anlennl h..,d.1 put onlo I 32 mm (1 ',. ")
d ll . ml" I nd .-cu.ed I)y I tc rlW

Jahnslr ,14 Postlach 80 0 ·8523 Balersdort
Tel 09133/855 (Tag und Nachl)

• Frequen cy f.nge
• a.,n
• Imped, nc.
• Powe, f,lIng
• Polln..ll on
• Connection
• VSWR
• We,gh t
• DI~nllon.
• M. l. fl l l
• Mount Ing

UKWtechnlk Hans Dohlus oHG

UKWberichle
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MATERIAL PRICE LIST OF EQUIPMENT
described In Edition 2/1980 of VHF COMMUNICATIONS •

OC 3 NT

DC::I NT 006

PC-be" eI
Semicond uctors
,", ,",k it

.01

WEATHER SATELLITE RECEPTION SYSTEM

Pow., Supply . nd FAX -Molo, On••,

DC 3 NT006 S,ngl.-Coa led ....,th pl."
DC 3 NT006 209 Impi . • O" II " gIO"I . I sl.b 6 d 'odH
DC 3 NT 006 6 , 1.rId 3 I. nl" um elec tro lytic.. 6 pi 10 ,1

u-P.CI' Ofl . 3 ,,,mm, r po l,nllomell" .
7 e••bon ," ,,,orl . I 31-p," connector

DC :I NT ooe co mpli ll with .bon p."t

Ed . 211$10

OM 17 _
0M 23 50

OM 39 50

OM 10.-

Sem,condut lon 2 DC3 NTooe

PC-bo' fO DC 3 NT 008
Sem,con duclOf'l 1 DC 3 NT 008

OM 33 -

OM 31 -

Ed, 2/ ,.80

OM 32 -

OM '9 -

OM 24 ­
0 M 18 _

0 M 110.­

OM 14' .-

Double-coated , yno;l"l lld wltho ..., plan
r c r CRT-Module 8 CMOS·lel. I Op Imp .
8 (1,0(1"

ReqUlfed ,n 'dcII I,on 1o, FAX" CMOS·le l .
I quad-op .,mp . 2 FEr.. 2 (1,0(1"

I pl Io" trtm"...l . 2 I ty' o lle . capl . 6 pi 10'1
caps., 1 c. ram,c eac . 2 tan l,lum caps
1 IP'MII po l !I kU, 49 carbon ,,,", IOrt
, 31-p'n co nnecto r
Aequ"'ed ,n ad<!llton fO' FAX
6 IPtn dle po ten t,ome"l'1
HC·18 1U

co mp'e le lor opera tion ol lhe CAT·modul.
com plele lor all modul.. wfa ll ebowe pa",

4433 MHZ

DC 3 NT 008

DC 3NT OO.

DC 3 NT ooe

DC 3 NT ooe

DC3 NTOOB

M,n,k,' 1

CI)'IIII

" 1
KI12

38 6667 MHl
MM R 18/1 0

OK t OF 0iI2

01( 1 OF 042

PC-OO"d
Semiconductors
M,",k,t

Cry. l• •

""''''',1 '10'
.01

Tranamll·Re c .lve Conw.". r 2 m / 10 m

OK 1 OF 042 S,ngll·coa' ed , wllh plan
OK 1OF 042 5 " a n"IlOI'I. 2 d IO<le l , 1 "no mI. " IE-SOO
OK 1 OF 042 3 1II_ ,d COllklta. enamelllHlcopper w....

"lve, -plallHl COPPe. "" " . 3 pi 10 ,1 tflmme " .
3 lee<!lh, o ug h CAPt-, 13 byp'u UPS

11 ceramIC d ISC cap, , n ca,bon ' 8IItlO' I .
caM ' 45 .73 .28 mm ,n.,..- dlmen'tonl
HC-6/U
16 dB /IOW
complel. wllh tbow. pa'"

Ed. 211110

OM 13 ­
0 M 70 -

OM .t6 _
OM 11 _
0M 4!1 _

OM 189.-

Jahnstr.14 ' Pcsrtactt 80 ' 0 -8523 Ba'ersdorl
Tel. 09133/855 (Tag und Nachl)
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Ed, 2/1110

OM 3950

(d. 2/1Iil10

OM 12 -

Lt~·tlgn tl NOlte Bltnke r

OJ 7 VY003 Ooublt,cOtted , wllh Ihru-conta CIt
OJ 7 VY003 8 eeu H" 0 41·2165. 7 m,n,at u. e c hokes

za .,H, 7 1010,dl A 83 III 30, , lo'o ,d R ' 0 K t ,
1 m m,malUri co.. , 8 M SO, 3 m II"n<led w",e
12. 0 03HFL OM

OJ 7 VY 003 wllto a bo ..e paltl OM

AFC·Module wllh ACOlol . UC feedb.ck SuJ!9....lon

OE 7 WMI00 1 SlrlQle-colled WIth p la n
OE 7 WMI 001 on ..qUell

OJ 7 VY 003

PC-bai rd

M'"'k"

.01

Of: 7 WMI 00 1

PC-board

"
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• NEW COAXIAL SP ECIALITIES

" . •••

.. --.., .... -- .. _.,..,,-'0-.. _ -.., _ ...._.. ..... ..,--_....
• ....._ -..,..01 _ . ... _n C'" I I

.. JJ • • -.. ..... _ .. ,.... _ _ tou ..-e--~

.. fOOI'_' __

• YoolII·....__ c' _ tt.. ... _. _ _ tou ..___ _ lI'""l __

.-.-.-....-.. 110'1_""' 100 _
___ 11IO""1

. '1__...... 11
0.... .... 100 .. __._ -..........'._"'"--, _.....".- ......

...-_.--­_ou_ '*_'__
'XXI ...... 0... ., 100...., J."._,--
If\t>u. .. . IlNC __"". 01.0' .....' <OCI

"'". c..".. -.......__•1_.' '10<, . . .._
......,_ ,.~ -. 032 ...... _

lil9ll ....., 10 0 10,_.....

'''' _.·It _"''''.. r,_ ,ow' .... ,_ . '"'-"_nl.'... . .... __ 11I'I>-
Even Colour ATV-Communications are
easy with our ATV-7010 Transmitter

'-.,.... VKWtechnik Han, OotllusoHG Jahnslr 14 Postlach 80 O·S523 Bal€tl'sdorlA UKWber lchte Tel 09133/8S5 (Tagund Nae:t'lIJ,,.

The ATV·7010 IS. complete TV·l renlm,Uaf
for the 70 em blind It IS only nec....ry 10
connect • COlOur or monochrome TV·
camer• . m,crophoM. aIl len,..I , oInd powe, ­
line (210 V I SO Hz)

The TV-lrllnSfTlIner uses a vld.o-soo nd
spaCing accordIng 10 CCIA An Iranl.rTlIS­
s,ans ca n be recelYed on • dam_he TV·
recervee eqUipped Wllh • 70 em conveeree

Requasl fuU dttlal ls Irom your nlli ional
repr esentahve. or Ir om me publi lher . ATV·
converter. and matching antennas are also
avallable

-.- ,-
,_ , "'....'._ 1...'<1«1 0.* ....' _ 0'_ ... ..'Th""-o<_ ,",p 1IO. '__ '-.- IW Moe
~_ _ . .... _ "'" lO W '1Ca lo" "_ 1« _
0.-- __ ., I'O_~'.._
~..~..._,_.



Professional Weather Satellite Reception Systems •
We oUer a com plele syltem 01 In.kpenlive mod",l.. lor p rofeaslona' apphca tlons TheM . '.
01 specla ' lnlerest lor meteo loglca' emcee at smaller ., rport. , 10' harbour and s,mlla. eccn­
eencne They are also IUIlabl. lor InSlruCllon al unlver. ,ti••, and SC:lenhl,c ,nlhtules A
number 01 Image proceSSing _Vltem. and rec.,....r. are available to sud the application In
quest ion EqUlpme nl is available. or under development lor :

• The METE OSAT and GOES/OMS !I_t.l ll t• • ln Geostationary orbit. o r
• The NOAA and TIROS M Hlellitesln polar orbits (136· 138 MHz)

•

•

•

VIDEO PROCESSOR:
Mon itor tube and
PolarOid camera

Technical I pwelflcatlonl 01 the bn lc MEl EOSAT system ;

PARABOLIC ANTENN A: · . '1.2mdI8 , 2' dB ga,n ...

SHF·CONVERTER :
2-stage tcw-ocrse
preamp li fier
With noi ae I,gur. 3 dB

VHF-RECEIVER:
NOIl.e " gure 2 dB
AF-bandwldt h
800 · 4000 Hz
SubcllHief ou tpu t
2 4kHz/ 1V

WIDEBAND OMNIDIRECTIONAL DISCONE ANTENNA

JahnSlr ,14 Posrtacn 80 0 -8523 Balcrsdor1
Tel 09133/855 (Tag und NachlJ

r iLl 1 I
•

"~
k ... ···'

• I I -- -
I I, I I.,, ,- - •

\lS \lIR

80 - "80 MHl

3 " ee I ;", ..
50U
500 W
V,nlcel
SO 239 lOC~et ,n the heed
< 15 . 1

'"Ke'gh ' 100m 1 O.,me'., 1 30m
Alumlntl,fm
An'.nn, htMI Ie put on' o . 32 mm I' " -1
(lla m..l and M'CU'eC! by . te..",

• F,eq uency 'ange

• G,tln
• Impedance
• Po", a ' ' al lng
• Po lllON t,oo
• Con nec hon
• VSWA
• Walght
• Olmane looe
• Mlle"al:
• Mou nllng

UKWtechnik Hans [)oh lu9 0HG

UKWberlchte
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mall 1.2
100 W came'
0,1 100,3 ee

appro x. t ­
216 .11 132 • 80 mm

Ready-l o-operale as described tn
VHF COMMUNICATIONS Complete
in cabinet .....Ith three BNC connec­
tors. Espec ially designed lor use w ith
crossed yagi. mounted as an -X . ,
and led with equal-length feeders ,
Followmg 111I po lar,sallons can be
selec ted : Vertical , hOrl1onla l, c loc k­
wise ci rcular , .nhclockwlse cl fcu lar,
slant 45" and slant 135 .

VSWA :
Power '
Insertion IO$!
Phase erro r:
DImenSions'

- •

-I- ,
/ -

_./ ----
ok ~-,-

NEWI NEW I
Polarlsatlons Switching

Unit for 2 m
Crossed Vagls

A New Generation
of Transverters
for 1296 MHz
We would like to Introd uce our second generation 01 23 em I,dnaverler, lor oper.hon In con­
Junellan with either 10 m or 2 m transceivers

~ UKWtechnlk Hans Oohlu s oHG · Jahnstr.14 · PostlaChSO 0 -8523 Baiersdol'1A UKWberlchte Tel. 09133/855 (Tag unci Nachl )

NEW 23 cm CONVERTER SC 1296/144
NOlie hgure typo 3,9 dB. gain typ 22 dB Opera llng vollage 12 V Conil lne<! in aluminium
case wll h BNC-eonneclora , Similar rc sr 1296"44 Pric e OM 225.-

• Double-conversion both on transmll and recewe With Ihe 10 m
ellltemely high image and SPUri OUS rejection and clean a.pectrum

• Overall nOise I lgure 01 the receive ec rwen er typ ica lly 3.9 dB

• Tran sverlers are ava ilable In lhe lollowmg verilons '
Sf 12" /144 A: 2 m IF, output 1 W
Sf 1298/144 8 : 2 m IF, oulpul 3 W
Sf 12" 128: 10 m IF, cvt c ut 1 W

verSIon 10 oblaln the

OM 820,­
OM 188.­
OM no.-

\28



ANTENNA ROTATORS
N.A "00 . KR "00 IC
l(R 11IOO k R 600 At

.. ... l,4X 1000

.'

••
••

4

Controllers for above rotators

....-

Our we ll -known rot al ors
KR 400. KA 600 and
KR 2000 are now avaIl­
a ble with latge 360
compass ,ndica tors 01
105 mm diameter
These models are
designated bVIhe
l ul li N. - RC-

1< 1'1 "00 KR eoo KR 2000

.. ,.

Progr ammable control­
lers w it h manual or
digi tal prog ramming
are ava ilab le
on req uest

Fu r1her de tail s are
available Ir om 'four
nat-cner representatives
Of I rom

I~l----- , .
~. ~-

.... ,000

•

M, _ _ I
• •••

ART IiCIOC

l)J~_Wtech!1 ik H<lnSDohlusoHG
UKWberlchte

Jahnstr. 14 Posttach 60 D-8523 Balf,n SC!orf
'ter.09133/855 lTag und Nacht)



I.~ CRY STAL FI LT ER S O SCILLATOR CRY STALS

~)l] SYNONYMOUS FOR QUALITY
AND ADVANCED TECHNOLOGY

WST ARD FI T PS

CW-FI LTER XF-9NB see table

I
I SWITCHABLE SSB FILTERS

for a f ixed carrier fr equency of 9.000 MH z

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

See XF·98 lor all other speci fica tio ns
The carr ier crystal XF 900 is provided

F,ltlltl'Type I xF-9A I " ... I "-9C XF·90 I xr-se XF-9NB

I App lIcat Ion SS8 SS8 ..... ..... FM OW
T' 8n"",1

I --
Number 0 ' cr y, 'al, , 8 8 8 8 8-------
3 ca bllndwldlh 2 .. kHz 23 1<Hl 36 kHz .. 8 kHz 11 e" HI 0 4 kHI--
6 dB bll rldWldlh 2 5 kHz 2 " kHz 375 kHz 50kHz 12 0 kHz 05 kHz--
R,pple c r ee < 2 aB < ace c 2 dB < 2aB < 0 5 08--
lnsetlion lou < J aB < 3 !5 dB c 35d8 < 3 5 0B < 3 508 < 8 5 08-- --

~. IlOO 0 IlOO 0 IlOO 0 IlOO 0 ' 200 0 IlOO 0
felmlll.'lon _.oS JO pF JO pF JOpF 30pF JO pF 30 pf

~d8" 7 (6 6Od81 18~dB) 1 8 (6 6OdB ) 1 8 (6 6Od8) 1 8 (6 60 08 ) 2 2
S ha pe Ilte la l ....:..- - ~-

(6 80 dB}2 2 (6 80 d8122 1680 d8>22 (6 80 d8) 22 (6 80 d814 0

UIII"'lI11I rejectIon > 4$ dB > l 00d8 > IOOd8 I > l 00 d8 > 90 d8 > 90 d8

XF·9 4 end XF·9B complete W'lh XF 001. XF 902
XF·9NB comple te w'th XF 903

KRISTALLVERARBEITUNG NECKARBISCHOFSHEIM GMBH ~06924 N.,k.ub,.,hol.h, III Po.tl/lch 7
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